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Prehistory Department, İstanbul University, Beyazıt, 34452 Fatih/İstanbul,
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1 The Quaternary of the Levant
Environments, Climate Change, and Humans

yehouda enzel and ofer bar-yosef

INTRODUCTION

This volume was born out of frustration. There simply was no con-
temporary work that addressed the diverse fields of Quaternary
research in the Levant to which we could direct interested col-
leagues and students. This is despite the fact that research on the
array of topics specific to this region has been flourishing in recent
decades; some aspects of the Quaternary (the past approximately
2.6 million years) are studied in this region more than in any other
region in the world. With increased interest and interaction between
scientists, and the growing interdisciplinary character of this field,
it was clear that a source volume on the topic was needed more than
ever. This volume draws on years of collective experience by a very
large group of researchers. The end product goes well beyond the
sum of those parts. We hope it is a step forward for a wider comm-
unity than those specifically contributing to it.
In 1979, when The Quaternary of Israel was first published by

Aharon Horowitz, it was among the first books ever written to cover
and integrate diverse research fields under the label ‘Quaternary’.
It focused on a region of the world that displays uniquely inti-
mate interactions between the climate, hydrology, tectonics, botany,
zoology, and pedology, all imbued with a wealth of human pre-
history. Horowitz’s study represented an early acknowledgement
that human activity throughout prehistory interacted with and was
affected by the natural environment and climates of this region, and
to some degree influenced it. And it was a great success. However,
since then the field has expanded rapidly, with many studies produ-
cing excellent and in some cases groundbreaking research papers
that revolutionized the field. Their scientific impact reached far
beyond the region, and ultimately made the 1979 volume outdated.
One example of this is the great improvement (in number and qual-
ity) in the chronologic framework of climatic and environmental
changes in the Levant through the ages of human societies. This
changed concepts and ‘known’ frameworks, and thoughts.
The Levant is bounded to the north by the Taurus Mountains of

southern Turkey, to the south by the Sinai Peninsula and northern
Arabia, and to the east and west by Mesopotamia and the eastern

Mediterranean Sea. The Levant forms the geographic crossroads
between Eurasia and Africa. Within the given framework of a book,
we could not cover the entire region; instead, we focused primar-
ily on Lebanon, Syria, Jordan, and Israel, with limited coverage
of the wider Levant. Undoubtedly, the imbalance in the geographic
coverage is related to where research was intensively concentrated
but admittedly also to the editors’ view. Given the current geopolit-
ical situation, we hope that research will soon flourish again in all
parts of the Levant.
The Levant offers diverse environments for observation and

exploration. For example, research on the Dead Sea rift valley has
yielded a large body of information that spans regional geology,
hydrology, climatology, palaeoenvironments and more. The palaeo-
climatic conditions reflected in these suites of detailed research pro-
vide better understanding of the role of past human migrations and
cultural changes throughout the region. The volume includes sum-
maries and specific case studies of prehistoric open-air and cave
sites, and examines the palaeoenvironments and palaeoclimates
of the Levant using data from lacustrine indicators, speleothems,
pollen, and macro- and micro-fauna. The fluvial systems, soils,
and aeolian deposits and processes are discussed as part of the
regional environmental changes. This provides a large-scale frame-
work for the past conditions, markedly altering ideas and views on
the Quaternary of the Levant and its neighbouring areas. As this
region is key to many subjects in the Quaternary, these changes in
knowledge and frameworks have a large impact on interpreting the
wider region in West Asia, southern Europe, North Africa, and the
Mediterranean.
The myriad of connections to quantitative climatology, the con-

tacts with Asia, Africa, and Europe in all aspects of Quaternary
research, and the interactions with the eastern Mediterranean, the
Nile, Sahara, Arabia, and Red Sea that have been identified recently,
signalled that this summary volume was needed. The proliferation
of observations, data and summaries and their temporal resolution
have allowed researchers to test many hypotheses and assumptions
that have modified and improved our knowledge of the geologic-
al and prehistoric past. However, given the amount of available

1
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information, we had to give up our intention of covering the
Holocene period in the Levant. This period, currently also referred
to as the Anthropocene, requires another volume. We provide
the reader with just a few samples of Holocene sites and socio-
economic issues to demonstrate the importance of the region that
was the oldest source of the Neolithic Revolution.
Furthermore, there are many fields in which knowledge per-

taining to the Near East is stellar. One such example is that of
climate and environmental change and the hypotheses regarding
their impacts on human cultural evolution. Moreover, the east-
ern Mediterranean is among the few regions in the world where
the transformation into a drier climate and ensuing environmental
impacts is predicted by all global climatemodelsmodels used by the
Intergovernmental Panel on Climate Change (IPCC). Under drying
conditions, sensitivity to decreases in water resources is of huge
importance, and the information acquired about past changes and
human responses is central to our quest concerning the past with a
view for future solutions.
We believe that this new summary volume with its updated

knowledge and new insights is timely. We are also certain that
the importance of such a summary extends far beyond the Levant.
This is true for the individual chapters as well as the volume as
a whole. The accumulated knowledge on the region in the diverse
fields of the Quaternary sciences is so vast today that it has become
almost impossible for just a handful of scholars, regardless of how
immersed in the field they are, to write it themselves. To do justice
to the subject, we offered many experts in various fields the oppor-
tunity to join forces in creating a collaborative edited volume.

It did not take long before we realized that covering all human
and palaeoenvironmental aspects was practically impossible. How-
ever, within the range of prehistoric studies presented here, we have
tried to provide summaries written by the excavators and their part-
ners of most of the important Pleistocene sites. As the erudite reader
will find, some of these are still missing, often because the senior
authors unfortunately were too busy. We also had to limit, as men-
tioned above, the section on the Holocene. The amount of available
data in the same fields as covered in this volume requires a special
volume.
In dealing with an edited volume, our first decision was not to

force any one model or even our own ideas on authors dealing in
similar subjects. Indeed, we approached scientists whom we know
have different or even contradictory views to submit their versions,
and respected their sometimes-contrasting conclusions. Any other
approach would have been unjust in terms of highlighting the diver-
sity of current research. For example, a limited number of reports
concerning the Neolithic period are given to balance the debates on
the origins of agriculture by presenting more than one opinion.
It is our hope that this volume will help to fill the lacuna in the

existing literature and will become a cornerstone for the many aca-
demics, researchers and students of these fields the world over. We
embarked on this project in an effort to bring together the fascinat-
ing research results and to provide an updated source of information
and interpretations that reflect the vast knowledge accumulated in
the past four decades. We are confident that this volume will assist
the community in identifying the gaps in current knowledge that
present challenges for future research.



Part I: The Evolution of Current Landscapes and Basins

2 Tectonic and Physiographic Settings of the Levant

yoav avni

2.1 INTRODUCTION

The present-day physiography of the Levant, from the Lebanon
Mountains to the southern tip of the Sinai Peninsula, exhibits
diverse characteristics. This relatively small region (�800 ×
250 km) includes 2,500–3,000 m high mountain ridges, wide
plateaus, and depressions below sea level in close proximity. It is
situated at the convergence of the northeastern African and north-
western Arabian plates and the eastern Mediterranean Levantine
basin (Fig. 2.1). Its southern part is exposing crystalline basement of
igneous andmetamorphic rocks of the pan-African orogeny evolved
in the Late Precambrian (Garfunkel 1970; Bender 1974; Bentor
1985; Stein and Goldstein 1996; Segev et al. 1999; Garfunkel
1999). After �30 million years (m.y.) of Late Precambrian to Early
Cambrian erosion, Palaeozoic to Mesozoic marine and contin-
ental sediments covered the area. This was followed by the Early
Cretaceous to Early Tertiary deposition of thick marine carbonate
sequence. The total thickness of sedimentary strata overlying the
Late Precambrian reaches 1–7 km, thickening toward the northwest
(Garfunkel 1970; Bender 1974; Weissbrod 2002, 2005). The rela-
tive stability of the northeasternAfro-Arabian plate was disrupted in
the Late Eocene (�37million years ago (Ma)) to the Late Oligocene
(�25 Ma) when the region was exposed to continuous tectonic
uplift related to the thermal activation of the northeastern Afro-
Arabian plate (Cloos 1953; White & McKenzie 1989; Baker et al.
1996; Hofmann et al. 1997; Zeyen et al. 1997; George et al. 1998;
Pik et al. 2003). This led to the formation of a �3,000 × 1,500 km
crustal doming centred on both sides of the present Red Sea (Cloos
1953; Avni et al. 2012). In the Levant, this doming activated old tec-
tonic features and was gradually truncated, forming the Oligocene
Regional Truncation Surface (RTS) described by Avni et al. (2012).
Since the Late Oligocene/Early Miocene, the intensification of

the regional rifting resulted in the Red Sea–Suez rift. Late Early
Miocene continuation of this rifting promoted the formation of a
new plate boundary, the Dead Sea Transform, accumulating a rela-
tive motion of �100 km between the Arabian plate and the newly
formed Sinai–southern Levant micro-plate (Quennell 1958; Freund

1970; Baker et al. 1996; Bosworth et al. 2005; Weinberger et al.
2009). The recent tectonic activity and morphological structure of
the Levant (see also Matmon & Zilberman, Chapter 3 of this vol-
ume) is predominantly controlled by motion along the Dead Sea
Transform (DST) and the far-field effect of its progressive collision
with Eurasia (Garfunkel 1981, 2001; Schattner et al. 2006 and ref-
erences therein).
Although the present physiography of the Levant evolved mainly

since the Late Miocene, it integrates older features developed dur-
ing previous tectonic events. Some of these morphotectonic fea-
tures were created some 90–50 Ma, but are still pronounced in the
present landscape. Tectonic depressions and large-scale dome struc-
tures also exhibit Pliocene–Pleistocene tectonic activity. In some
cases, it is possible to trace these younger elements back in time,
linking them to older tectonic features that were rejuvenated.
This chapter is a general description of the main morphotectonic

features in the Levant and discusses their origin and evolution.

2.2 THE TECTONICS OF THE LEVANT

The Levant region was deformed by several main tectonic phases:
(1) during the Late Precambrian/Early Cambrian as part of the
pan-African orogeny; (2) the disintegration of Pangea (Triassic–
Jurassic); (3) the compression of the Late Cretaceous/Early Tertiary
that triggered the evolution of the Syrian Arc structures; and (4)
since the Oligocene, as part of the development of the present plate
boundary dissecting the Levant along the Dead Sea fault system.
During these tectonic phases, tectonic systems developed, react-
ivated, and directly contributed to the present-day physiography
(Fig. 2.2).

2.2.1 THE LEVANTINE CRUSTAL TRANSITION

The Levantine crustal transition zone was formed along with the
Neotethys and Mesotethys oceans between the Permian (�270Ma)
and late Early Jurassic (�180 Ma) (Garfunkel 1998; Segev 2002;

3
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Figure 2.1 a: Plate boundaries near the Levant. FZ, fracture zone; DST, Dead Sea Transform. b: General location map of the Levant. c: Shaded relief map
of the Levant, presenting the general pattern of the physiographic elements and the Dead Sea fault system. (A black and white version of this figure will
appear in some formats. For the colour version, please refer to the plate section.)
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Figure 2.2 Main tectonic elements in the Levant (explanations in text).

Schattner & Ben-Avraham 2007; Segev & Rybakov 2010). This
crustal boundary is oriented approximately north–south and bend-
ing toward the west at its southern continuation. Its orientation
is parallel to the tectonic–physiographic structure of the Levant
(Lyakhovsky et al. 2012; Segev et al. 2014). These include the east-
ernMediterranean coastal plain, the central mountain belt, the Dead
Sea depression and the eastern Transjordan block (see also Matmon
& Zilberman, this volume). As the crustal transition zone bends
westwards in the Sinai Peninsula, these belts are less dominant.

2.2.2 SYRIAN ARC STRUCTURES

First described by Krenkel (1924), this fold belt striking ENE–
WSW to NNE–SSW extends from the Palmyrides in Syria across
Israel to the Sinai Peninsula (Fig. 2.2). These fold structures, best
manifested in the southern Levant by the Ramon and the Hatira
monoclines (Fig. 2.3), developed along deep faults. The faults orig-
inally developed at the end of the Precambrian orogeny and were
later activated as normal faults during the Triassic (Garfunkel 1978).
From the Late Turonian to the Early Eocene, compression associ-
ated with ophiolite obductions on the northern flanks of the Ara-
bian plate was accompanied by intra-plate shortening (Guiraud &
Bosworth 1997; Walley 1998; Kazmin 2002; Segev & Rybakov
2010). The activation of the old faults under compression formed

Figure 2.3 Geologic block diagram of the Hatira ridge as an example of Syrian Arc structures. Note the unconformities within the Mount Scopus group
(1) and the ‘Makhtesh’ structure development along the anticline crust due to the deep truncation by the RTS which has exhumed their Early Cretaceous
to Triassic sandstone core. A: Arad Group (Jurassic), K: Kornub Group (L. Cretaceous), J: Judea Group (U. Cretaceous), Mi F: Mishash Formation
(Campanian), H F: Hazeva Formation (Miocene), (1) Mount Scopus Group unconformity, RTS: Regional Truncation Surface (Oligocene).
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asymmetric folds near the surface. The evolution of these structures
when the Levant region was located along the southern edge of the
Tethys Ocean facilitated angular unconformities (Fig. 2.3). Along
the crests of the larger structures, such as the Ramon anticlinorium,
terrestrial conglomerates are associated with these unconformities,
indicating that these structures emerged from the sea, forming elon-
gated islands (Avni 1993). During the Late Eocene to Oligocene,
these structures were tectonically rejuvenated, uplifted and subse-
quently truncated by the development of the RTS (Fig. 2.3). In some
cases (e.g. the Ramon, Hatira, and Hazera monoclines in southern
Israel; the anticlines northwest of Amman in Jordan; and the anti-
clines in Jebels Hallal, Arif E-Naqa andMer’ra in Sinai), the trunca-
tion of the most uplifted structures exhumed their Early Cretaceous
to Triassic sandstone core (Fig. 2.3). This led to the development
since the Early Miocene of Makhteshim (or erosional craters) – a
unique geomorphologic feature (Zilberman 2000; Fig. 2.3). Owing
to their young rejuvenation, the Syrian Arc structures still dominate
the present physiographic pattern of the Levant.

2.2.3 EAST–WEST FAULTS

These approximately east–west faults (Fig. 2.2) are best seen in
southern Israel where they are known as the Sinai–Negev shear belt
(Bartov 1974) but can be traced throughout the Levant including
in central Jordan, northern Israel, and Lebanon. Almost all of them
present evidence of right-lateral displacement in the range of a few
hundred metres up to a few kilometres; this displacement evolved in
several phases between the Triassic and the Late Pleistocene (Gar-
funkel 1964; Bartov 1974; Matmon et al. 2003). Notable deforma-
tion occurred along these faults during theMiddle Miocene to Early
Pliocene, creating several push-up structures and depressions, such
as the uplifted structures of Mt Arif and Mt Nafha, and the Karkom
and Mahmal grabens in southern Israel (Zilberman 1992; Zilber-
man et al. 1996; Avni 1998). Based on their prominent morphotec-
tonic impact, two faults are more important than the others: (1) the
Bet-Kerem fault in the Galilee region, forming a prominent active
morphotectonic escarpment separating the Upper Galilee from the
Lower Galilee (Matmon et al. 1999, 2003), and (2) the Arif–Batur
fault in the Negev forming the major separation between the central
Negev uplifted structure to the north and the southern Negev/eastern
Sinai low-elevated block to the south (Avni, 1998).

2.2.4 NORTHEAST LONGITUDINAL FAULTS

These faults are 30–70 km long and oriented N 10°–40° E; each
comprises several, much shorter en-echelon faults and flexures
(Fig. 2.2). The faults are sub-parallel to the DST and form a defor-
mation belt, 60–80 km wide, located mainly in the Negev west of
the Arava valley depression. At present, the fault plains are almost
vertical, and their respective kinematic indicators show normal off-
set combined with minor left-lateral motion (Avni 1998; Avni et al.
2000). In southern Israel, they displace the early Pleistocene Arava
Formation (Avni et al. 2001) by �100 m each, forming several
tilted blocks superimposed on top of an asymmetric arch structure,
60–80 km wide and 700–200 m high, developed between the cen-
tral Sinai basin and the Dead Sea fault zone. In addition to this

early to middle Pleistocene tectonic activity, these faults experi-
enced earlier activity pre-dating the Early Miocene activation of
the DST (Avni et al. 2000). Geophysical surveys conducted in the
southern Negev indicate a possible Late Precambrian origin for the
entire fault system (Bartov et al. 2004). Minor tectonic deforma-
tion and microseismicity are currently still recorded along the fault
system.

2.2.5 NORTHWEST FAULTS

This tectonic system is oriented northwest and includes the Azrak–
Sirhan system, theYizreel–Yagur and several faults developed in the
Galilee and in the Sinai Peninsula and southern Jordan (Fig. 2.2).
This faulting was active since the Triassic with pronounced activ-
ity during the Senonian and the Early Oligocene (Avni et al. 2012;
Segev et al. 2014). During the Early Miocene, dikes penetrated into
these faulted zones in the Red Sea, indicating regional extension
following rifting of the Red Sea (Avni et al. 2012).

2.2.6 THE DEAD SEA FAULT SYSTEM

The Dead Sea fault system (Figs. 2.1 and 2.2) is approximately
north–south along �1,000 km, extending from southern Turkey
through the Gharab and Bekaa depressions in Syria and Lebanon
(Gomez et al. 2003, 2007) to the Jordan–Arava depression in Israel.
Further to the south, it continues through the Gulf of Aqaba to the
northern Red Sea triple junction south of the Sinai Peninsula (Gar-
funkel 1981). This system was active in several stages since the
Palaeozoic (Weissbrod 2002, 2005). This conclusion is based on
the differential accumulation of the Palaeozoic sequences across
the fault zone in southern Israel versus the same sequence in south-
ern Jordan. Direct evidence of Senonian activity along north–south
faults was found in eastern Sinai (Bartov 1974). According to Avni
et al. (2012), the preservation of Early Oligocene lacustrine to ter-
restrial sections along theDead Sea fault system prior to the regional
Oligocene truncation of the Levant hints at an Early Oligocene
phase of activity. Since the Early Miocene, this system has accom-
modated the plate boundary between the Arab plate and the Israel–
Sinai micro-plate, as demonstrated by the 105 km left-lateral strike-
slip transform motion along this boundary (Quennell 1958; Freund
1970; Baker et al. 1996; Bosworth et al. 2005; Weinberger et al.
2009). This Miocene to recent activity along the system, termed the
‘Dead Sea Transform’ or DST as mentioned above, was localized
within the complex, pre-existing tectonic system of the Dead Sea
fault.

2.3 THE PHYSIOGRAPHIC PATTERN
OF THE LEVANT

2.3.1 THE LEBANON–ANTI-LEBANON–HERMON
MOUNTAINS

The axes of these relatively high and long mountain ridges are ori-
ented approximately northeast to southwest (Fig. 2.4, a). The ridges
are separated by depressions along the northern segments of the
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Figure 2.4 The main physiographic units in the Levant (see text). (Map
source: SRTM (Farr et al. 2007).)

DST. The Lebanon range (120 × 40 km; peak at 3083 m) is the
highest in the Levant, bounded by the Mediterranean coast in the
west and the Yammouneh fault and its associated Bekaa depression
in the east (Dubertret 1955). The Anti-Lebanon (�100 × 30 km;
peak at 2629m) ridge and its southwest extension, theHermon ridge
(�40 × 15–20 km; peak at 2814 m), are east of the Bekaa and
along the Serghaya fault, paralleling the Lebanon ridge (Gomez
et al. 2003, 2007). These two structures are steeply inclined east-
ward and merge with the lowlands of the Syrian Desert at their rain
shadow. Thick Jurassic sequence is exposed at the respective tops
owing to the >2,000 m truncation of the overlying Late Jurassic
to Eocene strata (Sneh & Weinberger 2003), reflecting uplift and

denudation during the Syrian Arc phase and the Oligocene by the
RTS (Joseph-Chai et al. 2015).

2.3.2 JEBEL DRUZE AND THE NORTHEASTERN
BASALT PLATEAU

This plateau (�250 × 150 km) extends from the Golan Heights to
theHarrat Ash Shaam volcanic field (Fig. 2.4, b) with volcanic rocks
of Late Oligocene (26 Ma) to recent (Ilani et al. 2001) covering
the region (Weinstein & Heimann, Chapter 5 of this volume). The
present-day summits of this region reach altitudes of 1700–1800 m
along the mountain range of Jebel Druze, which is 70–80 km long
and �40 km wide. This Early Miocene to recent volcanic ridge
overrides an older depression preserving Triassic–Jurassic sedi-
ments. Both are located along tectonically induced faults and fis-
sures, which controlled the orientations of the ridge and depression
(Segev et al. 2014). From the Jebel Druze, the topography gradually
decreases to a volcanic plateau (altitudes of �700 m) in the Syrian
Desert to the east of the mountain range and�300 m at the southern
edge of the Golan plateau to the west.

2.3.3 THE JORDANIAN PLATEAU

This north–south oriented area (Fig. 2.4, c) is 300 km long and 60–
180 km wide. It is bordered by the Jordan Valley/Dead Sea/Arava
Valley in the west, and it merges with the larger Arabian Peninsula
in the east (Figs. 2.1 and 2.4). It is a large eastward-tilted block
with summits at 1200–1700 m, with elevation increasing south-
ward (Wdowinski & Zilberman 1997). At its northern part, the 60
× 30 km Ajulon Dome is superimposed on the block, reaching ele-
vation of 1247 m.
The key morphotectonic structure composing this region is an

Early Oligocene tectonically induced tilted block that was sub-
horizontally truncated by the Oligocene Regional Truncation Sur-
face (RTS) (Picard 1943; Avni et al. 2012). The RTS shapes a large
plateau comprising most of central Jordan (Fig. 2.5). The southern

Figure 2.5 The RTS in central Jordan near the Shubak Castle, truncating a
Middle Eocene tilted strata.
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Figure 2.6 The RTS in southern Jordan, 80 km east of Ras el-Naqeb. The
flat plateau developed on a truncated chert layer of the Mishash Formation
(white arrow) unconformably overlying the Early Cretaceous sandstone of
the Kurnub Group (black arrow). Note the horizontal truncation caused by
the RTS.

boundary of the plateau is located along the Ras el-Naqeb escarp-
ment (Fig. 2.6) separating the central Jordan plateau, composed
mainly of Upper Cretaceous to Eocene rocks, from the lowland
developed to the south, composed mainly of Cambrian to Lower
Cretaceous sandstones (Fig. 2.7). The RTS truncates older strata
in the south and west, down to the Precambrian basement com-
plex (Fig. 2.7). This relatively simple configuration is interrupted
by several north–south and east–west faults, forming individual tec-
tonic blocks in which the Eocene sequence and thick Oligocene
conglomerates are preserved (Avni et al. 2012). Exposure of the
Precambrian crystalline basement in the Gulf of Aqaba vicinity
(Fig. 2.7) indicates an Oligocene uplift of this terrain as part of the
general northern Red Sea uplift. This conclusion is supported by
thermochronometry analyses (Feinstein et al. 2004, 2013).
The present topography of this terrain has been established since

the Late Miocene, as the tectonic uplift was rejuvenated when a
free plate boundary developed along the DST. This new uplift trig-
gered incision of deep canyons flowing from the east toward the
Dead Sea and the Arava valley. The larger drainage basins of the
Yarmouk, Zarka, Mujib–Heidan, and Hasa utilize faults and sec-
ondary topographical elements to divert runoff from the eastern
parts of the block, bypassing its elevated areas, toward the Dead
Sea depression (De Jaeger & De Dapper 2002). Between the Late
Miocene and Early Pliocene, erosion of the western flank of the
block formed wide valleys in which conglomerates and volcanic
rocks were deposited; they are dated in the Zarka–Main basin to
3.4 Ma (Steinitz & Bartov 1991). This sequence is probably cor-
related with the older member of the Arava Formation of southern
Israel (Avni 1998; Avni et al. 2001) and the initiation of the canyons
around the Dead Sea basin (Matmon et al. 2014; Matmon & Zilber-
man, this volume). During 1.5–1Ma, a younger incision phase in the
canyons is observed, as a response to the progressive subsidence of
the Dead Sea depression. This is indicated by the deposition of lava

flows of 0.6–0.2 Ma within the incised canyons (Steinitz & Bartov
1991).

2.3.4 THE CENTRAL DEPRESSION

This �800 km long depression (Fig. 2.4, d) can be traced through-
out the Levant to the northern tip of the Gulf of Aqaba, including
the lowest terrestrial depression on the Earth’s surface, accommo-
dating the Dead Sea lake. The central depression traces the Dead
Sea fault system. It is segmented into several discrete tectonically
controlled, elongated depressions, each expressing a wide range of
length/width geometric relations (Garfunkel 1981; Matmon & Zil-
berman, this volume).
The genesis of some of the depression can be traced to the Mid-

dle Miocene (e.g. the northern Arava and Bet She’an segments in
which the Hazeva and Hordos Formations were preserved; Gar-
funkel 1981; Segev et al. 2014), whereas other basins developed
since the Pliocene (e.g. the Hula Basin; Matmon & Zilberman, this
volume). However, the good preservation of Eocene strata and thick
sections of Oligocene conglomerates in downfaulted blocks devel-
oped along the Arava valley (Avni et al. 2012; Fig. 2.7) indicate
vertical motion along faults, including the Dead Sea fault system,
in pre-Oligocene times, prior to the formation of the RTS. There-
fore, the DST is localized within an older faulted terrain and re-
activated as a transform plate boundary only after the EarlyMiocene
(Garfunkel 2001; Bosworth et al. 2005; Avni et al. 2012).

2.3.5 THE CENTRAL MOUNTAIN CHAIN

Extending from southern Lebanon to central Negev, this elevated
belt (Fig. 2.4, e) is intermediate between the central depression
in the east and the Mediterranean coastal plain in the west. This
mountain chain (summit elevations 800–1200 m) developed as an
integration of several discrete Syrian Arc structures, deeply trun-
cated by the Oligocene RTS, which still dominates much of the
present-day skyline (Zilberman 1992; Avni 1993; Matmon & Zil-
berman, this volume). Since the Early Miocene, this mountainous
chain has uplifted to form the central backbone of the Levant west
of the Dead Sea depression. The Early Miocene uplift is first recog-
nized in the northern Negev Highlands, facilitating the development
of Makhtesh Hatira (Zilberman 2000; Fig. 2.3), and in the Judean
hills (Bar 2009). Gradual uplift of the mountain belt during the Late
Miocene forced the previously developed Miocene drainage sys-
tem to split into western and eastern provinces, draining toward the
Mediterranean basin in the west or to the central depression in the
east. This evolutionary process is best reflected by the Middle to
Late Miocene Hemar Conglomerate deposited in a valley initially
forced to cross the central mountain range, utilizing the lowest pos-
sible structural saddle located between Arad and Dimona (Zilber-
man & Avni 2006). Shortly afterwards, as the uplift rate and the
eastern tilt of the region increased, this paleo-Hemar valley was
abandoned, splitting into two drainage basins flowing in opposite
directions. Iron crusts developed on the conglomerate shows that
the channel was already abandoned at 11.8 Ma (Ryb et al. 2009).
Coevally, the regional uplift and eastward tilt generated Makhtesh
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Figure 2.7 Map representing the stratigraphic units exposed by the RTS during the Oligocene. Note that the region east of the Dead Sea Transform (DST)
was restored to its original position prior to the post-Oligocene strike-slip motion. The Dead Sea fault system and other faults create sharp boundaries
between adjacent tectonic blocks, indicating their pre-Oligocene origin and their reactivation during the Oligocene tectonic phase. Numbers in the key
represent the thickness of the stratigraphic units. (Detailed explanations in the text; original geological map by Sneh et al. 2000.)



Y. Avni 10

Figure 2.8 The RTS in the Sinai Peninsula. A schematic geological cross-section (line A–B). 1: Intersect between the RTS and the crystalline basement
(with residual relief located above the truncation line). 2: Intersect between the RTS and the Upper Cretaceous hard carbonate rocks forming the Tih Plateau.
3: Intersect between the RTS and the Eocene hard carbonate rocks forming the Egma Plateau of central Sinai. Numbers (in metres) represent the cumulative
thickness of rock sequence eroded by the RTS during the Oligocene. Numbers (in metres) below the RTS line represent the cumulative erosion, which
evolved during the post-Oligocene uplift phase. (Modified after Avni et al. 2012.)

Ramon and Makhtesh Hazera in Syrian Arc anticlines, previously
truncated by the Oligocene RTS. Along the newly formed basins
in the western province, the Pliocene/Early Pleistocene Ahuzam
conglomerate was deposited, intercalated with the shallow marine
to estuarine Pleshet Formation (Bar 2009). At the same time, the
terrestrial–lacustrine Arava Formation was deposited in the eastern
province, draining toward the Dead Sea depression. The continu-
ation of the tectonic uplift during the Early Pleistocene increased the
inclination on both sides of the mountain belt, especially toward the
east.

2.3.7 THE SINAI PENINSULA AND THE NORTHERN
TIP OF THE RED SEA

The Sinai Peninsula (Fig. 2.4, f), located in the southern extension
of the Levant, is a large (350 × 200 km), triangular shaped, north-
ward tilted morphotectonic block. Precambrian basement complex
is exposed at its southern tip, and a post-Eocene section in the north
faces the Mediterranean coastal plain (Fig. 2.8). This pattern is a
reflection of a post-Eocene northward tectonic tilt simultaneously
truncated by the RTS, gradually eroding a 150–1500 m thick sec-
tion (Garfunkel 1988; Avni et al. 2012; Fig. 2.8). In central and
southern Sinai, the RTS forms a flat erosion surface that still shapes
the present skyline of the tops of Eocene rocks (Fig. 2.8). South-
ward, in the uplifted terrain of southern Sinai, the RTS gradually
truncated the hard carbonate Cenomanian strata that make up the
southern cliffs of the Tih Plateau (Fig. 2.8). Farther to the south,
the RTS exposed the Lower Cretaceous to Palaeozoic friable sand-
stone belts, most of whichwere later removed by the post-Oligocene
erosion. In southern Sinai, the RTS truncates Precambrian
rocks (Fig. 2.8).
Since the Early Miocene, the Sinai Peninsula was reactivated

and uplifted as part of the northern Red Sea rifted terrain, and the
exposed geological section was intensively eroded. Clasts derived
from Precambrian rocks and Palaeozoic sandstone were integrated
in the Miocene terrestrial sequence of the Hazeva Formation in the
southern Levant.

During the younger Late Miocene to Pliocene uplift, the Sinai
Peninsula developed its current altitudes with summits reaching
2,500–2,600 m. During this phase, the present drainage basins
developed, flowing toward the Suez rift, the Gulf of Aqaba-Elat,
and the eastern Mediterranean via Wadi El Arish.

2.3.8 THE WESTERN COASTAL PLAIN

This lowland region developed along the continental margin of the
Levant facing the eastern Mediterranean Sea (Fig. 2.4, g). It is com-
posed of several depositional erosional cycles developed during
ingressions and regressions of the sea since the Late Oligocene (Bar
2009). The present-day landscape is shaped by a thick Tertiary to
recent sequence of carbonates, clay, and siliciclastics (Gvirtzman
& Buchbinder 1969; Harel et al., Chapter 50 of this volume). The
thick latest Cenozoic sequence is the result of siliciclasts brought to
the eastern Mediterranean by the Nile. These form the asymmetric
pattern of the Levant coastal plain, which is up to 50 kmwider in the
south, decreasing to �10 km in northern Israel, and almost absent
in the Lebanon coast.

2.4 SYNTHESIS AND DISCUSSION

2.4.1 THE TECTONIC-DENUDATION RELATIONS IN
THE LEVANT SINCE THE OLIGOCENE

The present landscape of the Levant evolved under the combined
effects of tectonics, climate, and erosion-denudation. In this con-
text, the Levant landscape is composed of two main physiographic
features demonstrating two different morphotectonic regimes:
(1) relatively low-relief, widely distributed plateaus; and (2) high-
relief areas of high mountain ranges and deep depressions.
To form a widespread, relatively flat landscape, the rate of lat-

eral exhumation and denudation must be higher than the uplift
rate, composed of the coupled effect of tectonic uplift and the iso-
static rebound that follows. In contrast, where uplift is higher than
exhumation and denudation, localized erosion will create distinct
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valleys bordered by well-defined elevated slopes and water divides;
i.e. high mountains and deeply incised valleys.
Most of the low-relief surfaces in the Levant, which still domin-

ate the present-day skyline (e.g. Figs. 2.5 and 2.6), were already
shaped in the Oligocene by the RTS (Picard 1943; Zilberman 1992;
Avni et al. 2012). This widely distributed surface developed by non-
localized erosion during a 6–10 Ma interval of a relatively slow
rate of tectonic uplift in the Red Sea region and in the Levant. It
was probably coupled with well-distributed, non-localized braided
streams (Avni et al. 2012). Intensification of the tectonics since
the Early Miocene, and further since the Late Miocene, shaped the
uplifted ridges, deep depressions, andwell-incised streams connect-
ing them (Matmon & Zilberman, this volume).

2.4.2 ANCIENT LANDSCAPES IN THE LEVANT

Ancient tectonic and geomorphic features such as the Syrian Arc
structures, developed some 90–50 million years ago, are well pro-
nounced and preserved in the current landscape as uplifted moun-
tain ridges (Fig. 2.3). This long preservation is attributed in part
to their rejuvenation during post-Eocene tectonic phases which
reshaped them as physiographic features, exposing their lower parts
that were sheltered from erosion during most of the past 50 million
years.

2.4.3 THE MORPHOTECTONIC EVOLUTION OF
THE LEVANT SINCE THE LATE EOCENE

The morphotectonic evolution of the Levant is summarized in four
main stages:

STAGE 1: LATE EOCENE–OLIGOCENE:
REGIONAL EROSION REFLECTING THE
PRE-RIFTING STAGE

Outcrops of Eocene rocks are widespread throughout the Levant,
indicating that during this period the region was basically sub-
merged under the Testis Ocean (Dubertret 1955; Garfunkel 1988).
At the end of the Eocene, the Levant was tectonically uplifted,
eroded, and gradually truncated by long (10–6 Ma) terrestrial ero-
sion shaping the Oligocene RTS. On a broad scale, the RTS can be
illustrated as a giant ‘polished’ surface (peneplain) clearly reflecting
differential tectonic blocks separated by diverse fault systems that
developed mainly before the Oligocene (Fig. 2.7). Within depres-
sions, Early Oligocene continental units were preserved (Avni et al.
2012). The total structural uplift ranges from 150 to 3,000 m with
maximum erosion located east of the southern Arava Valley (Fein-
stein et al. 2004, 2013; Avni et al. 2012). This constitutes approxi-
mately 30–50% of the total structural relief of the regions bordering
the northern tip of the Red Sea. Most interesting is the reflection of
the Dead Sea fault system on the Oligocene erosion pattern, creat-
ing sharp boundaries between adjacent tectonic blocks, indicating
its pre-Oligocene origin and its reactivation during the Oligocene
tectonic phase (Fig. 2.7).

STAGE 2: EARLY MIOCENE DEPOSITION

The intensification of the tectonic rates during the Early Miocene
in the Levant was coeval to the main rifting process along the Red
Sea–Suez rift and to the large-scale volcanic eruptions in the Jebel
Druze and Harrat Ash Shaam region. This intensification facili-
tated the uplift of the northern Red Sea and the Sinai Peninsula,
as well as of other regions in the Levant, such as the northern
Negev Highlands, the Judea Mountains, the Upper Galilee region
and the Lebanon–Hermon region (Avni et al. 2012; Joseph-Chai
et al. 2015). Continental sediments originated from the entire geo-
logical section exposed by the Oligocene RTS in the Red Sea region
and the Levant were deposited in the lowlands (e.g. the Hazeva and
the upper Dana formations; Calvo 2002).

STAGE 3: LATE EARLY MIOCENE: THE
INITIATION OF THE DEAD SEA TRANSFORM

The continuation of the rifting process along the Red Sea and its
inability to cross the Levantine crustal transition (Lyakhovsky et al.
2012) of the eastern Mediterranean basin caused the initiation of a
new plate boundary within the pre-existing Dead Sea fault system
(Avni et al. 2012). The left-lateral motion along the DST devel-
oped deep tectonic basins (e.g. the Arava, Dead Sea, Kinarot, and
Harod-Yizreel) caused by the reactivation of fault systems. The
basins accommodated continental units classified as the Hordus,
upper Hazeva, and upper Dana formations.

STAGE 4: THE LATE MIOCENE TO PRESENT:
INTENSIFICATION OF THE TECTONIC RELIEF

This tectonic stage had a great influence on the present morphotec-
tonic and physiographic configuration of the Levant, as most of the
present uplifted and downfaulted structures were developed during
this stage. This is probably the reflection of a rebound to the devel-
opment of deep basins along the Dead Sea Transform amplified by a
change in the motion of the African plate over the past 5 Ma that led
to acceleration of the tectonic rates along the plate boundary dissect-
ing the Levant (Garfunkel 1981; Joffe & Garfunkel 1987; Bosworth
et al. 2005). The deformation formed the great arching of the Lev-
ant mountain belt, along with the downfaulting of the Arava–Dead
Sea depressions (Fig. 2.9). The Lebanon Mountains and the Her-
mon ridge were uplifted and deformed, while in the Syrian Desert
the Palmyride structures were rejuvenated (Walley 1998; Gomez
et al. 2003, 2007).
The erosion that followed the tectonic uplift sculpted the main

present physiographic features of the region (Figs. 2.8, 2.9, and
2.10), including the creation of the main drainage basins of Wadi El
Arish in Sinai and Nahal Paran–Neqarot in the Negev (Avni et al.
2000). Simultaneously, the drainage system in the Jordan block
developed, shaping its present configuration – deep canyons incised
to the central Dead Sea depression, while shallow stream channels
drained its eastern slopes toward the Syrian Desert. At first, the
incision eroded and removed the thick Miocene clastic sequence
of the Hazeva and the Dana formations. Following this initial phase
and after achieving geomorphological stability, the continental units
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Figure 2.9 The Early Pleistocene subsidence of the Negev toward the Arava depression. Dashed lines represent possible gradients of the reconstructed
stream channel (the Edom River) previously draining the EdomMountains through the eastern Negev westward that were reversed during early Pleistocene
tectonic deformation (modified after Avni et al. 2000).

of the Arava and the Ahuzam formations were deposited in large
areas of the southern Levant. Several fresh to brackish water lakes
developed along the Dead Sea basin and the drainage basins drain-
ing toward the Dead Sea depression. These lacustrine sediments are
included in the Erk El Ahmar, Amora, and Arava formations (Avni
2001; Stein et al., Chapter 8 of this volume; Matmon & Zilberman,
Chapter 3; Torfstein, Chapter 10).
Simultaneously, the flow of the Nile continued to supply the east-

ern Mediterranean basin with most of the clastic material, compos-
ing the large Pliocene to recent Nile cone. These sediments largely
build the coastal plain of the Levant.
A major regional tectonic deformation evolved during the Early

Pleistocene in the Levant, dated by cosmogenic isotopes to 1.8–
1.5 Ma (Matmon et al. 2009; Guralnik et al. 2010; Fig. 2.9). At this
stage a broad asymmetric upwarp developed all along the central
mountain backbone of the Levant from the Galilee to the Negev
(Horowitz 1979, 2001; Avni 1998; Matmon et al. 1999, 2003; Avni
et al. 2000). In the Negev, a belt approximately 60–80 km wide,
located west of the DST, was tilted toward the Arava depression,
accompanied by the activation of the longitudinal faults. The com-
bined effect of tilting and normal faulting caused the subsidence
of the central Arava by �400–700 m (Fig. 2.9), and caused great
changes to the regional landscape and drainage systems (Avni et al.
2000; Fig. 2.10). During this stage, the fragmentation of the Late
Miocene to Pliocene large drainage basins took place, forming
the present independent Neqarot and the Paran basins (Avni et al.
2000) and triggered the eastward drainage shift in the upper Zin
valley (Avni & Zilberman 2007). In the Dead Sea region, this phase

caused the deepening of the Dead Sea basin and the development
of the present canyons shaped by the streams draining its margins.
Along the terrain facing the coastal plain, this period included a
general uplift of the Pliocene sediments by more than 250–300 m
(Bar 2009).
During the Middle Pleistocene to recent, the tectonic activity

along the DST continued, forming several deep depressions accom-
modating several lakes (see Stein et al., Chapter 8 of this vol-
ume; Torfstein, Chapter 10; Waldmann, Chapter 11). In the high-
lands, successions of alluvial terraces developed along the main
drainage channels, reflecting continuous incision interrupted by
events of accumulation influenced mainly by climatic fluctuations,
whereas the tectonic deformation was relatively minor (Avni et al.,
Chapter 52 of this volume). Simultaneously, loess sediments pen-
etrated to the region from Sinai and eastern Sahara, followed by
the ingression of sand dunes (Crouvi et al. 2008, 2009, 2010, and
Chapter 53 of this volume; Enzel et al. 2008, 2010).

2.5 SUMMARY

The present tectonic and physiography of the Levant is born from a
combination of ancient truncated structures and Late Miocene to
Quaternary tectonics related to the establishment of a new plate
boundary along the Dead Sea fault. In this context, the Syrian
Arc structures, the remnants of the Oligocene Regional Trunca-
tion Surface, the arching, and the Dead Sea fault system are the
shapers of the Levant. The present relief also indicates differ-
ences in Pliocene morphotectonics, while other sites show active
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Figure 2.10 The landscape response to the Early Pleistocene tectonic deformation. a: Destruction of the Pliocene palaeo-valleys by the Early Pleistocene
incision, east of the Meishar plain, central Negev. b: Large-scale incision following the tectonic tilt toward the central Sinai basin, south of Har Sagi, central
Negev Highlands. c: Playa formed in a closed basin developed on top of a back-tilted early Pleistocene conglomerate, Paran plains, southern Negev. d:
Incision of new canyons in the eastern Negev and the Dead Sea basin as a result of early Pleistocene uplift, tilt, and subsidence of the Dead Sea basin, Nahal
Vardit, eastern Negev. e: Landscape sculptured because of post early Pleistocene exposure of non-resistant soft units (Palaeocene Taqiye Formation), Nahal
Ashosh, eastern Negev.
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Pleistocene tectonics. These diverse landscapes reflect landscape
evolution in response to differential tectonic activity (e.g. compres-
sional versus tensional provinces) throughout the Levant.
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3 Landscape Evolution along the Dead Sea Fault and its Margins

ari matmon and ezra zilberman

3.1 INTRODUCTION

Geological, geophysical, and geochemical studies that have impli-
cations for the relief development along the Dead Sea fault (DSF)
and its margins are reviewed below. Understanding the Quater-
nary history and sediments of the DSF and its margins requires
investigation into the Neogene development of this plate boundary
between the Arabian and the Israel–Sinai subplates. To understand
the present relations between tectonic activity and morphology and
the way they developed throughout the Quaternary, it is essential to
go back several million years, describe the major phases in DSF tec-
tonics, and determine the timing and processes that triggered mor-
phologic responses. Specifically, the Quaternary landscape evolu-
tion of the western margin of the DSF stems from Neogene tec-
tonics of the Dead Sea plate boundary (e.g. Avni, Chapter 2 of
this volume), and the Pleistocene–Holocene drainage patterns can
be understood only in the light of these preceding tectonics. Only
limited morphotectonic research exists for the DSF eastern margin;
therefore, most of the studies reviewed are from the western margin.
The association between rift subsidence and margin uplift has

been described for many rifts (e.g. Rosendahl 1987; Bohannon et al.
1989; ten Brink et al. 1990; Hutchinson et al. 1992; Wdowinski
& Zilberman 1996, 1997; Bloom 1998). Therefore, we lend equal
significance to observations indicating relief formation within the
DSF rift valley and its escarpments, and to landscapes located away
from but impacted by the uplift of the rift shoulders. Coeval rift
subsidence and shoulder uplift are always accompanied by drainage
pattern adjustments.
The present relief of Israel is relatively young and is mostly the

result of plate boundary tectonics. Early Oligocene regression of
the Tethys Ocean exposed most of the Arabian plate, including the
Negev, to subaerial processes (Horowitz 2001; Buchbinder et al.
2005; Avni, Chapter 2 of this volume). In central Israel, the uplifted
ridge of the Judea Mountains was truncated by the shallow sea,
forming a flat abrasion surface (Picard 1943; Bar 2009; Avni et al.
2012; Bar et al. 2016; Avni, this volume). The exposed part of
the Arabian plate was characterized by subdued morphology and

subjected to limited denudation (Zilberman 1992). The Oligocene
regression exposed the top of the Judea Mountains and possibly the
Galilee to erosion, and the coastline shifted west and north (Sneh &
Buchbinder 1984; Buchbinder et al. 1993; Buchbinder et al. 2005;
Gvirtzman et al. 2011). This led to a regional low-relief terrain
termed the ‘Oligocene Peneplain’ (Picard 1943), the ‘Arabian Sur-
face’ (Quennel 1956), or the ‘Regional Truncation Surface’ (RTS)
(Avni et al. 2012; Avni, this volume), which extends throughout the
eastern Mediterranean and Levant (Garfunkel & Bartov 1977; Gar-
funkel 1988; Avni et al. 2012). Early Miocene tectonics deformed
this surface, forming structural relief in the Negev (Garfunkel &
Horowitz 1966; Zilberman 1991, 1992, 2000) and along the Judea
Mountains (Bar 2009; Bar et al. 2013). This tectonic phase shaped
a fluvial system that drained the northern Arabian plate and east-
ern Sinai to the Negev, depositing the allochthonous sediments of
the Hazeva Formation (Blake 1935; Zilberman 1992; Calvo 2002;
Calvo & Bartov 2001; Zilberman & Calvo 2013). Following a mid-
dle Miocene uplift, these sediments were mostly eroded (Zilberman
& Avni 2007; Bar 2009; Bar et al. 2013; Zilberman & Calvo 2013).
An extensive sedimentary basin developed in northern Israel, cen-
tred on the NW-oriented tectonic depression of the Yizre’el Valley.
Parts of northern Israel and Lebanon were still submerged under the
sea during the early Miocene (Michelson & Lipson-Benitah 1986;
Buchbinder et al. 2005). Towards the end of the early Miocene, a
continuous exposed terrain can be traced along the Levant.
Middle and late Miocene movements along the DSF were domi-

nated by pure left-lateral strike-slip associated with development of
locally subsiding structural basins without remarkable relief which
did not block streams from the Arabian plate from flowing to the
Mediterranean. During the late Miocene, a connection was estab-
lished between the Dead Sea Basin and the Mediterranean via the
Yizre’el and the Kinnarot structural basins, and the Sedom Lagoon
was established along the DSF.
A late Miocene/early Pliocene change in plate motion formed (a)

the Dead Sea Rift (DSR) along the DSF between the Red Sea and
Lebanon, (b) uplift of the rift’s eastern margin, and (c) a wide struc-
tural arch, along the western margins of the rift. These structural
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features dictated the location of the regional water divides on both
sides of the DSR.
The establishment of the water divides and the deep inland

base level of the DSR are the first-order causes for the current
regional relief. The sculpturing of the landscape beginning in the
late Miocene to early Pliocene continued in the early Pleistocene
but reached the present form towards the middle Pleistocene. Four
major stages are detected in the landscape evolution of the DSF and
its margins:

(1) Oligocene peneplanization, early Miocene drainage system,
and the initiation of the DSF at 14–18 Ma.

(2) Strike-slip movement along the DSF and initial rifting and arch-
ing (4–5 Ma).

(3) Major relief formation stage (4–5 to 1–2 Ma).
(4) Present-day landscape (<1–2 Ma).

The present landscape of Israel–Lebanon–Jordan–Syria is domin-
ated by four north–south oriented morphological belts that devel-
oped during the Neogene. These are the Jordanian–Syrian plateau,
the DSF and the associated rift (DSR) and basins, the mountainous
‘Backbone’ (MBB) of Israel and Lebanon, and the Coastal Plain
(Harel et al., Chapter 50 of this volume). We describe the main
morphological elements of the DSF and the MBB. The Jordanian–
Syrian plateaus are partially discussed in Avni (this volume) and
Weinstein & Heimann (Chapter 5 of this volume).

3.2 THE DEAD SEA FAULT

The DSF connects the spreading zone of the Red Sea with the
convergence zone in Turkey and Iran (Fig. 3.1). It accommodates
the 100–105 km northward movement of the Arabian plate rela-
tive to the Sinai–Israel subplate (Quennel 1959; Freund 1970; Gar-
funkel 1981). The timing of initial break-up of the Arabian plate

Figure 3.1 Satellite image of the Middle East, marking the location of the
major plate boundaries around the Arabian plate. The Dead Sea fault (DSF)
transforms motion between the spreading zones in the south (marked with
dash-point lines) and the convergence in the north (marked with dashed
lines). EAF – East Anatolian fault. NAF – North Anatolian fault. Location
of 5 MaMORB (mid-ocean ridge basalt) in Red Sea is marked with a circle.
(A black and white version of this figure will appear in some formats. For
the colour version, please refer to the plate section.)

by the DSF ranges between 18–14 Ma (Freund 1970; Garfunkel
1981; Joffe & Garfunkel 1987; Garfunkel 1997; Bayer et al. 1988;
Bosworth et al. 2005). Until the late Miocene, faulting was char-
acterized by pure left-lateral strike-slip and the development of
pull-apart depressions; the most prominent is the Dead Sea Basin.
Extension was too limited to form a deep, continuous rift valley
with uplifted shoulders. Rates of sedimentation in these depres-
sions probably equalled subsidence, so their structural development
did not disturb the regional westward flow of the drainage systems
from the margins of the Arabian plate to the Mediterranean (Zil-
berman & Calvo 2013; Fig. 3.2). During the Plio-Pleistocene, rift
subsidence accompanied by uplift along its margins was sufficient
to disable any stream crossing from east to west. The deep DSR
depression that has been developing along the DSF since the late
Miocene resulted from a change in the Arabian plate kinematics that
added a transtensional component to the ongoing strike-slip move-
ment (Garfunkel 1981; Joffe & Garfunkel 1987).
The DSR is a 420 km long tectonic depression extending between

the Gulf of Eilat-Aqaba and Lebanon (Fig. 3.2), consisting of
15 separated 25–55 km long faults that form deep basins sep-
arated by structural saddles (Garfunkel 1981; Kashai & Croker
1987; ten Brink et al. 1999). Neogene and Quaternary sediments
of the DSR and its margins have been studied for over 70 years
(e.g. Picard 1943, 1965; Bentor & Vroman 1951, 1961; Garfunkel
& Horowitz 1966; Horowitz 1979; 2001; Heimann 1990; Zilber-
man 1991; Shaliv 1991; Ginat 1997; Avni 1998; Avni et al. 2000;

Figure 3.2 Shaded relief map of the Middle East. Black arrows indicate
the general flow direction of drainage systems in the early Miocene. These
systems drained the western parts of the Arabian plate to the Mediterranean
across what would be the DSR and the drainage divides on the Jordanian
Plateau and along the MBB of Israel (white lines). White arrows indicate
the present drainage pattern.
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Figure 3.3 Shaded relief map with locations mentioned in text. a: Overview: Dead Sea Rift Valley is delineated with a white line. The extent of the Sedom
Lagoon is marked with a grey polygon. b, c, d: Close-up shaded relief images of the northern, central, and southern parts of the DSF and its margins.
Specific locations are marked with dots.
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Matmon et al. 1999; Belitzky 2002; Waldmann et al., Chapter 9 of
this volume).

3.2.1 THE HULA VALLEY

The structure and the geodynamic development of the Hula Basin
(Fig. 3.3) have been studied extensively (e.g. Heimann 1990;
Rybakov et al. 2003; Sneh & Weinberger 2003a, 2003b, 2006;
Schattner & Weinberger 2008; Heimann et al. 2011). The basin’s
sedimentary fill reaches a maximum thickness of 3.5–4.5 km
(Rybakov et al. 2003; Klang 1984). It consists of lacustrine and
clastic sediments interbedded with basaltic units that flowed from
southern Lebanon, Upper Galilee, and the Golan Heights (Wein-
stein & Heimann, this volume). The Notera 3 borehole, drilled into
the basin’s centre, is 2781 m deep. At a depth of �2500 m, the
borehole penetrated the Intermediate Basalt (8.8 Ma; Sandler et al.
2012; Fig. 3.4). Overlying it is the Pliocene Cover Basalt (4.1 Ma;
Heimann & Steinitz 1989). The Cover Basalt is a series of basalts
alternating with lake deposits comprising the rest of the Hula Valley
sequence. All <4.1 Ma basalts in this sequence are exposed around
the valley and indicate flow into the valley (Mor 1993). The geom-
etry of fluvial terraces, and of alluvial fans draining into the valley
from the west, points to stabilization of the Hula Valley floor since
the early Pleistocene (Yair 1962; Heimann & Ron 1993; Shtober-
Zisu et al. 2008). The Notera 3 sequence and relationship between
faults, incised marginal streams and basalt flows indicate that:

(1) Prior to 4.1 Ma, the Hula Valley was not a structural low, nor
did it serve as a morphologic base level.

(2) Significant subsidence initiated at�4Ma, and a thick sequence
of basalt flows and lake sediments accumulated in the basin.

(3) Subsidencewas accompanied by relief increase along the valley
margins, which was followed by incision of deep canyons.

(4) The present relief stabilized at �2 Ma.

Figure 3.4 Stratigraphic column showing the various formations in north-
ern Israel mentioned in the text.

3.2.2 KINNAROT BASIN

The Kinnarot Basin is an elongated pull-apart structure extend-
ing from the Bet Shean Valley to the Sea of Galilee (Meiler et al.
2008). The basin is bounded by two left-stepping strike-slip faults
(Kashai & Croker 1987; Ben-Avraham et al. 1996; Hurwitz et al.
2002; Meiler et al. 2008). The sedimentary sequence of the Kin-
narot Basin was penetrated by the 4,249 m deep Zemah-1 bore-
hole located south of the Sea of Galilee. This sequence consists of
evaporates, marls, limestones, basalt flows, alluvial and lacustrine
sediments, and intrusive gabbros (Marcus & Slager 1985). This
sequence ranges between early Miocene (Hordos Formation) and
late Pleistocene (’Ubeidiya and Lisan Formations) (e.g. Horowitz
1983;Marcus&Slager 1985; Shaliv 1991). AnAr–Ar age of basalts
from a depth of 3,250 m is 9.5 Ma (A. Heimann, pers. comm.).
Evaporates of the late Miocene Bira Formation appear from a depth
of 3,918 m and build most of the sequence between �2,300 and
1,300 m. These evaporates are overlain by the calcareous Gesher
Formation, which underlies the 700 m thick Cover Basalt. The for-
mations are thinner in outcrops and boreholes located outside the
boundaries of the DSR (Shaliv 1991). This observation indicates
that the basin is part of a wider basin including the Lower Galilee
and the Yizre’el Valley (Shaliv 1991); it may have started to develop
as a separate, rapidly subsiding basin in the late Miocene (Meiler
et al. 2008). All units younger than the Cover Basalt (i.e. 486–
0 m depth) are restricted to the DSR. The Ar–Ar age of the top
Cover Basalt in the Zemah-1 borehole is 3.99 Ma (A. Heimann,
pers. comm.). This implies that this basin was initiated as a DSR-
related internal base level with defined boundaries that accumulated
sediments shortly after 4 Ma.
The post-Cover Basalt rapid subsidence of the DSR triggered

incision of surrounding streams. In the southern Golan Heights, the
west-flowing Yarmouk River incised 550 m into the Cover Basalt,
carving its way into the subsiding DSR. The 0.85 Ma Yarmouk
Basalt at the outlet to the DSR, 450 m topographically below the
Cover Basalt, and the 0.35 Ma Ruqad Basalt, only 10–20 m above
the present channel (Michelson 1973;Mor 1986), indicate Yarmouk
River incision rates of 0.12–0.28 m/ka (Mor 1986; Begin &
Zilberman 1997).
The first sedimentary unit overlying the Cover Basalt and

restricted to the DSR in the Kinnarot Basin is the �200 m thick
fluvial-lacustrine Erq el Ahmar (EEA) Formation (Horowitz 1979).
It is also the first known freshwater body to develop within the DSR.
The tectonically eastward-tilted deposits of the EEA Formation are
exposed �10 km south of the Sea of Galilee. The base of the EEA
is not exposed, and horizontal lacustrine sediments of Lake Lisan
overlie the formation on an angular unconformity (Picard & Golani
1965). This formation consists of clay, silt, very fine sand layers,
and a rich assemblage of freshwater molluscs (Schütt & Ortal 1993;
Tchernov 1975). Coarse sand, pebbles, and boulders are rare.
Cosmogenic burial ages, using 26Al, 10Be, and 21Ne in quartz–

chert sedimentary mixtures, were combined with palaeomagnetic
stratigraphy and indicate an age range of 3.6–4.3 Ma for this forma-
tion (Davis et al. 2011). These ages aremore than twice as old as any
previous age estimates for the EEA Formation (Braun et al. 1991;
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Ron & Levi 2001). However, they are consistent with the known
geological age constraints which indicate that the EEA Formation
was deposited between 1.5 and 4.5 Ma, above the Cover Basalt
(Inbar et al. 2010; Marcus & Slager 1985; Rotstein et al. 1992;
Heimann et al. 1996) and below the ’Ubeidiya Formation (e.g.
Tchernov 1975, 1987; Bar-Yosef & Goren-Inbar 1993; Belmaker
et al. 2002; Martinez-Navarro et al. 2009; Bar-Yosef & Belmaker,
Chapter 20 of this volume; Fig. 3.4).
The incision history of the Yarmouk Canyon, the spatial distribu-

tion of units penetrated by the Zemah 1 borehole, and the ages of
the EEA Formation suggest a post-Cover Basalt initiation age for
the topographic development of the Kinnarot Basin, similar to that
of the Hula Basin.

3.2.3 THE DEAD SEA BASIN

One of the largest and oldest subsiding structures along the DSF is
the Dead Sea Basin (Quennell 1959; Ben-Avraham et al. 1979; Gar-
funkel 1981; Ben-Avraham 1985). The structure of the Dead Sea
Basin is dominated by a large pull-apart that formed between the
left-stepping Jericho and Arava strike-slip faults (Quennell 1956,
1959; Neev & Hall 1979; Garfunkel et al. 1981; Garfunkel 1981;
Kashai & Croker 1987; ten Brink & Ben-Avraham 1989; Fig. 3.3).
The pull-apart forms an �8 km wide, 10–12 km deep trough
between the extensions of these faults. These structures are embed-
ded in a wider depression, which comprises the entire 13–17 km
wide valley whose margins were delineated by normal faults. The
western and eastern margins are 4–5 km and commonly <2 km
wide, respectively. Thus, the basin is asymmetric with its deep-
est portion being closer to the eastern border fault (Ben-Avraham
1992).
The sediments deposited in the water bodies of the Dead Sea

basin include coarse to fine clastics, dolomites, aragonite, gypsum,
and halite (e.g. Zak 1967; Begin et al. 1974; Waldmann, Chapter
11 of this volume; Waldmann et al., Chapter 9 of this volume).
These sediments comprise the Dead Sea Group (Zak 1967), which
includes the Sedom, Amora, Lisan, and Ze’elim formations (e.g.
Waldmann, this volume). The earliest known water body in the DSF
is the abovementioned Sedom Lagoon (Neev & Emery 1967; Zak
1967; Fig. 3.3). The Sedom Formation, deposited in this Sedom
Lagoon, consists of a series of 1,500–2,000 m thick evaporites,
shales, dolomites, and sand. Age estimates of the Sedom Formation
range between 12 and 3 Ma (Zak 1967; Agnon 1983, 1993; Shaliv
1991; Steinitz & Bartov 1991; Stein et al. 1994, 2000; Horowitz
2001; Stein & Agnon 2007; Torfstein et al. 2008; Ryb et al. 2009;
Belmaker et al. 2013). The Amora Formation overlies the Sedom
Formation, and its ages, based on different techniques, are all <1
Ma (Zak 1967; Kaufman 1971; Torfstein et al. 2009; Torfstein,
Chapter 10 of this volume).
The boundary between the Sedom and Amora formations indi-

cates a crucial interval in the morphotectonic evolution of the Dead
Sea Basin. Until then, sedimentation successfully competed with
subsidence, Mediterranean waters could flow into the DSR valley
through the Yizre’el Valley, and rivers continued flowing westward
across the fault where subsidence was minimal (Fig. 3.2). After

this time, the rate of subsidence outpaced the rate of sedimentation.
This subsidence, accompanied by significant uplift of the margins,
forced the Dead Sea Valley to become an inland basin, effectively
disconnecting regions east of the plate boundary from the Mediter-
ranean Sea. The age of this change was determined using cosmo-
genic burial ages; the top of the Sedom Formation is 6–5 Ma and
the bottom of the Amora Formation is 3.3+0.9

−0.8 Ma (Matmon et al.
2014).

3.2.4 DEAD SEA RIFT ESCARPMENTS

Significant base-level lowering and erosion along the margins of the
Dead Sea occurred approximately 3.5–4.5 Ma (e.g. Steinitz & Bar-
tov 1991; Matmon et al. 2014). East of the Dead Sea, 6 Ma flood
basalt on the Jordanian Plateau preceded the incision of canyons
flowing into the Dead Sea. This indicates that the eastern Dead Sea
escarpment was not yet developed at that time (Fig. 3.5). Younger
basalt flowing approximately 100 m below the plateau and �200 m
above the Zarka Ma’in canyon floor is 3.4 Ma (Steinitz & Bartov
1991); i.e. by then the escarpment already existed and was incised.
West of the DSR, the subsidence of the Dead Sea Basin and the
formation of topography are indicated by the water-table fall in the
northern Negev which occurred �3.1 Ma. This age was established
by U–Pb dating of the earliest vadose cave deposits (Vaks et al.
2013). The exhumation, exposure to air, and combustion of bitu-
minous rocks of the Hatrurim Formation reflect uplift and erosion,
which occurred between 3.8 and 2.6 Ma (Gur et al. 1995), although
the history of this exposure may be more complicated (A. Burg,
pers. comm. 2015).
Cosmogenic burial ages of fluvial and near-shore sediments

stored in caves located close to the top of the western Dead Sea
escarpment indicate that the initial stages of rapid subsidence of
the Dead Sea Basin and formation of significant relief occurred just
prior to 3.4±0.2 Ma or 3.6±0.4 Ma (Matmon et al. 2014). These
ages fit the abovementioned age constraints of initial canyon inci-
sion in the Jordanian Plateau.

3.3 THE MOUNTAINOUS ‘BACKBONE’ OF
ISRAEL–LEBANON

The Mountainous ‘Backbone’ (MBB) extends from southern
Lebanon (south of the Litani River) to eastern Sinai (Figs. 3.3,
3.5), west of and parallel to the DSF. The altitudes of the summits
along the MBB range between 700 and 1,000 m, with the excep-
tion of the >1,200 m summit of the Meron horst in the Upper
Galilee. Two structural lows of the Yizre’el and Beer Sheva val-
leys form topographic corridors splitting the continuity of theMBB.
The main regional water divide that separates the DSR watershed
from theMediterranean is located along theMBB, in places reacting
to secondary structures, morphology, and ongoing stream capture.
The MBB is divided into several morphostructural segments, each
exhibiting a unique character. Nevertheless, the topographic evolu-
tion of the MBB is commonly controlled by:
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Figure 3.5 The main western water divide. The southern Negev alluvial plains do not appear in this cross-section as they lie east of the divide. a: Dig-
ital shaded-relief map of the western margin of the DSF. Main water divide is marked with a black line. This water divide separates the DSR and the
Mediterranean watersheds. b: Topographic profile of the western water divide. The altitude of the summits along the water divide is 900–1,000 m above
sea level.

(1) A relatively wide (60–100 km) structural arch, bounded by the
DSF and the coastal plain and paralleling the DSF (Picard 1943,
1951; Wdowinski & Zilberman 1996, 1997), which has been
developing since the Pliocene. The arch is expressed by the alti-
tude of the MBB. This arching controls the location of the main
water divide. Where the arching did not occur (e.g. along the
northeastern part of the Galilee and along the eastern margin of
the Eilat Mts.), the main water divide is on the rim of the rift
escarpment (e.g. along most of the Jordanian side).

(2) Oligocene denudation that formed a regional peneplain.

The Israeli MBB segments are reviewed below.

3.3.1 THE GALILEE

The Galilee is subdivided into the Upper Galilee and the Lower
Galilee on the basis of morphostructural characteristics. The Zurim
escarpment and the adjacent Bet Kerem Valley separate the Upper

from the Lower Galilee (Figs. 3.3 and 3.5). The landscape of the
Upper Galilee and the summits of the Lower Galilee horsts are pos-
sibly remnants of a late Oligocene to earlyMiocene erosion surface.
This surface was later deformed by faulting and folding that formed
the Galilee’s relief. Neogene tectonic systems are recognized in the
Galilee:

(1) Conjugate faults trending SE–NW and SW–NE (Freund 1970;
Ron et al. 1984). Miocene lateral displacement occurred along
these faults. In places, Pliocene rejuvenation of these faults
presents normal displacement.

(2) A normal fault system, trending mainly E–W, forms the series
of elongated tectonic blocks dominating the present topography
of the Lower Galilee and parts of the Upper Galilee (Freund
1970; Ron et al. 1984).

(3) The abovementioned 40–60 km wide structural arch extend-
ing parallel to the DSF (see above) from the Mediterranean to
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the DSF. Early Pleistocene uplift associated with the arching is
200–300 m (Matmon et al. 1999).

Based on the morphologic parameters of the escarpments of the
tilted blocks in the Galilee, Matmon et al. (2000) concluded that
(a) many of these faults were active during the Miocene to early
Pliocene at rates compatible to denudation and did not form pro-
nounced topography; (b) the topography of these escarpments
began forming after 4.23 Ma. The initiation of noticeable topog-
raphy in the Galilee is, therefore, coincident to initial subsidence of
the Hula and Kinnarot basins; (c) A few escarpments formed earlier
with morphologic features already present when the Cover Basalt
flowed over the relatively flat Galilee. This conclusion agrees with
the existence of a thick Neogene sequence in the eastern Lower
Galilee (Shaliv 1991) and the absence of any Neogene to Pleis-
tocene sediments in the Upper Galilee.

3.3.2 BET KEREM DRAINAGE BASIN

The arching of the Galilee triggered flow-direction reversal of
streams. A large palaeochannel, which crossed the present-day
drainage divide from the eastern Galilee to the Mediterranean Sea,
is reconstructed based on fluvial remnants in the Bet-Kerem Val-
ley (Matmon et al. 1999). The maximum age of this palaeochannel
is 1.8 Ma, based on basalt clasts present in its alluvial remnants.
These clasts originated from the Dalton and Amud volcanic fields
(Weinstein & Heimann, this volume) located east of the present-
day main water divide. Thus, after 1.8 Ma, arching of the Galilee by
�200m resulted in the establishment of the present drainage pattern
(Matmon et al. 1999).

3.3.3 THE YIZRE’EL–HAROD–BET SHEAN
VALLEYS

TheYizre’el–Harod–Bet Shean valleys form parts of a NW-oriented
structural depression bounded by the Carmel fault in the SW and the
Lower Galilee in the NE. In the east, this depression was truncated
by the DSF (Segev 2000; Schattner et al. 2006). In the west, it is
connected to the Mediterranean through the Qishon corridor along
the western part of the Carmel fault.
A basalt sequence, >600 m thick (the ‘Lower Basalt’), accu-

mulated in the Yizre’el Valley �17 to �10 Ma (Shaliv 1991),
interfingering and overlain by the calstic Hordos Formation (Picard
1936; Shaliv 1991). During the late Miocene, the Yizre’el–Harod–
Bet Shean valleys were occupied by an estuary that connected the
Mediterranean with the Sedom Lagoon and deposited the Bira For-
mation (Shaliv 1991). The fall in sea level during the Messinian
(�5.3 Ma) terminated this connection, and a fresh to hypersaline
inland water body developed in the Lower Galilee, the Yizre’el Val-
ley, and the Kinnarot Basin (e.g. Schulman 1962; Rosenfeld et al.
1981; Shaliv 1991), depositing the Gesher Formation above the Bira
Formation. Then, the arching of theMBB uplifted the central part of
the Yizre’el Valley, permanently disconnecting the Mediterranean
from the DSR.

3.3.4 THE CENTRAL MOUNTAIN RIDGE

The central mountain ridge of Israel extends between the Carmel
fault and the Be’er Sheva Valley. It includes the Carmel Mt., Ramot
Menashe syncline, and the Samaria and Judea Mts. The altitudes of
summits along this ridge are 500–1000 m. The morphology of the
mountain belt is dictated by: (a) the Syrian Arc folds (SAF) (Picard
1943), (b) regional erosion surfaces (Picard 1943; Quennell 1956;
Sneh & Buchbinder 1984; Bar 2009), and (c) the wide-wavelength
(50–60 km) arch (Wdowinski & Zilberman 1996, 1997). Several
anticlines of the SAF system are superimposed on this wide arch.
Themost prominent are the Carmel, Umm-El Fahm, Ramalla, Faria,
and Hebron anticlines (Fig. 3.3). Two prominent synclines, where
Santonian to Eocene and even Oligocene rocks are preserved, are
the Ramot Menashe and Schem-Gilboa synclines (Fig. 3.3). This
system developed between the Santonian and the Eocene (Mimran
1982), with an unknown amount of Neogene rejuvenation (Gilat
1980). During the Santonian to Eocene, the anticlines were sub-
jected to repeated abrasion and subaerial erosion that removed part
of the sequence along their structural axes (Sass & Freund 1977).
The post-Eocene uplift stages of the mountain ridge are mani-

fested by a series of morphological surfaces eroded into the west-
ern slopes of the Judea Mts (Sneh & Buchbinder 1984; Bar 2009;
Fig. 3.6). The upper surface is part of the regional Oligocene pene-
plain that developed along the northwestern Arabian Plate (Picard
1943, 1951; Bar 2009; Avni et al. 2012). It accommodates the total
amount of truncation since the Santonian (Picard 1943; Quenell
1956, 1959; Bar 2009). A series of lower abrasion surfaces, capped
by middle Miocene (14–15 Ma) shallow marine sediments (the
Ziqlag Formation; Gvirtzman & Reiss 1965; Gvirtzman & Buch-
binder 1969), are cut into the western slopes of the Central Israel
Mountain Ridge (CIMR) and can be traced between the Be’er Sheva
Valley and the Carmel Mt (Picard & Kashai 1958; Gvirtzman &
Buchbinder 1969; Buchbinder 1975; Sneh & Buchbinder 1984; Bar
2009).
The �300 m separating the Oligocene truncation surface and the

middle Miocene surfaces indicate uplift of several hundred metres
during the earlyMiocene. The elevation differences among the mid-
dle Miocene surfaces reflect additional uplift of �200 m (Buch-
binder et al. 1993; Zilberman & Porat 2012). Prolonged middle
Miocene (14–15 Ma) to end of Pliocene (about 3 Ma) tectonic sta-
bility ended after the deposition of the Pliocene Pleshet Formation
(Issar 1961), when additional uplift of 250–300 m occurred along
the entire CIMR. This last uplift stage may be part of the above-
mentioned arching. Ryb et al. (2012) dated the base of a land-
slide and alluvial surfaces positioned �100 m and <10 m above
the channel of Nahal Soreq (Fig. 3.3), the main drainage system in
the Judean Mts, to 1.1 Ma and �0.5 Ma, respectively. These obser-
vations indicate that incision into the Judean Mts, most likely in
response to uplift, is 1–0.5Ma, and that since 0.5Ma, uplift has been
insignificant.
The main stage of uplift in the Judean Mts is also manifested by

the combustion of bituminous rocks of theMaastrictian–Palaeocene
Ghareb and Taqiye formations (the Hatrurim mottled zone) that
occurred 13.6±2Ma (Kolodny et al. 1971), These rocks are located
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Figure 3.6 Topographic cross-section along the western front of the Judea Hills. The �500 m separation between the Oligocene upper surface and the
middle Miocene surfaces indicates significant uplift during the early Miocene. The elevation differences among the Miocene to Pliocene surfaces reflect
further uplift of �200 m. Additional uplift of 250–300 m occurred after the development of the Pliocene surface. Incision of �100 m between 1 and
0.5 Ma (not shown in this cross-section) may record the most recent uplift stage. amsl = above mean sea level.

500 masl at Ma’ale Adomim (Fig. 3.3), on the eastern edge of the
Judean Mts. Until that time, these rocks were buried. Removal of
the rock cover exhumed the bituminous rocks to atmospheric oxy-
gen and resulted in their combustion. The middle Miocene age of
combustion is in agreement with middle Miocene uplift and erosion
of the Judean Mts along the western side of the range (Buchbinder
et al. 1993).

3.3.5 THE BE’ER SHEVA VALLEY

The Be’er Sheva Valley is a large east–west synclinorium separat-
ing the CIMR and the northern Negev anticlines. It was the corridor
for streams draining the Arabian plate towards the Mediterranean
(Neev 1960; Gvirtzman & Buchbinder 1969; Zilberman & Avni
2007). During the Oligocene, the valley was still submerged under a
shallow sea (Horowitz 2001; Buchbinder et al. 2005). Nahal Be’er
Sheva, a stream that was established in the early Miocene, drained
the eastern Negev and the Arabian plate into the valley. During the
early Miocene, the valley was filled by thick fluvial sequence of
the Hazeva Formation (Calvo 2002; Zilberman & Calvo 2013). In
the middle Miocene, the Hazeva Formation cover was eroded and
the main source of Nahal Be’er Sheva became Nahal Hemar, which
drained the northern Arava Valley and the western slopes of the Jor-
danian Plateau (Zilberman & Avni 2007). The valley was ultim-
ately detached from its upper drainage basin by the subsidence of
the DSR and the renewed uplift of the eastern anticlines of the
northern Negev. Since then, the main water divide has been located
along the eastern margins of the Be’er Sheva Valley. Incision of
�200 m in the Be’er Sheva Valley at the end of the middle Miocene
formed an east–west oriented Mediterranean estuary (Gvirtzman &
Buchbinder 1969; Buchbinder 1975; Martinotti et al. 1978; Buch-
binder et al. 1993; Buchbinder & Zilberman 1997). Additional
incision of this valley occurred during the Messinian when sea

level dropped markedly (Druckman et al. 1995). The deposition of
shallow marine siliciclastic Pliocene Pleshet Formation throughout
the valley is the outcome of post-Messinian prograding sea-level
rise.

3.3.6 NORTHERN NEGEV ANTICLINAL RIDGES

The relief of the northern Negev section of the MBB, between the
Be’er Sheva and the Zin valleys (Fig. 3.3) is dominated by NE-
oriented, asymmetric anticline folds of the Syrian Arc, topograph-
ically rejuvenated during the Neogene. These anticlines are super-
imposed on the wide arch (Picard 1951). The upper parts of the anti-
clines are truncated and the amount of truncation is proportional to
individual anticline structural relief (Zilberman 1992). These anti-
clines emerged from the shallow sea from the early Santonian to the
middle Eocene; they formed an archipelago exposed tomarine abra-
sion and subaerial erosion (Bentor & Vroman 1951; Picard 1951).
During the Eocene transgression, these folds were buried under

a sequence of open sea sediments of the Avedat Group (Braun
1967). The uplift of the African plate margins during the Oligocene
exposed the flat sea bottom to removal of the Eocene sequence and
exhumed the truncated anticlines. Late Oligocene to early Miocene
uplift of the folds exposed their upper parts and formed a relief of
100–200 m (Zilberman 1992). This uplift was associated with west-
flowing streams that incised the exposed folds and formed trans-
verse valleys across the ridges. The incision phase triggered the
embryonic erosional crater in the Hatira anticline (Zilberman 2000).
The uplift was replaced by regional early Miocene subsidence and
covering of the northern Negev by thick fluvial sequences of the
Hazeva Formation (Zilberman 1992; Zilberman & Calvo 2013).
Initiation of uplift of the NegevMBB in the middle Miocene trig-

gered rapid denudation that removed the earlyMiocene fluvial cover
and re-exposed the buried relief of the anticlinal ridges. Middle
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Miocene and Pliocene uplift of the anticlinal folds is observed in the
Zohar-Dimona (Zilberman & Avni 2007) and the Hazera anticlines
(Eran 1982), respectively. However, the Pliocene arching, combined
with the ongoing subsidence of the DSR (which may be tectonically
related), increased the topographic differences between the regional
water divide and the falling base level of the Dead Sea. This gra-
dient increase triggered intensive erosion in anticlines east of the
divide (or arch), and formed the present configuration of the ero-
sional craters of Hazera andHatira (Zilberman 2000). Absolute ages
of excavation of these craters are absent, but the oldest alluvial ter-
races within the Hazera crater are 300–500 ka (Fruchter et al. 2011;
Plakht 2000, 2003); these terraces are only a few tens of metres
above the floor of the crater, indicating that the majority of excava-
tion preceded this time.
Ages constraining the above-described landscape evolution of the

northern Negev are limited. However, cosmogenic exposure ages
of desert pavements from northeastern Negev table-mountain tops
indicate stabilization of suchmountain tops by 1.1Ma (Alfasi 2014;
Boroda et al. 2014). Considering desert pavement formation, the
1.1 Ma is a minimum age for the table top stability. Indeed, quartz-
olite clasts derived from the slopes of the adjacent anticlines inte-
grated into the desert pavement, and deposited prior to the aban-
donment of the mountain tops, yielded initial cosmogenic 10Be
concentrations in agreement with simple exposure ages of 1.6 and
2.0 Ma.
As these table mountains lie only a few tens of metres above their

surrounding active channels, but hundreds of metres below the sum-
mits of the anticlines, their stabilization ages imply that uplift and
formation of most of the present topography in this region preceded
1.6–2.0 Ma.

3.3.7 THE CENTRAL NEGEV HIGHLANDS

The central Negev highlands (CNH) extend between Nahal Zin Val-
ley and Nahal Paran drainage system. These highlands are consid-
ered the most extensive remnant of the Oligocene low-relief pene-
plain and are overlain by relics of the early Miocene Hazeva Forma-
tion (Bartov 1974; Zilberman 1977, 1985, 1992). The CNH were
subjected to minimal denudation as evident by the (a) thick late
Eocene sequence preserved on its western (highest) parts, and (b)
limited (20–30 m) stream incision into it during the early Neogene
(Zilberman 1992).
The Ramon erosional crater formed in the cores of the Mah-

mal and Inmar anticlines. The truncation of these anticlines begun
in the Santonian and continued to the Eocene (Bentor & Vroman
1951; Avni 1991). Erosion was renewed when the Oligocene pene-
plain was formed throughout the region. The main regional water
divide runs along the northwestern margins of the Ramon erosional
crater. However, part of the Pliocene westward-flowing (i.e. to the
Mediterranean) drainage system was captured in the middle Pleis-
tocene (Enzel et al. 1988) by the east-flowing Nahal Zin, pushing
westward the course of the water divide (e.g. Enzel et al. 1988; Zil-
berman 1986, 1991; Avni & Zilberman 2006). No absolute ages are
available to constrain the above description of landscape evolution
of the CNHP.

3.3.8 SOUTHERN NEGEV ALLUVIAL PLAINS

The southern Negev alluvial plains extend between the CNHP and
the northwestern Sinai. Landscape evolution of this region was
dominated by the regional Pliocene drainage system of the palaeo-
Paran. This system drained eastern Sinai, the east-central Negev, the
southern Negev, parts of the Arava valley, and the western slopes of
the Jordanian Edom Mts toward the Dead Sea basin through the
Neqarot canyon (Fig. 3.3). Extensive fluvial-lacustrine sediments
(the Arava Formation) were deposited by this drainage system (Gar-
funkel & Horowitz 1966; Ginat 1997; Avni et al. 2000). Absolute
ages of the transformation from the single, pre-Pliocene watershed
draining to the Mediterranean into two systems draining westward
to the Mediterranean and eastward to the DSR have not yet been
obtained, but indirect evidence indicates an early Pliocene age (Avni
et al. 2000).
Eastward tilting of extensive parts of the southern Negev reached

a turning point during the early Pleistocene when regional gradi-
ents were levelled. This levelling is expressed by the Zehiha Forma-
tion (Ginat et al. 2002, 2003), composed of lacustrine chalk, detrital
material of local source, and red buried soils that testify to very low
stream gradients and power. The Zehiha Formation contains fauna
indicative of the early-middle Pleistocene and early Acheulian tools
estimated as 1.4–2 Ma (Ginat et al. 2003). This age points to the
final break-up of the palaeo-Paran system and the establishment of
the present drainage system. Exposure ages (10Be) of desert pave-
ments on top of the Arava and Zehiha Formations indicate that the
present drainage system in the Negev was outlined �1.7 Ma and
that the delineation of the current drainage basins lasted 100–400
thousand years (Matmon et al. 2009; Guralnik et al. 2010). The
oldest alluvial terraces confined into the present drainage system,
�1–30 m above the active streams, are 0.5–1.4 Ma; i.e. by early-
middle Pleistocene the present landscape was already established
(Guralnik et al. 2010).

3.4 SYNTHESIS

The present landscape of Israel is the product of ancient exhumed
structures and Neogene to Pleistocene tectonics related to the estab-
lishment of a new plate boundary along the DSF. Since the Cam-
brian period, Israel, Jordan, and northern Sinai were at the margins
of the African Plate and influenced by epeirogenic movements and
eustatic fluctuations. Except for the SyrianArc folds, which resulted
from compression initiated during the Santonian, the plate margins
remained almost undeformed until theNeogene. African Plate uplift
during the Oligocene (Avni et al. 2012) terminated the extensive
Eocene transgression and shifted the coast northward toward the
northern margins of the plate. This uplift was not associated with
noticeable intra-plate deformation, and an extensive low-relief ter-
rain (peneplain) was developed throughout the Middle East (Picard
1943).
Moderate tectonism, accompanied by drainage pattern reorgan-

ization, operated between the Oligocene and the middle Miocene.
The most prominent expressions are the uplift of the Judea Hills
and the extensive subsiding basins in southern Israel that filled
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with allochthonous alluvial sediments. The break-up of the
Arabian–African plates in the middle Miocene was pre-dated by
uplift of the MBB of the southern Levant, and the removal of the
thick early Miocene fluvial sequence from the Negev. In the north,
the Yizre’el Valley and the Lower Galilee tectonic basins developed.
Since the middle Miocene, relief formation in the southern Levant
has been dictated by tectonic processes along the DSF.
The early evolution of the DSF was dominated by lateral motion

initiated about 18–14 Ma (Bartov et al. 1980; Garfunkel 1981;
Bosworth et al. 2005). The deep depression along the fault occurred
�10 million years later, triggering the formation of the present
topography. Studies presented in this chapter indicate that the
present topography and drainage systems of the western margin of
the DSF began evolving during the early Pliocene and continued
into the Quaternary (Fig. 3.7). Collectively, these studies indicate
that the Hula, Kinnarot, and Jordan valleys started subsiding rapidly
in relation to DSF activity and became inland base levels around 4

Ma. Major relief formation along Galilee’s normal faults, incision
of canyons in the Golan Heights, the marked change in water and
sediment supply to the Dead Sea, and initiation of major incision of
the Dead Sea eastern and western canyons occurred between 5 and
3.5Ma, together with the initiation of the northern DSR. This devel-
opment of the inland DSR valley was accompanied by development
of steep-fault escarpments and uplift tens of kilometres away from
the plate boundary. The establishment of this inland base level and
emerging rift margin topography resulted in disconnection of water
passages between the DSR and the Mediterranean, and the estab-
lishment of the north–south oriented water divide.
The initiation of major relief build-up after millions of years of

dominating lateral slip is probably the expression of changes in the
relative motion between the Arabian and African plates. A change
of only a few degrees in the direction of motion of these plates
would introduce an extension component to the DSF and trigger
significant subsidence (forming a rift) and margin uplift (Garfunkel

Figure 3.7 Correlation of late Miocene to Pleistocene indicators of major landscape development stages along the DSF and its margins. Pre-DSR indicators
are in grey. Post-arching Dead Sea Rift subsidence indicators are in bracketed numbers. (1) Oldest alluvial surfaces within present drainage systems in the
southern Negev, only 1–30 m above active streams. (2) Stable surfaces of Tzuk Tamrur and the Zurim table mountain. (3) Yarmouk and Roqad Basalts. (4)
Last stages of incision and stabilization of the Soreq drainage system in the Judea Hills. Syn-rift relief and topography forming processes are in black. The
Cover Basalt Formation (CB in green) started flowing prior to rift initiation and continued during the initial stages of rifting. Overall, indicators suggest
initial rifting and the formation of an inland base level along the DSF at 4–5 Ma and the establishment of the present topography and drainage systems at
1–2 Ma (these are indicated by grey horizontal bars). Indicators for the uplift history of the Judea Hills are shown in Fig. 3.6. (A black and white version
of this figure will appear in some formats. For the colour version, please refer to the plate section.)
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1981; Joffe & Garfunkel 1987). Such motion change has been also
proposed for the larger African-Arabian plate boundary. For ex-
ample, Bosworth et al. (2005) estimated that the rate of extension
increased at �5 Ma, followed by the first appearance of MORB
in the Red Sea. To the north, Westaway (2004) observed that the
East Anatolian Fault (EAF) was initiated at �4 Ma following the
change in stress field. Matmon et al. (2014) suggested that the tim-
ing of increased rift subsidence and major relief expression along
the Dead Sea segment of the Arabian–African plate boundary is
commensurate with the tectonic modifications observed in the Red
Sea and Anatolian Fault. Changes in the direction of plate motion
over time scales of 106 years and reorganization of plate boundary
directions are, generally, not unique events (e.g. Sharp & Clague
2006) and have occurred multiple times along the Arabian–African
plate boundary (e.g. Garfunkel 1981; Steckler & ten Brink 1986;
Joffe & Garfunkel 1987; Bosworth et al. 2005).
Studies presented in this review also point to the time by which

morphology and relief had reached their present form. The final
uplift and establishment of the present drainage pattern in the
Galilee occurred during the early Pleistocene (1.8 Ma). A similar
age (�1.7 Ma) is given for the final tilting, reversal of flow, and
the establishment of the present drainage pattern in the central and
southern Negev. By 2.0–1.6 Ma, the present topography was well
established in the northeastern Negev. Similarly, incision caused
by uplift along the western front of the Judea Hills terminated
1–0.5 Ma. Multiple sites along the entire length of the DSF and
its margin indicate that the present topography started developing
during the early Pliocene (4–5 Ma) and reached its present form by
the early to middle Pleistocene (Fig. 3.7), establishing the setting
for physical, ecological, and human-related Quaternary history of
the region.
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4 Climate of the Levant
Phenomena and Mechanisms

yochanan kushnir, uri dayan, baruch ziv, efrat morin,
and yehouda enzel

4.1 INTRODUCTION

This chapter surveys the characteristics of the present-day sea-
sonal climate of the Levant (Fig. 4.1a) in the context of its broader
regional and global setting and the major atmospheric phenomena
that shape it.We focus on the near-surface climate to lay the founda-
tion for understanding and constraining plausible regional climatic
changes that might have occurred throughout the Quaternary as the
Levant responded to changes in the global climate.
Together with the surrounding east Mediterranean (EM)/Middle

East (ME) sector, the climate of the Levant is shaped by its topog-
raphy and location within the hemispheric climate system. The
land-flanked Mediterranean Sea is situated between the Afro-Asian
desert belt to the south and the temperate, mid-latitude westerly
wind belt to the north. In addition, two large monsoon systems, the
North African and the Southwest Asian, straddle the region to the
southwest and southeast. Both these monsoons have a substantial
impact on the seasonal climate of the region (see Section 4.2). The
placement of the region between these hemispheric climate belts
and the impact of the nearby Mediterranean Sea render the region
sensitive to changes in the global climate system, whether exter-
nally forced or freely evolving internally (e.g. Schilman et al. 2001;
Kushnir & Stein 2010).
A couple of important physiographic factors govern the spa-

tial variations of climate within the Levant: the proximity of the
Mediterranean Sea and the shape of its coastline, and the orog-
raphy (Sharon & Kutiel 1986; Evans et al. 2004; Enzel et al. 2008).
The Levant Mediterranean coast extends roughly west to east from
the Nile Delta to the northern Sinai Peninsula and then turns north-
ward, to meet the highlands of Anatolia in the Gulf of Iskenderun
(Fig. 4.1a). There is a general increase in annual precipitation
amounts from south to north and a decrease of rainfall from west
to east (Fig. 4.1a). Notably, however, the particular coastal layout is
mirrored in the sharp south-to-north gradient in annual precipitation
that stretches eastward from the Sinai coast and marks the northern
boundary of the Negev and Sinai deserts, where annual precipita-
tion amounts falls below 200 mm (Fig. 4.1a). Enzel et al. (2008)

argued that this sharp precipitation gradient reflects the orientation
of the southern Levant coastline in relation to the moisture-bearing
air masses that move further east from the eastern Mediterranean
Sea. They claimed that during the last glacial maximum, the north-
ward shift in the location of this coastline under eustatic changes
could have caused a northward shift of the desert boundary.
North of this desert, a mild Mediterranean climate prevails with

cool rainy winters and hot (and in the coastal plains sultry) sum-
mers. Eastward of the coastal plain, annual precipitation amounts
increase with the orography of the region, which runs sub-parallel
to the coastline (Fig. 4.1a, b). In the rain shadow east of these
mountains, precipitation decreases sharply, with the Baqa–Hule–
Jordan–Dead Sea–Arava rift valley axis presenting the driest in any
west–east cross-section (Fig. 4.1b; and see Matmon & Zilberman,
Chapter 3, and Avni, Chapter 2 of this volume). East of this valley,
the relief turns mountainous again and reaches higher elevation than
its western counterpart does. This orography forces a secondary
precipitation maximum at rift shoulder before the stark precipita-
tion minimum of the Great Syrian and Arabian deserts to the east.
Bounding the Levant to the north are the Anatolian highlands, with
their Taurus and Zagros mountains, which capture large amounts of
precipitation from winter storms that originate in the EM (Fig. 4.1a
and Evans et al. 2004).
Today, the Mediterranean region is receiving heightened atten-

tion because climate models project a future of progressive reduc-
tion of winter precipitation in the entire basin. This issue is alarm-
ing over the EM since this is the only rainy season there (Mariotti
et al. 2010; Lelieveld et al. 2012; Kelley et al. 2012a; Seager et al.
2014; Zappa et al. 2015). The EM and the land in the ME appear
to stand out as areas where the greenhouse-gas induced warming
and drying trends (e.g. Shohami et al. 2011) are already detectable
(Kelley et al. 2012b). Consistent with our stated objective and the
purpose of this volume, this chapter will not discuss these climate
model-based projections in details. It is worth noting, however, that
the study of past climates, important for its own sake, is viewed as
a useful way to put the future projection on firmer grounds and in
the context of the extended range of past climate variations.
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a b

Figure 4.1 a: Annual precipitation (in mm) based on station observations gridded by the Global Precipitation Climatology Centre (GPCC) Project. The
figure uses the 0.25° 2011 climatology (Schneider et al. 2014). The underlying orography above 400 m is shown in white contours every 500 m. Elevation
data are from the 5-Minute Gridded Global Relief Data Collection (ETOPO5) available from World Data Service for Geophysics, Boulder, CO, USA. b:
High-resolution annual precipitation map of the southern Levant (in mm). The figure is adapted from EXACT (1998). (A black and white version of this
figure will appear in some formats. For the colour version, please refer to the plate section.)

4.2 ELEMENTS OF LEVANT CLIMATE

4.2.1 THE SEASONAL LARGE-SCALE
ATMOSPHERIC CIRCULATION

The broader climatological setting that governs the Levant is
depicted in the seasonal means of sea level pressure (SLP) and the
upper-tropospheric circulation as portrayed by themid-tropospheric
geopotential height field (Fig. 4.2). Here we distinguish between
two key seasons: the core wet and cold season (Ziv et al. 2006)
that extends over the consecutive months of December to February
(Fig. 4.2a, b) and the height of the dry summer season, from June to
September (Alpert et al. 2004b), which parallels the summer mon-
soons in North Africa and Southeast Asia (Fig. 4.2c, d).
In winter (Fig. 4.2a), the Levant resides within a near-surface

low-pressure trough extending from the tropics over the Red Sea
and into the West Mediterranean. This low-pressure trough reaches
the deep North Atlantic low-pressure centre – the Icelandic Low.
In the extratropics, this low-pressure zone distinctly separates two
permanent high-pressure cells, west and east: the maritime Atlantic
Subtropical High (also termed the Azores High) and the continental
Siberian High, respectively. As described in more detail below, the
EM is perturbed throughout the rainy season by intense transient

activity (Alpert et al. 1990a; Hoskins & Hodges 2002; Campins
et al. 2011). West-to-east migrating low- and high-pressure sys-
tems (cyclones and anticyclones) that move into the region from
the west and pulsating intensifications of the Red Sea trough give
rise to variations in the weather, causing alternations between wet
and dry intervals throughout the Levant rainy season (Alpert et al.
1990b; Tsvieli & Zangvil 2005; Ziv et al. 2006; Saaroni et al. 2014).
The distribution of wintertime geopotential height (GPH) aloft

(Fig. 4.2b) is essentially zonal, with low pressure over Europe and
high pressure over the tropics. This orientation is directly linked
with the prevailing westerly winds that dominate the extratrop-
ical circulation aloft. However, by calculating the local deviation of
GPH from the latitudinal average (thin lines in Fig. 4.2b), small but
significant deviations from the latitudinal symmetry are observed.
These depict an average tendency for relatively high GPH values
over the East Atlantic and western Europe, including the West
Mediterranean. In contrast, over the eastern half of the Mediter-
ranean, the GPH is relatively low. Here too, the seasonal mid-
tropospheric pattern is subject to transient, wavelike perturbations
in the form of low- and high-GPH departures from average con-
ditions (troughs and ridges, respectively). These move eastward at
a typical rate of 5–10 m s−1, accompanying the eastward-moving
surface cyclones and anticyclones (see Section 4.2.2 below).
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Figure 4.2 The large-scale, climato-
logical atmospheric circulation in the
hemispheric sector surrounding the
Levant. (a) December–February aver-
aged sea level pressure with intervals
of 2 hPa. (b) The December–February
averaged upper-tropospheric heights
for the 300 hPa level. Solid, heav-
ier contours are geopotential height
every 100 m, as labelled in italic font.
The thinner contours are the deviation
of the heights from the zonal aver-
age, drawn every 20 m, with negative
values in dashed lines and positive in
solid. The zero contour is thick. (c,
d): Same as in (a) and (b) but for the
months of June–September.
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In summer (Fig. 4.2c), there is a strong anticyclone over the sub-
tropical and mid-latitude Atlantic and into the West Mediterranean.
A zone of low pressure extends from northern India and Pakistan
to the Sahara and marks the Indian Monsoon low-pressure system
and its extension into the dry ‘heat low’ over the Saharo-Arabian
arid belt. Over the EM and the ME, there is a strong west–east pres-
sure gradient. The situation aloft (Fig. 4.2d) exhibits a considerable
weakening of the north–south pressure gradient compared with that
in winter over the entire Northern Hemisphere. Moreover, there is
a pattern of reversal in pressure between the surface and the upper
troposphere: where pressure is relatively low near the surface there
is a tendency for high pressure aloft, and vice versa. In particu-
lar, note that over the monsoon low-pressure area, between India
to North Africa, there is high GPH aloft, while over the subtrop-
ical Atlantic High and its extension into the Mediterranean basin,
the GPH is lower. Over the ME in particular, near surface low-
pressure is topped by high pressure aloft, a configuration that is con-
sistent with upper-level subsidence, that is, the sinking of air from
the high and middle troposphere towards the surface (Section 4.2.4
below).

4.2.2 EXTRATROPICAL CYCLONES DURING THE
LEVANT WET SEASON

As indicated above, the Levant wet season (October–April) displays
a rich array of transient phenomena that individually determine the
character of daily weather, and their temporal and spatial distribu-
tion during the season determines its overall hydroclimatological
character. What controls whether a season is wet or dry, cold or
warm, is the track, frequency, and intensity of the winter season’s
rain-bearing weather systems (Enzel et al. 2003; Alpert et al. 2004a;
Ziv et al. 2006; Saaroni et al. 2010; Zappa et al. 2015).
Seager et al. (2014) showed that during the wet season, the

Mediterranean Sea is a net source of moisture for precipitation and
that the surrounding lands receive that moisture through the action
of sub-monthly transient perturbations, that is, weather distur-
bances: cyclones and anticyclones. Mediterranean winter cyclones
resemble their counterparts over the higher mid-latitude regions of
the world (Ziv et al. 2010), in particular the transients that form
the major storm tracks over the Pacific and Atlantic Oceans. Near
the surface, Mediterranean cyclones are low-pressure, counter-
clockwise rotating circulation systems moving west to east in con-
cert with eastward-migrating, relatively shortwave, low-pressure
perturbations aloft (Wallace et al. 1988; Hoskins & Hodges 2002).
The cyclones are separated from one another by high-pressure cen-
tres, which rotate the other way (Wallace et al. 1988). Feature track-
ing algorithms (computerized procedures that identify centres of
low or high pressure etc.; see e.g. Hoskins & Hodges 2002) show
that Mediterranean winter transients form mainly inside the basin
(Hoskins & Hodges 2002; Romem et al. 2007; Ziv et al. 2015)
and tend to track over the sea (Fig. 4.3, and Alpert et al. 1990a;
Trigo et al. 1999; Flocas et al. 2010). The close correspondence
between the Mediterranean basin topography and its cyclone track
points at the role of the sea and its surrounding orography in its exis-
tence (Ziv et al. 2015). Aside from orographic forcing of ‘lee cyclo-

genesis’, a contributing factor to the Mediterranean cyclogenesis is
the sea surface temperatures, which are warmer than the colder air
masses pushed into the basin from Europe (and often all the way
from the North Atlantic) during the fall and the winter (Trigo et al.
2002). The air–sea contrast increases the instability of the over-
lying atmospheric layers, enhancing the generation of low-pressure
centres.
In comparison with their counterparts over the larger oceans,

Mediterranean cyclones tend to be slower moving, smaller, less
intense and of shorter lifetime (Hoskins & Hodges 2002). TheWest
Mediterranean tends to be a region of storm generation (cyclogen-
esis), and the EM is a regionwhere storms tend to end their life cycle
(cyclolysis) after moving into the region from the west. However,
a distinct proportion of the storms continue to track deep into the
ME and eastward, all the way into Central Asia, as they are steered
by the high mountain chain of the region (Fig. 4.3a and Hoskins &
Hodges 2002).
Most of the rainfall in the Levant is associated with mid-latitude

extratropical lows that move into or form in the EM. The major
extratropical lows in the region are referred to as Cyprus Lows
(Fig. 4.4, Ziv et al. 2006). These rain-bearing lows are forced by
lee cyclogenesis induced by the mountains of the Balkan and Ana-
tolian Peninsulas and by the air–sea heat fluxes from the EM Sea
(Shay-El & Alpert 1991). Cyprus Lows produce a large amount of
rain associated with the passage of their cold fronts and by air-mass
convection in the cold air behind them (Shai-El &Alpert 1991; Saa-
roni et al. 2010; Ziv et al. 2010). The annual frequency of Cyprus
Lows varies from one winter to another. Saaroni et al. (2010) sur-
veyed the months of November to March for 50 years and counted
an annual average of 45 Cyprus Low days per year in the EM. As
Cyprus Lows spend between 2 and 3 days in the area, this implies
that 15–20 cyclones cross this area on average during a rainy sea-
son. This number is consistent with the findings of Campins et al.
(2011) when only cyclones in fall, winter, and spring are counted
(and see also Fig. 4.3). Ziv et al. (2006) and Enzel et al. (2003)
showed that the annual rainfall in the Levant is directly tied to these
EM cyclones, and the differences between wettest and driest years
are related to number, intensity (i.e. the cyclone depth), and lati-
tudinal tracks of the Cyprus Lows. Similarly, Saaroni et al. (2010)
showed that (a) the annual number of Cyprus Low days exhibits
high and significant correlation with the annual rainfall over Israel,
and (b) the intensity/depth of the cyclones affects the amount of
rainfall there.
A special class of Mediterranean cyclones that occur mainly

in spring are the ‘Sharav’ or ‘North African’ cyclones. These
cyclones develop and move along the southern Mediterranean coast
(Fig. 4.3b) and are due to springtime high temperature gradients
between the Mediterranean and the African continent (Pedgley
1972; Alpert & Ziv 1989). Sharav cyclones are baroclinic, dis-
playing a significant frontal structure that potentially could lead
to precipitation. However, owing to the low moisture content in
the Saharan air mass, the shallow vertical extent of these systems,
and their corresponding low vertical velocities, associated rainfall
amounts are usually limited, even as they reach and move over the
EM water (Fig. 4.3b; Alpert & Ziv 1989). The main phenomena
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Figure 4.3 Long-term average track density of extratropical cyclones (in units of number of tracks per month, per 5° spherical cap). Shown separately
are the tracks for the mid-winter months, December–February (top panel) and for the spring months, March–May (bottom panel). Data source: 6-hourly
reanalysis fields of sea level pressure from the ERA interim reanalysis (Dee et al. 2011).

associated with the Sharav cyclones are the extremely hot and dry
weather within the warm sector (Winstanley 1972) and intense sand
and dust storms, especially ahead of and along the cold front (Alpert
& Ziv 1989; Saaroni et al. 1998). About 10 Sharav cyclones visit
the Levant during a typical spring (Alpert & Ziv 1989; Alpert et al.
2004a). They are smaller in area and track faster eastward than their
mid-winter counterpart cyclones, and their severe impact in the Lev-
ant is of short duration (less than a day).

4.2.3 TROPICAL INFLUENCE DURING THE
LEVANT WET SEASON

4.2.3.1 ACTIVE RED SEA TROUGH

As indicated above, the Mediterranean Sea surface is the primary
source of moisture for precipitation over the eastern Mediterranean
(Alpert & Shay-El 1994; Mariotti et al. 2010; Seager et al. 2014).
This source is less effective during the transitional seasons, when
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Figure 4.4 Composite maps of 10 days selected for their heavy rainfall in Israel of: (a) sea level pressure (hPa, contours every 2 hPa); (b) 500 hPa
(geopotential height in m, contours every 50 hPa). Data source: NCEP–NCAR reanalysis. Figure source: Ziv et al. (2006). See that article for more details.
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a

b

Figure 4.5 Composite of 18 cases
identified as ARST. (a) Sea level pres-
sure, with 1 hPa interval. The shaded
region is where the average normal-
ized anomaly exceeds 0.8. (b) The
corresponding 500 hPa fields, with
intervals of 40 m. Here the shaded
region is where the averaged normal-
ized anomaly is 1.5. Source of figure:
Kahana et al. (2002). See that article
for more details.

Cyprus Lows are less frequent. Several studies (e.g. Dayan &
Sharon 1980; Krichak et al. 1997; Saaroni et al. 1998; Tsvieli &
Zangvil 2005) showed that the Red Sea, with its permanent over-
lying trough (Fig. 4.2a), provides a corridor for transporting ther-
mally unstable air masses from the Arabian Sea and tropical Africa
into the southeastern Mediterranean, mainly during fall and win-
ter. The warm unstable air transported from the south is capable
of absorbing large quantities of water vapor from the surface while
crossing the northern part of the Red Sea into the Levant and the
EM, thus gaining low-level moisture for generating convection.
Deep penetrations into the Levant of such precipitating tropical
synoptic-scale systems are termed ‘active Red Sea trough’ (ARST)
events (e.g. Sharon & Kutiel 1986; Dayan et al. 2001; Kahana et al.
2002; de Vries et al. 2013). Observations and numerical experi-

ments show that tropical convection over northeasternAfrica, which
intensifies late in the African Monsoon season, is associated with
the intensification of the Subtropical Jet over the Red Sea. This,
in turn, triggers the development of the active low-level Red Sea
trough into the EM (e.g. Krichak & Alpert 1998). When a sharp
mid-tropospheric trough from eastern Europe into the EM and the
Nile Delta accompanies this surface barometric trough (Fig. 4.5),
further air-mass ascent is induced; together with sufficient supply of
Mediterranean moisture, this leads to a rapid formation of deep, tor-
rentially downpouring convective clouds, and thunderstorms start-
ing in the southern Levant spreading northward (e.g. Dayan et al.
2001; Tsiveli & Zangvil 2005).
During 1965–1994, ARSTs were responsible for �40% of the

major floods with the majority occurring in the fall (Kahana et al.
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2002). All these cases were characterized by mid-tropospheric
southerly winds over the EM and Levant (Fig. 4.5). This parameter
was the most powerful predictor of flooding during ARST events.
Synoptic-scale analyses of individual ARST that produced rain-
storms in the southern Levant allowed generalization of the main
characteristics of this synoptic system (Krichak et al. 1997; Dayan
et al. 2001; Kahana et al. 2004; Ziv et al. 2005a). The storms ini-
tiated as hot and dry air blew from the east at lower levels, leading
to a build-up of conditional instability throughout the troposphere.
Then, a mesoscale convective system with an intensive warm core
moved from the Sinai Peninsula northward over the Negev and the
Dead Sea basin (Dayan et al. 2001).

4 .2 .3 .2 AFRICAN TROPICAL PLUMES

The term ‘tropical plumes’ (TPs) refers to elongated cloud bands in
the mid and upper troposphere, which extend from the tropics into
the extratropics (e.g. McGuirk et al. 1987, 1988; Iskenderian 1995).
These cloud bands, mostly in a stratified form, develop during the
cold season and are amanifestation of long-rangemoisture transport
from tropical sources to the extratropical target area, where they
rain out. When TPs extend into the EM from the tropical Atlantic
and tropical Africa, they track a distance of >2,000 km over North
Africa to produce rainstorms over the Levant (Dayan & Abramski
1983; Ziv 2001; Rubin et al. 2007); they do not precipitate en route,
and they demand uplift aloft where precipitating. Therefore, TPs
develop along intense southwesterly subtropical jet streaks (Kahana
et al. 2002; Rubin et al. 2007), when the otherwise westerly flow is
perturbed by the penetration of a mid-latitude, upper-level trough
toward the subtropical latitudes (Ziv 2001).
Rubin et al. (2007) investigated 10 rain-producing TPs (1988–

2005) and showed that the necessary moisture for developing inten-
sive rain over the Levant originates from distant upwind sources
and is transported at elevated tropospheric layers without turbu-
lent mixing with the arid, desert air mass below. Over northwestern
Saudi Arabia, precipitation from TPs is associated with a northward
migration of the subtropical jet streak which results in a weaken-
ing of the wind speed over that target area, a deeper trough at the
500 hPa level, and a short moisture corridor (Tubi & Dayan 2014).
In contrast with the localized intense, short-duration (up to a few

hours, but usually much shorter) ARST convective storms, TP rain-
fall can last 12–24 hours. Consequently, Enzel et al. (2012) argued
that rainstorms associated with such tropical plumes are candidates
for explaining past geomorphic and hydroclimatic changes in the
deserts of the Levant. Moreover, since the Cyprus Lows are effect-
ive mainly north and west of the Central Negev (e.g. Enzel et al.
2008), the TP systems remain a major candidate for inducing past
wetter (characterized bymore frequent storms/floods) periods in the
south and eastern Negev desert.

4.2.4 THE LEVANT WARM SEASON

The summer season in the Levant is characterized by stable weather
with minor day-to-day variations. The monotonic nature of this sea-

son is due to the relatively persistent synoptic conditions (Ziv et al.
2004). In the lower troposphere, a low-pressure trough, referred to
as the Persian Trough (e.g. Alpert et al. 1990c, 2004a; Bitan & Saa-
roni 1992), extends from the Persian Gulf, through Iraq and Syria,
to southern Turkey and the Aegean Sea. It is an extension of the
deep summermonsoon low-pressure centre over the northern Indian
Peninsula (Fig. 4.2c). Aloft, there is high pressure accompanied
by strong subsidence forced by the intense Indian summer mon-
soon convection centre over the Bay of Bengal (Rodwell & Hoskins
1996, 2001; Ziv et al. 2004). The surface trough develops mainly
as a result of the interaction between the Indian monsoon-forced
northerly flow and the orography along the northern boundary of
the Middle East, the Zagros and Taurus Mountains (Simpson et al.
2015).
The Persian Trough drives northwesterly winds over the east-

ern Mediterranean, known as the ‘Etesian winds’ (Repapis et al.
1977). These winds cause high seas, especially in the Aegean Sea,
and push relatively cool and moist low-level air into the Levant
(Bitan & Saaroni 1992). This moist layer is capped by the dry and
warm subsiding air, creating an inversion layer that persists over
the EM during the entire summer (Dayan et al. 1988; Hashmonay
et al. 1991; Dayan & Rodnizki 1999; Dayan et al. 2002). The inver-
sion prevents the lower-level moisture from rising high enough to
form deep convection and precipitate. Instead, low-level turbulence
leads to formation of coastal stratocumulus cloud bands. During the
night, radiation fog can form in the humid air over land in the coastal
plains. The mountains to the east are above the inversion layer and
experience dry and hot weather similar to that prevailing over the
desert areas to the east and south. Sea and land breeze circulations
dominate the summer diurnal cycle along the Levant coast. The sea
breeze penetrates inland during the day and reaches the mountains
and the rift valley in the afternoon and evening.
Ziv et al. (2004) showed that the Indian summer monsoon con-

trols two factors that affect the summer temperature in the Lev-
ant: the mid- to upper-level subsidence and the lower-level cool
advection, associated with the etesian winds. These have opposing
effects as the monsoon enhances one and weakens the other con-
comitantly, and a balance is maintained between them. This bal-
ance explains the monotonic temperature regime during summer
(Ziv et al. 2004). That said, extreme hot and cooler spells could
occur in summer under the remote influences of large-scale sys-
tems (Saaroni et al. 2003; Xoplaki et al. 2003; Ziv et al. 2005b).
The warm events can be caused by increased subsidence and larger
atmospheric stability. Other phenomena that affect summer temper-
ature in the eastern Mediterranean are the passing of mid-latitude
disturbances over Europe that sometimes penetrate into the EM
and induce either high- or low-temperature episodes. Occasional
enhancement or weakening of the Atlantic Subtropical High com-
bined with weak tropical intrusion from the south can induce pro-
longed summer heat waves (Harpaz et al. 2014).
As indicated above, the dry summer characterizing the present-

day Levant is largely imposed by subsidence aloft induced by the
Indian summer monsoon. This raises the possibility that in the past,
the Quaternary Levant summer climate was influenced by long-term
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fluctuations of the monsoon strength and its changing geographi-
cal centre. Such changes in the southwest Asian monsoon inten-
sity – sometimes sizable changes – occurred during the transition
from last glacial maximum to the Holocene (e.g. Overpeck et al.
1996; Morrill et al. 2003) and possibly more pronounced during
most intense interglacials characterized by higher seasonality (Bat-
tisti et al. 2014). It is possible that the summer weather character-
istics were different then than at present, even to the extent that the
summers of the southern Levant deserts were wetter (Battisti et al.
2014; Torfstein et al. 2015), although the proposed values of sum-
mer rainfall are low in the Levant. However, concrete evidence is
still lacking for such summer rains in the Mediterranean Levant.

4.3 IMPACTS

4.3.1 HYDROLOGICAL EXTREMES: FLOODS
AND DROUGHTS

We noted above that the Levant is characterized by a dry warm sea-
son and a wet cold season. As with other Mediterranean climates in
the Northern Hemisphere, the Mediterranean basin displays a wet
season that extends fromOctober to April. As described in the intro-
duction (Section 4.1) the spatial distribution of Levant precipitation
is strongly shaped by the orography and by the distance from and
shape of the EM coastline (Fig. 4.1).
Overall, 75–85% of the annual precipitation in Israel in particu-

lar and the Levant in general is, as we described above, associated
with EM cyclones (Enzel et al. 2003, 2008; Ziv et al. 2006; Saa-
roni et al. 2010; Zappa et al. 2015). About 60% of that rain falls
during the months of December–February (Goldreich 2003; Alpert
et al. 2004a; Ziv et al. 2006; Saaroni et al. 2010). On average, dur-
ing the rainy season, 15 and 2 storms precipitate in the wetter and
desert areas (Aviad et al. 2013), respectively, with rain rates steeply
decreased southward.
Intra-seasonal variations in wet-season rainfall affect regional

water resources. They display contradicting impacts: seasonal rain-
fall is concentrated in a small number of intensive events, and
this increases both surface run-off generation and groundwater
recharge. However, it increases soil drying between events and thus
reduces run-off volumes and recharge (Sheffer et al. 2010; Peleg
et al. 2015). Prolonged intra-seasonal dry spells or droughts reduce
soil moisture, surface and underground water storages, and vege-
tation growth (Törnros & Menzel 2014). Relevant to this issue is
the study of Saaroni et al. (2014). They examined the frequency
of occurrence and dynamical origin of these persistent dry spells
(PDSs) and proposed a useful classification of such events by their
associated circulation patterns.
The inter-annual rainfall variability in the Levant is relatively

high. The coefficient of variance (the ratio between the stan-
dard deviation and the mean) increases with aridity from �0.2 in
the northwestern Levant to >0.5 in the southern and eastern Le-
vant deserts. Thus years with annual rainfall substantially larger
or smaller than the mean are relatively common and are regionally

synchronized (e.g. Enzel et al. 2003). Clusters of dry or wet years
strongly affect water availability in the region. For example, the
numerous and heavily utilized springs from small perched aquifers
in the Levant respond rapidly to wet and dry years: a total drying
can follow a 3–5-year-long dry spell, but a single extremelywet year
can almost completely recharge them (Peleg et al. 2012). Another
example of the significant impact of the length of dry spells is the
case of the recent multi-year severe drought in Syria. This drought
greatly reduced water availability, leading to the overdrawing of
groundwater and eventual abandonment of farmland, migration into
cities, and social crisis. This arguably added a climatic aspect to the
ensuing civil conflict and war in that country (Kelley et al. 2015).
Extreme rainfall events in the desert areas of the Levant tend to

be of short duration, of small spatial extent, and of high rain inten-
sities (Dayan & Morin 2006). Consequently, intensity–duration–
frequency (IDF) curves of desert location rainfall, based on short-
duration cases (<30 min) and long return period, are higher than
similar curves for the wetter Levant regions. However, similar IDF
curves become substantially lower when shorter return periods and
longer durations are considered (e.g.Morin et al. 2009). This unique
feature of rainfall in the Levant deserts, combined with surface con-
ditions, leads to occurrence of high-magnitude flash floods dur-
ing extreme events (Greenbaum et al. 2006). Kahana et al. (2002)
demonstrated that EM lows, ARSTs, and tropical plumes cause
�33%, �40%, and �10% of the largest floods in the Negev; how-
ever, EM lows affect watersheds located north of 34° N, and the
largest ARST floods affect the southern and central Negev, while
TPs floods affect the entire Negev.

4.3.2 DUST

The Levant is at the crossroads of air masses rich with fine min-
eral dust that arrive from two source regions: the North African
Sahara and the Arabian Desert. The Sahara, in particular, is the
world largest source of aeolian dust (Goudie & Middleton 2001;
Washington et al. 2003; Laurent et al. 2008; Shao et al. 2011).
About 70 Mt of the Saharan dust is transported annually to the Le-
vant (Ganor &Mamane 1982) with strong seasonal and interannual
variability (Antoine & Nobileau 2006; Dayan et al. 2007). The dust
source areas in North Africa that are most relevant to the Levant
are located near the Mediterranean coast in Libya, Tunisia, and Al-
geria (e.g. Formenti et al. 2011). The primary transport mechanisms
are winter and spring cyclones; when they penetrate into North
Africa, they can carry dust in the forefront of their advancing cold
fronts.
Dayan et al. (2007) and (2012) used threshold analysis to find

that Cyprus Lows are the main contributor to the suspended dust
over this region, owing to their intensive winds and relatively long
duration. These lows bring in four times as much dust as the Sharav
cyclones, rated as the second cause. This disparity is explained
by the low occurrence of Sharav cyclones that affect the east-
ern Mediterranean region (Alpert et al. 2004a), by their shorter
time of influence, and by their weaker pressure gradients, hence
their associated weaker surface winds. Beside this wind strength
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disparity in the dust mass loading, other important dust storm prop-
erties are controlled by the synoptic conditions. The mineralogic-
al and geochemical compositions of dust observed over the Levant
differ according to the generating synoptic system (Kalderon-Asael
et al. 2009; Erel et al., Chapter 54 of this volume). The contribu-
tion of Cyprus Lows to precipitation in the Mediterranean Levant,
dust supply, and intensive westerly–southwesterly winds, prompted
Enzel et al. (2008) to propose this atmospheric circulation pattern
as driving the concomitant occurrence during the glacial epoch of
the general increase in rainfall in the Levant (Stein, Chapter 8; Torf-
stein & Enzel, Chapter 13 of this volume), the loess accretion at the
desert margins (Crouvi et al., Chapter 53 of this volume; Erel et al.,
this volume), the dune migration (Roskin & Tsoar, Chapter 56 of
this volume), and coastal soil formation (Harel et al., Chapter 50 of
this volume).
The deserts of Arabia provide a secondary source of dust to the

Levant.Within Arabia, the main sources of dust reaching the Levant
are the alluvial plains of southern Iraq and Kuwait, and the eastern
Jordan and the Jazirah of eastern Syria (e.g. Pease et al. 1998; Edgell
2006). Intense Red Sea barometric trough systems can carry air
masses from Saudi Arabia, Jordan, and the Sinai Peninsula toward
the Levant. Transport of Saharan dust from North African sources
usually produces more intensive loadings and takes place in deeper
atmospheric layers for a longer duration (approx. 2–4 days) than
dust storms from the Arabian Desert (Dayan et al. 1991; Dayan &
Levy 2005).

4.4 MECHANISMS OF LEVANT CLIMATE
VARIATIONS

Many of the year-to-year and longer variations of Levant climate
are associated with a broader phenomenon of low-frequency North-
ern Hemisphere atmospheric variations referred to as ‘teleconnec-
tions’ (because they describe simultaneous changes in remote loca-
tions; Wallace & Gutzler 1981; Kushnir & Wallace 1989). This
association is the subject of many climatological studies, most of
which focus on variability of inter-annual rainfall and of surface
air temperature (e.g. Krichak et al. 2002; Dünkeloh & Jacobeit
2003; Krichak & Alpert 2005a and 2005b; Ziv et al. 2006; Hatzaki
et al. 2007). In particular, the quality of the Levant rainfall sea-
son has been linked to an observed wintertime seesaw in tropo-
spheric pressure spanning the Mediterranean basin from west to
east. This teleconnection pattern has been referred to as the East
Atlantic/West Russia pattern (EAWR; Barnston & Livezey 1987;
Krichak et al. 2002) because of the mean positions of its two centres
of action. When the anomalous seasonal circulation over the larger
Atlantic-European sector displays higher than normal pressure in
the west and lower than normal pressure east (that is, in this case,
a deeper than normal pressure trough dominates the EM), seasonal
rainfall totals in the Levant are higher than normal, and vice versa
(Krichak et al. 2002; Ziv et al. 2006). This is largely an internal
atmospheric perturbation, and its month-to-month and year-to-year
state is unpredictable. On long time scales, however, it appears to be
related to, and possibly forced by, changes in North Atlantic multi-

decadal ocean temperature and circulation (e.g. Kushnir & Stein
2010).
Secondary to that in its Levant impact is the North Atlantic Oscil-

lation (NAO). The NAO is a low-frequency change (on a very broad
range of time scales; see Kelley et al. 2012b) in the strength of the
cold-season, permanent centres of pressure of the North Atlantic,
the Icelandic Low and Azores High (Fig. 4.2a; Hurrell et al. 2003).
The NAO (and its closely related Arctic Oscillation, AO; Thomp-
son & Wallace 1998) dominates the atmospheric variability over
the North Atlantic basin and the surrounding land areas (Kushnir &
Wallace 1989), but in the Levant its influence is less prominent. In
its positive phase, the NAO represents a deepening of the Icelandic
low and, simultaneously, the strengthening of the Azores-centred,
subtropical high (Fig. 4.2a). In this situation, the zone of strong sur-
face winds and associated Atlantic storm track shift northward, and
the western Mediterranean is deprived of a large proportion of the
rain-bearing transients that normally frequent the region (Hurrell
et al. 2003). The positive phase of the NAO is thus strongly linked
with changes in precipitation over the western Mediterranean, from
Morocco and the Iberian Peninsula in the west to the Balkans and
western Anatolia in the east, reducing the rainy season total precip-
itation there (Kelley et al. 2012b). In the Levant and northeastern
sector of the North African coast (from Egypt to Tunisia), there is
a slight increase in cold season rainfall during the positive phase
of the NAO. This positive phase is also associated with colder than
normal winters in the Levant (Ben-Gai et al. 2001). The reverse
is true when the NAO is in its negative phase, when the normal
pressure centres over the North Atlantic weaken, and the Atlantic
storm track shifts southward. The NAO year-to-year variations in
phase and intensity are also largely unpredictable. However, there
is evidence from observations and climate models that the NAO is
responsive to changes in the strength of the solar radiation (solar
cycles) such that when the solar radiation is weak (during a sunspot
minimum) the NAO tends to display a strong negative phase, with
the impact reaching into Central Asia, and vice versa (Woollings
et al. 2010). Explosive tropical volcanic eruptions also tend to affect
the NAO such that in the winter following an eruption the NAO
displays a positive phase (Robock 2000). Finally, influence of the
Pacific El Niño/Southern Oscillation (ENSO) has been proposed by
several investigators (Price et al. 1998; Mariotti et al. 2002, 2005).
The influence is seasonally dependent, small, and intermittent – that
is, non-stationary on decadal time scales (Ziv et al. 2006). This sub-
ject therefore requires more study.
Decadal and longer climate variability in the Mediterranean has

been a subject of intense investigation primarily because of the
threat of the greenhouse-gas-forced drying of the entire basin. These
studies have also pointed at links to large-scale climate variations
external to the EM region (Krichak et al. 2002, 2005b; Ziv et al.
2006; Kushnir & Stein 2010; Hoerling et al. 2012; Kelley et al.
2012b;Mariotti &Dell’Aquila 2012). An interesting aspect of these
works is that on such longer time scales the variations of Levant cli-
mate appear to be linked with changes in sea surface temperatures
in the Atlantic and Indian Oceans – that is, with broader ocean and
atmosphere circulation changes. The format of this review restricts
us from a detailed discussion of these studies. Suffice it to say that
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these long-term climate variations provide clues to characterizing
and understanding variations in the past, and connections between
Levant climate and changes in the global climate scene.

4.5 CONCLUSION

As stated at the beginning, this chapter aims to summarize the key
components that shape the present climate of the Levant.We divided
this survey into a discussion of the ‘stationary’ and ‘transient’ com-
ponents of the climate. The stationary, albeit seasonally dependent,
components are determined from multi-year (usually 30 or longer)
averages of the climate variables and are referred to as the ‘cli-
matological component’. The transient components are the devi-
ations from those. Here we have described the ‘high-frequency’
varying components – the systems that shape day-to-day weather
variations – and the longer-term, ‘low-frequency’ changes that are
associated with year-to-year up to multi-decadal variations of the
climate. The description of climate includes the description of the
characteristic behaviour of these fluctuations.
The Levant holds a special place in the global climate scene, as

a bridge between the subtropical climate belt with its deserts and
monsoons, and the extratropics, with their stormy, transient, and
colder climate regime. As we described above, the Levant’s geo-
graphical location gives rise to a rich and complex set of phenom-
ena that makes up its average climatic setting and underlies its vari-
ability. Such knowledge assists professional climatologists in inter-
preting information derived from palaeoclimate proxies to piece
together a picture of the changes in climate occurring at diverse time
scales throughout the Quaternary.
In search of a comprehensive understanding of the climate of the

past, the present climate and the mix of local and remote palaeo-
climate proxies is combined with modern climate modelling tools
forced by external factors such as orbital and other solar vari-
ations. Information on the broader geographical setting, such as the
state of the Northern Hemisphere ice sheets, the concentration of
greenhouse gases and aerosols (and dust) in the atmosphere, vol-
canic eruptions and their optical and chemical impact on the atmos-
phere, and the land vegetation cover are also combined. All these
factors affect the global and regional climate, and unfortunately, at
present, cannot be well simulated as a response to external solar
forcing alone. As indicated in the introduction, climatemodel-based
study of the past, which can be verified against geological and
geochemical proxies, can help to put projections of the region’s
future on a more robust footing and help the ever-growing regional
population to cope with the stress of extreme weather and climate
conditions.
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5 Spatial and Temporal Patterns of Late Cenozoic Volcanism in the Levant

y. weinstein and a. heimann

5.1 INTRODUCTION

The Levant has experienced several episodes of volcanism during
the past 250 Ma (e.g. Garfunkel 1989), the last of which was the
Oligocene to recent (hereafter: late Cenozoic) volcanic period. Vol-
canics of this period are widespread across the Levant, including
(Fig. 5.1) the large field of Harrat ash Shaam, some small, isolated
flows and cinder cones east of the Dead Sea, small fields in north-
ern Syria (the areas of the upper Euphrates and of the northern Dead
Sea Transform), and the Karacadağ field at the Arabian plate fore-
land. Although located close to the Arabia–Eurasia collision zone
(e.g. Adiyaman & Chorowicz 2002; Hafkenscheid et al. 2006), the
Levant Cenozoic volcanism does not show any plate margin affinity,
but is rather part of the intra-plate western Arabia volcanic province,
which is associated with the rifting along the Red Sea (see below)
and the Afar plume (e.g. Coleman & McGuire 1988; Garfunkel
1989; Camp & Roobol 1992).
In this chapter we describe the Levant Cenozoicmagmatism,with

the focus on the Pleistocene compared with earlier activity. We try
to examine whether there is any temporal pattern, in terms of distri-
bution and composition, along the late Cenozoic, and whether there
has been any sign of declining activity toward the Pleistocene.

5.2 THE TECTONO-MAGMATIC FRAMEWORK

As part of the western Arabia magmatic province, late Cenozoic
volcanism in the Levant is associated with several tectonic linea-
ments or features. The first and most prominent is the Red Sea rift,
which stretches along almost 2,000 km in the direction of �N25W,
and has been active since the early Miocene (e.g. Menzies et al.
1997a). Seafloor spreading commenced at the southern Red Sea
5–6 Ma (e.g. Menzies et al. 1997b). The second lineament is the
Dead Sea Transform (DST), which roughly aligns N–S from the
northern end of the Red Sea toward the collision zone at southern
Turkey, where the DST joins the East Anatolian Fault Zone (EAFZ,
Fig. 5.1). It has been active since the midMiocene (e.g. Bartov et al.

1980; Matmon & Zilberman, Chapter 3 of this volume). The third
feature is the NW–SE Azraq–Sirhan Graben (ASG) in northwest-
ern Saudi Arabia and Jordan, and its northwestern continuation, the
Carmel–Gilboa fault, which reaches the Mediterranean continental
margin. The ASGwas already active during the Cretaceous and was
reactivated during the late Eocene (e.g. Segev et al. 2006).
Volcanic fields in western Arabia, as well as lineaments within

the fields (e.g. rows of cinder cones), are sub-parallel to the above
structures. It is a common observation that the older volcanic
fields/structures (Oligocene to early Miocene) are aligned sub-
parallel to the Red Sea axis (e.g. Coleman & McGuire 1988; Camp
& Roobol 1992; Fig. 5.1), whereas the late Miocene–Pleistocene
ones present �N–S alignment (e.g. Garfunkel 1989; Camp &
Roobol 1992).
The largest Arabian volcanic field, Harrat ash Shaam, which is

the main field in the Levant, is parallel to the ASG and to the dis-
tant Red Sea (e.g. Ilani et al. 2001; Fig. 5.1). However, within-field
structures (e.g. rows of cones) are mostly aligned �N10S, sub-
parallel to the DST (e.g. Garfunkel 1989; Fig. 5.2). Also in Kara-
cadağ, near the Arabia–Eurasia collision zone, eruptions took place
along a N–S trending set of fissures and craters (e.g. Pearce et al.
1990). Some of the smaller fields in northern Syria are also concen-
trated along the northern reaches of the �N–S trending DST (e.g.
Krienitz et al. 2009; Ma et al. 2011; Weinstein & Garfunkel 2014).

5.3 THE WESTERN ARABIA HARRATS AND THE
LEVANT VOLCANISM

Basaltic fields cover almost 200,000 km2 of the western Arabian
Peninsula (inset in Fig. 5.1). The onset of volcanism was in Yemen,
as early as the Oligocene (31 Ma, the ‘trap series’; Menzies et al.
1997b), associated with the emplacement of the Afar plume under-
neath. In Saudi Arabia, the first stage of magmatism included plu-
tons and vent lineaments, as well as numerous dikes that stretch
along the 1,700 km of the Red Sea eastern coast and the Sinai Penin-
sula, which are associated with the opening of the Red Sea (e.g.
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Figure 5.1 Map of the Levant volcanism, highlighting the early to middle Pleistocene and late Pleistocene–Holocene (data from Dubertret & Dunand
1955; Giannérini et al. 1988; Shaliv 1991; Mor 1993; Heimann et al. 1993, 1996; Sharkov et al. 1998; Ilani et al. 2001; Weinstein et al. 2006; Demir et al.
2007; Inbar & Gilichinsky 2009; Krienitz et al. 2009; Westaway et al. 2009; Lustrino et al. 2010; Shaanan et al. 2011; Trifonov et al. 2011; Keskin et al.
2012a; Al Kwatli et al. 2012a,b, 2014; Ma et al. 2013; Weinstein et al. 2013). Inset: Map of Arabian volcanism (modified from Weinstein & Garfunkel
2014, references therein).



Late Cenozoic Volcanism: Spatiotemporal Patterns 47

Figure 5.2 Map of the volcanic field of Harrat Ash Shaam (from Garfunkel 1989). Note the �N10W alignments of volcanic cones. This differs from the
general frame of the field, which is aligned �N30W, parallel to Azraq–Sirhan Graben.
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Bartov et al. 1980; Coleman & McGuire 1988; Baldridge et al.
1991; Sebai et al. 1991). Nevertheless, most of the volcanism is
concentrated off the eastern escarpment of the Red Sea rift, in vol-
canic fields locally termed Harrats, which were active from ca. 30
Ma to historic times.
Most of the Harrats are located within 100–200 km of the Red

Sea. However, Harrat Ash Shaam (>45,000 km2) is located 500 km
from the Red Sea in northern Saudi Arabia through Jordan, Syria,
and northeastern Israel, and it is separated from the other Harrats
by a large volcanic gap (inset in Fig. 5.1).
There is no clear N–S temporal pattern in the Arabian volcan-

ism, and both young and old volcanics coexist from southern Ara-
bia to Syria. However, volcanism in the Levant (Harrat ash Shaam
at Syria) commenced later than in Saudi Arabia and Yemen, 26 and
31–30 Ma, respectively (e.g. Ilani et al. 2001; Ershov & Nikishin
2004; Krienitz et al. 2009), and there is no volcanism>19Ma at the
northern Levant (e.g. the Aleppo Plateau, Fig. 5.1, Ma et al. 2013;
11 Ma farther north, at Karacadağ, Keskin et al. 2012a).
The volcanism in western Arabia was not continuous. Rather,

it erupted in two main intervals: (1) the late Oligocene to early
Miocene, and (2) the middle Miocene to Quaternary, with a vol-
canic quiescence of several million years (�20–13 Ma) separating
these intervals (Camp & Roobol 1992). In the Levant, the picture
of activity periods and gaps is more diverse. While in the northern
Harrat ash Shaam (Jordan, next to the ASG), the temporal pattern
is similar to the Arabian volcanism, with a long pause in activity
between 22 and 13Ma (Ilani et al. 2001; Al Kwatli et al. 2012a), the
volcanism farther west (northeastern Israel, along the Gilboa fault)
commenced later (17 Ma), and experienced a shorter gap between 9
and 6Ma (Shaliv 1991; Heimann et al. 1996;Weinstein et al. 2006).
Finally, in northern Syria, activity was more or less continuous dur-
ing the past 20 Ma (e.g. Krienitz et al. 2009).

5.4 QUATERNARY VOLCANISM

Quaternary volcanism in Arabia and the Levant was a direct con-
tinuation of the earlier Oligocene–Pliocene magmatic period. His-
toric eruptions were documented from southern Arabia (e.g. 1256
AD, Madinah, Saudi Arabia; and 1937 AD, Dhamar, Yemen; Camp
et al. 1987) through southern Syria (see below). Nevertheless, there
is a decrease in the area and volumes of magmatism in the Quater-
nary, and in most areas it developed a patchy nature (Fig. 5.1).
In the Levant, there are several cases of northward migration of

(Plio-)Pleistocene activity. This includes the large field of Harrat ash
Shaam, where Quaternary activity concentrated at its northern part
(e.g. Garfunkel 1989; Fig. 5.1), as well as in northern Syria, where
lateMiocene to Quaternary volcanism progressed northwards along
the northern DST (Ma et al. 2011). At the northern part of Harrat
ash Shaam, there is also an eastward migration of volcanic activity
toward the local centre of the field during the Quaternary (Fig. 5.1),
as follows. While volcanism at its western edge, west of the DST,
terminated during the early Pleistocene (>2 Ma, eastern Galilee in
NE Israel), it continued up to 100 ka at the Golan Heights (Wein-
stein et al. 2013),<100 ka in southern Syria (Heimann et al. 1993),

and up to historical times southeast of Damascus (�3000 BC at
Hirbet el Umbachi, Dubertret & Dunand 1955; and 1850 AD at
the As Safa shield volcano). A somewhat similar trend is observed
at the Karacadağ area (southeast Turkey), where the centre of vol-
canic activity migrated eastwards (albeit not toward the field centre)
from the Miocene through the Quaternary (e.g. Keskin et al. 2012a;
Fig. 5.1).
Two recent Ar–Ar studies from the Golan area (Inbar & Gilichin-

sky 2009; Weinstein et al. 2013) show that the Pleistocene volcan-
ism in the Golan occurred in two main phases (1.0–0.6 and 0.2–
0.1 Ma), which were separated from the earlier Pleistocene phase
(2.7–1.8 Ma). Such discrete volcanic activity intervals, with long
pauses between them, were also detected at the Karacadağ field,
where Plio-Pleistocene activity occurred during 4.0–2.7, 1.7–1.0,
and 0.4–0.1 Ma (data compiled in Keskin et al. 2012a).

5.5 COMPOSITION AND SOURCE OF THE MAGMAS

Except for some old (Oligocene to early Miocene) transitional and
tholeiitic basalts and dikes in the Yemen traps and along the Red
Sea coast (e.g. Coleman&McGuire 1988; Chiesa et al. 1989), most
Arabian and Levant Cenozoic volcanic rocks are alkali-basalts. This
generic term includes alkali-basalts sensu stricto, hawaiites, basan-
ites, nephelinites, and foidites (e.g. Weinstein 2000; Shaw et al.
2003; Weinstein et al. 2006; Ma et al. 2011). While some workers
located the source of these magmas in the sub-lithospheric man-
tle (an anomalously hot asthenosphere, e.g. Camp & Roobol 1992),
others identified a lithospheric or a ‘(late Proterozoic) fossil plume’
(e.g. Altherr 1990; Stein & Hofmann 1992).
The composition of the Arabian/Levant magmas tends to become

more alkaline and enriched with incompatible elements with time
(although not necessarily isotopically enriched, e.g. Weinstein et al.

Figure 5.3 Total alkali–silica (TAS) diagram for Plio-Pleistocene basalts
from the Golan (Weinstein et al. 2006) and Jordan (this study), both from
the northern part of Harrat ash Shaam (Fig. 5.1). Please note that the Golan
Pliocene includes the early Pleistocene (2.7–1.8 Ma).
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Figure 5.4 Chondrite-normalized (Boynton 1984) average rare-earth elem-
ent (REE) concentrations of alkali-basalts and basanites from the northern
Harrat ash Shaam, including the Galilee (west of the Dead Sea Transform,
DST), Golan (east of the DST), and Jordan (volcanic field centre). Early
Pleistocene is 2.7–1.8 Ma, while Pleistocene is <1.8 Ma. Note that in the
Galilee the basanites are relatively old (early Pleistocene, 2.7–2.1Ma), while
in the Golan and Jordan they are from the middle Pleistocene (1.0–0.1 Ma).

2006; Keskin et al. 2012b). In some cases this enrichment occurred
as long ago as the late Miocene to the early Pleistocene (>2 Ma)
(e.g. Saudi Arabia, Camp & Roobol 1992; Upper Galilee, Wein-
stein 2012), but in many other cases, in particular in the Levant, this
compositional change mainly occurred during the past 2 Ma (e.g.
Shaw et al. 2003; Weinstein et al. 2006; Ma et al. 2011; Keskin
et al. 2012b; see examples in Figs. 5.3 and 5.4).
There are different explanations, involving diverse source and

melting scenarios, for the cause of this common compositional tran-
sition. While some authors attributed this to source deepening (a
change from spinel- to garnet-peridotitic source) and decreasing
degree of partial melting (e.g. Camp et al. 1991, 1992; Camp &
Roobol 1992), recent works have invoked explanations that involve
melting of heterogeneous mantle. In particular, most works pro-
moted the concept of the SCLM (sub-continental lithospheric man-
tle; e.g. Altherr et al. 1990). While some suggested mixing of
the SCLMwith sub-lithospheric, asthenospheric-derivedmelts (e.g.
Altherr et al. 1990; Shaw et al. 2003), others preferred a scenario of
two SCLM components (e.g. Weinstein et al. 2006; Ma et al. 2011).
Finally, the identification of the SCLM signal is also not agreed
upon. While Shaw et al. (2003) and Weinstein et al. (2006) iden-
tified the enriched lavas as the SCLM, Keskin et al. (2012b) con-
sidered the enriched lavas as asthenospheric in origin, which should
be further studied.

5.6 THE CAUSE OF ARABIAN/LEVANT
MAGMATISM

It is widely agreed that the eruption of the vast volumes of the
Yemen and Ethiopian traps between 31 and 26Mawas related to the
emplacement of the Afar Plume underneath the region (e.g. Cole-
man & McGuire 1988; White & McKenzie 1989; Menzies et al.
1997b), while lavas and dikes associated with the early rifting along

the Red Sea axis were apparently the result of extension (Coleman
et al. 1983; Coleman & McGuire 1988; Camp & Roobol 1992).
Other lava fields (Harrats) across western Arabia are not clearly
associated with the Red Sea or with other evidence of extension,
and they are probably related to off-Red Sea uplift features (e.g.
Almond 1986; Dixon et al. 1989; Camp & Roobol 1992). These, in
turn, could be the result of locally anomalous hot mantle (e.g. Gar-
funkel 1989) or an asthenospheric lobe extending northwards from
the Afar Plume (e.g. Camp & Roobol 1992; Ma et al. 2011).
The Levantine Harrat ash Shaam is associated with the ASG,

which was reactivated during the earlyMiocene (Segev et al. 2014).
However, the extension along the ASG is very limited and appar-
ently is not enough to induce melting, which caused Garfunkel
(1989) and follow-up authors (e.g. Weinstein et al. 2006; Weinstein
& Garfunkel 2014) to favour the anomalously hot mantle scenario
(at least for the post-Miocene activity,Weinstein 2000). Most recent
authors also favour the model of a hydrous source (e.g. Stein et al.
1997; Shaw et al. 2003; Weinstein et al. 2006), which significantly
lowers the required melting temperatures. Stein et al. (1997) sug-
gested that the source for the fluids in this hydrous mantle is late
Proterozoic subducted slab, while Weinstein et al. (2006) showed
how later, Phanerozoic processes, could produce a variably vein-
enriched metasomatized source.
In a recent study, Regenauer-Lieb et al. (2015) suggest that litho-

spheric partial melting could occur at Harrat ash Shaam even under
a very limited extension, like that associated with the ASG, owing to
strain localization and the development of necking instabilities. This
should be considered in relation to other, smaller volcanic fields in
the Levant.

5.7 DISCUSSION

The volcanism of western Arabia does not show a general tempor-
al/spatial trend. Oligocene to early Miocene volcanism is observed
as far north as the northern Harrat ash Shaam, and middle Miocene
volcanism is observed at Karacadağ, at the very northern edge of the
Arabian plate. However, in the Levant, there are several observa-
tions of temporal trends, including the prominent northward migra-
tion (or continuation) of activity at the Harrat ash Shaam (Fig. 5.1)
and northern Syria, and the eastward migration at the northern Har-
rat ash Shaam and Karacadağ. This first suggests that the cause of
magmatism is not an asthenosphere-fixed plume. If this was the
case, the volcanism would probably show a pattern of decreasing
age (migration) toward the south, considering the northward drift
of the Arabian plate. On the other hand, the apparent northward
migration could be compatible with the model suggested by Camp
and Roobol (1992) of an asthenospheric lobe extending northwards
from the Afar plume. Ma et al. (2011) suggested that the migration
of activity in northern Syria during the Plio-Pleistocene is due to
the northward propagation of the DST, which channelled upwelling
asthenosphere at the base of the lithosphere and caused wet litho-
spheric melting. This is less favoured by other authors (e.g. Gar-
funkel 1989; Weinstein 2012; Weinstein & Garfunkel 2014), who
argue that the role of the DST is just in locally directing magmas en
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route to the surface and that the DST has no actual role in source
melting.
The alternative mentioned above, that the melting beneath Har-

rat ash Shaam occurred through the development of necking insta-
bilities (Regenauer-Lieb et al. 2015), as a result of very limited
extension along the ASG, is favoured by the general low heat flow
observed in the Levant area (Shalev et al. 2013), but should be fur-
ther examined in light of the observed northward migration of vol-
canic activity.
The relatively low volumes of Pleistocene volcanism (compared

with the Pliocene) and the constraining of activity to the centre
of the field at the northern Harrat ash Shaam (i.e. the eastward
migration) may suggest a general trend of decreasing intensity of
the magmatic activity in the Pleistocene. This is compatible with
geochemical studies (trace elements, Sr–Rb–Pb isotopes) that call
for higher contributions from the SCLM (e.g. Shaw et al. 2003) or
from shallower, vein-enriched zones of the lithosphere (e.g. Wein-
stein et al. 2006; Ma et al. 2011) and for a lesser involvement of
sub-lithospheric sources during the Pleistocene. Recently, Keskin
et al. (2012b) offered the alternative suggestion that there is a higher
asthenospheric contribution during the Pleistocene at Karacadağ
(southeastern Turkey). This should be treated cautiously, because
the latter is located at the northern front of the Arabian plate, and
as such could be subjected to different source mechanisms than
the fields farther south. Nevertheless, both scenarios are strongly
model-dependent (e.g. on the geochemical/isotopic signature of the
different mantle components), and this should be further studied.
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6 Palaeomagnetic Geochronology of Quaternary Sequences
in the Levant1

ron shaar and erez ben-yosef

6.1 INTRODUCTION

Palaeomagnetic dating methods are based on comparing magnetic
information from materials or sequences, whose ages are at least
partly unknown, with the geomagnetic chronology. The global Qua-
ternary geomagnetic chronology is continuously updated, and cur-
rently includes 10 polarity reversals and at least 18 validated geo-
magnetic excursions that serve as chronological markers for sed-
imentary and volcanic sequences. In addition, short-term secular
variations of the past several millennia can be used for theHolocene.
Here, we review the principles underlying palaeomagnetic chronol-
ogy with emphasis on Quaternary rocks, sediments, and archeo-
logical substances. We summarize a number of successful appli-
cations of palaeomagnetic dating in the Levant, and provide insight
into future possibilities for Quaternary palaeomagnetism.

6.1.1 GENERAL PALAEOMAGNETISM

The Earth’s magnetic field is constantly changing on time scales of
decades to millions of years. The effort to reconstruct past geomag-
netic variations has been motivated mainly by a geophysical inter-
est in understanding the behaviour of the Earth’s magnetic field, its
origin, and its impact on the Earth’s atmosphere and biosphere. The
outcome of this research is a fairly robust geomagnetic record that
can be used as an independent chronological reference framework.
To apply palaeomagnetism for dating, a robust geomagnetic

chronology needs to be established first, by compiling the global
palaeomagnetic database into three independent variation records:
(1) reversals, (2) excursions, and (3) short-term (secular) changes
in direction and intensity. Then, on the basis of comparison with
the appropriate reference chronology, the magnetic polarity, direc-
tion, and intensity of materials or sequences are used to obtain age
estimates.

1 This chapter is dedicated to the memory of our late mentor and dear friend
Professor Hagai Ron, who pioneered paleomagnetic research in the region.

Palaeomagnetism is a powerful chronological tool that has been
used for decades (Sternberg 1997; Singer 2014). Yet it is important
to emphasize that it involves a series of experimental procedures
that require several stages of interpretation. Also, it is based on the
reference geomagnetic chronology to date. Hence, when adopting
palaeomagnetism, an understanding of how it works is required.
Here we review the principles underlying palaeomagnetic methods,
so that readers may adopt a realistic and critical view, and can ade-
quately design palaeomagnetic dating applications in their research.
In Section 6.2 we briefly explain how different materials record
magnetic information. In Section 6.3 we outline the basic palaeo-
magnetic laboratory procedures. In Section 6.4 we review the up to
date geomagnetic chronologies. Finally, in Section 6.5 we review
the application of palaeomagnetic dating in selected geological and
archeological studies of the Levant.

6.2 PRINCIPLES OF NATURAL MAGNETIC
RECORDING

Ferromagnetic minerals (for simplicity, we group different types
of magnetic minerals – with ferro-, ferri-, anti-ferro, canted-, and
defect-magnetism – under the one term ferromagnetic) are the fun-
damental building blocks of magnetic recording. Ferromagnetic
minerals have an intrinsic spontaneous magnetization, whichmakes
them act as small-scale ‘compass needles’. The ferromagnetic min-
erals that are relevant to palaeomagnetism are those whose mag-
netization is locked in space at room temperature. The most abun-
dant groups of ferromagnetic minerals are iron oxides: magnetite
(Fe3O4), hematite (Fe2O3), and maghemite (γ -Fe2O3); iron sul-
fides: greigite (Fe3S4), pyrrhotite (Fe1-xSx), and iron oxyhydrox-
ides (e.g. goethite, α-FeOOH). These groups can appear in their
pure form or with substitutes. They are so abundant that they can
be found virtually everywhere: in rocks, sediments, soils, dust, and
various archeological materials.
The mechanisms by which ferromagnetic minerals record

and retain magnetic information (called hereafter remanent
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Figure 6.1 Schematic illustration of the three main mechanisms of magnetic remanence acquisition. Redrawn after Butler (1992) and Tauxe (2010).

magnetization) can be classified into: thermomagnetic (TRM –
magnetization acquired by cooling), depositional (DRM – phys-
ical settling of magnetic particles in sedimentary environments),
and chemical (CRM – chemical growth of magnetic minerals).
Figure 6.1 illustrates these mechanisms graphically. For further
reading, see Dunlop and Özdemir (2001), and Tauxe (2010). TRM
(Fig. 6.1a) is acquired in igneous rocks and fired archeological
materials when ferromagnetic minerals are cooled through a critical
temperature called the blocking temperature (TB). In TB, the sponta-
neous magnetization becomes locked in space, and a magnetization
is gained in a direction parallel to the ambient field. DRM (Fig. 6.1b)

can be acquired in marine, lake, and aeolian environments. DRM
occurs when ferromagnetic particles align in the direction of the
ambient field before settling. CRM (Fig. 6.1c) is acquired when new
ferromagnetic grains grow and possessmagnetization. In addition to
the mechanisms shown in Fig. 6.1, other processes contribute to the
netmagnetization of amaterial. The stability (or the ‘decay’ time) of
the magnetization, which depends on the age, mineralogy, and size
of the particles, may lead to an acquisition of a ‘viscous’ magnet-
ization (VRM). Various physical and chemical alterations may also
distort, erase, and even re-magnetize an existing magnetic signal
through time.
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To exemplify the concept and complexity of palaeomagnetic
recording, we consider as case studies three lithologies relevant to
Quaternary sequences: a lava flow, a lake varve, and a buried soil.
Ideally, the lava flow would have a TRM recorded on the day the
basalt cooled, the lake varve would have a pure DRM that became
locked in over a season, and the buried soil would have a CRM
acquired over a specific polarity chron (see below for definitions of
chrons). In these examples, the original primary magnetization is
tied directly to the age of the material, and is referred to hereafter
as the characteristic remanent magnetization (ChRM). In practice,
the ChRM is often overprinted by many magnetic signals postdat-
ing the age of the ChRM. For example, the basalt can acquire ‘vis-
cous’ magnetization (VRM), can be demagnetized by chemical and
physical weathering (CRM), and might even be struck by lightning
(totally erasing the original TRM); the lake varve can lose its DRM
by bioturbation, oxidation, dissolution, and alteration (Fig. 6.1b),
and can be masked by new ferromagnetic minerals growing in the
sedimentary column (i.e. CRM); the buried soil can have a ‘soft’ and
unstable magnetization that decays with time or becomes masked
by new CRM that continues to form as the soil ages.

6.3 BASIC PALAEOMAGNETIC PROCEDURES

Given the complexity of the natural magnetic acquisition (Section
6.2), there are some questions that should be properly addressed
before one uses palaeomagnetism: (1) ‘Which minerals carry the
magnetic signal?’, (2) ‘What are the processes by which the mag-
netic signal was acquired?’, and (3) ‘When was the magnetic signal
acquired?’ Also, obviously, we need a methodology for measuring
the ChRM and isolating it from all possible overprints. Assessing
these questions is the art of palaeomagnetic lab work.
There are different parameters and levels of palaeomagnetic

information that can be retrieved by palaeomagnetic analyses. In
some cases, the desired information might simply be the polarity
of the ancient field (‘Normal’ or ‘Reverse’; Section 6.4). In other
cases, the aimmight be to recover the precise direction and/or inten-
sity of the ancient field.
Almost all types of palaeomagnetic investigations require iso-

lation of the ChRM. This is done by progressively demagnetiz-
ing the net magnetization (natural remanent magnetization, NRM)
of the sample. Demagnetization can be done thermally, by heating

a b c

North–east plane Up–east plane

Figure 6.2 Examples of demagnetization experiments displayed on orthogonal plots, modified from a study of Erq el Ahmar Formation by Ron and Levi
(2001). a: AF demagnetization revealing stable Reverse polarity (up and south; see Fig. 6.3); b and c: thermal and AF experiments on sister specimens
showing similar Normal polarity (down and northeast).
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the sample in zero-field conditions, or magnetically, by exposing
the sample to a strong alternating magnetic field (AF). After each
demagnetization step, a portion of the NRM vector is lost, and the
x, y, z components of the remaining vector are measured with a
high-sensitivity magnetometer. Consecutive measurements of the
remaining NRMs are plotted on an orthogonal plot where the length
of the magnetization vector is normalized to the length of the ini-
tial NRM. An orthogonal plot that appears as a straight line con-
verging toward the origin (Fig. 6.2) means that the direction of the
vector remained the same after all the demagnetization steps. In this
case the ChRM is calculated through principal component analysis
(Kirschvink 1980). A more complicated orthogonal plot should be
interpreted with care. A robust demagnetization procedure would
include both AF and thermal techniques. An example is shown in
Fig. 6.2.
The palaeomagnetic vector is described by the declination (devi-

ation from the geographic north), and inclination (the angle between
the vector and the horizontal plane). The palaeomagnetic direc-
tion is usually calculated as a mean of several samples collected
from the same ‘site’, where a ‘site’ is a unit representing the same
point in time, e.g. a lava flow or a particular horizon in a sedi-
mentary sequence. The site palaeomagnetic mean is calculated via
Fisher statistics (Fisher 1953). Similarly, one can calculate the
palaeomagnetic mean of a locality by a Fisher mean of several sites.
Estimating the intensity of the ancient field (palaeointensity) is by

far more complicated than estimating the palaeomagnetic direction.
The experimental principles of palaeointensity are beyond the scope
of this chapter (see Valet 2003; Tauxe & Yamazaki 2007; Shaar
et al. 2010; Shaar & Tauxe 2013), but it is the basis of a relatively
new archeomagnetic chronological tool for the Holocene (Section
6.4.2).
As mentioned above, a robust palaeomagnetic analysis would not

be complete without assessment of the ‘which’, ‘what’, and ‘when’
questions on the ancient magnetization. Yet this is far from being
a trivial task. Above all, the fundamental data to consider are the
geological setting, the detailed lithology, and the history of the sys-
tem (formation and post-depositional). Then, there is a wide range
of magnetic experimental procedures and microscopic observations
that can assist in characterizing the magnetic mineralogy, grain size
distributions, magnetization stability, and the origin of the magnet-
ization (Dunlop & Özdemir 2001; Tauxe 2010; Liu et al. 2012).

There is no simple recipe for this so-called ‘rock-magnetic
analysis’, and its scope depends on the specific requirements of the
study. Also, interpreting rock-magnetic data is not always simple. It
is likely that some uncertainties about the rock-magnetic properties
of the material will still remain open after rigorous analysis. How-
ever, we stress that palaeomagnetic interpretations based on inad-
equate assessment of the source, the age, and the stability of the
magnetization should always be regarded with extreme caution.

6.4 GEOMAGNETIC CHRONOLOGY

6.4.1 GEOMAGNETIC POLARITY/INSTABILITY
TIME SCALES

Geomagnetic reversals are one of the most prominent chronological
markers in the Quaternary. During a reversal, the polarity of the field
rapidly switches between N/R states, where N (Normal) stands for
northerly oriented field and R (Reverse) stands for southerly ori-
ented field. The duration of a reversal is less than 104 years, per-
haps even less than 103 years (Valet & Fournier 2016). The rever-
sal chronology, known as the ‘Geomagnetic Polarity Time Scale’
(GPTS), started to be developed in the early 1960s (e.g. Cox et al.
1964), when Quaternary GPTS included only two polarity ‘chrons’
and one short-term event. The chrons were initially named after
pioneers in geomagnetism (Brunhes, Matuyama, and Gauss; Cox
et al. 1964; Fig. 6.3). With time, more reversals were discov-
ered, and the nomenclature of GPTS became too complicated to
maintain. The currently accepted terminology divides the Qua-
ternary into chrons and subchrons (Cande & Kent 1995; Gee &
Kent 2007). Some of the subchrons are still known by their ini-
tial names (Jaramillo, Cobb Mountain, Olduvai, Reunion/Feni),
and this nomenclature remains in widespread use. We note that
GPTS terminology in the published literature, especially for short-
term events in the Matuyama, such as Cobb Mountain, Gilsa, and
Reunion, is not always consistent (for further reading see Gee &
Kent 2007; Tauxe 2010; Singer 2014). As the age accuracy of the
GPTS is of great importance in Quaternary research, it is con-
tinuously updated using new high-quality data from sedimentary,
oceanic, and volcanic sources (Gee & Kent 2007; Gradstein et al.
2012; Singer 2014). Recently published Quaternary GPTSs differ

Figure 6.3 The Quaternary Geomagnetic Polarity Time Scale. The chrons and subchrons shown follow Singer (2014). Excursions validated by Laj and
Channell (2007) and Roberts (2008) are shown as arrows.
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Figure 6.4 Archeomagnetic ages of young materials using palaeointensity. The Levantine Archaeomagnetic Compilation (LAC) is an in-progress effort to
construct a new archeo- and geochronology for young fired archeological objects (R. Shaar & E. Ben-Yosef, unpublished). The grey stripe is palaeointensity
results from a sample whose age is unknown. A comparison with LAC suggests an Iron-Age date. Similar declination/inclination curves for the Holocene
may provide geochronology for young sediments.

slightly from each other and display some minor discrepancies,
reflecting that the precise chronology is a work in progress.
Geomagnetic excursions are additional important detectable

chronological markers. Excursions are brief (<104 years) and sub-
stantial deviations of field direction from northerly/southerly ori-
ented geomagnetic field (>45° declinational change; Laj & Chan-
nell 2007), accompanied by a significantly low field intensity
(Roberts 2008). As excursions are short events, they are hard to
detect, and therefore there is controversy in the literature regarding
some of the published Quaternary excursions. We show in Fig. 6.3
excursions validated by Laj and Channell (2007), and by Roberts
(2008).

6.4.2 HOLOCENE GEOMAGNETIC SECULAR
VARIATIONS

A relatively new addition to the palaeomagnetic geochronology
toolbox is regional curves of geomagnetic secular variations. Secu-
lar variations are short-term (<105 years) changes in the direction
and intensity of the field. If a regional secular variation curve is
established for a given time interval, then palaeomagnetic dating
can be applied by comparing direction and/or intensity of mate-
rial/sequences whose age is unknown with the reference secul-

ar variation curve. While this concept is not new, its application
requires robust and accurate reference curves for secular variations.
We have compiled such a curve for the Levantine intensity using
a range of well-dated archeological materials. This is a work in
progress, and its initial version is illustrated in Fig. 6.4.

6.5 APPLICATIONS OF PALAEOMAGNETIC
GEOCHRONOLOGY IN THE LEVANT

Palaeomagnetic chronology has been applied in a number of Lev-
antine sequences for which direct absolute age dating could not
be accomplished, or as a complementary method. Here, we briefly
review some successful applications of palaeomagnetic chronol-
ogy in geological and archaeological contexts. Notably, the most
densely sampled area is within Israel where the late Professor Hagai
Ron established a laboratory in 1980 (Fig. 6.5).

6.5.1 PALAEOMAGNETIC DATING OF
GEOLOGICAL UNITS

VOLCANIC SECTIONS

In a pioneering piece of research, Freund et al. (1965) conducted
one of the first worldwide palaeomagnetic chronostratigraphic
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Figure 6.5 Location map of the studies listed in Section 6.5.

applications, studying the Plio-Pleistocene volcanic field in North-
ern Israel. This volcanic field was later densely sampled for both
palaeomagnetic and radiometric analyses (Ron et al. 1984, 1992;
Heimann & Ron 1993; Heimann et al. 1996; Hurwitz et al. 1999).
Magnetostratigraphy was used by these authors to refine K–Ar ages
of successive lava flows (e.g. Nahal Orvim, Nahal Ashaf), infer
ages of fluvial units (e.g. Nahal Hazor), and correlate different sec-
tions in the Golan Heights and Korazim block (Heimann & Ron
1993). These two methods were combined by dating a few of the
flows in each sequence, including the uppermost and the lowermost
ones, and then using them as anchors for GPTS correlation of all
flows. The volcanic field outside theGolanHeights was less studied.
Vandonge et al. (1967) and Gregor et al. (1974) investigated vol-
canic units in Syria and Lebanon. Abou-Deeb et al. (1999) used
palaeomagnetic directions and polarities to obtain a chronological
differentiation between independent volcanic units in Syria.

LOESS AND ANCIENT SOILS

Aeolian deposits and buried soils carry excellent magnetic signal.
Yet their net magnetization is a complex combination of different
DRM, post-depositional DRM (pDRM), andCRMmechanisms act-
ing over a relatively long period (Evans & Heller 2001; Liu et al.
2007). Thus, magnetostratigraphy analysis of loess and buried soils

should take into account possible palaeomagnetic delay (lock-in
depth) of the order of 105 years. Despite this complexity, mag-
netostratigraphy was successfully applied on different types of
buried soils, loess, and Hamra soil in Israel: Evron Quarry (Ron
et al. 2003), Revadim Quarry (Gvirtzman et al. 1999; Marder et al.
1999), and the Ruhama badlands (Laukhin et al. 2001; Ron &
Gvirtzman 2001).

CALCRETES

Mashiah et al. (2009) recognized that calcretes (consolidated car-
bonate soil horizons) carry stable CRM. They used this phe-
nomenon to date successive sections of calcretes in the base of
Mt Carmel via magnetostratigraphy as a means to put temporal
constraints on the development of the Western Carmel escarp-
ment. Zilberman et al. (2011) and Zilberman (2013) used a sim-
ilar approach to investigate calcretes overlying faults in Western
Galilee and Modiin to constrain termination of the tectonic activ-
ity. Greenbaum and Zilberman (Chapter 47 of this volume), using
similar approaches, were able for the first time to decipher a Plio-
Pleistocene chronology of alluvial and coastal units in the north-
western Negev.Matmon et al. (2010) applied palaeomagnetic meth-
ods to investigate the temporal evolution of successive colluvial
units in the Zurim escarpment, Bet-Kerem Valley.
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LACUSTRINE DEPOSITS

Palaeomagnetism of the thick lacustrine sequence of the Dead Sea
Group has been extensively studied, including the Sedom, Erq el
Ahmar, ’Ubeidiya, Lisan, and Zeelim Formations (e.g. Matmon &
Zilberman, Chapter 3; Bar-Yosef & Belmaker, Chapter 20; Stein
et al., Chapter 8 of this volume). Key palaeomagnetic studies are
reviewed here as examples.
Weinberger et al. (1997) employed palaeomagetism for recon-

structing the tectonic evolution of the Sedom diapir. In their
analysis, they isolated a secondary normal-polarity magnetization
associated with Brunhes polarity. This CRM postdates the main tilt
and constrains the termination of diapir emplacement.
The magnetostratigraphy of the Erq el Ahmar (EEA) Formation

was investigated in three different works (Braun et al. 1991; Ron
& Levi 2001; Davis et al. 2011). There are only minor differences
between the palaeomagnetic profiles, and they all agree well with
the initial profile of Braun et al. (1991). Yet the palaeomagnetic
age interpretations given in the above publications are different.
This exemplifies the dependency of magnetostratigraphy on abso-
lute dates at tie points. Using an estimated biostratigraphic age of
1.5–2 Ma, Braun et al. (1991) correlated the EEA Normal polarity
to either Olduvai or Reunion subchrons. Later, Ron and Levi (2001)
obtained amore detailed inclination profile, concluding that the sub-
chron is more likely Olduvai. Recently, Davis et al. (2011) obtained
11 cosmogenic burial ages of 3.5–5.3 Ma, pushing the mag-
netostratigraphy sequence to the Gauss or Gilbert chrons. Mag-
netostratigraphy analysis of the younger ’Ubeidiya Formation,
located a few kilometres north of Erq el Ahmar, yielded four
reversal events. Given faunal constraints of about 1.4 Ma, Sagi
(2005) provided several possible age interpretations, all within the
Matuyama chron.
Sections of the late Pleistocene Lisan Formation near Nahal

Prazim, Masada, and southern Sea of Galilee (Lake Kinneret)
(Ohalo; Nadel, Chapter 33 of this volume) were studied for palaeo-
magnetism for recovering short-term secular variations of the geo-
magnetic field (Marco et al. 1998, 1999; Marco 2002). Using AF
and thermal demagnetization procedures, they isolated the palaeo-
magnetic direction, and obtained detailed secular variation profiles
revealing two excursions in the Peratzim section (Marco et al. 1998)
and one excursion in Ohalo (Marco 2002). Similar investigations
targeted the Holocene in Lake Kinneret (Thompson et al. 1985) and
in the Dead Sea exposure and core data (Segal 2003; Frank et al.
2007a, 2007b).
Despite the success of the studies above, questions regarding

the stability and origin of the magnetization in the Dead Sea sed-
iments were not raised until recently (Ron et al. 2006, 2007;
Frank et al. 2007a, 2007b; Nowaczyk 2011). Using thorough rock-
magnetic and microscopic investigation of the Lisan and Zeelim
Formations, they deciphered complex histories of magnetic acqui-
sition. Ron et al. (2006) suggested a three-stage model for the
complicated magnetization: (1) DRM acquisition of fine magnetite
particles, (2) CRM acquisition of greigite accompanying the dissol-
ution of the primary magnetite, and (3) oxidation of the greigite fol-
lowing outcrop exposure. This model suggests that palaeomagnetic

data from Dead Sea rift lacustrine deposits should be cautiously
examined.
Only few sedimentary Quaternary sequences outside the Dead

Sea basin were studied using palaeomagnetic methods. Frank et al.
(2002) investigated Holocene palaeomagnetic secular variations
in Birkat Ram, the Golan Heights. Develle et al. (2011) used
inclination anomalies derived from the Yammouneh basin core,
Lebanon, to establish a palaeomagnetic chronology based on excur-
sion markers.

6.5.2 ARCHAEOMAGNETISM

Over the past several decades, Levantine archeological research
has involved palaeomagnetic research, predominantly for constrain-
ing ages of archeological finds. The GPTS records obtained from
sedimentary and volcanic sequences associated with archeological
material have been used to estimate ages of several important pre-
historic sites, some of which are key for understanding early human
evolution and migration routes. The age of ’Ubeidiya (Bar-Yosef &
Belmaker, Chapter 20 of this volume), the earliest site in the Lev-
ant and one of the earliest outside Africa, was further constrained
by palaeomagnetic study of the ’Ubeidiya sequence to specific time
intervals (1.55–1.2 Ma or 1.2–1 Ma; Sagi 2005). It has been sug-
gested that a nearby site, Erq el Ahmar, is even earlier (>2 Ma;
see above and Davis et al. 2011; Matmon & Zilberman, this vol-
ume). However, the magnetostratigraphy has no palaeoanthropo-
logical material and the association of the Erq el Ahmar Forma-
tion with such material is debated. Another key prehistoric site is
Gesher Benot Ya’aqov (GBY) (Goren-Inbar, Chapter 21 of this vol-
ume). The site, an accumulation of artefacts and ecofacts along
a thick sedimentary sequence, was deposited through the Brun-
hes/Matuyama transition (�780 ka; Goren-Inbar et al. 1992, 2000).
Similar to ’Ubeidiya, GBY is also in the Rift Valley of northern
Israel, along which hominin expansion northward probably took
place. The palaeomagnetic stratigraphy contributes to our under-
standing of this process, and possibly also to the question of the
timing of the first deliberate use of fire (see Goren-Inbar et al. 2004).
Other Lower Palaeolithic excavations at whichmagnetostratigraphy
has successfully been applied are Evron Quarry (Middle Acheu-
lian, Ron et al. 2003), Bizat Ruhama (Laukhin et al. 2001; Ron
& Gvirtzman 2001), Late Acheulian Revadim Quarry (Gvirtzman
et al. 1999; Marder et al. 1999) and Kefar Menachem (lower Palae-
olithic, Malinsky-Buller et al. 2016). However, considering the
importance of the Levant in early prehistory and the substantial
number of key sites subjected to systematic excavations, the number
of reported sites applying palaeomagnetism is surprisingly low.
While the GPTS is the basis for constraining the age of prehis-

toric sites, secular variations records are used for dating younger
sites (usually not earlier than the Pottery Neolithic, the time when
ceramic technology was introduced). However, the application of
the latter is still limited as the resolution of the published records
is currently low (Fig. 6.4). Improvement of resolution and accur-
acy of the reference curves for the Holocene is an ongoing effort
(Figs. 6.4, 6.5). Such efforts are taking advantage of the rich archeo-
logical landscape of the Levant, based on well-dated heat-impacted
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archeological materials, e.g. Ben-Yosef et al. (2008b), Gallet et al.
(2006), Shaar et al. (2011). Recently, the availability of the Lev-
antine Archaeomagnetic Compilation (LAC) data consisting pri-
marily of intensity values was instrumental in constraining the age
of important archeometallurgical sites, some of which are consid-
ered the earliest in the Levant if not anywhere. While some of
these results corroborate the early age of smelting in the southern
Levant (Ben-Yosef et al. 2008a), others (Ben-Yosef et al. 2010)
contradict proposals of Neolithic copper smelting in the region.
As the resolution of the LAC improves, its application in young
archaeological contexts will become more effective, with potential
to become a potent dating tool in the research of this archaeologic-
ally rich region.
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7 Pliocene or Pleistocene, That Is the Question – New Constraints
from the Eastern Mediterranean

u. schattner, g. lang, and m. lazar

7.1 BACKGROUND

During the Plio-Pleistocene, the Levant region, as part of the east-
ern Mediterranean, experienced major tectonic, sedimentary, and
climatic variations (e.g. Avni, Chapter 2 of this volume; Matmon
& Zilberman, Chapter 3 of this volume). Its northern and east-
ern margins were uplifted, downthrown, tilted, folded and faulted
owing to continuing convergence between the African–Arabian and
Eurasian–Anatolian plates (Fig. 7.1). In the north, subduction of the
basin floor under the Cyprus Arc persisted until the early Pleis-
tocene (Kempler 1998; Robertson 1998). Arrival of the Eratos-
thenes seamount (ESM in Fig. 7.1A) to the brink of subduction
during the late Pliocene to early Pleistocene impelled a major tec-
tonic transition across the entire easternMediterranean (Schattner&
Lazar 2009; Schattner 2010). Subduction across the central Cyprus
Arc segment shifted to collision (Kempler 1998; Salamon et al.
2003; Schattner 2010). Meanwhile, vertical uplift of Cyprus accel-
erated during the early Pleistocene, leading to its emergence from
the sea as an island (Kempler 1998; Harrison et al. 2004). The east-
ern segment of the arc has progressively translated into sinistral
wrenching (Ben-Avraham et al. 1995) since the latest Miocene.
This tectonic transition is recorded along the northern segment

of the Levant continental margin, between the Carmel structure and
the eastern Cyprus Arc (Figs. 7.1 and 7.2). An increasing compo-
nent of convergence along the nearby Dead Sea fault (Weinberger
et al. 2009) impelled uplift and folding along the Lebanese restrain-
ing bend and Syrian coastal ranges. The lithosphere of the northern
Levant basin bounded the convergence (Phoenician basin; Schatt-
ner & Lazar 2014). Faults developed along the continental margin
of northern Israel (Garfunkel & Almagor 1984), Lebanon (Daëron
et al. 2001, 2004; Carton et al. 2007, 2009; Elias et al. 2007),
and Syria (Schattner et al. 2006). As a result, the passive north-
ern Levant margin evolved into a zone of incipient nucleation of
subduction (Schattner & Ben-Avraham 2007; Schattner & Lazar
2014). The continental margin south of the Carmel structure (CS
in Fig. 7.1B) and along North Africa remained passive throughout
the Plio-Pleistocene (Ben-Avraham et al. 2006; Schattner 2011).

Topographic uplift of the Levant inlands shifted the water
divide closer to the Levant basin and shortened river catchments
(e.g. Greenbaum & Zilberman, Chapter 47 of this volume). East
of the uplift, the Dead Sea rift valley subsided and captured
drainage systems (Wdowinski & Zilberman 1996, 1997; Ginat
1997; Kafri 1997; Avni 1998; Matmon et al. 1999, 2003; Avni et al.
2000; Ginat et al. 2002; Greenbaum & Zilberman, this volume;
Matmon & Zilberman, this volume). As a result, sediment supply
to the Levant basin from the east decreased, and during the Plio-
Pleistocene, North Africa became the major sediment supplier (see
below). Marine circulation transported sediments towards the Le-
vant basin and margin where they accumulated. Ben-Gai et al.
(2005) showed that dominant aggradation prevailed during the
Pliocene, owing to an anomalously high subsidence rate of the con-
tinental margin. The rates decreased in the Pleistocene, causing sed-
iment accumulation to prograde basinward on the margin, while
supply to the deeper basin severely decreased (Ben-Gai et al. 2005).
Over 15 slump bodies developed across the Levant margin through-
out the Plio-Pleistocene (Frey-Martinez et al. 2005). Recurrence of
the slumping may suggest increased seismicity.

7.1.1 DEVELOPMENT OF THE NILE: THE SOURCE
OF SEDIMENTS

The Nile River has been the dominant source of sediments to the
Levant basin and margins since its rejuvenation in the beginning of
the Pliocene (e.g. Tibor et al. 1992; Macgregor 2012). In northern
Sudan, the Nile crosses the east–west uplifted Nubian Swell into
the Aswan corridor and continues across Egypt towards the Levant
sink. This general course developed since the Oligocene (Macgre-
gor 2012). At the end of the Miocene, during the Messinian Salinity
Crisis (Hsü et al. 1973), flux of Nile sediments to theMediterranean
dropped to a minimum of a few tens of metres per Ma (Macgregor
2011). Sediment flux recovered and peaked (>500 m/Ma) during
the mid-Pliocene (Fig. 7.2). Shortly afterwards, rates dropped to
�100 m/Ma (Macgregor 2011). Coevally, the river flow devel-
oped through six phases described below (Fig 7.2; Rzóska 1978;
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Figure 7.1 A: The Nile system, from its African sources to the Levant sink. B: Data location across the Levant basin and its margin. Black circles mark
borehole location: N = Nir-1, R = Romi-1 and Q = Qishon Yam-1. Two types of seismic reflection data are shown: a 2D time-migrated multi-channel
seismic survey (data profiles shown as black lines); and three 3D depth-migrated volumes, together with one pre-stack time-migrated volume (volumes
are shown as grey polygons). Pre-stack depth-migrated volumes are P = Pelagic, S = Sara-Myra, and G = Gabriella; time-migrated volume I = Isramco.
Locations of following figures are marked and numbered. AC = Aswan Corridor, CS = Carmel Structure, CYA = Cyprus Arc, DSF = Dead Sea Fault,
EAR= East African Rift, EH= Ethiopian Highlands, ESM= Eratosthenes Seamount, GS=Gulf of Sirte, NLM=Northern Levant Margin, NS=Nubian
Swell, SLM = Southern Levant Margin, SP = Sinai Plate.

Figure 7.2 Sedimentary, climatic, and tectonic events across the eastern Mediterranean since the Pliocene. Aridification of Africa progressively accen-
tuated through A, B, and C transitions of 2.8±0.2 Ma, 1.7±0.1 Ma and 1.0±0.2 Ma (respectively). Details are integrated from deMenocal (1995, 2004);
Haug and Tiedemann (1998); Trauth et al. (2005); Zhang et al. (2009); Macgregor (2010); Schattner (2010); and Wichura et al. (2011). SU = Sub-Unit,
DWC = Deep-Water Channel, UC = Unconformity, SSL = Strike-Slip Fault, L = Late, NF = Normal Fault, ESM = Eratosthenes Seamount, CYA =
Cyprus Arc.
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Dumont 1986). Mediterranean desiccation during the Messinian
impelled morphological incision of the Eonile canyon phase (Zaki
2007). Its thalweg descends from �170 m below modern sea level
near Aswan to �570 m around Cairo (Bowen & Jux 1987; Zaki
2007). Renewed seawater supply during the early Pliocene flooded
the Messinian landscape (Monegatti & Raffi 2001). It drowned the
Eonile canyon and reached Aswan, forming a >900 km long estu-
ary (Issawi & McCauley 1992). The canyon transformed into its
Gulf phase (Goudie 2005; Fig. 7.2). Consequently, sediments rich
with open and shallow marine fauna progressively filled the estuary
(Rafat 2007).
Evidence from studies on land show that sea regression from this

Nile gulf gradually allowed the Palaeonile phase to develop dur-
ing the late Pliocene (Bowen & Jux 1987; Said 1993) as an intra-
continental drainage system. From�1.7Ma the Palaeonile in Egypt
became a seasonal river, dried out, and eventually ceased flowing.
Around 1.5 Ma the third phase began – the Protonile started flow-
ing, remaining confined to Egypt, detached from its Blue andWhite
Nile catchments (Said 1981; Rafat 2007) and occasionally from
the Mediterranean sink (Goudie 2005). By the end of the Protonile
phase, sediments filled the Nile canyon and its delta prograded into
the Mediterranean, beyond the North African continental margin
(Said 1981; Rafat 2007). The first integration of the entire Nile sys-
tem occurred in the mid-Pleistocene (�700 ka ago), during the Pre-
nile phase. Introduction of hyperarid conditions across the Sahara
Desert ended the perennial nature of the Prenile �200 ka ago. Dur-
ing the most recent phase, theNeonile formed�120 ka ago (Goudie
2005; Dumont 2009). Amit et al. (2011) proposed that the Nile delta
as we see it today is practically a feature of the last �200 ka.
In contrast to the detailed tectonic and sedimentary knowledge

of Plio-Pleistocene history on land, most studies of the Levant
basin refer to its post-Messinian sediments as an undivided section.
Excluding a limited few studies (Ben-Gai et al. 2005; Cartwright &
Jackson 2008), this section is widely regarded as the Nile-derived
Plio-Pleistocene section. The transition between the Pliocene and
Pleistocene is poorly constrained, despite many exploration wells
that have been drilled during the past decade. The study presented
here aims at providing a better division between the Pliocene and
Pleistocene sedimentary sequences across the Levant basin and its
southern and primarily its eastern margins. Based on this new divi-
sion, we revise the timing of central stratigraphic and structural
elements in the basin.

7.2 DATA

Two types of seismic reflection data were analysed (Fig. 7.1). (1)
A 2D time-migrated multi-channel seismic survey (66 profiles)
acquired during 2001 by TGS-Nopec with the following param-
eters: 5,000 in3 airgun array placed 5±1m below the sea surface, 25
m shot interval, a 7.2 km long digital Hydroscience streamer with
567 channels and a group interval of 12.5 m. Record length reached
9 seconds two-way time (TWT), with a sample interval of 2 ms
and a fold of 144. Standard industrial processing was conducted
by TGS-Nopec. (2) Three 3D pre-stack depth-migrated (PSDM)

volumes: Sara-Myra extends across an area of 27 × 75 km in the
Levant basin between water depths of 1,200 m and 1,600 m. The
survey was acquired using 10 streamers, each 6 km long, with a
12.5 m group interval. The volume extends down to the base of
the Messinian. Gabriela PSDM volume was acquired using simi-
lar parameters across 23 × 52 km. It extends along the continental
shelf and slope and includes two azimuths of collection, NNE and
NW. Data were acquired using 10 streamers, each 8 km long, and
a 12.5 m group interval. Pelagic PSDM volume was acquired using
similar parameters (line spacing of 25× 25 m) over the deep basin.
In all seismic volumes, the separation between streamers was 100m
and spatial resolution was 25 × 12.5 × 5 m (x–y–z). In addition,
the Isramco pre-stack time-migrated seismic reflection volume was
analysed along the continental margin. This 52 × 13 km dataset
reaches down to 6,000 ms TWT. Inlines and crosslines are spaced at
12.5 m and 25 m respectively, with a sampling interval of 4 ms. All
data were interpreted using Petrel and Kingdom Suite, in a WGS-
84 datum, UTM projection. Seismic attributes were calculated on
the fly, during the interpretation, to highlight structural and strati-
graphic aspects of the data. Seismic data were correlated to well
data, and in particular Nir-1, Romi-1, and Qishon Yam-1. Interpret-
ations were examined and compared with previous structural and
isopach maps of Hall (2005), Macgregor (2011), and Hawie (2014).
Finally, the seismic appearance of the Plio-Pleistocene section from
previous studies (Roberts & Peace 2007; Hawie 2014; Klimke &
Ehrhardt 2014; Millard et al. 2015) was re-examined.

7.3 DIVISION BETWEEN PLIOCENE AND
PLEISTOCENE

Seismic data reveal two distinct sedimentary units dividing the post-
Messinian section (Fig. 7.3). The lower unit-1 forms a conformable
aggradation section above the top Messinian surface. It extends
across the basin and its margins. Within the basin, unit-1 is com-
posed of three sub-units (SU). The lower SU1a exhibits weak ampli-
tudes; stronger values appear in SU1b and grow weaker again in
the uppermost SU1c (Fig. 7.3). The 3D seismic volume located
in the deep basin (Pelagic) shows that SU1a and SU1b comprise
a succession of conformable reflectors. In places, their continuity
is interrupted by chaotic patches representing mass movements.
The variance seismic attribute highlights edges of structures and
discontinuities. A horizontal slice of variance, crossing SU1b at a
constant 1,848 m depth below present-day sea level, shows a set of
faults and folds on a relatively smooth horizon (Fig. 7.4A). Faults
and fold belts trend 010°±5° and 330°±5° respectively. Individual
folds within the belts trend 310°±10°. Data show that most faults
from SU1b still appear in SU1c and maintain their orientation.
The top of SU1b folds are visible in SU1c. Vertical seismic pro-

files from the 2D and 3D data show that these folds deform the
entire unit-1 (Fig. 7.3B). In places, the uppermost SU1c displays
localized growth basins that developed upon fold flanks. Numer-
ous deep-water submarine channels disrupt the continuity of SU1c
reflectors. Their width ranges between a few tens of metres and sev-
eral hundred metres. Vertical succession of their swing and sweep
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Figure 7.3 Selected multi-channel seismic reflection profiles showing the division between unit-1 (Pliocene) and unit-2 (SU2a= Early Pleistocene, or EP;
SU2b = Mid–Late Pleistocene, or M–LP). In the deep basin, unit-1 is folded with a consistent wavelength.

A

B
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5000 m 

Figure 7.4 Constant depth (Z) vari-
ance slices across Pelagic dataset
(location in Fig. 7.1). A: Slice across
the uppermost part of SU1c and unit-
2, at 1540 m below present-day sea
level showing deep water channels
(DWC) related to unit-2 flowing NNE
based on succession of their swings
(2) and fields of spillover sediment
waves (SW). These DWC cut across
the folds of unit-1 (1), hence are
younger than the folding. Remnants
of SU1c DWCs (3) appear on fold
flanks, but do not cut across them, and
hence they are older than the fold-
ing. In addition, slumped sediments
as well as terminal floodplain (FP)
fill lower areas in-between folds; the
latter are lobes of turbidites arriv-
ing from the North African margin.
B: A deeper horizontal depth slice
covering SU1b in the same area as
A, at 1848 m below present-day sea
level. A series of weak DWC appear,
crossing the slice from bottom to top.
These channels formed on a regular
bathymetry relief. Folding and fault-
ing followed. Pull-apart basins (PAB)
and en-echelon fault (EEF) arrange-
ment indicate a general N–S sinistral
displacement.
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indicates an azimuth of flow propagation of �040°. This trend per-
sisted throughout the deposition interval of SU1c.
A regional unconformity (UC0, Fig. 7.3) tops SU1c in the basin.

It is covered by a thin (<100 m) succession of unit-2 that accumu-
lated between the folds of unit-1. A constant Z variance slice at 1540
m below present-day sea level crosses the uppermost part of SU1c
and unit-2 (Fig. 7.4A). The slice shows that unit-2 is dominated by
deep-water channels. Some channels appear as meandering com-
plexes with typical oxbows, levees, and overflow sediment wave
fields. Others appear as distal flood lobes, where numerous narrow
channels reach their final deposition area. These characteristics are
similar to the channels of SU1c and so is their orientation of flow
�040°. However, unlike those of SU1c, the levees of unit-2 respond
to fold location. Occasionally, sediment flow and deposition are
confined between folds, while in other places, channels man-
oeuvre across gaps between folds (e.g. Clark & Cartwright 2011).
This behaviour is the dominant accumulation pattern of unit-2 in the

deep basin and continental rise (as seen in Pelagic and Sara-Myra
seismic volumes respectively, Fig. 7.1B).
Towards the base of the continental slope, the division between

units 1 and 2 remains, yet faulting and slumping (e.g. Frey-Martinez
et al. 2005) disrupt their continuity. Below the continental rise, thin-
ning and welding of the Messinian evaporites are overlain by local-
ized thinning of SU1a and thickening of the overlying SU1b and
SU1c. SU1c is truncated by the regional unconformity UC0, which
extends onto the basin’s margin. UC0 coincides with the upper sur-
face of several submarine slides mapped here, the largest covering
�2,300 km2. Since a slide top marks the seafloor during the end of
that slide motion, they serve as a relative time marker. Correlation
of UC0 to borehole data (Nir-1 and Romi-1; Buchbinder et al. 2000;
Almogi-Labin et al. 2001) places the top of unit-1 at the Pliocene–
Pleistocene boundary (Figs. 7.3 and 7.5). Unit-1 correlates to the
pre �3 Ma aggradation succession reported by Ben-Gai et al.
(2005).

Figure 7.5 East–west cross-section across Gabriela (location in Fig. 7.1) 3D PSDM seismic volume. Formation tops from the Romi-1 borehole are pro-
jected. Unit-1: SU1a is concordant with the relief of Messinian erosional surface (MES) unconformity. It follows the uplifted Delta structure. SU1b and
SU1c have onlap relationships with SU1a and fill pre-existing topography. Late Pliocene to early Pleistocene reflectors are terminated to the west of the
Delta structure by a noticable slump; smaller slumps exist along the later Pleistocene continental slope and rise. Early Pleistocene (Gelassian) SU2a bottom
sets demonstrate mild basinward progradation. From the middle to late Pleistocene, the lower SU2b forms thin clinoforms in oblique tangential degradation.
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Figure 7.6 Curvature (A) and structural (B) maps of top Gelassian surface (see also Fig. 7.5). Ruggedness of the surface is caused by both normal faults
(NF) and a rotational slide complex (RSC) associated with reverse faults (RF). Both represent sliding deformation below the top Gellasian surface. Two
major slump complexes (SC) are identified in the west, directly above the top Gelassian surface.White arrows mark the extent of scarred basal shear surfaces
(BSS) below individual slumps. Only one possible drainage channel appears in the eastern part of the surface.

Figure 7.7 Isopach maps of (A) Pliocene unit-1 and (B) Pleistocene unit-2. Thickness values increase from dark to light shades of grey. Arrows indicate
sediment supply, and their size is relative to magnitude of supply.
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Above UC0, unit-2 thickens from <100 m in the deep basin to
almost 1,500 m across the Levant continental margin. A prominent
unconformity further divides unit-2 (UC1 of Schattner et al. 2012).
Progradation and aggradation sequences of the lower SU2a form
a sigmoidal depositional pattern (Figs. 7.3 and 7.5). In the upper
SU2b, the pattern shifts to oblique tangential. It consists of thinner
clinoforms that prograde–degrade towards the basin. Correlation
with theQishonYam-1 borehole placesUC1 in themid-Pleistocene.
Evidence for numerous slope failures appear in unit-2 along the
Levant margin south of the Carmel structure (Frey-Martinez et al.
2005). However, data show no evidence for slope channel incision
across unit-2 (Fig. 7.6).
Isopach maps of units 1 and 2 were calculated between three sur-

faces: the top Messinian erosional surface, UC0, and the current
seafloor (Fig. 7.7). The isopach map of unit-1 shows higher thick-
ness in the southern and southwestern parts of the Levant Basin.
This unit thins from �1,200 ms to <100 ms towards NNE. Few
pockets of unit-1 appear across the southern Levant margin, filling
lower relief of theMessinian erosional surface (Fig. 7.5). The thick-
ness diminishes almost completely from the central Levant north-
wards, where the Messinian erosional surface appears at shallower
depths. The isopach of unit-2 shows an opposite trend – lowest val-
ues across most of the basin and highest along the margin.

7.4 DISCUSSION

Results of the present study divide the post-Messinian succession
across the Levant basin and margin into two distinct units. Cor-
relation of seismic interpretation to three boreholes in the south-
ern, central, and northern Levant margin offshore Israel indicates
that the unconformity between units 1 and 2 (UC0) is most prob-
ably the Pliocene–Pleistocene transition. Our interpretation of this
transition coincides with the Pliocene–Pleistocene transition across
the Levant continental rise (Cartwright & Jackson 2008). Confirm-
ation for the Pleistocene age of unit-2 comes from correlation with
short cores presented by Ducassou et al. (2009) in the deeper
Levant basin and farther west. Their 10–30 m long cores reached
clastic muds and pelagic/hemipelagic sediments dated to �200 ka.
Yet, neither Pliocene sediments nor the transition to the Pleistocene
were reported from deep-basin boreholes.
Based on the new division between units 1 and 2 (henceforth

Pliocene and Pleistocene, respectively), we re-examined studies
of seismic reflection data from the Levant basin. All focused on
Messinian and older strata, leaving the younger section undivided.
A north–south profile from the southern Levant (Roberts & Peace
2007), probably from offshore northeastern Egypt (Fig. 8 in their
work) presents thinning southwards of SU1a and irregular and dis-
continuous reflections. SU1b and SU1c continue southwards. In
places, they are folded as a single unit. Irregular reflections of unit-
2 cover unit-1. The 2D data presented by the authors do not allow
identification of channels, yet based on the 3D data presented above,
such channels are responsible for these irregular reflections. A simi-
lar division between units 1 and 2 appears in the northern and west-
ern Levant (Figs. 9, 10 and 15 of Roberts & Peace 2007). Seismic

reflection data from the central Levant is presented by Dümmong
& Hübscher (2011) and Plummer et al. (2013).
Similarity of the seismic facies extends farther north of the area

mapped here. Plummer et al. (2013) present a composite seis-
mic reflection profile from the central Levant and northwards off-
shore Lebanon and Syria. Their data show that unit-2 anomalously
thickens offshore northern Israel (also shown in our isopach map,
Fig. 7.7). Offshore Lebanon and Syria, unit-2 thins to a few tens
of metres or less. A similar profile appears in Hawie (2014), but
in higher resolution. SU1a seems to have irregular, high-amplitude
reflectors organized in a hummocky pattern. This pattern is similar
to the southern Levant, as seen in Roberts and Peace (2007) and
Gardosh et al. (2009), for example. In the profile presented by
Hawie (2014), SU1b and SU1c show strong and dim reflections,
respectively. They are deformed as a single unit with the same
wavelength above the Messinian evaporitic unit. Folds nearly reach
seafloor, yet they are covered by unit-2 (Fig. 5.19 in Hawie 2014).
Similar seismic appearance and folding is shown by Skiple et al.
(2012). However, resolution of their presented data makes interpret-
ation less clear. Reinterpreting published seismic reflection profiles
(Fig. 7 in Nader 2011; Fig. 11.8 in Millard et al. 2015; and Figs. 10,
14 and 18 in Bowman 2011) from the northernmost Levant basin,
offshore Syria, shows that unit-2 is absent, while unit-1 maintains
its continuous and conformable reflective succession. Again, SU1a
is irregular and patchy, and SU1b and SU1c are folded as a sin-
gle unit. It is important to mention that unit-1 does not show other
deformations, despite the proximity to the Latakia ridge, the eastern
segment of the Cyprus Arc.
Comparison of isopach maps supports the interpretation pre-

sented above. Compilation of Plio-Pleistocene thickness across the
eastern Mediterranean shows that it is thickest across the Nile cone
(Hall 2005; Macgregor 2011). Thickness decreases radially away
from the cone. Comparison of this map to the interpretation pre-
sented above (units 1 and 2 combined) shows similar thickness
and trend of the contours, yet our interpretation is based on data
that are more modern. Similar agreement appears with the Plio-
Pleistocene isopach calculated for the northern Levant basin (Hawie
2014). Plio-Pleistocene thickness within the deep basin reaches sev-
eral hundred metres.
Based on the division presented and reinterpretation of published

seismic data presented above, we suggest that most of the post-
Messinian sedimentary thickness in the northern Levant basin con-
sists of the Pliocene unit-1. Pleistocene unit-2 preserves its low
thickness (<100 m). We also suggest that farther south, off the
Nile cone, Plio-Pleistocene thickness consists mainly of Pleistocene
unit-2 sediments, while Pliocene unit-1 thins landwards similar to
the Levant margin. However, additional data should be interpreted.
Folding of the combined Plio-Pleistocene section has been pre-

sented and examined in many studies (e.g. Gradmann et al. 2005;
Gvirtzman et al. 2015). It is widely agreed that these folds were
formed through compression resulting from motion of the under-
lying mobile Messinian evaporites. Some have argued that the
motion progresses from the Levant margin westwards, creating
extensional faults along the margin (e.g. Gradmann et al. 2005;
Cartwright& Jackson 2008). Others suggested that Plio-Pleistocene
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folding and associated extension along the Levant margin stem from
NNE motion of the Messinian unit, as part of a general outwards
radial expansion away from the Nile cone (Loncke et al. 2006; Net-
zband et al. 2006; Cartwright et al. 2012; Gvirtzman et al. 2015).
These explanations are reasonable; however, they do not explain the
formation of normal faulting along the Levant margin. Cartwright
and Jackson (2008) attributed these faults to extension that began in
the mid-Pliocene and continues until today. They suggest that uplift
of the nearby continental shoulder (e.g. Matmon & Zilberman, this
volume) of the Dead Sea fault, combined with subsidence of the
Levant continental margin triggered both extensional faulting and
basinward (generally to the northwest) flow of the Messinian sedi-
ments. While our reinterpretation of the data supports their timing,
these triggers are not enough to explain the post-Messinian NW
trending folds across the entire Levant basin.
Salt tectonics may have lasted since the Pliocene. However, our

results distinguish between two stages of motion. The first occurred
around the Pliocene–Pleistocene transition, shortly after the forma-
tion of UC0. During this brief stage of Nile-fuge radial motion,
folds were formed in a concentric arrangement and not radial as
previously suggested (Fig. 9 in Gvirtzman et al. 2015). Coverage of
the fold system extends beyond its appearance on the seafloor. Our
reinterpretation of seismic data from published studies (Roberts &
Peace 2007 and Hawie 2014) suggests that associated folds also
developed off northern Sinai and south of the Cyprus Arc. How-
ever, they are covered by the sediments of unit-2 and therefore do
not appear on the present-day seafloor.
Extensional faults along the Levant margin (Cartwright et al.

2012; Fig. 9 in Gvirtzman et al. 2015) began to develop during the
early Pleistocene and continued into the present day. We propose
that these displacements are not directly associated with fold for-
mation in the basin. Instead, they typify an edge effect of creep raft
tectonics rather than episodic events. While it may seem that the
direction of creep and extension is westwards, the fold orientation
away from the Levant continental margin (Gradmann et al. 2005;
Cartwright & Jackson 2008), and lack of later folding, may indicate
that the main motion heads NNE (similar to the suggestion of Netz-
band et al. 2006). Extension along the margin therefore combines:
(a) westward tilting of the Levant margin, and (b) a component of
the larger NNE creep of the Plio-Pleistocene succession.
Cartwright and Jackson (2008) suggest a conceptual model for

salt tectonics and resulting extension/compression structures that
extend from the Levant margin basinward. They conclude that the
actual motion in the Levant area results from a combination between
differential strength of the mobile salt unit relative to its overburden
and the amount of gravity flow due to tilting. Our stratigraphic divi-
sion, combined with the structural interpretation byGvirtzman et al.
(2015), may better focus the four end-membermodels of Cartwright
and Jackson (2008): the widespread and conformable build-up of
unit-1 did not cause salt tectonics until the end of the Pliocene.
Then, a transition of northward subduction to collision across the
Cyprus Arc impelled brief structural modifications recorded across
the entire eastern Mediterranean (Schattner & Lazar 2009; Schat-
tner 2010). This transition probably tilted the Levant basin, trig-
gering motion of the Messinian mobile unit and the formation of

concentric folds from the Nile cone northwards. The tectonic tran-
sition faded into the Pleistocene, when the second and long-lasting
stage of salt tectonics occurred (raft tectonics). Given the thickness
distribution of unit-2, it is likely that sediment load and tilting of the
Levant margin dictate the second stage of salt tectonics (Fig. 7.2).
To understand the processes that may have triggered the stages of

salt tectonics and explain their differences, we examined sediment
supply into the basin, its distribution and the tectonic events that
occurred during this time. The Levant post-Messinian sedimentary
succession is widely thought to be dominated by Nile-derived sedi-
ments. Macgregor (2010) shows that the sediment flux of the Nile
increased steeply from �20 m/Ma to a peak of >500 m/Ma dur-
ing the Zanclean, mid-Pliocene (Fig. 7.2). Sediment sources dur-
ing that time are less clear. This point is important since unit-1
accumulated during the abovementioned Gulf phase of the Nile.
The isopach of unit-1 shows that a larger sediment volume accu-
mulated in the southern Levant at the northeast margin of the Nile
cone (Fig. 7.7). Conformable aggradation across the basin and mar-
gin (unit-1) also suggests a large sediment supply that was evenly
distributed. Studies claim that since the Pliocene, counterclockwise
circum-Mediterranean currents have scattered the sediment supply
from the Nile delta eastwards (e.g. Gallego-Torres et al. 2011). This
deep-water circulation accelerated into the Quaternary, while sedi-
mentation rates at the Nile delta dropped to below 100 m/Ma (Mac-
gregor 2010). Our data, however, do not show sedimentary indica-
tions, such as current-induced sediment waves or contourites, for
the acceleration of currents on the basin floor. Instead, they show
that since the late Pliocene (SU1c), deep-water submarine channels
appear on the basin floor, and they are prominent during the Pleis-
tocene (unit-2, Fig. 7.4A). These turbidite channels fed the starved
basin.
Sedimentary patterns shown here may correlate with Sahara and

Nile history onshore Africa (Fig. 7.2). Unit-1 was formed in the
Levant while the Gulf phase prevailed along the Aswan Corridor of
the Nile. Marine sediments along the corridor (Rafat 2007) indicate
that not only was the Nile sedimentary contribution to the Levant
negligible, it probably received sediments from the Levant through
marine intrusions.We suggest that other sediment sources may have
existed farther west along the Sahara margin. One possible outlet is
the Sirte basin (Drake et al. 2008; Carmignani et al. 2009; Paillou
et al. 2009, 2012; Griffin 2011). Eastward currents possibly carried
these sediments to the Levant basin and into the Aswan corridor.
The end of unit-1 build-up coincides with the introduction of

Sahara aridification (Fig. 7.2). ODP cores offshore Western Sahara
(Tiedemann et al. 1989) mark the beginning of aridification at
�3 Ma. As a result, North Africa stopped supplying sediments into
the Mediterranean. In addition, basaltic volcanism ended the activ-
ity of Sirte in the Pleistocene (e.g. Selley 1997). The drop in sedi-
ment supply resulted in the development of UC0, which was formed
under marine conditions as a regional unconformity within the
Levant basin between two distinct sedimentary regimes.
In the early Pleistocene, African sediment contribution to the

easternMediterranean narrowed to the Palaeonile (Fig. 7.2). Marine
currents remained, but had less sediment to carry and distribute.
These sediments piled up over the continental margins from the
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Nile cone, northern Sinai and Levant (Fig. 7.7). Subsidence rates
of the Levant margin decreased at �3 Ma (Tibor et al. 1992). This
trend appears as the shift from SU1 aggradation to SU2a basinward
progradation. Subsidence rates increased again at�1.8Ma, but only
along the base of the continental slope (Ben-Gai et al. 1996; Tibor
et al. 1992). Causes may be ongoing margin tilting, NNE motion
of the Plio-Pleistocene section in the basin, salt welding below the
slope base, or a combination of these factors. These causes together
with a decrease in sediment accumulation at the Levant margin
appear as the shift from progradation to degradation within SU2b
(Fig. 7.5).
Once the Nile became a predominant sediment source, accumu-

lation patterns in the Levant sink were more sensitive to modifi-
cations of and climatic changes in the river’s equatorial and mon-
soonal headwaters and along its course. Until the mid-Pleistocene,
the Egyptian Nile was probably detached from its Blue Nile and
White Nile sources. Vertical denudation of the Nubian Swell in
northern Sudan (Figs. 7.1 and 7.2) is considered as the removal
of the last barrier from integrating the Nile system as we know it
today. Time of this denudation was estimated to the Plio-Pleistocene
(Wichura et al. 2011). We propose that the increased progradation
in unit-2, from SU2a to the lower part of SU2b, is the signal of the
integration of the entire Nile system in the mid-Pleistocene. If this
is correct, denudation of the Nubian Swell may represent a far-field
effect of the incipient collision of Eratosthenes seamount with the
Cyprus Arc (Lazar & Schattner 2010; Schattner 2010) (Fig. 7.2).
The above Nile phases and their impact on sedimentation in the

Levant basin correlate with global climatic modifications (Fig. 7.2).
NorthernHemisphere glaciations initiated between 2.7–2.5Ma (e.g.
Haug & Tiedemann 1998). In addition, low-latitude monsoons that
regulated African climate before �2.8 Ma intensified from �2.7
Ma during the subsequent 1.4 × 106 years (Wang et al. 2013 and
references therein). Combination with the tectonic-driven accentu-
ated topography of the Ethiopian highlands most probably resulted
in extensive precipitation over the Blue Nile sources. Two further
humid periods of global cooling occurred at 1.9 to 1.7 Ma, and 1.1
to 0.9 Ma, superimposed on the longer-term aridification of North
Africa (deMenocal 1995, 2004; Trauth et al. 2005). These two steps
are recorded as SU2a and SU2b in our data.
The late evolution of the Nile delta to its current altitude and

shape are proposed as explanation for coeval evolution of other
Quaternary features in the Levant such as the late arrival of sand
in northern Sinai and the Negev and, in turn, the loess accretion
downwind (Amit et al. 2011). The filling of the basin at the delta
during the Pleistocene, its reaching the eustatic sea level changes
of the Pleistocene, and mainly its wide exposure during glacial low
sea level stands were proposed by these authors as responsible for
the formation of the Northern Sinai/Northwestern Negev dunefield
and the siliclastic coarse silt dust comprising the majority of loess,
soils, and the coarse silts of the Dead Sea clastic deposits (Crouvi
et al. 2008, and Chapter 53 of this volume; Amit et al. 2011; Harel
et al., Chapter 50 of this volume). The sediment supply of the Nile
during the Pleistocene also controlled the sedimentology and land-
forms of the eastern Mediterranean coastal plain (e.g. Harel et al.,
this volume).

7.5 CONCLUSIONS

During the Plio-Pleistocene, the Levant basin and its southeastern
margins experienced major tectonic, sedimentary, and climatic vari-
ations. These included uplift and folding of the Levant margin that
altered and limited the drainage from that direction, aridification of
the Sahara, and narrowing North Africa drainage to the Nile River.
Salt tectonics deformed the overlying Plio-Pleistocene sequences,
and mass movements developed across the basin’s margins. Despite
all these huge changes, the post-Messinian sedimentary succession
is still considered a single, undivided, Plio-Pleistocene succession.
This chapter proposes the existence of a fundamental division

between Pliocene and Pleistocene sedimentary units. The bound-
ary was mapped from the basin to its margins based on newly
released marine seismic reflection and borehole data. Our inter-
pretation shows a marked transition in sediment accumulation pat-
terns from the Pliocene to the Pleistocene. During the Pliocene,
sediments aggraded across the basin and its margins. This pat-
tern shifted in the Pleistocene to progradation and later degradation
in the margins. The deep basin became sediment-starved, receiv-
ing its supply mostly from turbidites. We ascribe this shift to (1)
significant decreased sediment supply from Sahara sources, and
(2) introduction of influx from the Egyptian Nile. The new strati-
graphic division interpreted here indicates that incipient collision
of Eratosthenes with the Cyprus Arc initially triggered salt tecton-
ics. It continued thereafter as NNE drift in the basin while exten-
sional faulting and slope failures developed along the eastern Levant
margin.
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Part II: Palaeoclimates

8 Chronologies of Late Quaternary Coral Reefs and Lake Sediments from
the Red Sea and Dead Sea Rift Valley

mordechai stein, boaz lazar, adi torfstein, and steven l. goldstein

8.1 INTRODUCTION

8.1.1 URANIUM-SERIES DATING OF CORAL REEFS
AND LAKE CARBONATES

The U-series dating method has been successfully applied to deter-
mine ages of late Quaternary sea-level changes and shoreline tec-
tonics by dating aragonite corals, and has been used to establish
chronologies of hydrological and climate histories by dating vein
and cave calcites (e.g. speleothems) and lake primary aragonites
(e.g. Kaufman 1971; Edwards et al. 1987; Winograd et al. 1988,
1992; Stein et al. 1993).
Coral dating is a good illustration of the principles of the U-

series disequilibrium method. The method is based on the radio-
genic ingrowth and decay of the intermediate daughter isotopes in
the decay series of 238U to 206Pb (238U → 234U → 230Th → ��� →
206Pb) after a ‘chemical resetting’ of the series that separates and
isolates the soluble U from the insoluble Th. This separation reflects
the different chemical properties of U and Th in seawater, where
U forms soluble uranyl ions (UO2

2+) whereas the insoluble Th4+

is scavenged by adsorption on settling mineral particles. When the
coral secretes its carbonate skeleton, it incorporates various trace
elements (e.g. Sr, Mg, Ba) according to the mineral (aragonite)–
seawater partition coefficients. Strontium, Sr2+, replaces Ca2+ in
the aragonite skeleton because of their similarity in ionic radii and
charges. The incorporation mechanism of the UO2

2+ ions into the
coral skeleton is less clear since the uranyl ion cannot simply replace
Ca2+ and rather forms carbonate–uranyl complexes that enter the
skeleton (e.g. Lazar et al. 2004). For successful application of the
U-series method without corrections, the coral skeleton must con-
tain U from seawater and essentially no Th. This imposes condi-
tions of no initial 230Th (from seawater) and no detrital Th and
U. If these conditions are set, and the coral remains a closed sys-
tem without U and Th leaking in and out of the coral skeleton
after its initial formation, the time that elapsed since the coral’s
initial precipitation from seawater can be calculated using Eq. 8.1
below.

The decay of uranium incorporated into the coral aragonite
skeleton with virtually zero 230Th, into its intermediate isotope
daughters (e.g. 234U, 230Th) through the decay series in a closed
chemical system, approaches, over time, the condition of secu-
lar equilibrium. Secular equilibrium describes the situation when
the activities of the parent 238U and intermediate daughters are
equal. This ‘isotope equilibrium’ is reached because the half-life
of the parent isotope 238U is much longer than that of all inter-
mediate daughter isotopes in its decay series. For the pair 234U–
230Th, the condition of secular equilibrium is achieved typically
after �600,000 years (Fig. 8.1).
Assuming that the precipitated carbonate (e.g. the aragonite coral

skeleton) remained closed with regard to U and Th mobility and
that the initial 230Th/238U is negligible, the equations governing the
decay of 238U and 230Th ages that allow the calculation of the ages of
individual samples are (modified after Kaufman & Broecker 1965):

230Th/238U
(m)

= 1 − exp(−λ230 · T) + [234U/238U
(m)

− 1]

× [λ230/(λ230 − λ234)]

× [1 − exp((λ234 − λ230) · T)] (8.1)

234U/238U
(i) = [234U/238U

(m)
− 1] · exp(λ234 · T) + 1 (8.2)

where T represents the age of mineral formation, 230Th/238U(m) rep-
resents the measured 230Th/238U activity ratio, 234U/238U(i) is the ini-
tial 234U/238U activity ratio, and λ230 and λ234 are the radioactive
decay constants for 230Th and 234U, respectively. In general,
we expect that for samples evolving in a simple closed system
(Fig. 8.1), the initial 234U/238U(i) reflects the value of the ambi-
ent marine or hydrologic system. Accordingly, corals deposited in
seawater will have 234U/238U(i) of �1.15, that is, the present-day
234U/238U activity ratios (e.g. Edwards et al. 1987; Stein et al. 1993),
and primary aragonite deposited inorganically from the hypersaline
lakes in the Dead Sea basin will have 234U/238U(i) of �1.50 (Haase-
Schramm et al. 2004; Torfstein et al. 2013a).
Aragonite corals with pristine textures from the Gulf of Aqaba,

Red Sea (along the southern segment of the Dead Sea Transform),
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Figure 8.1 Uranium–thorium evolution diagram showing the changes in
the 230Th/238U and 234U/238U activity ratios in a closed isotope system.
The growth curves describe the behaviour of the three isotopes (in the decay
series of 238U) from the time of a chemical separation between U and Th that
decreased the 230Th/238U activity value to zero (e.g. the separation between
the soluble uranyl ions and the insoluble Th ions in seawater) until the sys-
tem reaches the conditions of secular equilibrium. The diagram shows evo-
lution curves for three different initial 234U/238U activity ratios: 1.15 (the
modern seawater activity ratio), 1.30, and 1.48 (similar to the modern activ-
ity ratio for Dead Sea brine). The vertical lines are isochrones. Ideally, a
pristine aragonite coral (no detritus U and Th, and no initial hydrogenous
Th) that precipitated its skeleton in equilibrium with seawater and remained
a closed chemical and isotope system would lie on the 234U/238U = 1.15
growth curve and on a certain isochron. This situation would yield a ‘sin-
gle coral age’. Typically, corals have undergone various types of diagenetic
processes that have caused changes in their mineralogy and U–Th isotope
abundances (e.g. precipitation of secondary aragonite can increase the 238U
concentration and modify the 234U/238U activity ratio, and recrystallization
of the aragonite skeleton to calcite constitutes an ‘opening’ of the closed sys-
tem; both require modification to the simple closed-system age equation).
Lake carbonates typically suffer from contamination by detritus U and Th
and possible presence of hydrogenic Th. Again, both require modifications
to the simple close system age equation.

send a ‘mixed message’ regarding the preservation of modern sea-
water 234U/238U(i) with �1.15. Many of the late Holocene corals
from the northern Gulf of Aqaba yielded the modern seawater value
(e.g. corals from the Tur Yam terrace off the city of Eilat; Weil
2010). However, Holocene corals from a buried reef at the Inter-
University Institute of Marine Sciences (IUI) in Eilat, Israel, and
uplifted late Pleistocene aragonite corals south of Aqaba, Jordan,
yielded 234U/238U(i) values that are significantly higher than the
modern seawater ratio (Scholz et al. 2004; Shaked et al. 2009).
Lazar et al. (2004) associated this observation with interaction of
the pristine aragonite corals with coastal groundwater enriched with
234U. This illustrates one of the complications in the U–Th disequi-
librium datingmethod and the need to formulate appropriate correc-
tion procedures when the simplest pre-conditions of the age equa-
tions are not satisfied.
In fact, the deviations from the ‘simplest conditions’ are valuable

since they provide important information on environmental condi-

tions. For example, effects of coastal groundwater on the chem-
istry of the coral and precipitation of secondary aragonite (chem-
ical pore-filling carbonate) can provide information on the local
hydrology (e.g. Lazar et al. 2004). A surprising phenomenon in
the uplifted coral reefs along the shores of the Gulf of Aqaba is
the ubiquitous recrystallization of many of the corals from pris-
tine aragonite to calcite. This replacement to calcite requires inter-
action of the aragonite corals with freshwater, probably in a
phreatic, water-saturated environment. This requires existence of
freshwater aquifers along the shores of the gulf (Lazar & Stein
2011). Currently, the Gulf of Aqaba is one of the most hyperarid
areas on Earth, with mean annual precipitation <30 mm at Eilat
and Aqaba. Thus, the massive replacement of the aragonite corals
to calcite indicates somewhat wetter episodes in the past. Lazar and
Stein (2011) and Yehudai et al. (2017) formulated modified U–Th
age equations that consider a brief ‘opening’ of the closed decay
system during the time of replacement to calcite, following by con-
tinuous decay as a closed system. They developed a method to date
both the time of replacement of the aragonite to calcite, i.e. the time
of the wetter episodes in the northern Gulf of Aqaba, and the initial
time of coral deposition as pristine aragonite.
It should be noted that U–Th dating of other marine or lacustrine

organisms with carbonate shells has yielded results that are more
controversial. For example, Kaufman et al. (1971) concluded that
marine molluscs behave as an open system and do not yield reliable
ages.
Except for corals, the most successful application of the U–Th

disequilibrium method is for cave speleothems (e.g. beginning with
Schwarcz 1982). High-resolution chronologies have been estab-
lished for speleothems in several caves in Israel and Lebanon, repre-
senting one of the most comprehensive data sets over a rain-climate
transect from the southern (currently hyperarid) Negev through the
Judea Hills (Soreq and Jerusalem caves), the Galilee (P’kiin Cave)
up to Mount Hermon (e.g. Bar-Matthews et al. 1999, 2003, and
Chapter 17 of this volume; Frumkin et al. 1999), and Lebanon (e.g.
Verheyden et al., Chapter 18 of this volume). A thorough review
of the topic of speleothem U–Th dating is beyond the scope of this
chapter.
Efforts have also been devoted to dating tufa deposits that precip-

itated in freshwater spring environments, e.g. in the Central Negev
and the Arava valley (Livnat & Kronfeld 1985; Enmar 1999). Most
of the analyses were conducted by α-counting techniques, and this
important and promising subject needs revisiting.

8.2 U–TH DATING OF DEAD SEA LACUSTRINE
CARBONATES

Primary aragonite or calcite precipitating from lake waters (e.g.
primary aragonite deposited in the Dead Sea or primary calcite
deposited in Lake Kinneret) is a potential candidate for U–Th dat-
ing, similar to corals and speleothems. Yet, lake sediments typically
contain significant amounts of non-primary U and Th, and pos-
sibly hydrogenous Th, which must be considered in the age calcu-
lations (cf. Ku & Liang 1984; Luo & Ku 1991; Kaufman 1993; Lin



Late Quaternary Coral Reef/Lake Sediment Chronologies 77

et al. 1996; Haase-Schramm et al. 2004; Torfstein et al. 2013a).
Correction of the U and Th concentrations in non-primary U- and
Th-bearing ‘dirty carbonates’ is often done by plotting the U and
Th activity ratios of a set of coeval samples containing various
amounts of detritus on the Rosholt or Osmond-type ‘isochron’ dia-
grams (examples in Haase-Schramm et al. 2004; Torfstein et al.
2013a). Alternatively, a ‘single sample’ detrital correction method
can be used to subtract the detritus U and Th contributions using
either an assumed or measured isotopic ratio from individual sam-
ple data. Correction for initial hydrogenous Th in the primary car-
bonate phase cannot be done by the isochron method. This compo-
nent might be determined empirically by using a sample of known
age determined by independent means (e.g. by radiocarbon ages of
organic material). Alternatively, the fraction of the hydrogenous Th
can be retrieved from analyses of trace element chemistry of specific
samples (for example, Th/Zr ratios, as detailed in Haase-Schramm
et al. 2004).
The detailed application of U–Th dating to the late Pleistocene

lacustrine aragonites deposited in the Dead Sea is given by Haase-

Schamm et al. (2004) and Torfstein et al. (2009, 2013a). The efforts
focused on the sedimentary record of Lake Lisan (the Lisan For-
mation), which filled the Dead Sea basin during the last glacial
(�70–14 ka; Stein & Goldstein, Chapter 12 of this volume). This
lake, as well as the other lakes that occupied the basin, was a cal-
cium chloride brine lake, and inherited its composition from the
Late Miocene Sedom lagoon (e.g. Stein 2014). The Ca-chloride
brine is bicarbonate depleted; thus the primary aragonite in the sedi-
mentary varved record requires a supply of bicarbonate. This bicar-
bonate is furnished by the inflowing freshwater. Turbulent mixing
across the epilimnion/hypolimnion (upper water mass/lower water
mass) boundary that supplied Ca2+ helped in maintaining precipi-
tation of primary aragonite by the mixing between freshwater and
the brine (Stein et al. 1997; Lazar et al. 2014). Kaufman and col-
leagues, using α-counting techniques, pioneered the application of
the U–Th method to Lake Lisan aragonites and corrected for detri-
tal U and Th (Kaufman 1971, 1993; Kaufman et al. 1992). With the
development of the TIMS (thermal ionization mass spectrometry)
method for analysing U and Th isotopes in small carbonate samples,

Figure 8.2 Stratigraphy and chronology of the M1 Masada section of the Lisan Formation (after Torfstein et al. 2013a). The figure shows the main
lithological units: sequences of alternating aragonite and detritus (the aad facies described by Machlus et al. 2000; see also Waldmann et al., Chapter 11
of this volume), and gypsum units. The chronology of the sections was achieved by U–Th and radiocarbon (Prasad et al. 2004; Torfstein et al. 2013a). The
ages of the major gypsum units coincide with the ages of the ice-rafting debris event in the north Atlantic (Heinrich events). This was also shown for the
PZ1 section at Perazim Valley (Bartov et al. 2003; Haase-Schramm et al. 2004). The laminated sequence of the aad facies comprising the upper member
of the Lisan Formation (the ‘White Cliff’) was counted in thin sections (Prasad et al. 2004), and the data (thickness of the aragonite and detritus laminas)
were used for time-series analysis that resulted in a correlation to the oxygen isotope peaks in the Greenland ice cores. (A black and white version of this
figure will appear in some formats. For the colour version, please refer to the plate section.)
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Figure 8.3 Multi-site chronology of the Lisan Formation in the Dead Sea–Jordan Valley, with main gypsum units (see Fig. 8.2) as regional stratigraphic
markers (after Torfstein et al. 2013a). The interval of laminae counting at the M1 Masada section (yellow bar) and high-resolution radiocarbon ages from
the PZ1 section (green bar). Also marked are the stratigraphic location of the Laschamp (LS) geomagnetic anomaly (at �41 ka cal BP, blue bar) topped by
the H4 lake level drop and gypsum deposition (�39 ka cal BP).

Schramm et al. (2000), Haase-Schramm et al. (2004) measured U
and Th abundances in the PZ1 section of the Lisan Formation at
Perazim valley (Stein & Goldstein, this volume). The measured U
and Th isotope abundances were corrected for detrital U and Th
and hydrogenous Th and established an age–height chronological
model for the time interval �70–14 ka. Recently, Torfstein et al.
(2013a) analysed U and Th isotope abundances in aragonite mater-
ial recovered from several exposed sections of the Lisan Forma-
tion along the Dead Sea and Jordan Valley (e.g. Masada section,
Fig. 8.2). They combined these data with stratigraphic correlation
of distinct marker layers (e.g. prominent gypsum units) and estab-
lished an integrated multi-site U–Th chronology for the Lisan For-
mation (Fig. 8.3).
In combination with other geochemical tracers, the detailed U–

Th chronology of the Lisan Formation has been the basis for estab-
lishing the palaeohydrology (i.e. lake levels), palaeoclimate, and
palaeoseismic history of the Dead Sea and the Levant (Marco et al.
1996; Bartov et al. 2003; Haase-Schramm et al. 2004; Kolodny
et al. 2005; Torfstein et al. 2013a, 2013b). The Lisan Formation
record is one of the most detailed records available from any lake
basin in the world. Moreover, in the undisturbed laminated section
of the upper member of the Lisan Formation (termed the ‘White
Cliff’) near Masada (Fig. 8.2), Prasad et al. (2004) counted the lam-
inae, measured their thickness, performed time series analysis, and
compared the results with the high-resolution counted layers and

oxygen isotope data of the Greenland ice cores. U–Th ages obtained
for this section by Torfstein et al. (2013a) corroborated the valid-
ity of the lamina counting, indicating that the aragonite–silty detri-
tus lamina-couplets can indeed be considered as ‘varves’, namely
seasonal deposits; i.e. the ‘White Cliff’ at the Masada section is a
seasonal-resolution chronometer.
Bartov et al. (2003), Haase-Schramm et al. (2004), and Torfstein

et al. (2013b) showed that the ages of abrupt level drops in Lake
Lisan indicated by deposition of gypsum units coincide with the
timing of Heinrich events in the northern Atlantic (see also Torfstein
& Enzel, Chapter 13 of this volume). At first glance, this correlation
appears paradoxical. In the Dead Sea lakes, cold glacial intervals are
generally reflected by high stands (e.g. Lake Lisan reached its high-
est stands during Marine Isotope Stage MIS2), and since the Hein-
rich events in the north Atlantic occurred at the ‘peak glacials’ when
Greenland temperatures are minimal, and represent cold intervals
in the North Atlantic, the question was why these extremely cold
episodes are manifested as lake level falls. Bartov et al. (2003) pro-
posed a solution: intrusion of cold Atlantic Ocean seawater to the
Mediterranean during Heinrich episodes caused a shut down of the
‘cyclonic engine’ of rains (requiring passage of cold fronts over a
relatively warm east Mediterranean) and led to regional aridity and
lake level drop. While this hypothesis needs further testing, study
of the contemporaneous behaviour of different regional climate-
archives and their response to conditions in remote global archives
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during abrupt events is a prime target of our research, which requires
solid and high-resolution chronologies for all relevant archives.

8.3 CHRONOLOGY OF THE SAMRA AND AMORA
FORMATIONS – COMBINING U–TH AGES WITH
OXYGEN ISOTOPE STRATIGRAPHY

The lacustrine Samra and Amora Formations (Torfstein, Chapter
10, and Waldmann, Chapter 11 of this volume) underlie the Lisan
Formation. The Samra Formation was deposited during the last
interglacial and the Amora Formation during the long time inter-
val between the Sedom Formation and the last interglacial. In fact,
all these lacustrine formations comprise primarily lithostratigraphic
units that reflect the hydroclimatology of the contributing watershed
that responded to global glacials and interglacials conditions. The
current terminology used for the formations (e.g. Amora, Samra,
Lisan) is inherited from ‘historical considerations’ of past research
(e.g. see summary in Bookman et al. 2006), and they should be con-
sidered as chronostratigraphic units. Thus, the name Samra Forma-
tion relates to the sedimentary sequence that was deposited in the
vicinity of the Dead Sea and Jordan Valley during the last inter-
glacial defined by MIS 5 (�134 to �70 ka). The U–Th age of the
Samra/Lisan transition (Fig. 8.4) is � 70–80 ka (Waldmann et al.
2007, 2009). The Samra Formation comprises mainly sequences of
laminated (calcitic) detritus, and the transition to the Lisan For-
mation is marked by deposition of the laminated aragonite and
silty-detritus sequences (Machlus et al. 2000; Waldmann et al., this
volume).
The stratigraphy of the Amora Formation was first established

by Zak (1967) in his study on the Mount Sedom salt diapir. Torf-
stein et al. (2009) established the chronology of the well-exposed
Amora Formation at the Arubotaim Cave section by combining U–
Th ages with oxygen isotope stratigraphy and palaeomagnetic con-
straints (Torfstein, this volume). Applying oxygen isotopes ratios as
a chronostratigraphic tool is based on the relationship between the
δ18O in the source of rainwater in the eastern Mediterranean and
the primary aragonite deposited from the lake water (Kolodny et al.
2005). The eastern Mediterranean is considered the main source
of rainwater to the Dead Sea watershed. This allowed Torfstein
et al. (2009) to tune the Amora δ18O record according to the East-
ern Mediterranean δ18O record of Almogi-Labin et al. (2009). The
base of the exposed Amora Formation at Arubotaim Cave section is
<780 ka, consistent with the current normal palaeomagnetic epoch.
The uppermost part of the Arubotaim Cave section is part of MIS
5. The formation, therefore, was deposited during several glacial–
interglacial cycles (MIS18 to MIS 5). A prominent salt unit in this
sequence is constrained by U–Th age to approximately 400 ka (MIS
11).
Based on the similar principles used in determining the age of

the exposed Amora Formation section, Torfstein et al. (2015) com-
bined δ18O and U–Th ages in primary aragonites to establish an
age–height model for the Dead Sea Deep Drilling Project (DSDDP)
core. These data indicate that the drilling recovered the time interval
extending from the present day back to �220 ka, thus encompass-

Figure 8.4 Correlation between the PZ7 section at the Perazim valley (near
the salt diapir of Mt Sedom) exposing the Amora, Samra, and Lisan For-
mations; Waldmann et al. 2009) and the Dead Sea Deep Drilling Project
(DSDDP) core drilled at the centre of the Dead Sea (ages are from Torfstein
et al. 2015). The core comprises sequences of primary aragonite laminae
and silty detritus (the aad facies), salts, marls (fine-grained detritus), and
gypsum. The marginal section of PZ7 comprises mainly marls (laminated
detritus) sequences of the aad facies, gypsum and pebbles. The upper part
of the described PZ7 section (above it lies the rest of the Lisan Fm.) contains
the ‘three gypsum unit’ correlated to other exposed sections of the Lisan Fm.
(Figs. 8.2 and 8.3). Also presented is the correlation between pebble units
in PZ7 and intervals of salt deposition in the deep core (e.g. �135 ka, and
below �116 ka). The salt sequences can be correlated with significant hia-
tuses at the marginal section consistent with a significant lake drop from the
margins. The transition between the Samra and Lisan Formations at PZ7
is marked by a thick sequence of pebbles that indicates lake retreat from
the marginal terraces. The aragonite laminae above the pebbles was dated
to �67 ka consistent with the MIS 5/4 boundary. Yet, at the DSDDP core,
aragonite deposition (of the aad facies) commenced earlier.

ing two glacial–interglacial cycles (Torfstein et al. 2015). While the
exposed lacustrine formations at the lake margins exhibit mainly
the aragonite, gypsum, and silty-detritus, the core recovered rel-
atively thick salt sequences (e.g. Neugebauer et al. 2014). These
sequences are mainly frequent in interglacials, indicating that the
lake shrank to depths characterized by halite oversaturation and pre-
cipitation (Kiro et al. 2016). In the Holocene and modern Dead Sea,
the lake level promoting halite precipitates is �400 m below mean
sea level (Neev & Emery 1995). We connect hiatuses identified at
the exposures of the lacustrine formations at the Dead Sea margins
(e.g. the PZ7 stratigraphic section in the Perazim Valley, shown in
Fig. 8.4 and described by Waldmann et al. 2009) with such salt
deposition in the deepest part of the lake. Verifying this hypoth-
esis requires ages of the hiatus boundaries and correlation with
the DSDDP core. This correlation can provide important informa-
tion on the lake levels during salt deposition and on the subsidence
rate of the Dead Sea lake floor. Based on such relationships, the
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sedimentary hiatuses defined broadly at PZ7 can be correlated to the
thick salt sequences recovered in that core (Fig. 8.4). The chronol-
ogy of the deep core indicates a possible hiatus at �116–110 ka
that may be attributed to a significant drawdown of the lake (Torf-
stein et al. 2015). Additional ages of the core material and correl-
ation to the chronology and lithology of the margin deposits are
required to validate and extend our understanding of this significant
lake level drop. The sedimentary sequence above this hiatus already
contains aragonite laminae, marking freshwater supply renewal to
the lake. This freshening of the lake is accompanied by a decrease in
the conservative ions concentrations within the core’s porewaters, a
trend that continues in the Lisan Formation interval (Stein & Gold-
stein, this volume). Thus, the lithological changes in the core pre-
date the Samra/Lisan Formations boundary (MIS 5/4) determined
at the marginal deposits at �70 ka (Fig. 8.4). The chronology and
sequence of events recovered from the Dead Sea deep core can be
correlated to other dated regional records of the last interglacial. For
example, the DSDDP core indicates that a relatively thick sequence
of detritus sediments was deposited at the deep basin of the Dead
Sea between �128 and 122 ka. These sediments in turn indicate
an enhanced supply of fine-grained particles to the lakes by floods.
The time interval of this fine-grained particle deposition coincides
with sapropel S5, an interval of enhanced Nile River freshwater
discharge to the Mediterranean that indicates wet conditions in the
tropical sources of theNile River. Torfstein et al. (2015) showed that
U–Th ages of speleothems and tufas from the Arava and southern
Negev coincide with the ages of the deposition of the fine particles
in the Dead Sea core and of the sapropel S5. They suggested that
southern sources of moisture also affected the southern watershed
of the lake. Intrusion of moisture to the currently hyperarid southern
part of the Dead Sea watershed during the sapropel S5 is consistent
with the abovementioned U–Th ages of coral diagenesis to calcite
in the coastal northern Gulf of Aqaba (Lazar & Stein 2011).

8.4 RADIOCARBON AGES OF THE LACUSTRINE
SECTIONS

The final comments of this review address radiocarbon ages of
the lacustrine formations. High-resolution chronologies have been
established for the Holocene and post-glacial depositional histories
of the Dead Sea and Lake Kinneret based on organic debris, with
preference to seeds and leaves (e.g. Ken-Tor et al. 2001; Bookman
et al. 2004; Migowski et al. 2004, 2006; Bookman et al. 2006 and
references therein; Kagan et al. 2010, 2011; Lev et al. 2014). The
exposed lacustrine sections of the Lisan Formation are extremely
poor in organic debris (e.g. Schramm et al. 2000; Prasad et al.
2004), and thus most of the radiocarbon ages are from primary arag-
onites. The aragonites in the PZ1 sequence were analysed both for
radiocarbon (van der Borg et al. 2004) and U–Th (Haase-Schramm
et al. 2004). While the original idea in this study was to use the PZ1
Lisan section as a high-resolution archive for radiocarbon age cali-
bration (Schramm et al. 2000), the achievement of this goal was
hampered by the uncertainty in values of the reservoir radiocarbon

ages in the lake (Stein et al. 2004). This limitation, however, offers
the opportunity to determine variations in the reservoir ages that
reflect the hydrological–limnological conditions in the lake (Bel-
maker et al. 2007; Stein et al. 2013). Recently, the DSDDP core pro-
vided numerous samples of organic debris in the Lisan Formation
(e.g. Neugebauer et al. 2014; Kitagawa et al. 2016). These samples
will assist in investigating the behaviour of atmospheric radiocar-
bon along with 10Be and palaeomagnetic properties in the core. Pri-
marily, work in the near future will focus on the Laschampmagnetic
anomaly, where significant shifts in radiocarbon and 10Be have been
detected in the lake margin sequences (e.g. Belmaker et al. 2014).
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9 Sedimentology of the Lacustrine Formations in the Dead Sea Basin

nicolas waldmann, ina neugebauer, daniel palchan, elitsa
hadzhiivanova, nimer taha, achim brauer, and yehouda enzel

9.1 INTRODUCTION

Seawater invasion through structural lows reached the Jordan–Dead
Sea tectonic depression during the Pliocene (Matmon et al. 2014),
subsequently forming the Sedom Lagoon (Zak 1967; Buchbinder
& Zilberman 1997). Long sequences of salt, intercalating with gyp-
sum, anhydrite, dolomite and some clastics, were deposited within
this lagoon (SedomFormation, Zak 1967). During this time interval,
water from the lagoon interacted with the substratum rock forma-
tions (mainly Cretaceous limestone) producing the calcium chloride
brine which played a major role in the geochemical history of the
Dead Sea water bodies, influencing the type of lacustrine sediments
(Starinsky 1974). After the disconnection of the Sedom Lagoon
from the Mediterranean Sea, a series of lacustrine water bodies
evolved in the Dead Sea sub-basins (e.g. Stein et al., Chapter 8
of this volume): the early to middle Pleistocene Lake Amora
(Amora Formation (Fm.); Torfstein et al. 2009), the last interglacial
Lake Samra (Samra Fm. �135–90 ka; Kaufman et al. 1992; Wald-
mann et al. 2009), the last glacial Lake Lisan (Lisan Fm. �90–
14 ka; e.g. Bartov et al. 2002; Haase-Schramm et al. 2004), and
the Holocene Dead Sea, which accumulated the Ze’elim Formation
(Yechieli et al. 1993; Bookman (Ken-Tor) et al. 2004; Prasad et al.
2004). Previously, the Samra–Lisan boundary was put at �70 ka,
based on exposures at the lake margins. The age of this boundary
is updated here to 90 ka, based on the facies analysis of Neuge-
bauer et al. (2015b) and newly acquired U-series ages (Torfstein
et al. 2015), both retrieved from the long Dead Sea deep-basin
core. The composition of these sedimentary sequences varies signif-
icantly through time and space, showing a direct connection to the
lake’s evolving limnological properties (Stein 2001), and specific
relationships with regional precipitation and its causative atmos-
pheric circulations (e.g. Enzel et al. 2008; Waldmann et al. 2010).

9.2 DEPOSITIONAL ENVIRONMENTS

In ancient saline lake deposits, both the clastic and chemical sedi-
ments preserve the hydroclimatic changes through time in the
drainage basin. In the Dead Sea Basin, the sedimentology in the

diverse depositional environments was dictated by the elongated
tectonic structure of the basin, precipitation changes that, as a
first order, follow millennial-scale orbital oscillations, periods of
increased tectonism, availability of sediments transported to the
lake and its deep depocentre, and transportation distance of the
clastic components. Hence, the depositional environments at a site
can be separated into those characteristic of high and low stands
(Fig. 9.1). The different lithologies deposited during these two
extremes can then be divided into several lithofacies on the basis of
systematic differences in grain size, sedimentary structure, texture,
clastic material content, chemistry andmineralogy of the sediments,
and characteristic styles of lamination. From the lake margins to its
deep depocentre, the environments are as follows.

(a) The onshore subaerial environment is primarily shaped by flu-
vial processes: debris flows, braided streams, and alluvial fans
approaching lake edges. Large clasts characterize the clas-
tic material depositing in this environment. Occasionally such
deposits influence the sub-lacustrine steep slopes.

(b) The littoral and marginal environments are fundamentally
related and controlled by lake level fluctuations, local wave
and coastal processes, and the carbonate saturation of the lake.
Wave-cut scarps, beach ridges, boulder ramps, chenier ridges,
and fan delta or delta complexes constitute the main mor-
phological features and deposits in this environment. Aragon-
ite crusts covering large-size clastic deposits characterize the
marginal environment during limnic carbonate saturation peri-
ods. Moreover, several morphological units can be associated
with springs surging in the littoral areas, such as carbonated
cemented beach rock, submerged oolites, stromatolites, and
travertine deposits.

(c) The basinal region includes very fine- to fine-size carbonate-
rich, mud-supported sediments deposited under a predominant
lacustrine regime, triggered by the permanence of a perennial
to semi-perennial water body in the area. The deposits mainly
consist of very fine to fine sand, silt (majority), clay, layered
marl, and laminated sediments of alternating aragonite, gypsum
or calcite, and detritus. Homogenites, turbidites, and associated

83
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Figure 9.1 Three-dimensional representation of environments of deposition of the subaerial, littoral, and basinal areas of the lacustrine systems that evolved
in the Dead Sea basin during low and high stands (above and below, respectively). DST, Dead Sea Transform. (A black and white version of this figure will
appear in some formats. For the colour version, please refer to the plate section.)

deposits can be occasionally identified in this depositional
environment, mainly formed as a consequence of mass-
transported deposits along the steep basin walls.

9.3 SEDIMENTARY FACIES OF THE DEEP-BASIN
ENVIRONMENT

During the past three decades, most of the Dead Sea studies
have been carried out on sedimentary sequences outcropping in

the marginal areas of the Dead Sea. These previous works have
provided invaluable evidence for the influence of the regional
hydrological system on the salinity of the different lakes (e.g.
Katz et al. 1977; Waldmann et al. 2007), their internal water
body configuration (e.g. meromictic versus overturned limnologic-
al systems), and their surface level. Now, new insights from the
ICDP drilling project recently carried out in the Dead Sea (Stein
et al. 2011) are, for the first time, providing detailed informa-
tion about the lithology and sedimentary facies of the deep basin,



Sedimentology of Lacustrine Formations, Dead Sea Basin 85

Figure 9.2 Exemplary images of the sedimentary facies and structures of sediments retrieved in a deep core as part of the ICDP–DSDDP project (modified
after Neugebauer et al. 2014). a: Alternating aragonite and detrital marl (aad); b: laminated detrital marl containing aragonite and gypsum layers (ld);
c: massive primary gypsum deposit within detrital marl (gd); d: native sulfur concretion, associated with greenish coloured aad; e: layered halite with thin
dark detrital layers, transparent irregular-shaped halite crystal layers, and whitish fine-grained halite layers (lh); f: layered halite with thin dark detrital
layer and thicker white to greyish salt layer couplets (lh); g: consolidated homogeneous halite with irregular-shaped crystals and some fine detrital material
(hh); h: halite crystals and detrital marl (hd); i: brecciated halite within a fine-grained halite-detrital matrix interpreted as transported material (halite and
transported detritus or htd); j: gravel of halite, carbonate, sulfate, and minor quartz (coarse clastic and detritus or ccd); k: graded layer of mud characterized
by fining upward sequence and a dark clayey top (mass transport deposit or mtd); l: same as previous facies description, but intraclast breccia or seismite
characterizes the base (mtd); m: displaced sediment structure of aad (associated withmtd); n: slumped and folded deposits of aad (mtd). (A black and white
version of this figure will appear in some formats. For the colour version, please refer to the plate section.)

even down to microscopic scales, as recently reported by Neuge-
bauer et al. (2014). These, in turn, can be amalgamated with the
data from the shallow environments. Three main facies groups
(marl, halite (or gypsum), and event deposits) characterize the deep-
basin sedimentary record of the Dead Sea (Neugebauer et al. 2014;
Fig. 9.2).

9.3.1 THE MARL FACIES

(A) ALTERNATING ARAGONITE AND SILTY
DETRITUS (aad)

The aad facies (e.g. Machlus et al. 2000) is made of millimetre-
scale thick couplets of white aragonite and dark clastic laminas
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composed of calcite, quartz, and clay minerals (Begin et al. 1974;
Stein et al. 1997; Haliva-Cohen et al. 2012). Aragonite crystals
appear as small needles (5–15 µm) building stellate aggregates.
The clay- and primarily silt-sized clastics have a light brown, grey,
greenish grey, dark green, or black colour, depending on the amount
of organic matter, preservation of green algae particulates (Thomas
et al. 2014 and references therein; Neugebauer et al. 2015b), and
iron sulfides that co-deposited with the detritus. Associated with
the aad facies are millimetre- to a few-centimetre sized native sul-
fur concretions that indicate lake stratification and anoxic bottom
water Avrahamov et al. 2014; Lazar et al. 2014).
The detrital silty fraction of the aad couplets represents depos-

ition during the winter rainy season through surface run-off pro-
cesses, while the primary aragonite is proposed to precipitate from
the interface between the upper, fresher lake water layer and the
lower brine during the summer evaporative season (Katz et al.
1977); however, its deposition during the winter–spring freshwater
inflow should be considered as an alternative explanation, because
this inflow brings the needed bicarbonates to form aragonite. Lam-
ina counting of the aad couplets in the Masada outcrop of the
Lisan Fm. and radiocarbon ages indicated that these couplets are
varves (Prasad et al. 2004) or at least close to annual deposition
during high lake stands. The most important evolutionary step in
the geochemical–sedimentological evolution of the Dead Sea water
bodies is the appearance of aad units during the Lake Amora stage
(Torfstein et al. 2009). This lithology most probably reflects a
limnological composition that allowed the development of a Ca-
chloride brine and its further mixing with CaCO3− transported to
the basin through the fluvial systems (Stein et al. 1997), perhaps
further indicating enhanced dissolution of surrounding substra-
tum Cretaceous limestone formations (Matmon, Chapter 46 of this
volume).

(B) GYPSUM AND DETRITUS (gd)

Up to several centimetres thick, well-laminated to massive gypsum
beds (gd facies: gypsum and detritus) interrupt the aad intervals.
This primary gypsumwas deposited during pronounced episodes of
lake level decline and water overturns during drier intervals within
glacial intervals (Torfstein et al. 2008). Precipitation of gypsum
requires supply of sulfate ions via freshwater (Stein et al. 1997).
As the lake is undersaturated with respect to sulfate, additional sul-
fate was supplied by run-off, subsurface saline aquifers (Torfstein
et al. 2008), or at the end of long freshening of the hypolimnic brine
(Lazar et al. 2014). The occurrence of the major gypsum units in
the Lisan Fm. coincides with the timing of North Atlantic Heinrich
events and was related to cooling of the east Mediterranean waters
that weakened the activity of cyclonic winter rains, causing regional
droughts Bartov et al. 2003; Haase-Schramm et al. 2004; Torfstein
et al. 2013).
These massive gypsum units in the Lisan Fm. can be traced

along the western (Torfstein et al. 2008) and eastern margins of
the lake (e.g. Landmann et al. 2002; Abu Ghazleh & Kempe 2009)
to the central Jordan Valley, and from these exposures to the deep

basin (Neugebauer et al. 2014). Thus, these horizons are considered
marker layers for stratigraphic correlations among sites.

(C) LAMINATED DETRITUS ( ld)

Sequences of laminated silty detritus with millimetre to decimetre
thick layers, and occasionally comprising 1–5 mm thick primary
aragonite and gypsum laminas, are referred to as ld facies (lamin-
ated detritus; Haliva-Cohen et al. 2012). The marl predominantly
consists of calcite, quartz, and different clay minerals and is charac-
terized by a grey, olive, dark brown, or black colour and significantly
higher grain sizes than in the detritus of aad facies. Detailed micro-
scopic inspections of well-laminatedHolocene sediments suggested
that their deposition is of annual nature (Fig. 9.3; Migowski et al.
2004; Neugebauer et al. 2015a). The ld facies is interpreted as flood
and dust sediments transported primarily during arid interglacial
intervals, when only a small amount of bicarbonate was supplied to
the lake (Haliva-Cohen et al. 2012). The ld facies constitutes signif-
icant parts of the exposed last interglacial Samra and the Holocene
Ze’elim formations (Waldmann et al. 2009; Haliva-Cohen et al.
2012) as well as of their deep-basin counterparts (Neugebauer et al.
2014).

9.3.2 THE HALITE FACIES

Two types of thick, consolidated halite facies were described from
deep-basin deposits (Fig. 9.1; Neugebauer et al. 2014):

(a) Well-bedded layered halite (lh facies, e.g. Neugebauer et al.
2014) is composed of three types of layers: (1) white to grey-
ish fine-grained halite (0.2–4 cm thick layers) characterized by
micrometre-sized perfectly cubic-shaped crystals, (2) transpar-
ent layers made of 1–10 mm size, irregular-shaped halite crys-
tals, and (3) thin grey marl laminas (typically <1 mm thick),
often also including gypsum (Palchan et al., submitted). Typic-
ally, these layers show an alternating pattern of types 1 + 2 or
1 + 3 couplets, or 1 + 2 + 3 triplets.

(b) The homogeneous halite facies (hh facies, Neugebauer et al.
2014) is composed of transparent, irregular-shaped halite crys-
tals (as in type 2 of the lh facies) within a fine-grained clas-
tic matrix. Furthermore, cubic halite crystals (mm–cm) appear
scattered within predominant homogeneous clastic units (hd
facies: halite and detritus; Neugebauer et al. 2014).

During the driest conditions and presumably lowest lake levels,
thick halite sequences were formed (lh, hh, and hd facies) with
lh considered to have been deposited during driest episodes. At
present, the Dead Sea is saturated with salt as a result of man-
made diversion of its water. Characteristically, salt was deposited
in the lake when the water level dropped below �400 m below
mean sea level (Neev & Emery 1967). At around this altitude, the
lake level falls beneath the sill separating the northern and southern
basins (e.g. Bookman (Ken-Tor) et al.2004; Stein et al. 2010). Com-
monly, halite sequences are absent from the margins of the basin
that formed during times of lake level high stands, e.g. during the
last glacial Lake Lisan. When lake levels fell, the margin deposits



Figure 9.3 Multi-proxy analyses of both shallow and deep water cores (DSEn-A4 and 5017-1, respectively) showing the mineralogy and sedimentology
typical of the ld and aad facies. a: Variations of Sr, S, Ca, Fe, and Ti in counts per second (cps). b: Variation of Ti and Sr (in cps) along with the mineralogical
composition of a homogenitic mtd unit measured in a core from the deep environment. c: Micro-facies analysis of the different lithologies identified as
being associated with the ld and aad facies in the shallow and deep environment. de: detritus, ar: aragonite, and gy: gypsum. (A black and white version of
this figure will appear in some formats. For the colour version, please refer to the plate section.)



N. Waldmann et al. 88

were exposed to erosion and truncation Bartov et al. 2007). Halite
sequences exhibit distinct layering (lh facies) which possibly repre-
sents annual sedimentation with deposition rates ranging between
0.2 and 7 cm per year. These values are in good agreement with
rates of modern salt deposition as reflected by the uppermost�2.20
m thick salt unit of the deep-basin core 5017–1 (Neugebauer et al.
2014), which has accumulated within �27 years (1983–2010). The
resulting average sedimentation rate of �8.2 cm per year is simi-
lar to the layer thickness measured for the lh facies (Palchan et al.
2014).

9.3.3 EVENT DEPOSITS

(a) Intraclast breccias: Intraclast breccias (mix facies) are abun-
dant in the laminated lacustrine sequences (e.g.Agnon et al.
2006 and references therein). The mineralogical composition
of intraclast breccias is identical to the underlying aad facies,
as they originated from those, but mostly consists of broken-up
aragonite (or gypsum) lamina fragments within a fine-grained
detrital matrix (Fig. 9.4). Commonly, intraclast breccias have a
sharp contact boundary with the overlying laminated sediment,
whereas the lower boundary is often indistinct. In the deep-
basin 5017-1 core (Neugebauer et al. 2014), intraclast breccias
are mostly incorporated in or replace the coarse base of graded
layers, which makes their identification more difficult. In these
cases, the contact with the underlying sediment layer is rather
abrupt, while the transition to the graded layer is gradual and
indistinct (Fig. 9.2). Earlier studies interpreted intraclast brec-
cias as being earthquake-triggered, and termed themmixed lay-
ers or seismites (Marco & Agnon 1995; Migowski et al. 2004;
Agnon et al. 2006; Kagan et al. 2011).

(b) Mass-transported deposits: In the basinal depositional environ-
ment, the laminated sediments are frequently intercalated by

graded layers, commonly up to several centimetres thick, with
dark grey, coarse silt- to sand-sized basal layers, fining upwards
to light grey silt to clay-sized marl, and commonly succeeded
by a dark clay top (Marco & Agnon 2005; Kagan et al. 2011;
Hadzhiivanova 2014). Occasionally, the coarse base of these
deposits is replaced by intraclast breccia. Such clay to silt-size
deposits are termed homogenites, identified by the homoge-
neous mud without visible internal structure, but often con-
taining a coarser-grain base. Slumped, folded, brecciated, and
displaced sedimentary structures of diverse composition, grain
size, and thickness, which ranges from millimetre to metre
scale, are associated with these mass-transport deposits (mtd)
and probably are related to rather extreme climatic events or
seismic shaking of the sedimentary overburden, leading to sub-
aquatic slope failure. As these deposits are often also associ-
ated with intraclast breccia, earthquakes are the most likely
triggers, but forcing by hydro-meteorological extreme events
or slope instability due to lake level changes might also play a
role (Hadzhiivanova 2014). The total sediment thickness sub-
stantially increases through these event deposits; e.g. they add
�60% to the total thickness of the Lisan Fm. in the deep basin
(Neugebauer et al. 2014).

Brecciated halite layers are occasionally identified within the mas-
sive salt sequences (htd – halite-transported deposits; Fig. 9.4).
These units are characterized by consolidated fine-grained halite
and clay to silt-size clastic matrix with occasional fragmented and
distorted single aragonite or gypsum layers. These layers are inter-
ceded by fining-upward, graded, irregular single halite crystals of
millimetre- to centimetre-scale and some millimetre-scale clastic
grains. Further investigation is needed to confirm the transport
mechanisms controlling the formation of these units.
Occasionally, some coarse clastics (ccd facies) make their way

to the deep, typical pelagic conditions of the basinal depositional
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Figure 9.4 Event layers as identified in the deep-basin environment of the Dead Sea. a: Intraclast breccias (as inAgnon et al. 2006), radiocarbon-dated to a
seismic event occurring at 1458 AD. b:mtd facies along with Ca, K, Ti, and Sr variations (in counts per second). The unit can be divided into three sub-units
based on the internal geochemical variations. c: A 10 cm sequence of halite deposits showing the htd facies. Upward increase in crystal size indicates the
presence of some internal structuring in the sequence. (A black and white version of this figure will appear in some formats. For the colour version, please
refer to the plate section.)
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environment. These units, which usually characterize the sub-
aerial and marginal environments, are mainly composed by mud-
supported �2 to 8 mm large sub-rounded and sub-angular lime-
stone, dolomite, halite, quartz, and feldspar clasts. This type of
deposit has also been identified in the basal parts of exceptionally
thick graded layers associated with fine-grained matrix sediments.
Such deposits may point to a mechanism of high-energy transport.
The lithology and depositional implication of such units have been
further discussed by Neugebauer et al. (2014).
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10 The Amora Formation, Dead Sea Basin
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10.1 INTRODUCTION

The history of hypersaline lacustrine bodies in the Dead Sea Basin
(DSB) (Fig. 10.1) began with the ingression of the Mediterranean
Sea during Pliocene times (the Sedom Lagoon; Zak 1967). Fol-
lowing the disconnection of the Sedom Lagoon from the open sea,
the residual lacustrine body in the DSB cycled between high and
low stands in response to regional hydrology. The earliest of these
cycles, covering approximately 3 million years, is referred to as
Lake Amora. Most of the sedimentary sequence of this lake (the
Amora Formation (Fm.)) is buried and reaches a thickness of sev-
eral kilometres. Its capping layers are exposed occasionally along
the DSB, with the thickest and longest exposure near the Arubotaim
Cave site, on the eastern flanks of Mount Sedom (Fig. 10.1).
Readers should be aware that in several previous publications

(Zak 1967; Horowitz 1987, 2001a; Steinitz & Bartov 1991) the
name Amora Fm. has been attributed to various sedimentary sec-
tions, which do not necessarily correlate to each other; similarly,
some lacustrine sequences in the DSB, typically dominated by thick
marl units, and thought to be synchronous with the Amora Fm. (as
defined here), have been referred to as Hamarmar Member (Lan-
gozky 1960), Hamarmar Fm. (Neev & Emery 1967), or Samra Fm.
(Begin et al. 1974; Waldmann et al. 2007; Waldmann, Chapter
11 of this volume). Here, following Zak (1967), the term Amora
Fm. refers to the lacustrine sequence overlying the Sedom Fm. and
underlying the last glacial Lisan Formation.
The lithology, stratigraphy, and chronology of the Amora Fm. are

presented below, and lithostratigraphic changes are discussed in the
context of regional and global climate change.

10.2 LITHOLOGY AND STRATIGRAPHY

10.2.1 THE SUBSURFACE SECTION

The Amora Fm. consists of over 3.5 km of lacustrine deposits,
comprising evaporates (carbonates, gypsum, halite) and fluvial clas-

tics (Zak 1967; Horowitz 1987, 2001a, 2001b; Salhov et al. 1994)
(Fig. 10.2). The Sedom-Deep-1 borehole, located just south of Mt
Sedom (Fig. 10.1), reveals the longest sequence of the Amora Fm.
There, the lower part of the Amora Fm., overlying the Sedom salt
beds, is dominated by �1,000 m thick massive beds of quartzose
sand known as the Melekh Sedom Sand Member (Horowitz 1987).
The middle part of the formation is composed of quartzose sand,
marls, shales, and some conglomerates. The upper part is dominated
by grey marl and contains a minor amount of anhydrite, halite, sand,
and conglomerate. The full sequence of Amora (including Samra)
and Lisan Formations in the Sedom-Deep-1 borehole displays a
gradual grain size decrease from coarse- to fine-grained clastics,
probably reflecting the ongoing subsidence of the DSB and devel-
opment of a deep depositional basin (Gardosh et al. 1997).

10.2.2 THE ARUBOTAIM CAVE SECTION

The longest exposure of the Amora Fm. is identified on the eastern
flanks of Mt Sedom (a salt diapir; Zak 1967), near the Arobotaim
Cave (AC) site, where the piercing diapir tilted theAmora Fm.�70°
eastward (Zak 1967; Weinberger et al. 2006; Torfstein 2008) to a
sub-vertical position and a�320 metre thick stratigraphic sequence
is exposed along dry creeks (Figs. 10.1C, 10.3).
The sediments consist of alternating aragonite–detritus laminae

(the aad facies; Marco et al. 1996; Machlus et al. 2000; Waldmann
et al., Chapter 9 of this volume), Ca-sulfate minerals, halite and
clastics. The Amora Fm. at the AC site is divided into five mem-
bers: Amora Formation Members (AFM) I, II, III, IV, and V (cor-
responding to Zak’s (1967) division into Amc, Ama, As, Am, and
AmsMembers, respectively). Overall, the lithology of the sedimen-
tary section is similar to that of the overlying widely exposed Lisan
and Ze’elim Formations, as described by Begin et al. (1974), Neev
and Emery (1967), Zak (1967) and others. Exceptions to this gener-
alization are the appearances of calcium sulfate as anhydrite rather
than gypsum, especially in the lower part of the AC section, which
probably reflects the burial of the sediments and the consequent
dehydration of gypsum (Torfstein 2008).
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Figure 10.1 Location map. A: The Dead Sea Basin (DSB) area and maximum extent of the last glacial Lake Lisan. B: The Arubotaim Cave site is located
along the northeastern flank of Mount Sedom. An additional Amora Fm. sequence is exposed in the Perazim Valley (PZ2), west of Mount Sedom. C: A
schematic cross-section of the Sedom diapir (modified after Zak 1967). Note the vertical to sub-vertical tilting of the layers. The grey layer in the Amora
Fm. stands for the salt in Amora Formation Member AFM-III (adapted from Torfstein et al. 2009).
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Figure 10.2 A: A generalized chronology of the late Pliocene and Quaternary Dead Sea Basin lacustrine bodies. B: Amora Fm. columnar section at the
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Figure 10.3 The Arubotaim Cave section of the Amora Fm. exposed on the eastern flank of Mt Sedom. Sediment intervals equivalent to Marine Isotope
Stages (MISs) 11–5 are marked. A massive salt unit corresponding to MIS 11 represents a significant drop in lake level. (A black and white version of this
figure will appear in some formats. For the colour version, please refer to the plate section.)
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Figure 10.4 Global sea-level changes (fromMiller et al. 2005) and the evolution of the Dead Sea Basin lacustrine bodies. Previous estimates for the timing
of the disconnection of the Sedom Lagoon from the open sea were suggested by (a) Matmon et al. (2014), (b) Torfstein et al. (2009), (c) Belmaker et al.
(2013), (d) Stein and Agnon (2007), (e) Steinitz and Bartov (1991). A prominent drop in sea level �3.4–3.3 Ma agrees well with the average age range of
the above estimates and is suggested to serve as the direct trigger for the disconnection event.
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10.3 CHRONOLOGY

10.3.1 THE BIRTH OF LAKE AMORA

The age of the base of the Amora Fm. remains elusive. This stems
partly from the fact that the base is not well defined and in fact is
only recognized in a few boreholes spread across the DSB. More-
over, because of the Pliocene and early Quaternary lacustrine age
of the basal deposits, no direct age determination was possible until
recently. Based on stratigraphic constraints and field observations,
the seminal work of Zak (1967) concluded that the base of the AC
section is probably �1 Ma, that the Sedom–Amora conformal con-
tact is probably of Pliocene age, and that the Amora–Lisan contact
is �100 ka. Subsequent attempts to determine the basal age of the
Amora Fm. typically carry large uncertainties but mostly converge
toward the same time window between �3 and 4 Ma. A compil-
ation of part of the latter is given in Fig. 10.4, and the reader is
referred to Belmaker et al. (2013), Matmon et al. 2014, and Mat-
mon and Zilberman (Chapter 3 of this volume) for a more compre-
hensive review of the direct and indirect observations regarding the
age of the Sedom Fm. and insights on the Sedom–Amora transition.
In this context, it is noted that the existence of a lagoon requires
high enough seawater levels to overcome topographic disturbances
and maintain an open supply of water to the lagoon. A global sea-
level reconstruction (Miller et al. 2005) indicates that a significant
water-level drop of�60 m occurred�3.4–3.3Ma (Fig. 10.4), prob-
ably triggering the final disconnection of the Sedom Lagoon from
the open waters. Once the landlocked water was disconnected, the
development of a topographic sill might have prevented flooding of
the basin during subsequent sea-level rises. Accordingly, an abrupt
sea-level drop �3.3 Ma is put forward here as a likely trigger of
the desiccation of the Sedom Lagoon and ‘birth’ of an inland Lake
Amora and its descendant lacustrine phases. The early evolution of
Lake Amora, therefore, is coincident with the onset of late Ceno-
zoic Northern Hemisphere glaciation, which gradually drove ocean
levels down.

10.3.2 THE AROBOTAIM CAVE CHRONOLOGY

The first direct attempt to date the AC sequence (Kaufman 1971)
yielded 234U–230Th ages between 380 and 190 ka, although they
involved large uncertainties and no stratigraphic context. Later,
Torfstein et al. (2009) established an age model for the AC sec-
tion based on: (a) 234U–230Th ages of primary aragonite laminae,
(b) the consistent initial (234U/238U) ratios observed in DSB waters
and primary aragonites used to back-calculate deposition ages from
the measured (234U/238U) ratios in the AC section, and (c) temporal
changes in δ18O of primary aragonites that closely follow eastern
Mediterranean δ18O patterns and thus can be used as a chronologic
marker (Kolodny et al. 2005). This was applied in the AC section
and more recently in the Dead Sea ICDP deep core (Torfstein et al.
2015). Finally, (d) the magnetic signal in AC section sediments is
Normal throughout the section, and thus this sequence is younger
than the Bruhnes–Matuyama reversal (780 ka).

According to these lines of evidence, the base of the AC sequence
was determined to be �740 ka. AFM-V (see below) is time-
equivalent to the last interglacial and correlates to marl beds located
just below the Lisan Fm. exposed along the Perazim Valley and
the modern Dead Sea (e.g. Waldmann et al. 2009; Waldmann, this
volume).

10.4 LIMNOLOGICAL HISTORY

The history of the early phases of Lake Amora remains largely
unknown because the sedimentary sequence is not exposed and
unavailable for investigation. The primary interval of the Amora
Fm. that has been studied in this context is the AC section. A sum-
mary of the main episodes in the lake evolution between �740
and 70 ka is presented here, based on lithologic characteristics of
the Amora Fm. Members exposed along the AC section (Fig. 10.5;
Torfstein et al. 2009).

(1) 740 – 550 ka (MIS 18–14), AFM-I: Rapid transitions between
a deep-lake environment during which primary aragonite and
gypsum precipitated, to a low-stand lake that deposited fine
to coarse clastics. The sharp negative excursions of δ18O
observed at the base of the section (estimated at 612, 696,
and 732 ka) indicate that episodic flooding dominated during
this period. The occurrence of aragonite sequences and inter-
mittent Ca-sulfate layers indicates that the characteristic DSB
hydro-limnology of the last glacial and Holocene (i.e. stratified
water column and interaction between the Pliocene Ca-chloride
brines and freshwater; Stein et al. 1997) already existed during
the middle Pleistocene.

A sharp lithologic transition at �96 m (�540 ka; Fig. 10.1), from
a high content of pebbles and coarse sands to a fine sand and silt,
reflects a weakening inwater energies at this site, probably implying
deepening of the water column in response to more humid condi-
tions in the basin.

(2) 550–420 ka (MIS 14–12), AFM-II: Recurring cyclic deposition
of marls, gypsum, and aragonite at the AC site. During this
interval the lake was generally low and the AC site was sub-
merged beneath a shallow, sabkha-like water column.

(3) 420 (±10) ka (MIS 11), AFM-III:The transition into the dry and
warmMIS 11 interglacial is reflected by a rise in the lake salin-
ity resulting in precipitation of massive halite. Assuming that
regional hydroclimatic conditions during MIS 11 were simi-
lar to Holocene conditions, the level of Lake Amora may have
dropped during the precipitation of the AFM-III salt to below
400 m below mean sea level (bmsl).

(4) 400–240 ka (MIS 11/10 to MIS 8), the lower part of AFM-
IV: The basin accumulated sequences of primary aragonite and
marls with occasional deposition of gypsum and sands. The
relatively low sedimentation rate and occasional appearance of
sand layers imply unidentified hiatus(es?) may exist throughout
this sequence, indicating significant lake level drops.
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(5) 240–190 ka (MIS 7): A thick sequence of massive to lamin-
ated marls with some primary aragonite laminae and a few
gypsum and coarse sand beds deposited in a generally low-
stand lake; light δ18O excursions are interpreted as reflect-
ing recurring freshwater flooding to the lake (Kolodny et al.
2005).

(6) 190–130 ka (MIS 6), upper part of AFM-IV: The lake deposited
mainly sequences of primary aragonite and gypsum, with sedi-
mentology overall similar to the last glacial PZ2 and Mas-
sada sections (Lisan Fm.) (Torfstein et al. 2013). This indicates
enhanced long-term supply of freshwater and subsequent lake
level rise as well as build-up of long-term density-stratification
(by contrast, during MIS 7 the lower-stand lake was proba-
bly mixed). The development of anoxic conditions in the lower
layer (brine) of the lake is reflected by the well-defined appear-
ance of native sulfur concretions between �200 and 160 ka.
The high fraction of primary minerals observed in the upper
part of AFM-IV implies that this interval probably represents
the longest wet stage in the known history of Lake Amora; only
the sedimentary sequence of MIS 2 reflects a wetter stage dur-
ing the past 740 ka.

(7) 130–70 ka (MIS 5; last interglacial), AFM-V: A sharp tran-
sition from a high-stand to low-stand conditions (MIS 6–5)
is marked by a pronounced lithological change of aragonite–
gypsum facies into a 20 m thick clastic sequence totally devoid
of aragonite. Lake level curves constructed independently by
Bartov et al. (2007) and Waldmann et al. (2007), together with
the chronologies of AC and PZ2 sites (Torfstein et al. 2009)
and the deep DSB core (Torfstein et al. 2015), are in agreement
with this abrupt limnological transition.

The evidence shows that Lake Amora evolved through repeated,
sometimes large, cycles of lake level fluctuation. A notable transi-
tion at 96 m (AFM-I to AFM-II contact) corresponds to a shift from
a rapidly fluctuating lake to amore stable one (Torfstein et al. 2009).
This transition corresponds to the global mid-Pleistocene transition
(Mudelsee & Schulz 1997) from a 41-ka-dominated to a 100-ka-
dominated world).
The recent Dead Sea Deep Drilling Project recovered evidence

(Neugebauer et al. 2014; Torfstein et al. 2015) for extreme hyper-
aridity during interglacials MIS 7 and 5 (halite sequences) and
relatively wet conditions during MIS 6 (aad and silt layers), thus
confirming the limnological history and inferences from the AC
section.
Combined with the high sedimentation rates that provide a high-

resolution record of the lake evolution and the Amora Fm. being
one of the longest Quaternary lacustrine sediment sequences known
today, this formation is a critical palaeoclimate archive for the Lev-
ant, an area that served as the main migration path for prehistoric
humans out of Africa. Thus, the climatic–limnologic history of Lake
Amora is of the utmost importance in the context of understanding
both human evolution and the Quaternary geologic history of the
DSB region.
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11 The Stratigraphy and Chronology of the Samra Formation

nicolas waldmann

11.1 INTRODUCTION

The term Samra Formation sensu stricto was first used at Hir-
bet e-Samra, 6 km north of Jericho (Picard 1943), where it was
described as coarse clastic sediments of Early Pleistocene age over-
lapped by the Lisan Formation in an erosional truncation. These
sediments were interpreted to have deposited in fluvial environ-
ments (probably deltas) flowing into a semi-perennial lake. The
term was later attributed to outcrops with a similar lithology in the
northern region of the Dead Sea (e.g. Bentor & Vroman 1960; Rot
1969; Begin et al. 1974; Begin 1975; Manspeizer 1985). Never-
theless, no clear chronostratigraphy exists among these sediment-
ary sequences; it was based on sedimentary facies interpretation
and attempts at stratigraphic correlation. Furthermore, discrepan-
cies appear when trying to tie this formation to similar pre-Lisan
deposits in the southern Dead Sea. The first attempt at describing
an Early Pleistocene lacustrine sedimentary record in this region
was that by Zak (1967), in which he described the Amora Forma-
tion. Zak (1967) considers the uppermost Amora Formation (Ams
member) as the abovementioned Samra Formation. Other sediment-
ary units underling the Lisan Formation were identified on creeks
west and south of Mt Sedom and were associated with pre-Lisan
units (Fig. 11.1); examples are the Foothill Formation of Bentor and
Vroman (1960), the Hamarmar Member of Langozky (1961, 1963),
and the Samra Formation of Sneh (1982), Manspeizer (1985), and
Kaufman et al. (1992). Furthermore, >400 m of pre-Lisan deposits
were recognized in boreholes (Kashai 1976; Gardosh et al. 1997).
However, a complete sedimentary documentation of these archives
as well as their chronology and stratigraphic correlation remains
ambiguous.
Major advances in isotope geochemistry and dating techniques

during the past few decades have allowed the stratigraphy and
chronology of middle to late Pleistocene sedimentary units filling
the Dead Sea to be better constrained (Torfstein et al. 2009; Wald-
mann 2002). These works have provided a solid basis for better
constraining the formation age to within the last interglacial inter-
val (135–70 ka; Fig. 11.2). Nevertheless, newly obtained U-series

ages (Torfstein et al. 2015) retrieved from a long core (�455 m
below the lake floor) under the umbrella of the ICDP in the win-
ter of 2010 (Neugebauer et al. 2014) allow the beginning of the
rise of Lake Lisan to be placed at �90 ka BP (Neugebauer et al.,
submitted).

11.2 STRATIGRAPHY OF THE SAMRA FORMATION

Important advances in the understanding of the stratigraphy and
sedimentology of the Samra Formation were accomplished through
documentation of >30 outcrops around the Dead Sea basin (Wald-
mann et al. 2007, 2009, 2010). Hiatuses and erosional surfaces
occur in this area as a consequence of lake level fluctuations, and
thus a continuous stratigraphy is still lacking. However, the success-
ful retrieval of the long core as part of the ICDP (Neugebauer et al.
2014, and Neugebauer et al. 2015) has provided a new opportunity
for properly identifying and describing a continuous sedimentary
record of the Samra Formation, especially its sedimentology in the
deeper parts of the Dead Sea.
Based on lithological assemblages from both shallower and

deeper depositional environments (see also Waldmann et al.,
Chapter 9 of this volume), the stratigraphy of the Samra Formation
is described here. As the sedimentary characteristics of the Samra
Formation were shaped by lake level fluctuations and controlled by
basin morphology, a comprehensive description of the stratigraphy
of the Samra Formation is presented independently for (a) the west-
ern steeper basin margins, (b) the southern and northern flat areas,
and (c) the deep Dead Sea.

(A) THE WESTERN MARGINS OF THE DEAD SEA

The Perazim section (PZ7; Waldmann 2002; see Fig. 11.1 for
location) serves as the type section for the shallow environment
Samra Formation at the western margins of the Dead Sea; it is
best recovered with most complete sedimentary archive in the
exposed outcrop (Fig. 11.3). This section is the longest (�28m) and
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Figure 11.1 a: Map of the Dead Sea area. b: Geological map of the western area of Mt Sedom.

best-analysed section of the Samra exposed sediments. These
mainly lacustrine sediments were deposited in diverse depositional
environments. Three environments predominate: proximal, distal
and marginal environments (Waldmann et al. 2009). The three
sub-units (S1–S3) of the PZ7 shallow-water type section present
coarsening- and fining-upward sequences interpreted as three lake
level intervals. At the PZ7 site, Samra deposits slope 10–17 degrees
westward; the overlying Lisan Formation sediments are horizon-
tal without tilting (Fig. 11.4). Tectonic uplifting of the nearby Mt

Sedom (Weinberger et al. 2006) is responsible for this structural
dip of the Samra Formation and the angular unconformity.
Stratigraphic correlation between Samra Formation deposits at

the western margins of the Dead Sea (Fig. 11.5) indicates that
all sub-units thin northward. As no physical continuation exists
between most of these deposits, we used the prominent Three Gyp-
sum unit situated �3 m from the base of the Lisan Formation
as a marker for the stratigraphic documentation (following Bartov
et al. 2003; this unit commonly serves as a well-dated lithological
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Figure 11.2 Comparisons among the nomenclature for themain formations
of the Dead Sea Group. a: Hazan et al. (2005), b: Begin et al. (1974), c: Sneh
(1996), d: Agnon (1983), and e: Zak (1967).

marker), coupled with U–Th ages measured on the different
sections.

(B) THE SOUTHERN AND NORTHERN AREAS OF
THE DEAD SEA

The stratigraphy of the Samra Formation in these regions is strongly
overprinted by clastics entering the lake through axial fluvial sys-
tems: the Jordan River from the north, and the Zin and Arava
ephemeral streams from the south. Three main sequences are
defined by unconformities in the exposures at the southernmost part
of the lake (Fig. 11.5). The S1 sequence partially outcrops in the
Arava valley in sections AR5, AR4, and AR3, consisting of pebble
and cobble layers fining-upward to intercalations of silt and clay.
Both the base and top of this unit are erosional unconformities. The
sediments thicken northward, with the larger clasts in areas related
to fluvial input. Thus, the altitude of the sequence represents the
upper bound for the lake stand during this deposition. The S1 age is
estimated through a correlation with the PZ7 section, as an age of
approximately 116 ka (Waldmann 2002) was obtained �5 m above
the sequence’s base.
S2 is characterized by a fining-upward succession bounded by

erosional surfaces. The sequence begins with coarse, well-rounded
clastics overlain by intercalations of marls and fine silts, probably
indicating a lake level drop, later followed by aminor lake level rise.

As for S1, the age of S2 is estimated by correlation to PZ7, where
a U–Th age of �89 ka (Waldmann et al. 2009) was obtained from
the laminated section 4m above sequence base. Nomajor unconfor-
mities and hiatuses within the lacustrine part of the sequence were
identified; S2 deposition is estimated as �115 to �85 ka (Wald-
mann et al. 2009).
The S3 sequence is similar to S1 and S2, consisting of a fining-

upward succession starting with coarse, rounded clastics overlain
by intercalating marls and fine silts. It reaches a maximum thick-
ness at the northern section (AR5), while thinning and completely
truncated southwards. Overall, this sequence is transitional from an
alluvial to a lacustrine setting in northward direction. No datable
material exists in this sequence. We estimate its chronology from a
U–Th age obtained �1 m above the basis of the Lisan Formation in
the PZ7 section. This �67 ka age places the S3 sequence between
�85 and 75–70 ka. S3 is probably a short-term lake level rise in the
basin and related to the rising of Lake Lisan.
North of the Dead Sea, a stratigraphic correlation was physically

traced among four sections located along the western flanks of the
Jordan River and the basin axis (Fig. 11.5). Overall, the laminated
lacustrine-type deposits govern the sequences and thicken south-
ward with clastics increasing northward, probably related to short-
ening distance to the local river mouths. The Three Gypsummarker
and the several U–Th ages retrieved at the Bet Ha’Arava section
(BA;Waldmann 2002; Fig. 11.5) may indicate that the lower bound-
ary of the Samra Formation is at the subsurface. At the BA local-
ities, U–Th ages of 72±3 ka and 108±12 kawere recovered from 20
cm above and �1 m below this transition, respectively, indicating a
prominent depositional or erosional hiatus. North of Bet Ha’Arava,
at the Tovlan site (TV), this Samra–Lisan transition is characterized
by a 1.5m thick buried soil associated with large numbers of aquatic
gastropods, indicating wetter conditions.

(C) THE DEEP-BASIN ENVIRONMENT

Neugebauer et al. (2014) describe a 110 m long SU-II (SU stand-
ing for sub-unit) related to the Samra Formation in the �455 m
long core retrieved as part of the ICDP project. The retrieval of
such a long sequence chronologically related to the Samra Forma-
tion (Torfstein et al. 2015) provides novel insights into sequences
deposited during relatively low lake level intervals andmissing from
the shallower environments surrounding the Dead Sea.
The SU-II is divided into SU-II-a to SU-II-e, from bottom to top

(Neugebauer et al. 2014; Fig. 11.6). The different sub-units are cor-
related with specific seismic units identified in a high-resolution
geophysical survey (Coianiz et al. 2013) and are mainly marked
by alternations of halite (lh and hh) and detrital marl (ld and aad)
facies (facies are according to Neugebauer et al. 2014 and Wald-
mann et al., this volume). The five sub-units are identified by dif-
ferent lithologies (see Waldmann et al., this volume):

(a) SU-II-a (depth of �320–304 m, Fig. 11.6) is layered halite (lh
facies) with some laminated marl (ld facies) intercalations.

(b) SU-II-b (�304–279 m) is laminated marl (ld facies) including
a �3 m thick hd interval and a �6 m thick aad sequence.



Figure 11.3 a: A photograph of the Samra Formation sediments exposed in the Perazim Valley, indicating the identified local stratigraphic cycles S1–S3.
b: PZ7 in the shallow water environment and respective U–Th dates (following Waldmann et al. 2009). c: The reconstructed relative lake level curve for
�140–50 ka. Black dots mark current altitudes of absolute U–Th ages (not considering tectonic subsidence of the basin). The lake level curve of Lake Lisan
is adapted from Bartov et al. (2003). Samra lake levels are estimated and represent maximum or minimum altitudes. Dashed black line marks the estimated
curve, grey arrows stand for known lake level trends. d: Stratigraphy of the lacustrine deposits. Am. = Amora. Timing of Marine Isotope Stages follows
EPICA community members (2006).

Figure 11.4 Angular unconformities between the Amora, Samra, and Lisan formations in the Perazim area, just west of Mt Sedom. Ams. = the upper
member of the Amora Formation as described by Zak (1967), S1 = the lowermost sub-unit of the Samra Formation. Subdivision of the Lisan Formation
follows Bartov et al. (2003).



Figure 11.5 a: Proposed chronostratigraphic correlation between outcrops in the western flank of the Dead Sea. Locations of sites are shown on the digital
elevation map: MS = Mishmar, MZ = Masada, MR = Mor and PZ7 = Perazim’s seventh sites. U–Th ages from Waldmann et al. (2009). Heights of
the different columnar sections are in m below mean sea level (MSL) measured at the transition between the Samra and Lisan Formations. b: Proposed
chronostratigraphic correlation south of the Dead Sea. Locations of sites are shown on the DEM map: AR1–7 stand for sites along Nahal Ha’Arava. c:
Proposed chronostratigraphic correlation north of the Dead Sea. Locations of sites are shown on the DEM map: DS = Deir Shaman, TV = Tovlan, AB =
Allenby Bridge, and BA = Bet Ha’Arava. (U–Th ages at BA are from Waldmann et al. 2009.)
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Figure 11.6 Stratigraphy of the Samra Formation recovered in the core
from the deep basin as part of the ICDP project (water depth 297 m). Core
description following Neugebauer et al. (2014).

(c) SU-II-c (�279–233 m) is a halite sequence (lh and hh facies)
intercalated with ld facies. This is by far the thickest halite
sequence of the entire core from the deep basin.

(d) SU-II-d (�233–210 m) is an aad-dominated unit, intercalating
with some laminated marl (ld facies).

(e) SU-II-e (�210–200 m) is thick layered halite (lh facies) occa-
sionally interrupted by laminatedmarl and alternating aragonite
and detritus (ld and aad facies).

These sub-units apparently indicate oscillations between lower and
higher lake stands, and possibly pronounced oscillations between
drier and wetter conditions, at the millennial or even longer time-
scales. It is likely that the most pronounced and/or longest dry
period during the entire time interval covered by the core led to the
deposition of the thickest (�40m) salt sequence in the entire core in
sub-unit SU-II-c. High-resolution investigations of these laminated
lh and hh facies (Palchan et al. 2014; Palchan et al., submitted)
demonstrate the feasibility of using the last interglacial low-stand
sediments for climate reconstructions. The low lake level that char-
acterizes this time interval is coeval with the formation of a depos-
itional gap in the littoral and marginal sequence of the Samra For-
mation. This is further confirmation that the sediment record from
the deep basin can aid in providing a more comprehensive recon-
struction of the lake level history of the Dead Sea and its precursor
lakes.
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12 Lake Lisan
The Archive of the Last Glacial Levant’s Hydroclimatology

mordechai stein and steven l. goldstein

12.1 INTRODUCTION

Lake Lisan filled the northern Arava, Dead Sea Basin, Jordan, and
Kinnarot valleys during the last glacial period (�70–14 ka), cor-
responding to Marine Isotope Stages (MIS) 4, 3, and 2 (Neev &
Emery 1995; Stein 2001, 2014a; Haase-Schramm et al. 2004). The
lake levels were up to �250 m higher than modern and Holocene
Dead Sea levels, reaching at �27–24 ka a highest stand of �165
m bmsl (m below mean sea level). At that time, the lake extended
from the Sea of Galilee (Lake Kinneret) in the north to the northern
Arava Valley in the south (Bartov et al. 2002; Hazan et al. 2005)
(Fig. 12.1). During low stands (e.g. �330 m bmsl, �100 m higher
than the present-day Dead Sea), the lake contracted, and two fresh
and hypersaline water bodies existed in the Kinnarot and Dead Sea
basins in the north and south, respectively (Fig. 12.1). The sedimen-
tary sequences deposited in these two lakes constitute the Lisan and
Kinneret formations, respectively. During the past several decades,
significant efforts have been devoted to deciphering the sedimen-
tology, palaeolimnology, palaeohydrology, palaeoclimatology, and
palaeoseismology recorded in these sequences (e.g. Neev & Emery
1967; Begin et al. 1974; Katz et al. 1977; Stein et al. 1997, and
Chapter 8 of this volume; Bartov et al. 2002; Hazan et al. 2005;
Torfstein et al. 2013a; Neugebauer et al. 2014; Stein 2014a, 2014b).
This chapter summarizes the chronology, sedimentary, geochem-

istry, and palaeolimnology of the Lisan Formation, and their impli-
cations for the hydroclimatology of the lake’s watershed during the
last glacial and its termination, as well as relationships with global
and hemispheric climatology. The Lisan Formation has also been
used as a high-resolution palaeoseismological archive in the Dead
Sea area (Marco et al. 1996). However, this is beyond the scope of
this chapter; recent reviews of the subject are given by Stein (2011)
and Agnon (2014).

12.2 THE LISAN FORMATION

The Lisan Formation comprises the last glacial sedimentary
sequence deposited by the hypersaline Lake Lisan. This formation

is well-exposed around the Dead Sea, in the Jordan Valley, and in
the northern Arava, with detailed documentation in the Amiaz and
Masada plains, on the Lisan Peninsula, and near Beit Ha’Arava (e.g.
Katz et al. 1977; Marco et al. 1996, 1998; Stein et al. 1997; Mach-
lus et al. 2000; Bartov et al. 2002, 2003, 2007; Torfstein et al. 2005,
2008; 2013a, 2013b; Waldmann et al. 2007).
The main lithologies constituting this formation and deposited

in the lacustrine environment are primary aragonite, detrital quartz-
and calcite-rich silt, and gypsum. They appear in three major sedi-
mentary facies (see Waldmann et al., Chapter 9 of this volume): (a)
thinly laminated and alternating primary aragonite and silty detri-
tus (aad facies, Machlus et al. 2000), (b) laminated silty detritus
(ld facies, Haliva-Cohen et al. 2012), and (c) units with gypsum
(Torfstein et al. 2005, 2008) (Fig. 12.2). The aad facies dominates
the Upper and Lower Members of the Lisan Formation (Haase-
Schramm et al. 2004). The silt has a typical grain-size mode of 8–
10 μm and probably represents desert dust that settled on the sur-
face of the Judea and Galilee mountains and the northern Negev
Desert (Haliva-Cohen et al. 2012). The dust was blown from the
north Sahara Desert during major dust storms associated with the
eastern Mediterranean cyclones (e.g. Frumkin & Stein 2004; Enzel
et al. 2008). The aragonite has been precipitated by turbulentmixing
across the epilimnion/hypolimnion boundary, between the shallow,
less saline water loaded with bicarbonate and the Ca-chloride brine
(Stein et al. 1997; Lazar et al. 2014). Most of the freshwater that
flows to the Dead Sea Basin originates in the northern and central
parts of the watershed, reflecting winter rains activated by the east-
ern Mediterranean cyclones (e.g. Enzel et al. 2003; Bartov et al.
2003; Ziv et al. 2006; Enzel et al. 2008; Kushnir & Stein 2010).
Study of the oxygen isotope compositions in the primary aragon-
ites precipitated from Lake Lisan indicates that the Mediterranean
rains were also the main source of freshwater to the lake (Kolodny
et al. 2005). The bicarbonate that is required for the deposition of
the primary aragonite is possibly a dissolution product of the detrital
calcites that constitute the incoming desert dust. This conclusion is
based on the 87Sr/86Sr ratios and meteoric-cosmogenic Be isotopes
in the floodwaters and the transported particles (Haliva-Cohen et al.

107



M. Stein and S.L. Goldstein 108

35°

Hula
Basin

Jepel
Druze

Mt
Hermon

33°

32°

31°

30° 30°

31°

32°

33°

36° b

a

0

Gulf of Elat
(Aqaba)

50 km

Desert

N. P
ar

an

W. Hasa

D
e

a
d

 S
e

a

Negev
PZ1

Masada

N. Z
in

W
. A

ra
va

Sea of
Galilee

Maximum
extension

of Lake LisanM
e

d
i t

e
r r

a
n

e
a

n
 S

e
a

Lo
w

er
 J

or
d a

n  
R

iv
er

W. Zarqa (N. Yaboq)

W. Mujib (Amon R)

ME

Varmouk R.U
pp

er
Jo

rd
an

 R
iv

er

Varmouk R.

Figure 12.1 The Dead Sea watershed, Lake Lisan and location of main working sites. a: The Dead Sea watershed is located between the arid Sahara–Arabia
and the Mediterranean zone, and receives water and clastics from both. b: The Dead Sea watershed and the geographical extent of Lake Lisan during its
highest stand (�165 m bmsl). Major sites discussed in this chapter are, south to north: PZ1 = stratigraphic section at the incised Perazim Valley in Amiaz
Plain; LP = Lisan Peninsula section, M1 = Masada section; BA = Beit Ha’Arava section; ME = Menahemya; and TBY = Tel Bet Yerach section on
the southern shores of Lake Kinneret (sites are marked in Fig. 12.1b). Also marked is the location of the deep-drilled core at a water depth of 300 m (the
ICDP–DSDDP core, Neugebauer et al. 2014; Waldmann et al., Chapter 9 of this volume).

2012; Belmaker et al. 2014). The ld facies characterizes the inter-
vals of lower lake stands (mainly the MIS 3 Middle Member of
the Lisan Formation). This facies indicates suspended calcite- and
quartz-rich flood deposits washed in during periods of limited sup-
ply of bicarbonate (Haliva-Cohen et al. 2012).

12.3 CHRONOLOGY OF THE LISAN FORMATION

The use of the U–Th method for high-resolution chronology of
the Lisan Formation was pioneered by Kaufman (1971) (with add-
itional work by Kaufman et al. (1992)), who applied the method to
primary aragonite by α-counting. Later, Schramm et al. (2000) and
Haase-Schramm et al. (2004) used thermal ionization mass spec-

trometry (TIMS) to measure the U and Th isotope activities in pri-
mary aragonites and detritus, and thus to construct the first detailed
age–height model for the Lisan Formation (the Haase-Schramm (H-
S) age model) in the PZ1 section at PerazimValley (Figs. 12.1, 12.2,
and Stein et al., Chapter 8 of this volume). Torfstein et al. (2013a)
obtained U and Th isotope data from several sections of the Lisan
Formation at the Dead Sea Basin and Jordan Valley, and combined
the data with prominent stratigraphic markers (e.g. major gypsum
units) to produce an integrated multi-site U–Th age model for the
Lisan Formation.
The PZ1 Lisan Formation ages range from �70 to 14 ka. The

chronology of the PZ1 section allows comparisons of regional
hydro-limnological history to global climate changes (Fig. 12.2).
Machlus et al. (2000) divided the stratigraphy of the PZ1 section



Figure 12.2 The Lisan Formation stratigraphy at PZ1 and M1 sections. A: The PZ1 section. Major lithostratigraphic units (e.g. the Three Gypsum Unit,
the Upper Gypsum, and the White Cliff) are marked with selected U–Th ages from the age–height model of Haase-Schramm et al. (2004). The section
is divided into three members: the Lower, Middle, and Upper Members of the Lisan Formation (Machlus et al. 2000), corresponding to MIS 4, MIS 3,
and MIS 2, respectively (Haase-Schramm et al. 2004). B: The M1 section at the foothill of the Masada archaeological site (modified from Torfstein et al.
2013a). Insets: (a) laminated primary aragonite and silty detritus constituting the aad facies; (b) aragonite needles; (c) detrital lamina composed of quartz
and calcite grains. Gypsum units whose ages coincide with the times of Heinrich events in the North Atlantic are marked (see Fig. 12.3 and Torfstein et al.
2013b). Several ages are marked on the section. Also marked is the Samra–Lisan Formation boundary.
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Figure 12.3 Lake-level curves for Lake Lisan and the Holocene Dead Sea.
The curves reconstructed for Lake Lisan and the Holocene Dead Sea are
compared with GISP2 δ18O ice-core chronology. The figure covers the time
intervals of the Lisan and Ze’elim Formations. Overall, the lake level curve
shows high stands during cold glacial periods (e.g. MIS 2) and low stands
during interglacials (e.g. MIS 1). DuringMIS 3, Lake Lisan evolved through
significant fluctuations. The arrows mark intervals where the highest or low-
est stands were not determined. Note the coincidence between times of
abrupt drops in Lake Lisan and the times of the North Atlantic Ocean Hein-
rich events. (After Bartov et al. 2003; Bookman et al. 2004; Migowski et al.
2006; Torfstein et al. 2013b.)

into three members,�70–57 ka,�56–30 ka, and 29–14 ka (the ages
are according to the H-S age model), corresponding approximately
to MIS 4, MIS 3, and MIS 2 of the last glacial period (Fig. 12.3).
(Note that in Fig. 12.3 MIS 1 begins at 10 ka, at the beginning of
the Holocene. The period between �14 and �10 ka is considered
here as the ‘post-Glacial period’.) The Lower and Upper Members
of the Lisan Formation consist mainly of the aad facies deposited
during high lake stands, and the Middle Member contains abundant
ld facies-layers deposited during relatively lower lake stands (e.g.
Machlus et al. 2000).
The detailed stratigraphy and chronology of the Lisan Fm. at the

PZ1 section and at theM1 section at Masada plain (Fig. 12.2b) indi-
cate that short-term high and low stands characterize the Middle
Member, and the patterns of changing lake levels are strikingly com-
parable to the stadial–interstadial cycles in the Greenland ice-core
records. This indicates a close hydroclimatic response of the Lake
Lisan watershed to North Atlantic ocean–atmosphere behaviour
(Haase-Schramm et al. 2004; Torfstein et al. 2013a, 2013b).

The Upper Member of the Lisan Formation (termed the ‘White
Cliff’ by Begin et al. 1974) comprises mainly sequences of the
aad facies that is dominated by deposition of white laminae of pri-
mary aragonite (Fig. 12.2). Prasad et al. (2004) counted the silty
detritus–aragonite pairs throughout the ‘White Cliff’ at the Masada
section and combined the counting with radiocarbon ages on ter-
restrial organic debris. The counting supported the hypothesis that
the silty detritus–aragonite couplets represent annual deposition or
varves.
Between �27 and 24 ka, Lake Lisan rose to its highest stand at

�170m bsl (Bartov et al. 2002, 2003). At that time, the lake flooded
over the Yarmouk River–Wadi Malich sills separating the Dead Sea
Basin and the Kinnarot Basin (where the Sea of Galilee (Lake Kin-
neret) is located, Fig. 12.1) and a rare, unified single lake extended
from the northern Sea of Galilee to the northern Arava valley. Inde-
pendent reconstruction of the elevation of the Sea of Galilee (Lake
Kinneret) indicates a similar high stand between �27 and 24 ka
(Hazan et al. 2005). Yet aragonite was not deposited in the last
glacial Sea of Galilee, but authigenic calcite. This may indicate that
Lake Kinneret water was fresher, and that it behaved like an estu-
ary delivering freshwater to the south. The northernmost location of
aragonite deposition is at Menahemya, just south of the Yarmouk
River delta (Haase-Schramm et al. 2004). In Lake Kinneret, the
chronology was determined mainly by radiocarbon ages of organic
debris or Melanopsis shells recovered from the exposed sections
of the Kinneret Formation in trenches and drilled cores (e.g. at the
Ohalo II archaeological site; Nadel, Chapter 33 of this volume).
Determining ages of Melanopsis shells requires correction for the
radiocarbon reservoir age in the lake (Hazan et al. 2005; Lev et al.
2007). The time of Lake Lisan’s highest stand (Fig. 12.3) coincides
with the maximum extent of glaciers in the Northern Hemisphere
and minimum global sea level.
The Dead Sea Deep Drilling Project (DSDDP) (Stein et al. 2011)

recovered from the deepest basin of the Dead Sea (lake floor at
�700 m bmsl) the sedimentary interval that was deposited during
the past 220 ka. The lithological composition and the chronology
of the DSDDP core (Neugebauer et al. 2014; Torfstein et al. 2015)
indicate that aragonite deposition had already occurred in the last
interglacial (MIS 5), between �80 and 90 ka (Neugebauer et al.
2016). This is also corroborated by the behaviour of the conserva-
tive ions in porewaters extracted from the drilled core. The conser-
vative ions indicate dilution of the brine at the late stages of MIS 5
(Levy et al. 2017).
The high-resolution chronology and the annually laminated

sequences of the Lisan Formation allow analyses of the cosmogenic
isotopes (e.g. radiocarbon and 10Be) and of the magnetic proper-
ties along with hydro-climate proxies (Marco et al. 1998; Schramm
et al. 2000; Belmaker et al. 2008, 2014).

12.4 GEOCHEMICAL–LIMNOLOGICAL HISTORY
OF LAKE LISAN

The hypersaline Lake Lisan and the freshwater Lake Kinneret
evolved from previous water bodies, lakes, and lagoons that filled
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during the Neogene–Quaternary tectonic basins along the Dead Sea
rift. Inundation by the Mediterranean created the Sedom Lagoon
(e.g. Zak 1967; Matmon & Zilberman, Chapter 3 of this volume),
whose water interacted with the limestones forming the wall-rocks
of the Dead Sea basin, possibly via the mountain aquifers, caus-
ing dolomitization of the limestones and production of Ca-chloride
brine that filled the lagoon and deposited thick sequences of salts
(Starinsky 1974; Stein et al. 2000). This brine played a critical role
in the geochemical history of the subsequent lakes that filled the
Dead Sea Basin (Stein et al. 1997).
After the disconnection of the Sedom Lagoon from the open sea

in the late Pliocene, lacustrine deposition of the Amora Formation
began (e.g. Torfstein et al. 2009; Torfstein, Chapter 10 of this vol-
ume). The lakes were filled with the Ca-chloride brine and fresh-
water flowing from the watershed. The Ca-chloride brine is poor
in bicarbonate and sulfate, so the deposition of aragonite and gyp-
sum requires supply of these ions to the lake by incoming fresh-
water. In turn, the amount of aragonite deposited in Lake Lisan indi-
cates the amount of freshwater coming into the lake (Stein et al.
1997). Aragonite deposition also requires high Mg/Ca (>2) in the
precipitating lake solution, and this is acquired from the Ca-chloride
brine. These necessary geochemical components indicate that arag-
onite deposition requires both freshwater and brine by turbulent
mixing across the epilimnion/hypolimnion interface (Stein et al.
1997; Lazar et al. 2014). Stein et al. (1997) used 87Sr/86Sr, Sr/Ca,
and Mg/Ca ratios in primary aragonites from the abovementioned
PZ1 section (Fig. 12.2a) to estimate the contributions of fresh-
water and brine to the lake during various lake stages, as manifested
by the stratigraphy. They then determined the sources of freshwater
to the lake (e.g. inflow from the Judean Desert versus the Jordan
River). Deposition of gypsum also requires supply of freshwater
to the lake. The freshwater brings sulfate along with bicarbonate to
the Ca-chloride brine (Stein et al. 1997). Using the δ34S isotope val-
ues of the various gypsum units in the PZ1 section, Torfstein et al.
(2005, 2008) reconstructed the limnologic configuration of the lake
during times of massive gypsum precipitation, suggesting that the
lake level dropped and its water column overturned (destruction of
the dual-layer epilimnion/hypolimnion lake that prevailed during
period of aragonite precipitation). Thus, sulfate was accumulated
in the lake solution during long periods of stratification, and gyp-
sum was deposited during such overturns.
The DSDDP core recovered the sediments of the ancient lakes

down to the Amora Formation (�220 ka, Torfstein et al. 2015).
Pore fluids extracted from the core provide the composition of the
brine in the deepest environment of the lake (Lazar et al. 2014; Levy
et al. 2017). Analyses of conservative ion concentrations (e.g. Br,
Fig. 12.4) in these pore fluids reveal the long duration of freshening
of the lower brine of Lake Lisan (the hypolimnion). This possibly
occurred by turbulent mixing across the (fresher) epilimnion and
the hypolimnion, which also affected the radiocarbon and strontium
budgets in the lake (Stein et al. 2013; Lazar et al. 2014). The long-
term freshening of Lake Lisan hypolimnion began �116 ka after
the significant lake level drop and massive salt deposition during
the last interglacial, MIS 5e (e.g. Neugebauer et al. 2014; Torfstein
et al. 2015). An abrupt lake drop also occurred at�14 ka that marks

Figure 12.4 Freshening trend in Lake Lisan porebrines (modified after
Levy et al. 2017). Porebrine conservative ions (e.g. Br) extracted from
the DSDPP core show continuous trends of decline in their concentrations
during the time interval of �116 to �14 ka. This time interval spans the
last part of the interglacial MIS 5 (corresponding to top Samra Fm.) and
the glacial MIS 4–2 (corresponding to Lisan Fm.). The decline in pore-
water conservative ions is related to mixing of the bottom layer Dead Sea
Ca-chloride brine with freshwater, possibly by turbulent mixing across the
epilimnium–hypolimnium boundary (e.g. when Lake Lisan was character-
ized by a layered configuration; Lazar et al. 2014). The pattern of changes
in the conservative ions correlates with that of the marine δ18O curve (from
Lisiecki & Raymo 2005) and CO2 from ice cores (from Lüthi et al. 2008),
indicating a direct impact of the ‘global climate engines’ that control the
marine isotopes, the CO2, and the hydrological conditions in the Dead Sea
watershed.

the falling levels fromLake Lisan to the Holocene (Stein et al. 2010;
Torfstein et al. 2015). The pattern of change in the conservative
ion concentrations appears to correlate with the saw-tooth pattern
of the oxygen isotopes and CO2 variations in the marine and ice
records (Fig. 12.4). Thus, it appears that the hydrology of the lake’s
watershed is directly related to global climate changes (Levy et al.
2017).

12.5 LAKE-LEVEL FLUCTUATIONS AND THEIR
MODULATION BY GLOBAL CLIMATE

The lakes filling the Dead Sea Basin have received water and sedi-
ments from a watershed extending from near the Gulf of Aqaba
in the south to Mount Hermon in the north (Fig. 12.1). The lacus-
trine sediments reflect the spread of the watershed from the hyper-
arid Saharo-Arabian to the sub-humid Mediterranean climates. The
lakes record the hydrological history of the watershed through their
palaeohydrology (water levels and lake configuration; e.g. Enzel
et al. 2003) deduced from sedimentological, palaeolimnological
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(e.g. stratified or overturned, Stein et al. 1997), and shoreline indi-
cators (Machlus et al. 2000; Bartov et al. 2002). Early systematic
efforts to reconstruct the water level of the Lake Lisan are traced
to Begin et al. (1985), who used radiocarbon ages of shorelines.
With the establishment of high-resolution and precise chronology of
the Lisan Formation by mass spectrometric U–Th ages (Schramm
et al. 2000; Haase-Schramm et al. 2004), a continuous curve of Lake
Lisan levels was attempted (Bartov et al. 2002, 2003 and Torfstein
et al. 2013a, 2013b, Fig. 12.3). Bartov et al. (2003) observed that
the lake evolved through abrupt lake level drops punctuating the
long-term high stands, and that these drops coincided with the Hein-
rich ice-rafted debris events in the North Atlantic Ocean that caused
cooling of theMediterranean surface, andweakened thewinter east-
ernMediterranean cyclone tracks and evaporation. Haase-Schramm
et al. (2004) and Torfstein et al. (2013b) demonstrated that other
abrupt drops in Lake Lisan levels match the Greenland stadial–
interstadial (Dansgaard–Oeschger) cycles recorded as temperature
changes in the Greenland ice cores. Thus, the lake levels of Lake
Lisan are sensitive to global climate changes and particularly to the
atmospherically upstream,NorthAtlantic Ocean climate that affects
Levant precipitation.
Currently, most of the precipitation supplying freshwater to the

Dead Sea watershed is delivered by Mediterranean winter cyclones
(Ziv et al. 2006; Enzel et al. 2008). These low-pressure systems
drive cold, dry air masses from west to east over southern Europe
and the Mediterranean, where they encounter relatively warm sea
surface temperatures (SST). This results in cyclones transferring
moisture eastwards to the Levant (Ziv et al. 2006; Enzel et al.
2008). The modulation of the rain regime in the modern Dead Sea
watershed by the conditions in the North Atlantic Ocean was dis-
cussed by Kushnir and Stein (2010). They proposed that the mech-
anism by which the North Atlantic affects the modern and possibly
Holocene precipitation in the south Levant is related to the tendency
for high (or low) pressure anomalies to persist over the easternNorth
Atlantic/Western Mediterranean region when the North Atlantic
SST is cold (or warm). This, in turn, affects the likelihood of cold air
outbreaks and cyclogenesis in the eastern Mediterranean and, con-
sequently, rainfall in the central Levant region. During glacial times,
the Northern Hemisphere ice sheet and European snow cover, and
the associated increase in albedo, caused an increased meridional
temperature gradient that deflected the jet and storm tracks south-
ward (Enzel et al. 2008). This resulted in an increase in the inten-
sity and frequency of easternMediterranean cyclones, and increased
moisture delivery to the southern Levant and the drainage basin of
the Dead Sea (Enzel et al. 2008; Torfstein et al. 2013b).

12.6 THE POST-GLACIAL DECLINE OF LAKE
LISAN

Between �14 and 13 ka, the level of Lake Lisan dropped abruptly
from �300 m bmsl to >500 m bmsl (Fig. 12.3). This magnitude
of drop is deduced from the sedimentary hiatus underlying the salt
unit (at 11–10 ka) at the base of the Holocene section (Stein et al.
2010). The deposition of the salt unit on top of an hiatus requires

a lake level rise over the unconformity plane. This rise occurred
possibly during the Younger Dryas (Stein et al. 2010), indicating a
possible wetter episode during this interval. The post-glacial abrupt
decline of Lake Lisan at �14 ka is coeval with the global sea-level
rise and meltwater Pulse 1a during the Bølling–Allerød warming.
The DSDDP core recovered details of a similar lake level drop at the
end of the last interglacial MIS 5e at �119–116 ka (Torfstein et al.
2015), again coeval with a meltwater pulse following a voluminous
ice melting.

12.7 CONCLUDING COMMENTS

Lake Lisan and the Dead Sea represent one of the geologically
unique lacustrine environments of the world. Together with their
exceptional exposures, they reveal the detailed hydroclimate history
of the Levant during the last glacial and post-glacial time intervals.
Large portions of the exposed Lisan Formation comprise

sequences of laminated aragonite and silty detritus (the aad facies;
e.g. Waldmann et al., Chapter 9 of this volume). The detritus silts
are primarily aeolian calcite and quartz grains settled in the water-
shed and remobilized by floods. The bicarbonate required for arag-
onite deposition is dissolved from such fine detritus calcite grains.
Thus, Lake Lisan is a final sink for dust mobilized from the distant
Sahara and Arabia. This dust supply and remobilization generally
reflect the opposing hydroclimatology of the Sahara and the Levant;
that is, the Sahara (Levant) is wetter (drier) during interglacials and
drier (wetter) during glacials (Frumkin & Stein 2004). These gen-
eral opposite modes are suppressed during intervals of sapropel for-
mation, when humidity affected both regions, and during Heinrich
events and glacial terminations, when enhanced aridity expanded
over the desert–subtropical–Mediterranean areas.
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13 Dead Sea Lake Level Changes and Levant Palaeoclimate

adi torfstein and yehouda enzel

13.1 INTRODUCTION

Changes in lake levels reflect regional hydroclimatology (e.g.
Broecker & Orr 1958; Street-Perrott & Harrison 1985; Benson
et al. 1995; Oviatt 1997) and can be compared to marine and con-
tinental conditions on orbital and millennial timescales. Such lev-
els potentially provide a straightforward, independent reconstruc-
tion of water mass balances, whereas indirect interpretations of
palaeoenvironmental indicators such as isotope systems (e.g. δ18O,
δ13C), lithofacies and sedimentology, microfauna, and pollen are
influenced by a variety of environmental processes, making their
palaeoclimatic interpretation more ambiguous. Yet even changing
lake levels may not always be robust palaeoclimate recorders; water
overflow, changes in the lake basin shape (e.g. bathymetry), or low
sensitivity of the drainage area to hydrological changes may result
in limited or biased records. Terminal lakes are most sensitive to
water input, because the only output is through evaporation; thus,
their lake levels trace the ratio of run-off/evaporation, but knowl-
edge on past evaporation is usually more limited or even specula-
tive. Lakes of this sort have been referred to as ‘amplifier lakes’
(Street-Perrott & Harrison 1985).
In the Dead Sea Basin, the combination of (a) deep bathymetry

and steepmargins of the lake basin, (b) steep climate gradient across
its drainage basin (i.e., the transition from sub-humid Mediter-
ranean climate in the north to hyperarid desert in the south), and
(c) high sedimentation rates resulted in a climate-sensitive lake (e.g.
Enzel et al. 2003, 2008; Rohling 2013; Torfstein et al. 2013b). Its
lake level is characterized by vertical fluctuations of tens to hun-
dreds of metres, and lake level indicators are widely exposed. The
configuration described above, together with extensive efforts over
several decades to reconstruct the Dead Sea lake level record (e.g.
Neev & Emery 1967; Kaufman 1971; Begin et al. 1974, 1985;
Machlus et al. 2000; Bartov et al. 2002, 2003, 2006; Enzel et al.
2003; Bookman (Ken-Tor) et al. 2004; Migowski et al. 2006; Wald-
mann et al. 2007, 2009; Torfstein et al. 2009, 2013b; Stein et al.
2010; Torfstein, Chapter 10 of this volume; Waldmann, Chapter 11
of this volume; Stein & Goldstein, Chapter 12 of this volume), has

resulted in a uniquely resolved, high-resolution, absolute lake level
record.
This chapter first discusses methods applied in reconstructing

the lake level history in the Dead Sea Basin. Then it evaluates the
quality of these reconstructions including caveats and pitfalls, and,
finally, discusses the large-scale climate changes that are the poten-
tial candidates, in our opinion, to modulate the lake water level dur-
ing distinct intervals.

13.2 LAKE LEVEL RECONSTRUCTIONS

13.2.1 ABSOLUTE VS RELATIVE LAKE LEVEL
MARKERS

Two primary approaches have been followed during the years to
reconstruct lake levels: one uses direct level indicators (examples
from the Dead Sea are Bartov et al. 2002; Bookman (Ken-Tor)
et al. 2004) or uses principles from sequence stratigraphy (e.g. Bar-
tov et al. 2007) to determine absolute past lake levels. The other
approach uses the sedimentology of exposed outcrops, or drilled
deposits, assuming that facies and facies changes indicate the rela-
tive depth of water above the respective deposit (e.g.Migowski et al.
2006). It is rare to find cases for which both relative lake level curve
and coeval absolute lake stand heights are known; the Dead Sea
Basin is one of the few places where combining the two approaches
is possible.
Absolute lake level curves are based on the identification of

buried palaeoshoreline deposits, and knowledge of their age and
original elevation (Fig. 13.1). In addition, if lacustrine or fluvial
deposits were identified in exposures, the only conclusion drawn
from them was that the lake level was above or below the altitude
of the specific deposit, respectively. Thus, absolute level curves pro-
vide unequivocal reconstructions of past hydrological balances and
their positive or negative directions. In contrast, relative lake level
curves, which are by far more common, are based on estimates of
relative water depth, typically as indicated by lithological changes

115



A. Torfstein and Y. Enzel 116

Figure 13.1 Reconstruction of palaeoshorelines (from Bartov et al. 2003).
A: Reconstruction of lake level curve is based on identification of
palaeoshorelines, and determination of their absolute elevation and their
ages. Palaeoshorelines are marked by beach ridges (black circles on right-
hand plot), which are identified in stratigraphical section. Absolute radio-
metric ages of sediments that directly overlie beach deposits (black squares)
are used to constrain the palaeoshoreline age. Left panel presents an illus-
tration of lake level reconstruction by describing two sections: left: located
close to a fan delta that entered lake; right: located in deeper water envi-
ronment. When lake level dropped, an erosional channel developed in left
section while a depositional hiatus is identified in right section. B: Beach
deposit covered by aragonite laminae of Lisan Formation (left), and beach
deposit on Dead Sea shores serving as analogy for past environment (right).

along a sediment column observed in cores (i.e. deep- vs shallow-
water sedimentary facies), or the interpretation of isotopic or chem-
ical compositions of the sediments. The relative lake level curves
are typically more continuous and display higher resolution than
absolute level curves; however, such relative curves are also inher-
ently less accurate, and do not provide quantitative constraints on
the water depth and therefore on the hydrological mass balance.
Indeed, even in the case of absolute lake level markers, the verti-
cal elevation uncertainty is usually at least several metres, which in
many cases might be comparable to the overall amplitude of lake
level change. When a sequence of different exposures provide evi-
dence on the same lake stand around the lake and/or with distance
from its shore, as is common in the Dead Sea Basin, this uncertainty
drops to a few metres and sometimes even less (e.g. Machlus et al.
2000; Bookman (Ken-Tor) et al. 2004).

13.2.2 CHRONOLOGY

In late Quaternary sequences, the most commonly applied dat-
ing methods are radiocarbon (of either organic debris (e.g. Kita-
gawa et al. 2016) or authigenic carbonates), U–Th dating of authi-
genic minerals (carbonates), and optically stimulated luminescence
(OSL), as well as floating varve chronologies, and complementary
wiggle matching to well-dated records (e.g. Stein et al., Chapter 8
of this volume). Each of these methods carries analytical and

methodological uncertainties, such as the reservoir age of small
continental water bodies (radiocarbon) or higher contents of ter-
rigenous and organic ‘contaminants’ that requires the development
of complicated correction schemes for the U–Th dating method, or
confidence in matching different records without absolute age con-
straints.
In some cases, where water level markers are retrieved from

separate sites, each with an independent chronology, it is not pos-
sible to use stratigraphic order as an internal dating filter. In these
cases, the correlation between multi-site data points involves ampli-
fied uncertainties. Alternatively, when different sites can be com-
pared using lithostratigraphic marker layers, the age data can be
evaluated as a unified set, resulting in an improved chronological
framework and relatively smaller uncertainties (e.g. Torfstein et al.
2013a).

13.3 UNIFIED LAKE LEVEL CURVE FOR
QUATERNARY DEAD SEA BASIN LAKES

13.3.1 EARLY AND RECENT WORK

Efforts to reconstruct past water levels in the Dead Sea Basin have
been taking place since the first half of the twentieth century (Picard
1943), although the first to suggest a detailed relative lake level
curve were Neev and Emery (1967), whose results were soon sup-
plemented by Zak (1967), Kaufman (1971), and Begin et al. (1974).
The first absolute determinations of lake level were based on radio-
carbon ages of algal stromatolites along the modern shores of the
Dead Sea (Begin et al. 1985). With the development of analytical
capabilities since the 1990s, radiocarbon and U–Th ages were used
independently and in tandem to establish high-resolution chronolo-
gies of the Amora, Lisan and Ze’elim Formations (Kaufman et al.
1992; Kadan 1997; Machlus et al. 2000; Schramm et al. 2000;
Frumkin et al. 2001; Bartov et al. 2002; Bookman (Ken-Tor) et al.
2004; Haase-Schramm et al. 2004; Migowski et al. 2004; Lisker
et al. 2009; Torfstein et al. 2009, 2013a; Stein et al. 2010). These
efforts culminated in the milestone absolute lake level curve of the
past 70 ka reported by Bartov et al. (2003), which made it possible
for the first time to discuss millennial-timescale water level fluctu-
ations in the context of comparable global climate events
(Fig. 13.2).
The large body of data produced by the above studieswas updated

and critically screened to filter outliers and apply the same age cal-
culation procedures for all data. Only then were the data combined
into a unified chronological framework for Lake Lisan and used
to construct a revised lake level curve (Figs. 13.2, 13.3; Torfstein
et al. 2013a, 2013b). This curve was further considered and cor-
rected for estimated average tectonic subsidence (following Bartov
et al. 2006). We note that even in this detailed data set, direct evi-
dence (e.g. shorelines and cave-lake deposits) for the location and
timing of the lake level is not continuous, while other evidence pro-
vides upper (abandoned alluvial surfaces or deposits) or lower (deep
lake facies) limits on the water level.
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Figure 13.2 Lisan sedimentary sections and lake level reconstructions (modified from Torfstein et al. 2013a). The lithology of three representative sections
(M1, NT, and PZ1) is plotted vs age, according to the unified Lisan chronology, and compared to lake level reconstructions. All sites indicate high-stand
conditions during most of MIS 4 and MIS 2, both of which terminated with the deposition of massive gypsum units. Frequent oscillations in the lithology
are observed during warmer and drier MIS 3. The frequency of fluctuations is higher in the marginal sections (e.g. NT, PZ1), while the deeper-lake M1
section is characterized by shifts between alternating aragonite–detritus (aad) couplets and gypsum layers. The gypsum layers correspond to the timing
of Heinrich events in the North Atlantic, marked by vertical grey bars (Wang et al. 2001 timescales). During the Pleistocene–Holocene transition, the
lake receded and all sections were exposed. For clarity, the high-resolution details of the Gypsum Units are not presented. Legend abbreviations: (1) sand,
(2) marl, (3) halite, (4) gypsum, (5) aad, (6) hiatus, (7) convolute unit (see text for details). (A black and white version of this figure will appear in some
formats. For the colour version, please refer to the plate section.)

Knowledge of elevation ranges and more so of age uncertain-
ties is particularly important in the case of millennial-timescale
fluctuations, where small offsets could result in opposite interpret-
ations of the palaeoclimatic setting; for example, Heinrich stadials,
which lasted �1–2 ka, correspond to prominent lake level drops
in Lake Lisan. Yet offsets of several hundreds of years, which
are well within the age uncertainties, could yield critical ambigu-
ity regarding whether the impact of Heinrich stadials in the Dead
Sea Basin is that of hyperaridity or extreme wetness. In general,
the various lake level indicators are in agreement with each other
and imply a typical vertical uncertainty ranging between 1 and 10
metres.
In the following sections, we present the absolute lake level curve

for Lake Lisan and the Holocene Dead Sea, discuss their palaeolim-
nologic and palaeoclimatic implications, and finish with a discus-

sion of pre-Lisan level curves that have been constructed mainly for
the last interglacial, but also for older intervals extending back to the
mid-Pleistocene.

13.3.2 LAKE LISAN LEVEL CURVE

According to the absolute lake level curve for the Dead Sea Basin
over the past 70 ka (Figs. 13.3, 13.4) hydrological changes in the
Dead Sea Basin watershed are dominated by orbital timescales,
where interglacials are characterized by lower levels (e.g. the
HoloceneDead Sea at 430–370m bmsl), and glacial times by higher
levels. In Lake Lisan, the highest stand of�160m bmsl was reached
about 26–24 ka (Bartov et al. 2003; Torfstein et al. 2013b), coincid-
ing with minimum sea levels (Peltier & Fairbanks 2006) during the
coldest stage of the last glacial cycle (MIS 2) (Fig. 13.4).
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Figure 13.3 Compiled lake level indicators and lake level reconstruction (from Torfstein et al. 2013b). Data points represent a combination of absolute and
relative water level markers, and have all been fitted to a unified chronology (see data details in Torfstein et al. 2013a). Sample elevations were corrected
for an average tectonic subsidence of 0.3 m/ka (Bartov et al. 2006). This correction was not applied for elevated samples from caves overhanging the Dead
Sea basin (Lisker et al. 2009) and from Mount Yizrah (Bartov 2004), which are considered to be tectonically stable. An additional age–elevation data set
of Lake Lisan deposits covering the Mount Sedom halite diapir (Weinberger et al. 2007) was not considered here because of the large uncertainty in initial
sediment elevations due to the ongoing rise of Mount Sedom. Note that some intervals of the curve are dashed, indicating that they are estimates and not
robust curve reconstructions.
The age (ka) of millennial-scale high stands is noted above each event. The lake level curve between �14.5 and 10 ka is from Stein et al. (2010), and

the Holocene Dead Sea level fluctuations were compiled by Kushnir and Stein (2010) from various studies. The shadowed rectangles mark the timing of
Heinrich (H) stadials according to the GICC05 timescale (Wolff et al. 2010). (A black and white version of this figure will appear in some formats. For the
colour version, please refer to the plate section.)

Compared with the relatively stable, high-stand conditions char-
acterizing most of MIS 2, the lake was significantly less stable dur-
ing the warmer MIS 3, and experienced repeated millennial-scale
vertical perturbations of up to 100 m. The details of the lake lev-
els during MIS 4 are not as well resolved, although the sedimentary
facies indicate relatively high lake levels, perhaps similar to those

that existed during MIS 2, reflecting wet conditions in the Dead Sea
Basin watershed.
Pronounced short-duration lake level maxima during MIS 3 are

observed at 57.0, 53.5, 50.4, 49.0, 42.4, 40.5, 36.7, 34.5, 33, and
30.0 ka, which coincide with the warm episodes that follow the
cold Heinrich (H) stadials H6, H5a, H4, and H3, or with other



Figure 13.4 Lake level compilation and comparison to global climate patterns. A: Oxygen isotope compositions of the Soreq Cave (Bar-Matthews et al.
2003; Grant et al. 2012) and summer insolation at 35° N; B: Greenland NGRIP δ18O record plotted on the GICC05 timescale (Wolff et al. 2010), where
positive shifts reflect warming. The timing of Heinrich stadials is marked by yellow rectangles and the numerical event number is noted in red above plot
A. C: Compiled lake level (absolute and relative) for the late Quaternary Dead Sea Basin lakes. The past 70 ka are documented by an absolute lake level
curve (compiled by Torfstein et al. 2013b). Older time windows are constrained by a relative lake level curve (Waldmann et al. 2010). D: Smoothed running
average of the sediment facies record of the DSDDP for the last 200 ka (Torfstein et al. 2015b); E: Absolute sea level curve reconstruction (Rohling et al.
2009). Grey rectangles mark the timing of massive halite deposition in the centre of the Dead Sea. Pale orange rectangle marks the timing of a hiatus in
the deep Dead Sea ICDP drill core (Torfstein et al. 2015b). (A black and white version of this figure will appear in some formats. For the colour version,
please refer to the plate section.)
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Greenland interstadial–stadial cycles (Figs. 13.3, 13.4; Torfstein
et al. 2013b).
The association between abrupt lake level drops andHeinrich sta-

dials is supported by the structure of the capping sediments of the
Lisan Formation. This sequence comprises the prominent Upper
Gypsum Unit (Torfstein et al. 2008), whose basal age, which is
based on the integration of U–Th ages from multiple sites along
the basin, is 17.1±0.5 ka (Torfstein et al. 2013a), coinciding with
the onset of the H1 stadial. Gypsum is deposited in Lake Lisan
only during lake level drops. Moreover, the lake level around the
H1 interval is based primarily on lake level indicators other than
the Upper Gypsum Unit, providing independent support for an H1-
related lake level drop. Following fluctuations that drove the lake
level down, a thick sequence of halite was deposited ca. 11 ka (Stein
et al. 2010), after which water levels rose and remained within the
range of �370–430 m bmsl during the rest of the Holocene.

13.3.3 THE HOLOCENE DEAD SEA LEVEL CURVE

Lake levels of the Dead Sea through the Holocene are based on a
combination of absolute lake level indicators (e.g. shorelines) pre-
dominantly for the past �4 ka (Kadan 1997; Bookman (Ken-Tor)
et al. 2004; Bartov et al. 2007), and a relative lake level curve based
on sedimentary facies and mineralogy of cored deposits (Migowski
et al. 2006). Age constraints for a sediment core recovered near the
Ein Gedi Spa Shore (Migowski et al. 2006) are mostly derived from
radiocarbon ages of organic debris within lacustrine (i.e. underwa-
ter) deposits, and hence reflect relative water level changes.
Although the overall changes in water levels are very limited

relative to glacial times, the lake rose several times to its highest
Holocene stand of �370 m bmsl.

13.3.4 LAKE LEVELS PRIOR TO 70 ka

Relatively few exposures older than 70 ka are available in the Dead
Sea Basin, and of those, most sequences have experienced tectonic
subsidence, tilting, or both. Owing to limited exposure and surface
weathering, age constraints on these sequences are similarly poor.
Thus, most reconstructions for these time windows are estimated
relative run-off/evaporation (R/E) ratios (see Fig. 13.4C and 13.4D).
An ICDP deep drilling at the centre of the Dead Sea during 2010–

2011 recovered a core sequence covering the past�200 ka (Neuge-
bauer et al. 2014; Torfstein et al. 2015b). Although it cannot provide
information regarding absolute lake levels, relative regional wetness
in the Dead Sea Basin is reflected by sequences of aragonite lam-
inae, and increasing aridity is reflected by decreasing amounts of
aragonite and a corresponding increase in the content of laminated
detritus, then gypsum, then halite. The chronology of the Dead Sea
deep core was established by integration of U–Th ages of primary
aragonite, δ18O oxygen isotope stratigraphy, and comparison of the
main lithological units to regional and global archives (Torfstein
et al. 2015b). According to the latter chronological framework, the
aad facies is largely associated with glacials, in agreement with pre-
vious observations from themargin of the lake (Machlus et al. 2000;
Haase-Schramm et al. 2004; Torfstein et al. 2009, 2013a; Stein
et al. 2010); halite deposition marks regional aridity and lake level

drops uniquely associated with interglacials. The evidence suggests
that the lake underwent very significant fluctuations across glacial–
interglacial stages, and in particular, that its water level dropped sig-
nificantly during and shortly after MIS 5e (Torfstein et al. 2015b).
Although these results have provoked some controversy (Katz &
Starinsky 2015; Torfstein et al. 2015a), they are broadly consis-
tent with a relative lake level curve proposed by Waldmann et al.
(2007, 2010) based on a study of the penultimate interglacial out-
crops along the Perazim Valley, southwest of the modern Dead Sea
and west of Mt Sedom (Torfstein et al. 2009;Waldmann et al. 2009;
Waldmann, this volume). Similarly, reports of a significant depos-
itional hiatus during MIS 5, in a stalagmite record from Lebanon,
support a scenario of an interval of extreme regional hyperaridity
during MIS 5 (Nehme et al. 2015; Verheyden et al., Chapter 18 of
this volume).
Older lacustrine sequences of the Amora Fm. identified along the

northeast margins of Mt Sedom provide a record of relative R/E
ratios reaching back to �740 ka (Torfstein et al. 2009).

13.4 LEVANT PALAEOCLIMATE AND LAKE
LEVELS IN THE DEAD SEA BASIN

13.4.1 PRESENT-DAY CONDITIONS

Most of the present-day precipitation, stream flow, aquifer recharge,
and spring discharge in the Levant are generated by winter Mediter-
ranean cyclones transferring moisture eastwards to the Levant (Ziv
et al. 2006; Kushnir et al., Chapter 4 of this volume) (Fig. 13.5).
Modern (and Holocene) Dead Sea lake level variations are con-
trolled by regional annual rainfall amounts, which in turn, are con-
trolled by the latitude, depth, and frequency in the winter season
of the Mediterranean cyclones (Enzel et al. 2003). The impact of
these systems diminishes toward the arid regions of the Levant and
farther south. Summers are dry in the Levant, in part because of
air subsidence driven by the monsoon convection over northern
India and Bay of Bengal (e.g. Ziv et al. 2004; Kushnir et al., this
volume).
Other regional precipitating systems produce lower amounts of

rain or are restricted in area and may have only become hydro-
climatologically important when the Mediterranean cyclones were
muted. The fall–winter Active Red Sea Trough primarily affects
areas in the south and east of the Levant with localized storms and
produces a limited amount of flows. Winter–spring tropical plumes
bring larger coverage of precipitation to the arid areas of the Le-
vant, mostly south of the latitude of the Dead Sea. Summer mon-
soon rains from either the African or the Indian monsoons do not
reach the region today (e.g. Ziv et al. 2004; Kushnir et al., this
volume).

13.4.2 PAST SYNOPTIC-SCALE PATTERNS

13.4.2.1 OVERVIEW

Considering the above discussion, it is less clear which of the major
synoptic-scale systems affected the rise and fall of lake levels in
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Figure 13.5 Schematic summary of the main rain systems contributing precipitation to the Levant. The intensity and locus of each of the systems varied
in time. Their dominance over Levant and Dead Sea Basin hydrology, today and during past glacial and interglacial cycles, is discussed in the main text.
(A black and white version of this figure will appear in some formats. For the colour version, please refer to the plate section.)

the Dead Sea Basin during previous interglacial and glacial cycles.
Put differently, the question is which of the systems was shut
down, subsequently causing a drop in the lake levels within these
intervals. Could a system with relatively low frequency in the cur-
rent climate have had an increased frequency in the past, thus pro-
viding an explanation for some of the level trends? Was the sea-
sonal precipitation pattern different, e.g. was the ‘classic’ Mediter-
ranean winter rain dominance superimposed by additional sum-
mer rains from either tropical areas and/or the Mediterranean? The
answers to these questions can be evaluated based on modern ana-
logues, or deduced from general circulation model (GCM) results
assuming that they correctly capture modern (pre-industrial) pat-
terns of seasonality, precipitation, and temperature. It is interest-
ing to note that although glacials in the Levant are discussed in
the literature in terms of winter eastern Mediterranean cyclones,
this is largely unsupported by observations from the geological
record. Similarly, monsoonal summer rains are discussed in rela-
tion to interglacials, even though these are not observed in the
modern era, i.e. the current interglacial (though not at peak sum-
mer insolation). Below are our suggestions relating to the inter-
pretation of past climate patterns in the Levant; they are open to
future revision with increased availability of observations and better
modelling.

13.4.2.2 CLIMATE CONTROLS IN THE DEAD
SEA BASIN

During glacial times, the Northern Hemisphere ice sheet, including
the European snow cover, was associated with increased albedo and
a strong temperature gradient that deflected the jet and storm tracks
southward. This caused an overall southward shift in the route of

westerly storm tracks over the Mediterranean, resulting in an inten-
sification and higher frequency of eastern Mediterranean cyclones
and increased moisture delivery directly to the southern Levant and
the drainage basin of the Dead Sea. Subsequently, Lake Lisan lev-
els rose and were maintained at much higher levels relative to inter-
glacial times (Enzel et al. 2008; Torfstein et al. 2013b).
Glacials and especially glacial maxima were also much colder

relative to present, and high mountain ranges such as Lebanon, anti-
Lebanon, and Hermon (and perhaps even the highest points in Israel
and Jordan) could have experienced a freezing periglacial environ-
ment, which persisted not only during winter months but even year
round (e.g. Ayalon et al. 2013). Such conditions strongly affect
hydrology, type and cover of vegetation, erosion and sediment-
ation on slopes, yet these aspects of low glacial temperatures have
not received appropriate research effort. For example, under much
colder conditions, observed steppe pollen data from high altitudes
may be mistakenly interpreted as reduced precipitation rather than
lowered temperatures.
Abrupt millennial-timescale climate perturbations associated

with Heinrich stadials (e.g. Hemming 2004) resulted in additional
southward expansion of the polar cold front, causing abrupt drops in
sea surface temperatures (SSTs) in the mid-latitude Atlantic and the
Mediterranean (e.g. Cacho et al. 1999). The lower SSTs, in combin-
ation with additional cooling by the air masses originating in the
North Atlantic and bound for the Levant, weakened the air–water
thermal gradient over the Mediterranean. Consequently, cyclogen-
esis over the eastern Mediterranean and precipitation over the Dead
Sea drainage basin were considerably reduced, leading to severe
lake level drops (Bartov et al. 2003). Reduced temperatures that
caused freezing in the Hermon and Lebanon mountains might have
enhanced this drop.
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With the dissipation of the Heinrich iceberg armada and North-
ern Hemisphere warming, the frequency and possibly intensity of
Mediterranean cyclones recovered, and Lake Lisan levels rose.
While the most dramatic lake level changes appear to correspond to
Heinrich stadials, Lake Lisan hydrodynamics were also sensitively
tuned to additional abrupt Northern Hemisphere warming and cool-
ing episodes throughout the Last Glacial, with significant lake level
fluctuations associated with virtually all of the Greenland stadial–
interstadial cycles (Torfstein et al. 2013b).
The retreat of the Northern Hemisphere ice cover during the last

deglaciation coincided with a major �200 m Dead Sea lake level
decline to its common Holocene elevation of �400 m bmsl (Figs.
13.3, 13.4). This again, reflects the overwhelming forcing of the
Northern Hemisphere ice sheet cover in determining the latitude
and path of westerly storm tracks, whose more northerly position
during the Holocene resulted in weaker and less frequent cyclones
over the eastern Mediterranean and in turn, less precipitation in the
Dead Sea Basin drainage (Enzel et al. 2003, 2008). Accordingly,
the regional response to millennial scale perturbations during the
Holocene and glacial intervals was different, as reflected for ex-
ample by the lake level rise during the Northern Hemisphere cold
pulse of the Younger Dryas, in contrast to its response to glacial
Heinrich stadials (Stein et al. 2010; Torfstein et al. 2013b). As the
Dead Sea Basin lakes primarily respond to North Atlantic Ocean
and Mediterranean Sea cyclogenesis, and possibly to high pres-
sure blocking to the northeast of the Levant, these differences may
be related to differences in the SSTs of the western and eastern
Mediterranean and the resulting storm track over it.

13.4.2.3 INSIGHTS FROM GLOBAL CLIMATE
MODELS AND REGIONAL ARCHIVES

Global climatemodels indicate (see below) that the African summer
monsoon rains could have reached areas near the southern Levant
deserts, and such an input was indeed proposed to have occurred
during a short interval at the peak of the last interglacial (Torf-
stein et al. 2015b). The sediment sequence deposited in the Dead
Sea during MIS 5 suggests that water levels dropped during the
end of MIS 5e and MIS 5d (i.e. post �116 ka), as indicated by a
long (�40 m) sequence of halite that is capped by a coarse peb-
ble unit identified in the ICDP core (Torfstein et al. 2015a, 2015b).
This record has been interpreted, in concert with previous stud-
ies (Torfstein et al. 2009; Waldmann et al. 2010), to reflect the
interplay between the effects of Northern Hemisphere climate and
intense precession-driven tropical Africa moisture sources on the
climate of the southern Levant. The Northern Hemisphere climat-
ology imposes arid interglacials and wetter glacials in the region,
while tropical African moisture could have moderated the aridity
otherwise expected in the Dead Sea Basin. It is hypothesized that in
the absence of these tropical effects, the southern Levant would have
been extremely hyperarid during MIS 5e, leading to an even earl-
ier drop of the Dead Sea. Instead, the lake level drawdownwas post-
poned and took place late in MIS 5e. An alternative, or complemen-
tary, explanation can be drawn from Kutzbach et al. (2014), who
modelled winter climate during the insolation maximum �125 ka,

when seasonality was strong relative to�115 ka. In their modelling
results, the Mediterranean storm track was still active during win-
ters of the �125 ka maximum seasonality but was much weaker
thereafter (�115 ka). Not discussed by Kutzbach et al. (2014), but
implied by the pattern of their model results (see their Fig. 3), is a
mechanism of enhanced winter contributions from tropical Africa
via tropical plumes, affecting the southern watershed of the Dead
Sea and its neighbouring deserts (Ziv et al. 2004).
Enzel et al. (2015) proposed, based on published data from

regional archives (e.g. re-evaluating lacustrine sediments, inferred
lake levels, speleothems, and pollen) that a summer rainfall slightly
impacted the Arabian Peninsula during the early–middle Holocene
(�9–5 ka) and earlier interglacial. These authors explained the rain-
fall increase as reflecting encroachment with a wider latitudinal
range of the African summer rains, although they argued that a
northward expansion of summer rains, into the Dead Sea southern
watershed, is still questionable. There are other modelling efforts
that suggest increased summer rains in the Levant during summers
of maximum insolation (e.g. �218 ka; Battisti et al. 2014). These
authors claimed that during such times, the location of convec-
tion in the Bay of Bengal shifted relative to present, and the sub-
sidence aloft over the Levant diminished (because of convection in
the Bay of Bengal; Rodwell & Hoskins 1996), allowing summer
rains. In contrast with modern observations, their results of present-
day modelling of precipitation over the Bay of Bengal indicate
almost no rain, which may point to a bias in the model towards
weaker convection there to begin with, i.e. the reduced subsidence
aloft in the eastern Mediterranean and Levant during maximum
insolation may include a bias towards more summer rainfall in the
Levant.
Other experiments conducted so far support the notion that some

expansion of rainfall into the southern interior of Arabia could have
occurred in the mid-Holocene and other interglacials, associated
with the deeper penetration of the East African summer monsoon
into the Arabian Peninsula (e.g. Braconnot et al. 2007). The latter is
supported by the experiments of Herold and Lohmann (2009) who
integrated a model with the last interglacial (�125 ka) insolation
conditions. When applying the latter to the mid-Holocene case and
recognizing the present-day high correlation between East Africa
and southwest Arabia rains (Fig. 4 in Enzel et al. 2015), one has to
account for the significantly lower level of Northern Hemisphere
summer insolation during that time (see Braconnot et al. 2008).
Nevertheless, Herold and Lohmann (2009) show that the increased
Arabian Peninsula precipitation during the last interglacial is asso-
ciated with a stronger eastward transport of moisture from the trop-
ical Atlantic in the core of the African summer monsoon. The mid-
Holocene experiments cited above also show that Arabian Penin-
sula rainfall amounts increase by 40–80 mm during the entire sum-
mer season in northern Arabia. This increase of 40–80 mm is two
to three-fold higher than modern annual rainfall in that region but
still a small amount that leaves the area under hyperarid condi-
tions. In these areas, rain appears in individual storms, and therefore
this increase, albeit small, may generate several more major floods
per year, which could be enough to temporarily moderate or even
reverse the drop of the Dead Sea water levels.



Dead Sea Lake Level Changes and Palaeoclimate 123

Although the North Atlantic Oscillation (NAO) has limited direct
impact on the Levant precipitation (e.g. Ziv et al. 2006), Kushnir
and Stein (2010) showed that the precipitation in the Levant dur-
ing the Holocene is correlated with (and modulated by) the North
Atlantic. This is attributed to high (low) pressure anomalies that per-
sist over the eastern North Atlantic/western Mediterranean region
when the Dead Sea Basin is cold (warm). This, in turn, affects
the likelihood of cold air outbreaks and cyclogenesis in the east-
ern Mediterranean and, consequently, rainfall in the central Levant
region. Depending on its phase, this natural mechanism can allevi-
ate or exacerbate the anthropogenic impact on the region’s hydro-
climatic future.

13.5 SUMMARY

The Dead Sea Basin lakes serve as ‘an enormous rain gauge’ (Hunt-
ington 1911) for the Levant. The synoptic-scale patterns that poten-
tially influenced the precipitation that modulated the rise and fall
of the lake levels at various temporal scales (i.e. orbital (glacial–
interglacial), millennial, and centennial timescales) are discussed
above in light of modern potential climatic controls. The main con-
clusions of this discussion are hereby summarized:

(a) Glacial high stands reflect east Mediterranean winter cyclones
tracking due east to affect the central and northern Levant.
Their increased frequency, duration of precipitation over the
Dead Seawatershed, and extended duration of thewinter season
could all have contributed to the annually increased precipita-
tion.

(b) During interglacials, the cyclone frequency was lowered but
cyclones still occurred (as observed today, e.g. Enzel et al.
(2003), and as proposed for the last interglacial during maxi-
mum seasonality, e.g. Kutzbach et al. (2014)). The variation in
frequency, location, and depth of such cyclones, together with
possible changes in Mediterranean SSTs, explains at least the
current interglacial lake level changes and potentially earlier
interglacial variability in levels.

(c) Tropical moisture input to the southern watershed of the Dead
Sea could have caused increased frequency of floods to the
Dead Sea from the south during past interglacials (and possibly
also during some glacial intervals), to moderate falling levels in
the Dead Sea Basin or even slightly raise them. Such southern
sources are at their northernmost influence when reaching the
Dead Sea drainage basin; their impacts may accordingly be rel-
atively small. Two synoptic-scale patterns were hypothesized
to deliver tropical moisture: the African summer monsoon and
the winter–spring tropical plumes.

(d) New evidence that has accumulated over the past few years
suggests that the dominance of Northern Hemisphere climate
systems on the Levant is not complete, but rather, ‘southern-
tropical’ climate systems are superimposed on the regional cli-
mate patterns and play an important role in modulating eastern
Mediterranean and Levant climate during interglacials. Accord-
ingly, the Dead Sea lacustrine sequence is a key record to fur-

ther investigate this issue and deconvolute the past and future
dynamics of regional–meridional climate systems.
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14 Pliocene–Pleistocene Water Bodies and Associated Deposits in Southern
Israel and Southern Jordan

jason a. rech, hanan ginat, gentry a. catlett, steffen mischke,
emily winer tully, and jeffrey s. pigati

14.1 INTRODUCTION

Over the past few decades, researchers have proposed that several
large lakes were present in the southern Levant during the Pleis-
tocene (Bender 1968, 1974; Huckriede & Wiesemann 1968; Clark
1984; Schuldenrein & Clark 1994; Yasin 2001; Moumani et al.
2003; Petit-Maire et al. 2010; Fig. 14.1). Their presence in what is
today a hyperarid environment probably indicates wetter conditions
in the recent geologic past. Understanding the timing and nature
of these water bodies (e.g. perennial lakes, streams, wetlands) is
important for constraining the cause(s), source regions, and traject-

Figure 14.1 Location of proposed Pleistocene lakes in the southern Levant,
with catchment basins for the water bodies reviewed.

ories of the enhanced precipitation (Enzel et al. 2008). Correct iden-
tification of these water bodies is also essential for understanding
potential human migration routes between Africa, Arabia, and the
Levant (Armitage et al. 2011; Groucutt & Petraglia 2012), as well
as reconstructing the landscape in which the early inhabitants of the
Levant lived (Parton et al. 2015).
We focus here on the geologic evidence for three reported Pleis-

tocene lakes on the southern Jordan Plateau (Hasa, Al Jafr, and
Mudawwara; Fig. 14.1). These water bodies are among the largest
reported lakes in the southern Levant, and the three catchments are
situated adjacent to one another so they should have experienced
similar climatic histories. In particular, we focus on determining
whether the geologic evidence points more toward lacustrine (lake)
or palustrine (wetland) hydrologic settings for these water bod-
ies. This distinction is critical because the amount of precipitation
required to sustain large, shallow lakes in an arid environment is
much greater than that needed to sustain wetlands in the same area.
Thus, if we are to reconstruct regional past climatic and hydrologic
conditions, it is imperative that we determine the hydrologic settings
correctly.

14.2 PLEISTOCENE WATER BODIES

14.2.1 WADI HASA

Wadi Hasa is a large catchment basin (�2520 km2) in western Jor-
dan that drains a portion of the Jordan Plateau before flowing down
to the Dead Sea (Fig. 14.1). The upper reaches of the catchment con-
sist of a series of continuous and discontinuous ephemeral streams,
many of which terminate in small playas. The lower part of the
catchment is defined by the perennial Wadi Hasa, which is deeply
incised in mainly Cretaceous limestone bedrock and contains abun-
dant riparian vegetation (Fig. 14.2a). The perennial reach of the
stream begins just below where the Hasa catchment narrows and
exits the Jordan Plateau. Late Quaternary valley-fill deposits rich
in Palaeolithic archaeological sites and artefacts (Coinman 2003)
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Figure 14.2 Aerial photographs of deposits associated with Pleistocene water bodies: a: Wadi Hasa, b: Al Jafr, and c: Mudawwara. Locations of previous
studies are identified (Hasa: Winer 2010; Al Jafr: Huckriede & Wiesemann 1968; Mischke et al. 2015; Mudawwara: Yasin 2001; Petit-Maire et al. 2010),
as are depths of water table in selected wells.
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crop out just above this narrow stream exit and continue intermit-
tently downstream for �10 km within the deeply incised channel
and its tributaries (Figs. 14.2a; 14.3a–d).
The valley-fill deposits in Wadi Hasa were first examined by

Vita-Finzi (1964) and Copeland and Vita-Finzi (1978), and later
by the Wadi Hasa Archaeological Survey (Clark 1984; Clark et al.
1992; Schuldenrein &Clark 1994, 2001, 2003; Coinman 2003). In a
series of publications, Geoffrey Clark and Joseph Schuldenrein pro-
posed the presence of ‘Pleistocene Lake Hasa’ based on the occur-
rence of widespread marls and green mudstones (Clark 1984; Clark
et al. 1992; Schuldenrein &Clark 1994, 2001, 2003). The valley-fill
deposits were dated to �70–20 ka, based on 14C ages of archaeol-
ogical charcoal and organic material, as well as the presence ofMid-
dle and Upper Palaeolithic artefacts. At its maximum, Pleistocene
LakeHasawould have covered�50 km2 with amaximum lake level
elevation of �820 m (Clark 1984). The palaeolake was thought to
have been breached and drained by the headward migration ofWadi
Hasa onto the Jordan Plateau at �20 ka, possibly aided by fault-
ing along the Hasa Fault (Clark et al. 1992). Subsequent mapping,
however, found that the valley-fill deposits extend more than 8 km
downstream of the mapped limits of the palaeolake to an elevation
of�625 m (Schuldenrein & Clark 2001). Marls associated with the
‘Hasa Formation’ were also mapped south of the Wadi Hasa catch-
ment in Jurf ed Darawish and were attributed to a series of shallow
palaeolakes (Moumani et al. 2003).
Winer (2010) examined the valley-fill deposits along an �8 km

reach of Wadi Hasa to determine their age and depositional envi-
ronment, as well as to evaluate the mechanisms of formation and
termination of the proposed lake. She found that the deposits range
from poorly sorted conglomerates with rip-up clasts to well-sorted,
fine-grained sediments. The coarse-grained, siliciclastic sediments
were interpreted to represent high-energy episodic fluvial discharge
events such as those that occur in the dry wadi tributaries today. In
contrast, the fine-grained marls, which contain aquatic gastropods,
bivalves, and ostracodes, reduced mudstones, tufas with root casts
of sedges and charophyte algae, and organic-rich black mats, were
interpreted as wetland deposits. Specifically, the green mudstones,
marls, and organicmats at downstream locations were interpreted as
in-streamwetland deposits, which occur in arid environments where
water tables intersect the ground surface in streams that only occa-
sionally experience large discharge events (Zierholz et al. 2001;
Rech et al. 2002). Winer (2010) also identified several Pleistocene
time-stratigraphic units in the Wadi Hasa deposits, including Units
A (>100? ka), B (�70–45 ka), C (�32–27 ka cal BP), and D (�14–
12 ka cal BP). The age estimations of the units were based on
14C ages of charcoal and organic matter, archaeological material,
stratigraphic unconformities, and amino acid racemization ratios of
ostracodes.
Overall, the deposits at Wadi Hasa indicate a wetland or palus-

trine hydrologic setting rather than a large lake for a variety of rea-
sons. First, topographic closure at an elevation of 820 m is not pos-
sible within the current drainage. Second, because the deposits con-
tinue for more than 8 km downstream of the proposed lake limit,
side-canyon damming is not a viable mechanism for lake forma-
tion. Third, the majority of marls, green muds, and organic silts are

confined to the main channel of Wadi Hasa, whereas side-canyon
tributaries are filled with poorly sorted conglomerates associated
with ephemeral stream deposition. The conglomerates interfinger
with in-stream wetland facies along the edges of the main channel
(Fig. 14.3c), indicating that low-energy wetland and riparian envir-
onments were mostly confined to the main channel of Wadi Hasa.
Similar observations have been made elsewhere where dry allu-
vial sediments from tributaries interfinger with in-stream wetland
deposits along the main valley axis (e.g. Rech et al. 2003). Finally,
the ubiquitous presence of root voids, bioturbated sediments, and
microfauna associated with running water are common in wetland
settings and support this interpretation (Pigati et al. 2014; Mischke
et al., Chapter 45 of this volume).
The palustrine deposits within Wadi Hasa are associated with a

relatively high water table in the Hasa catchment during the late
Pleistocene. Today, the water table is �20 m below the ground sur-
face at the village of Al Hasa and becomes progressively higher to
the west (Fig. 14.2a). At the location of the late Pleistocene wetland
deposits, the modern water table is �5 m below the floodplain and
�25 m below the top of the wetland deposits, indicating an approx-
imate 25 m decrease in the elevation of the water table between
the late Pleistocene (�27 ka cal BP) and today. Elevated water-
table conditions were supported by greater groundwater recharge
and precipitation in the catchment basin to the east during the latest
Pleistocene.

14.2.2 AL JAFR BASIN

Al Jafr basin is a large (�13,500 km2), endorheic basin located in
southeastern Jordan and northwestern Saudi Arabia that contains
a qa, or dry playa, at its centre (Fig. 14.1). The vast majority of
the basin is hyperarid with mean annual precipitation of <50 mm
yr−1. The westernmost portion of the basin, however, includes the
Jordan highlands where elevations reach 1700 m and mean annual
precipitation exceeds 200 mm yr−1. Quaternary deposits within the
basin are generally characterized by alluvial sheetwash deposits on
the basin margins and fine-grained sediments in the qa (Moumani
2005).
A large (1,000–1,800 km2), freshwater lake was proposed to have

existed in Al Jafr basin during the late Pleistocene based on the
widespread exposure (�400 km2) of green mudstones and white
marls on the west side of the basin (Huckriede &Wiesemann 1968;
Fig. 14.2b). These deposits were subsequently defined as the Jafr
Formation (Moumani 2005). The Jafr Formation deposits include a
variety of freshwater ostracode, gastropod, and bivalve fossils (Mis-
chke et al. 2015, and this volume) and containmany large root voids.
Huckriede and Wiesemann (1968) proposed a lake shoreline based
on the uppermost elevation of these deposits at �865 m, approxi-
mately 20 m above the modern surface of the playa. They reported
a single radiocarbon age on biogenic carbonate of �30 ka and con-
cluded that the palaeolake formed during a period that was much
wetter than today, probably as a result of enhanced precipitation in
the highlands in the western part of the basin.
Davies (2005) published the findings from a 31 m sediment core

from the centre of Qa Al Jafr. The core consisted of two main
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Figure 14.3 Deposits associated with Pleistocene water bodies. a: Wadi Hasa wetland deposits (Unit C; Fig. 14.2a); b: in-stream wetland deposits of
reduced mudstones and sandstones within the main channel; c: interfingering of mudstones and conglomerates at side-canyon and main channel junction;
d: perennial Wadi Hasa with riparian and phreatophyte vegetation; e and f: marl and green mudstones exposed on west side of Al Jafr basin (St. 1); g:
location of Mudawwara coquina (Yasin 2001, St. 11) atop small hill near truck, h: exposed coquina at St. 11 of Yasin (2001). (A black and white version
of this figure will appear in some formats. For the colour version, please refer to the plate section.)
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sedimentary sequences separated by a major unconformity. The
lower sequence (depth: 31–11 m) contained green and light-grey
clay units interbedded with sands and gravels; all units were heavily
cemented with secondary calcium carbonate. Davies (2005) inter-
preted these sediments to represent multiple cycles of alluvial depo-
sition along with several thin (short-lived) lacustrine cycles. Above
the unconformity, the sediments consisted mostly of yellowish-
brown silts that were interpreted as aeolian and alluvial sequences
deposited under dry conditions. Two charcoal samples at depths of
7.71 and 3.67 m yielded 14C ages of 24.0±0.2 and 16.0±0.1 14C ka,
respectively. Enzel et al. (2008) interpreted these data to mean that
perennial lakes have been absent from Al Jafr basin since at least 25
ka, a time when Lake Lisan was at its maximum. Enzel et al. (2008)
also examined aerial photographs and found evidence of potential
shorelines between 1 and 3 m above the basin floor, likely to be
associated with shallow bodies of ephemeral water. These authors
concluded that the evidence for a wet late Pleistocene in southern
Jordan should be reconsidered.
Mischke et al. (2015) analysed the sedimentology, mineralogy,

and fossil assemblages of five sites within the marly deposits along
the western margin of Al Jafr basin (Fig. 14.2b). Based on the
ostracode taxa, which included Ilyocypris cf. bradyi, Candona
neglecta, Heterocypris salina, Fabaeformiscandona fabaeformis,
Pseudocandona sp., andHerpetocypris brevicaudata, as well as the
remains of charophyte algae, Mischke et al. (2015, and this vol-
ume) concluded that the marls were deposited in a wetland setting
with shallow freshwater to slightly oligohaline ponds, streams, and
swamps. Three terrestrial gastropod taxa (Vertigo, Vallonia, Gas-
trocopta) identified by Huckriede andWiesemann (1968) were also
used by Mischke et al. (2015) to support the interpretation of shal-
low, plant-rich, and partly desiccating water bodies rather than a
large, deep lake. Finally, Mischke et al. (2015) concluded that the
ostracodes found in the deposits, which today are restricted to more
northern localities, indicate that climatic conditions were cooler
than modern during wetland deposition. Two samples of biogenic
carbonates from the marl yielded ages of 42.4±0.3 and 33.9±0.2
14C ka, suggesting that the wetland deposits formed during the sec-
ond half of Marine Oxygen Isotope Stage (MIS) 3 (�45–30 ka) or
possibly earlier.
The fossil assemblage for the Jafr Formation presented by Mis-

chke et al. (2015, and this volume) provide evidence that these
deposits were the result of localized wetlands along the western
margin of the basin. Additionally, the deposits are heavily biotur-
bated and contain numerous root voids associated with phreato-
phyte vegetation, features generally characteristic of wetlands and
not lakes (Pigati et al. 2014). The marl deposits have only been
reported on the southwestern side of the basin, downslope from the
high-elevation Jordan highlands, where precipitation is the high-
est for the basin. This restricted and asymmetric spatial distri-
bution of aquatic sediments to areas of the basin where ground-
water recharge and water tables are highest is also a feature that
is typical of wetland settings (Pigati et al. 2014). If the deposits
had a lacustrine origin, they would form ‘bathtub rings’ around the
basin at constant elevation regardless of differences in recharge in
adjacent areas.

The marl and associated green mud deposits of the Jafr Forma-
tion reflect wetlands that were supported by emergent groundwater
along the western margin of Al Jafr basin. The water table today in
this area is a few tens of metres below the surface. This past increase
in the water table was likely associated with greater precipitation
and groundwater recharge in the western portion of the basin.

14.2.3 MUDAWWARA BASIN

The Mudawwara depression, known as the Tabuk depression in
Saudi Arabia, is an endorheic basin located in southern Jordan
and northwestern Saudi Arabia (Fig. 14.1). The basin is roughly
�20,000 km2, mostly in Saudi Arabia, and ranges in elevation from
�2500 m in highlands to the west in Saudi Arabia and �1500 m in
Jordan to �675 m in the basin centre (Fig. 14.2c). Today, climate
in the region is hyperarid (<50 mm yr−1) and local well data show
that the water table is �5 m below the surface in the Mudawwara
agricultural area and drops eastward (Fig. 14.2c).
Surficial coquina deposits composed primarily of bivalve shells

(mainly Cerastoderma glaucum) were first identified when the
region was mapped and designated as part of the Halat Ammar For-
mation (Masri 1988). The �8–10 m thick Halat Ammar Forma-
tion crops out locally southeast of Mudawwara. Its lower member
is a fine-grained, pale-green to pale-yellow sand with gravel that is
overlain by a red marl containing halite veins and gypsum laminae.
These sediments are overlain by a gypsiferous pale-green marl with
wavy bedding (Masri 1988). The upper member is a poorly sorted
conglomerate containing the �10 cm to 3 m thick coquina exposed
at elevations of �700–720 m. Masri (1988) suggested that this for-
mation was deposited by a shallow, evaporative lake (red and green
marls with evaporite laminae) that transitioned into a fresh to brack-
ish lake (coquina), and that the conglomerate and coquina represent
lake margin environments (Fig. 14.3h).
Petit-Maire et al. (2010) reported the presence of bivalves (Ceras-

toderma glaucum, Brachidontes cf. pharaonis, and Abra sp.), gas-
tropods (Hydrobia sp. and Melanoides tuberculata), ostracodes
(Cyprideis torosa gr. (Jones) and Candona gr. neglecta), benthic
foraminifera (Ammonia beccarii/tepida Linné and Elphidium exca-
vatum Terquem), and charophytes among different shell layers at
their St. 7 locality (Fig. 14.2c). The authors used the presence of
these taxa and the elevation of the deposits to suggest that a large
(>2000 km2), deep (>40 m) fresh-to-brackish lake existed in the
Mudawwara basin with a tentative shoreline placed at an elevation
of �720 m.
Yasin (2001) and Petit-Maire et al. (2010) used 14C and U-

series ages on Cerastoderma glaucum shells, as well as archaeo-
logical assemblages, to constrain the age of the coquina. The archae-
ological material consisted of surface finds of artefacts identified as
Levallois-Mousterian (�250–50 ka) that were associated with the
Halat Ammar Formation (Yasin 2001), and provide minimum lim-
iting ages if they are in place. Alpha-counting U-series dating of
11 shells resulted in an age range of 170–77 ka (Petit-Maire 2010),
whereas conventional radiocarbon analyses of two shells yielded
ages of 11.9±0.2 and 25.6±0.9 14C ka (Yasin 2001). The 14C ages
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were not used for age control because they appeared to be anom-
alously young.
Based largely on the shell U-series ages, Petit-Maire et al. (2010)

proposed a vast Eemian (MIS 5e) palaeolake as well as the pres-
ence of large lake complexes duringMIS 7a–6e andMIS 5c–5a. The
authors suggested that the perennial lake was fed by both summer
rains from an intensified monsoon system and winter rains eman-
ating from the Mediterranean (Petit-Maire et al. 2010). However,
there are several geochronological issues that call these interpre-
tations into question. First, the archaeological material consisted
of surface finds and therefore does not provide direct age control
for the deposits. Second, it is well known that bivalve shells often
do not act as closed systems with respect to uranium (Kaufman
et al. 1971; Edwards et al. 2003). The bivalve shells used for U-
series dating exhibit highly variable concentrations of uranium, and
the concentrations are much higher than observed in modern speci-
mens (Petit-Maire et al. 2010). Therefore, even if the shells acted as
closed systems with respect to uranium, it is impossible to quantify
the initial uranium isotopic signature of the waters that hosted the
bivalves at the time of shell formation. Finally, the young shell 14C
ages indicate that the shells did suffer from open-system behaviour
with respect to carbon. For all of these reasons, it is unlikely that
the age estimates of Petit-Maire et al. (2010) are accurate.
In terms of reconstructing the hydrological setting of the Halat

Ammar Formation, the coquina deposits resemble high-energy,
near-shore lacustrine deposits. The invertebrate fossil assemblages
contain taxa that indicate that the water bodywas both perennial and
brackish to saline. Perennial saline waters are not generally associ-
ated with wetland settings, and coquina deposits like those in the
Halat Ammar Formation, to our knowledge, have not been docu-
mented in wetland settings. Other features, however, indicate that
caution should be employed over the inference of a large, deep lake.
For example, the coquina deposits have only been identified along
the western margin of the basin, where the water table is highest
today. In addition, geomorphic features (shorelines) or sedimentary
facies (deltaic deposits) associated with large lakes have not been
identified in the Mudawwara depression, even in areas away from
large drainages that are protected from erosion.
We suggest that the Halat Ammar Formation was probably

deposited under wetter conditions than today. However, it is dif-
ficult to reconstruct the exact nature of the hydrologic environment
from the deposits that have been described to date, and the age con-
straints are not firm enough to identify a clear period of deposition.
It is even more difficult to infer the climatic significance of these
deposits if they cannot be confidently assigned to the late Pleis-
tocene. If the deposits aremuch older, perhaps early ormiddle Pleis-
tocene, then it is difficult to distinguish between the relative role of
tectonics and base-level changes on the region as opposed to cli-
matic changes. The current sedimentological and age constraints
for the Halat Ammar Formation are not accurate enough to identify
a vast Eemian lake and lake complexes from MIS 7a–6e and 5c–5a
(Petit-Maire et al. 2010), nor is it appropriate to infer the opening
of biogeographic corridors between the Arabian Peninsula and the
Levant using the current Mudawwara data (Armitage et al. 2011;
Parton et al. 2015).

14.3 DISCUSSION AND CONCLUSIONS

Over the past few decades, geologists have improved their ability to
differentiate between various types of terrestrial water bodies in the
recent geologic record (Quade 1986; Quade et al. 1995, 1998, 2008;
Rech et al. 2002, 2003; Pigati et al. 2009, 2011, 2014;Mischke et al.
2012, 2015, and this volume). Often, the depositional environment
of terrestrial water bodies can be distinguished by determining the
spatial distribution of the deposits, identifying whether topographic
closure is possible, and examining the sedimentological and micro-
faunal assemblages present in the deposits. Consequently, geolo-
gists have a better appreciation for the relative abundance of wet-
land deposits, which are often present in greater abundance than
lake deposits in a given area (e.g. Miller 2012).
Distinguishing the accurate hydrologic setting of terrestrial water

bodies can have important implications for reconstructing past cli-
mate. Large, shallow, perennial lakes generally do not occur in
hyperarid environments because the large surface area allows for
high evaporative losses. As such, the presence of large and rela-
tively shallow perennial lakes indicates much wetter conditions in
the geologic past. Wetland deposits also indicate wetter conditions,
but they do not require as large an increase in effective precipita-
tion. However, quantifying specific climatic parameters (e.g. effect-
ive precipitation or evaporation) based on wetland deposits is diffi-
cult because variables such as loss of water via overland flow and
the physical characteristics (porosity, permeability) of local aquifer
systems are often unknown. An additional complication for middle
Pleistocene and earlier wetland deposits is that tectonic activity and
base-level changes may have influenced the depth of the water table
in local environments in the absence of climate change (Rech et al.
2007), making it difficult to assess the palaeoclimatic significance
of the deposits. This is also the case for younger wetland deposits
situated in seismically active areas.
We argue that sedimentary sequences interpreted previously as

evidence for large palaeolakes in Wadi Hasa and Al Jafr basin were
instead deposited in wetland or in-stream wetland systems. Mis-
chke et al. (2015, and this volume) have made similar arguments
for Al Jafr basin, as well as for the deposits in Wadi Gharandal.
We also question the existence of a large palaeolake in Mudawwara
(Petit-Maire et al. 2010) and are sceptical of the age assignments
placed on the deposits, but recognize that coquina deposits simi-
lar to those in Mudawwara have not been identified in wetland set-
tings. Coquina deposits identified in Umari and Azraq in Jordan
(Abed et al. 2008) are similar, but the depositional environments
in these areas are also unclear. Perhaps the strongest evidence of a
former lake in the southern Levant outside Lake Lisan is the Nahal
Zihor deposits in the southern Negev (Ginat et al. 2003; Mischke
et al. 2015). There, sedimentologic, geologic, and palaeontologic
evidence suggest that a perennial lake system prevailed during the
early Pleistocene, although the impact of tectonic and base-level
changes on the local water table makes it challenging to quantify
palaeoclimatic or palaeohydrologic conditions at that time.
In addition to climatic implications, accurate determination of

the age and depositional environment of water bodies in the south-
ern Levant is also critical for understanding past human behaviour.
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Human ecology is markedly different for populations living on
the margin of a vast lake as opposed to what is often a mosaic
of aquatic and terrestrial habitats in wetlands. Accurate identifi-
cation of the types of past water bodies is important for archaeo-
logical surveys because sites are generally not present in the middle
of lake sequences, yet are common throughout wetland deposits.
Archaeological sites and artefacts can also aid in constraining the
age, depositional environment, and past climatic conditions dur-
ing deposition of wetland sediments. In summary, lake and wet-
land deposits are important archives for understanding past climate
change and human ecology. To understand the climatic significance
of the deposits, and to reconstruct past human behaviour, the nature
of the water bodies needs to be interpreted accurately. With this in
mind, future research on water bodies in the southern Levant will
undoubtedly identify a wealth of information on past climate and
culture change.
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15 Quaternary Evolution of Caves and Associated Palaeoenvironments
of the Southern Levant

amos frumkin

15.1 INTRODUCTION

Caves are extremely heterogeneous in morphology and develop-
ment. The most studied ones are large, integrated conduit systems
in wet regions. Their morphology has been used in some cases
as a tool to identify the hydrologic setting under which cave for-
mation took place (Ford & Williams 2007; Palmer 2009; Frumkin
& Shroder 2013). Caves can also act as time-capsules, preserving
within their voids geologic, biological, anthropogenic, and chrono-
logical records of the Quaternary in regions where erosion often
destroys other evidence (e.g. Bar-Yosef & Kra 1994; Goldberg,
Chapter 16, Bar-Matthews et al., Chapter 17, and other chapters
in this volume).
In addition to being a terrestrial bridge between Asia and Africa

(Fig. 15.1), the Levant is unique in its wide variety of caves
over contrasting climates across the desert and Mediterranean eco-
tones. Consequently, both the natural evolution and anthropogenic
attributes of the caves are different from other regions.
To focus on the Quaternary evolution of caves, the age of the

voids and their fillings should be determined, where possible.

15.2 THE AGE OF EARLY EVOLUTION OF CAVES

15.2.1 PRIMARY CAVES

Primary caves are formed coeval with the rock surrounding them.
They can be precisely dated by dating the enclosing bedrock. The
most important type is the lava tube, also termed pyroduct, formed
almost instantaneously during the emplacement of lava (Kempe
2013). The largest volcanic region of the southern Levant is Har-
rat Ash-Shaam (Weinstein & Heimann, Chapter 5 of this volume),
covering parts of Syria, Jordan, Israel, and Saudi Arabia. Several
lava tubes are known in its northeastern area, the Hauran; all of
them are thought to be of Quaternary age (Razvalyaev 1966; Kempe
et al. 2006; Tawk et al. 2009). Within this volcanic region, Harrat
El Fahda basalt field of northeast Jordan (Ibrahim & Al-Malabeh
2006) is one of the most recent (�0.46±0.01 Ma; Tarawneh et al.

2000; Ilani et al. 2001) harrats of the Arabian plate. This is also the
estimated age of the Khsheifa lava tube, formed within this basalt
field (Frumkin et al. 2008) (Fig. 15.2). A Holocene 20.5 km long
lava tube system has been identified in southern Syria (Frumkin
2016). Naturally, calcite speleothems deposited within such a cave
are younger than the cave, as they are in karst caves.
A second type of primary cave is hollows formed in tufa or

travertine sediments during deposition. These can also be poten-
tially dated by determining the age of the enclosing calcitic bedrock.
Such dating is yet to be attempted in the southern Levant. A unique
cave of this type at Ein Gedi (Israel) is at least 2,700 years old, based
on an Iron Age rupestrian inscription (Porat et al. 2015).

15.2.2 SECONDARY CAVES

Most caves in the Levant are secondary, i.e. formed after or mostly
long after deposition of the rocks containing them. Of these, most
Levant caves were formed by karstic dissolution within dense car-
bonate bedrock, whose depositional age is commonly Mesozoic to
Eocene. Marly beds within the carbonate rocks retard early speleo-
genesis (cave formation) (Fischhendler & Frumkin 2008; Palmer
2009). The larger southern Levant caves are associated with long-
lasting confinement and hypogenic flow (Frumkin & Fischhendler
2005; Klimchouk 2013; Frumkin 2015).
Dating such caves is difficult, and may be possible only if a fea-

ture relating to their early speleogenesis can be dated. The caves
often contain pre-Quaternary sediments (Lisker et al. 2010), but dat-
ing these deposits commonly produces just a minimum age for the
void. Three independent lines of evidence indicate speleogenesis
(long?) before the Quaternary:

(1) The oldest age, 3–3.5 Ma, of vadose speleothems in Israel
was determined using U–Pb on samples from Ashalim Cave
and Ktora Cracks (Vaks et al. 2013). These speleothems were
deposited on top of the host rock, indicating deposition follow-
ing emergence of the cave above the water table.

135
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Figure 15.1 The southern Levant
with sites mentioned in the text.
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Figure 15.2 Lava tube systems are the largest Quaternary-age caves in the Hauran, eastern desert of the southern Levant. a: Plan of Khsheifa Cave lava
tube in El-Fahda lava of Jawa, Jordan (modified from Frumkin et al. 2008, survey by Israel Cave Research Center). b: Central part of Khsheifa Cave: the
original basalt ceiling is intact, while intruding run-off gradually fills the bottom of the void with fluvial loess. Striped hyaena (Hyaena hyaena syriaca)
introduced bones and coprolites (illuminated) (photo: A. Frumkin). c: Collapsed ceiling, termed ‘cold puka’ (bottom), of Khsheifa Cave provides the main
entrance which allows run-off to intrude the cave (photo: A. Frumkin). d: Google Earth view of the largest lava tube system in the southern Levant, which
carried late Quaternary lava from Tell Shihan volcano westward, southern Syria (Razvalyaev 1966). e: Schematic plan of the Tell Shihan lava tube system,
showing collapsed sectors (white) versus intact parts (black). The width is exaggerated (surveyed from Google Earth by A. Frumkin).

(2) Burial ages obtained using cosmogenic isotopes of
allochthonous fluvial sand and silt at the Judean Desert
Cave of the Letters and Masada 2008 Cave are 3.6–3.4 Ma.
They indicate initial relief and incision of canyons flowing
into the Dead Sea shortly before this time, cutting through
the pre-existing caves (Frumkin 2001a; Matmon et al. 2014;
Matmon & Zilberman, this volume).

(3) Terrestrial megafauna fossils filling a collapsed cave at Beth-
lehem, Judean Mountains, were correlated with Villafranchian
(3.0–2.0Ma) faunal assemblages in Eurasia (Hooijer 1958; Bel-
maker, Chapter 41 of this volume). Similar to the previous
cases, the cave must have been developed and destroyed not
later than the early Pleistocene.

These five caves at central to southern Israel were elevated above
their respective water table (at least) during the Quaternary. Simi-
larly, the present positions of most known caves that originally
formed below the water table are now up to hundreds of metres
above the water table. Many caves are located high above local or
regional base levels, indicating intensive tectonic and geomorphic
activity since their development. For example, the ‘Caves of the
Spear’ (Fig. 15.3) are located today high in the Dead Sea western
escarpment, 480 m above the Dead Sea shore (Porat et al. 2009).
The lack of any genetic connection between these caves and the
Dead Sea Transform indicates that most of these caves had already
been formed before the development of the Dead Sea escarpment,
which started to develop during the Miocene (e.g. Frumkin 2001a;
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Figure 15.3 Caves of the Spear, Dead Sea western escarpment, modified after Porat et al. (2009). The pre-Quaternary maze cave system formed below the
ancient water table is gradually destroyed by surface erosion following the downfaulting of the Dead Sea depression. a: Plan showing collapsed sectors of
the cave (main terrace, white) versus uncollapsed parts (black) (survey: R. Porat). b: The entrances of Spear Caves 84b and c within the vertical escarpment
undermined by a nearby wadi. The upper right slope is the fault escarpment beyond the influence of the wadi (photo: R. Porat). c: Spear Caves 84b and the
collapsed part, now forming the main terrace (foreground, note persons for scale) (photo: R. Porat). Oblique air photograph showing the Caves of the Spear
hanging �480 m above the Dead Sea (bottom road runs along the shore). The canyon in the centre increases gravitational erosion of the caves.

Matmon et al. 2014; Frumkin 2015; Matmon& Zilberman, this vol-
ume). These caves must have ceased to expand well before the Qua-
ternary. During the Quaternary they have experienced mostly aging
processes, such as filling, destruction, or formation of sinkholes into
lower levels.

15.3 PROCESSES IN AGING CAVES

The type and rate of aging processes depend on the type of cavity
and its evolutional stage, its connection with the surface, and sub-
aerial environments.
The morphology of most caves in the drier parts of the Levant

indicates that: (1) they had been formed under the water table; (2)
the caves can be termed ‘isolated caves’, i.e. while forming they
were not connected by a major opening to the surface – rather, they

were connected to the surface only via tiny flow routes (less than
�5 mm wide), supporting diffuse, laminar flow (Frumkin & Fisch-
hendler 2005); (3) the isolated caves were formed by a local boost of
aggressivity in the groundwater within the saturated zone, without
achieving a hydraulic breakthrough to the surface input or output of
the water (Frumkin & Gvirtzman 2006).
Such isolated caves are also modified by natural processes after

emergence above the water table. However, at this stage these pro-
cesses commonly tend to fill and destroy the cave, and only rarely
do they continue to expand within the vadose zone. The time range
for final destruction of a cave and its traces depends mainly upon
the original depth of the cave and subaerial denudation rate.
For the Mediterranean zone of the southern Levant, the regional

long-term denudation rate is �21±7 mm ka−1 (Ryb et al. 2014;
Matmon, Chapter 46 of this volume). Assuming this rate for the
2.6 Ma of the entire Quaternary, a total denudation of �55 m
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would destroy and remove most caves that were within a few
tens of metres from the surface at the Plio-Pleistocene transition.
Therefore, the surviving caves in the Mediterranean zone may have
formed deeper below the surface, depending on their age. Indeed,
the caves still existing in the desert zone of Israel, where denuda-
tion rate is low, are generally larger and more abundant than those
in theMediterranean zone (Frumkin & Fischhendler 2005; Frumkin
2015). However, other factors may influence the abundance of exist-
ing voids, such as the original hydrogeologic conditions during
speleogenesis.
Autochthonous sediments, common in unbreached caves, mainly

comprise residual clay, decomposed fragments of the walls and ceil-
ing, as well as speleothems. These speleothems serve as import-
ant archives for palaeoenvironmental reconstructions (e.g. Bar-
Matthews et al., this volume). The age of some speleothems is
used to date associated archaeologic finds (e.g. Barkai et al. 2003;
Gopher et al. 2010).
Allochthonous fills in southern Levant caves, common in caves

which are well-connected to the surface, are mostly associated with
gravitation, water, wind, or biological or anthropogenic agents. Flu-
vial deposits are common in river caves, which are common in the
wetter regions of northern Levant, from Mt Lebanon northward. A
special type of river caves with abundant fluvial deposits is the salt
caves of Mt Sedom (see below; Frumkin 2013). Biogeochemical
processes affect caves even before they are breached by subaerial
erosion. After an opening to the surface is established, biogenic
and anthropogenic processes commonly increase, combined with
other natural processes. As the cave entrance enlarges, the variety of
sediments and the rate of filling by allochthonous sediments com-
monly increase, depending on the relative role of intruding collu-
vium, alluvium, and aeolian sediments and biogenic-anthropogenic
agents. When the cave is close to the surface, it becomes prone
to destruction by collapse of the thin ceiling or by hillslope
retreat.
Cave sediments are commonly inclined and deformed. The

deformation may be associated with several causes, such as their
initial depositional dip; subsidence and sagging into deeper voids;
collapse of cave roof; introduction of subaerial materials through
an upper entrance; internal irregular accumulation and deformation
processes; tectonic deformation; seismic tilting and collapse; dia-
genetic chemical processes; gravitational compaction of loose sedi-
ments or of partly dissolved material. Many of these processes are
controlled by gravity. Some affect only the internal cave sediments,
while some gravitational deformations affect the bedrock skeleton
of the karst system as well.
In the case of an archaeological cave, these processes usu-

ally affect diagenesis, geometry, distribution, and interpretation of
archaeological finds, so theymust be seriously considered (Frumkin
et al. 2009; Karkanas & Goldberg 2013; Goldberg, Chapter 16 of
this volume).
The caves that we can enter today are those which have been

breached by subaerial processes or by recent anthropogenic inter-
vention, such as quarrying or construction. The anthropogenic
breaching is ongoing rapidly as infrastructure is developed, so sev-
eral previously unknown caves are discovered every year. These

serve as confirming evidence for the initial isolation of similar caves
which were breached naturally. Some newly discovered caves con-
tain archaeological and archaeozoological evidence indicating pre-
vious opening to the surface, followed by blockage and re-opening
of the entrance. Such modifications can indicate changes of surficial
processes such as hillslope erosion and accumulation.
Ultimately, the life of a cave void ends by complete filling, or

collapse, or both. While the void ceases to exist, the fill of pre-
existing caves can be still excavated and studied. Until recently,
prior to intensive construction works, such filled caves were rarely
observed. An example is the mid-Pleistocene Bear’s Cave in north-
ern Israel (Tchernov & Tsoukala 1997). The remains of the cave,
which was exhumed by natural subaerial denudation, included
deposits of stalagmitic breccia and carnivore remains. However,
such rare cases reported in the past do not reflect the true distri-
bution of filled caves, as inferred by recent finds.
Recent construction works reveal filled caves at an ever-

increasing rate. For example, during a few years of quarrying and
construction works in the early twenty-first century, four filled
caves (or collapsed caves) with mid–late Pleistocene archaeozoo-
logical and anthropogenic remains were discovered within an area
of 35× 10 km in southwestern Samaria (Barkai et al. 2003; Marder
et al. 2011; Goder-Goldberger et al. 2012; Zaidner et al. 2013).
Located on moderate hillslopes, these sites (respectively: Qesem,
Rantis, Emanuel, and Nesher Ramla; Fig. 15.4) were not observed
in the field or air-photographs before being artificially breached.
This camouflaging of caves can be attributed to intensive colluvi-
ation during the late Quaternary, which completely filled the voids
to their upper openings, eventually smoothing the overlying sur-
face. The intensive alluviation is associated with severe environ-
mental changes and anthropogenic interference causing rapid de-
terioration of vegetation and soil erosion during the late Quaternary
(Frumkin et al. 2000; Bar-Matthews & Ayalon 2005; Enzel et al.
2008). The climate-dependence of these processes implies that they
are more active in the Mediterranean zone than in the desert. In the
desert, where soils are thinner on hillslopes, direct aeolian depos-
ition in cave entrances may be more important than colluvial fill;
still, unlike the Judean Desert and the western escarpment of the
Dead Sea, the density of caves in the Negev is small.
The filling rate of an open cave depends largely on its relation

to the adjacent surface. Rapid filling by colluvium is favoured in a
cave with a large opening located on a hillslope. On the other hand,
caves with a small or horizontal opening, e.g. Tabun and Hayonim,
in a vertical cliff are relatively protected from colluvial filling. Such
caves may support longer periods of hominin usage with thicker
anthropogenic deposits compared with caves filled by colluvium. A
cliff also protects the cave entrance from rainfall, wind, and direct
sunshine. Consequently, most studied prehistoric caves are in cliffs,
e.g. Abu Zif, Amud, Hayonim, Kebara, Misliya, Qafzeh, Tabun,
Um-Qatafa (Hovers et al. 1995; Ullman 2013; Frumkin 2015; Ull-
man & Frumkin 2015; Ronen, Chapter 24 of this volume; Bar-
Yosef et al., Chapter 26 of this volume). When denudation opens
a hole or a chimney in the roof of such caves, the colluvial fill rate
may increase and overshadow other fill processes (e.g. Tabun Cave;
Ronen, this volume).
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Figure 15.4 Four archaeological sites which have acted as voids duringmid–late Quaternary, attracting hominins and/or animals. During the late Quaternary
the voids were ultimately sealed by sediments, mostly of reworked terra rossa soils transported as colluvium. The surface around the sites has only thin
soil remnants, an indication of erosion which transported the soil into the topographic sinks. The sites were exposed during early twenty-first century
construction. a: Qesem Cave, photo by A. Frumkin (Barkai et al. 2003); b: Rantis Cave, photo by O. Marder (Marder et al. 2011); c: Emanuel Cave, photo
by A. Frumkin (Goder-Goldberger et al. 2012); d: Nesher Ramla karst depression, photo by Y. Zaidner (Zaidner et al. 2013).

Caves with cliff entrances are prone to destruction by hillslope
retreat and collapse, so the present area of the cave is smaller
than during its occupation.Misliya Cave (Weinstein-Evron, Chapter
25 of this volume) has been completely destroyed by the retreat
of western Carmel cliff since the middle Palaeolithic (Weinstein-
Evron et al. 2012). Um-Qatafa and Amud caves have lost most
of their ceiling area by collapse since their respective early and
late Palaeolithic main occupation. In addition to hillslope-retreat,
the susceptibility to collapse is controlled by several geologic fac-
tors, such as cavity size, as well as roof thickness, lithology, and
fractures.
The archaeozoological/anthropogenic remains found in a cave

reflect a relatively short time window in the evolution of the cave:
it often starts with the first breaching of the void by erosion, ending
when the cave is totally filled or destroyed.
Some caves continue to attract animals and hominins even after

destruction by collapse of the ceiling. This can occur if the collapsed
cave becomes a doline (karst depression) accumulating water or act-
ing as a natural trap for animals. This has probably been the case
for the Bethlehem (Shaw 1961), Rantis (Marder et al. 2011), and

Nesher Ramla sites (Frumkin et al. 2014) (Fig. 15.4). Such natural
traps can also be observed today (e.g. Langford 2015).

15.4 QUATERNARY SPELEOGENESIS: FORMATION
OF NEW CAVES

Some caves are actively being formed or continue to enlarge dur-
ing the Quaternary. The main speleogenetic agent is water. There-
fore, currently forming caves increase in size, depth, and abundance
towards the northwest of the Levant, with the increase of precipi-
tation from the desert towards Mount Lebanon (Frumkin 2001b).
Faouar Dara, the deepest Levant cave, and Jeita Cave, the longest
one (Chabert 1974; Hakim&Karkabi 1988), are both in the western
flanks of Mt Lebanon. Vadose caves are also favoured in the north-
west Levant because of the thickening of pure limestone, particu-
larly of Jurassic age. On the arid side of the environmental spectrum,
large limestone caves hardly form during the Quaternary owing to
aridity and the thinner, less pure carbonates which were deposited in
regions seldom ingressed by the Tethys Sea. Known limestone caves
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are mostly pre-Quaternary hypogene systems, such as Marzeva
Cave in the Negev. Locally, a change in morphogenetic type with
relief is observed, from hypogenic and phreatic caves dominating
in lower hills, to more vadose shaft caves in high plateaus (Frumkin
et al. 1998).
Active Quaternary flow of water enlarges voids in the vadose

zone. This occurs in river caves, vadose canyons, and vadose shaft
systems, or a combination of these. The southernmost long lime-
stone river cave is Hauma Cave under the city of Jerusalem (Lang-
ford & Frumkin 2013). Caves of this type are more common in the
wetter karst of Lebanon (Hakim & Karkabi 1988; Karkabi 1990).
Active vadose caves are common in the extremely arid salt karst

of Mt Sedom, Israel (Frumkin 2013). The high solubility of the salt
allows the entire karst system to develop under the dry climate of
the Holocene (Frumkin et al. 1991). The solubility and erodibility of
the salt promote rapid evolution of the caves in spite of the rarity of
the run-off events which enlarge them (Frumkin & Ford 1995). The
falling Dead Sea level induces even faster developments of voids
along the lake shores, associated with collapse and sinkhole hazards
(Frumkin et al. 2011).
Below the vadose zone, caves continue to form during the Quater-

nary within the phreatic zone and close to the water table, but they
are rarely accessible (Laskow et al. 2011). Quarrying has allowed
insight into water-table caves at Nesher Ramla, at the border of the
coastal plane, formed by rising sulfidic water (Frumkin & Gvirtz-
man 2006; Frumkin et al. 2014).
In addition to the above-mentioned cave types, other speleo-

genetic processes can produce small local caves, sometimes with
archaeological importance similar to karst caves. Such processes
include physical disintegration of granular rocks by sea waves
(e.g. Ronen et al. 2008) or flowing vadose streams in erodible
materials, termed piping (e.g. Porat & Frumkin 2015). Tectonic
deformation can also open voids beneath the surface. Tempera-
ture variations or salt crystallization (e.g. Lisker et al. 2007) can
form and erode cavities that are more common in desert environ-
ments. These are usually widely open to the surface, sometimes in
the form of notches (Shtober-Zisu et al. 2015). Such rockshelters
were often favoured for prehistoric human habitation as they pro-
vide light and some protection from the elements (wind, rain, and
direct sunlight), while allowing free usage of fire (e.g. Ullman et al.
2013).

15.5 CONCLUSIONS

Quaternary evolution of caves in the southern Levant is intimately
associated with environmental conditions. Large river caves form
during the Quaternary in the wetter regions, such as Mt Lebanon. In
the Judean Desert, Quaternary-age carbonate caves are commonly
smaller, and in the Negev Desert they are rare, developing mainly
by physical processes. Large caves formed during the Quaternary
in the desert under specific conditions, e.g. salt caves in Mt Sedom,
and lava caves in the Hauran of Syria and Jordan.
All types of known caves experienced some aging processes

during the Quaternary, including filling, collapse, and ultimately

destruction. Until total destruction, the caves serve as natural time-
capsules, preserving natural and anthropogenic deposits, with some
of the best palaeoenvironmental and anthropogenic records in the
elevated areas of the Levant, where erosion often destroys surficial
records.
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16 Geoarchaeology of Levantine Prehistoric Caves

paul goldberg

16.1 INTRODUCTION

Prehistoric caves in the Levant are a remarkable resource of infor-
mation on Quaternary history and palaeoenvironments (Frumkin,
Chapter 15 of this volume). Although imperfect, they are also excel-
lent archives for documenting human activities, behaviours, and
history.
Most caves and rockshelters are developed within carbonate

rocks (dolomite and limestone), although in rather special instances
they can be formed in salt domes (e.g. Mt Sedom, Israel; Frumkin
1996, and this volume) or in softer sediments and sedimentary
rocks (e.g. Qumran, Frumkin 2001). Caves act as sedimentary and
behavioural traps, with more limited, or at least more specific,
mechanical and chemical weathering than for open-air sites. This
includes reduced plant growth, lack of true soil formation, and
reduced exposure to direct precipitation and ultraviolet radiation.
On the other hand, the accumulation of guano, for example, can
result in striking diagenetic microenvironments, in which minerals
can be neoformed or transformed, and in certain instances archaeo-
logical remains can be extensively dissolved (see below).
Prehistoric cave deposits are both geogenic and anthropogenic,

and they are commonly intermixed and subtle to resolve in the field
or even laboratory. Unlike European caves, which are commonly
more geogenic, those from the Levant are relatively rich in human
inputs, including inputs of organic matter from hearths, and plant
remains from food or possibly bedding.

16.2 GEOGENIC SEDIMENTS

Essentially, geological deposits can come from within the cave
(autochthonous) or be transported into the cave (allochthonous)
from the entrance or through openings through the ceilings (chim-
neys) (Goldberg & Sherwood 2006). The latter is illustrated at
the Palaeolithic caves of Tabun, Kebara, Qafzeh, and Hayonim
(Goldberg 1973; Jelinek et al. 1973; Farrand 1979; Goldberg
& Laville 1988; Goldberg & Bar-Yosef 1998; Goldberg et al.

2007) (Fig. 16.1a–d). Internally derived detrital sediments include
centimetre- to metre-sized clasts of bedrock from the roofs and
walls, as well as small amounts of sand, silt, and clay liberated from
bedrock by dissolution; in addition, clay derived from surface soils
or weathering of the bedrock can be deposited in the cave through
joints and fissures in the bedrock (White & Culver 2012). Levan-
tine prehistoric caves commonly do not display phreatic infillings,
such as laminated sand and silt, although the very basal deposits at
Kebara are well-bedded washed sands (Goldberg et al. 2007). An
interesting example of redeposition of sediment from within a cave
to its exterior occurred at Qafzeh (Vandermeersch 1981).
In addition to clastics, chemical sediments are commonly repre-

sented by calcareous (calcite) speleothems, travertines/flowstones
and massive calcite-cemented sediments (informally called ‘cave
breccia’). All can be found today at the cave entrance and within the
cave interior, but the breccias are typically formed subaerially at the
present or former entrances, whereas the others accumulated within
the cave interior at the time. ‘Brecciated’ deposits and flowstones
are common in prehistoric caves. Qesem Cave, for example, con-
tains abundant cemented deposits, including the earliest fires found
in the region, and dated to about 300 ka (Barkai et al. 2003; Gopher
et al. 2005; Karkanas et al. 2007; Shahack-Gross et al. 2014). Simi-
larly, Misliya Cave on Mt Carmel contains both flowstones and
cemented and phosphatized deposits (see below) (Weinstein-Evron
et al. 2012). The dating of travertine, bones, and teeth at Es-Skhul,
also on Mt Carmel, documents the presence of anatomically mod-
ern humans some 100–130 ka ago (Stringer et al. 1989; Mercier
et al. 1993; Grün et al. 2005). Finally, at Zuttiyeh, interstratified sta-
lagmitic crusts occur in association with archaic Homo. Uranium-
series dating on two different samples yielded dates of 148±6 ka
and 164±21 ka (Schwarcz et al. 1980), whereas thermolumines-
cence (TL) dating of the overlying Mousterian units ranged from
about 106±7 ka to 157±13 ka (Valladas et al. 1998). At Amud,
Kebara and Hayonim Caves, ashes have been secondarily cemented
with calcite (Madella et al. 2002; Berna & Goldberg 2008), and
many transformed into other minerals by diagenesis (see below). At
the entrance to Qafzeh Cave (Fig. 16.1d), extremely indurated and
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Figure 16.1 a: Tabun cave at the end of the 1970 season. The lower two-thirds of the infilling of the cave is geogenic, consisting of sand and silt blown into
the cave. The upper third consists of bedded clay and ashes (see Fig. 16.2a), overlain by red clays washed into the back of the cave through a chimney which
opens up to the surface of Mt Carmel. b: Upper part of the entrance deposits at Kebara Cave, Mt Carmel. The lower Middle Palaeolithic (MP) deposits
consist of numerous combustion features, whereas the Upper Palaeolithic (UP) deposits here at the entrance consist of terra rossa clays that accumulated
beneath the brow of the cave as a conical talus deposit. c: Kebara Cave interior illustrating, in the profile at the right, the dips of the Middle Palaeolithic
and Upper Palaeolithic deposits. The latter are finely bedded and have been reworked from the entrance by sheetwash. d: Terrace deposits at Qafzeh Cave
are well indurated, calcite-cemented ‘breccia’ deposits composed primarily of breakdown of the dolomitic cave walls and roof, as well as some colluvium
derived from the interior of the cave, which is to the right.
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calcite-cemented breccias on the outer terrace, including cemented
hearths (see below; Berna & Goldberg (2008), are situated beneath
the dripline (Farrand 1979; Vandermeersch 1981).
Allochthonous geological deposits in archaeological settings are

derived from outside the cave system and can be transported by
wind (both sand and silt-sized grains) (Gillieson 1996; Goldberg
& Macphail 2006), gravity, or water. Windblown sand and silt are
prominent components, for example, in Tabun Cave (Fig. 16.1a),
with a significant diachronic change from sandy sediments at the
base, becoming increasingly silty upward (Goldberg 1973; Jelinek
et al. 1973; Goldberg 1978). At Kebara Cave (Figs. 16.1a, b), a
large talus cone was built of reworked silty clay terra rossa soils,
washed down from the surface of Mt Carmel where it origin-
ally formed. Much of this material, along with existing sand, silt,
and Middle Palaeolithic cultural deposits, was reworked by run-
off toward the interior, resulting in finely bedded and laminated
deposits (Goldberg et al. 2007). Similar effects occurred at Hay-
onim Cave, although they are less evident in the field. At Tabun, a
chimney leading to the surface of Mt Carmel is filled with reworked
soil washed and collapsed into the cavity (Fig. 16.1a). An interesting
example from Qafzeh illustrates the opposite direction of sedimen-
tation, with redeposition of sediment from within the cave toward
the exterior (Vandermeersch 1981; Fig. 16.1d).

16.3 ANTHROPOGENIC SEDIMENTS AND
FEATURES

A significant aspect of prehistoric cave deposits in the Levant is
the anthropogenic character of many of the deposits. The majority
of these deposits are related to hearths and combustion. In fact, at
Kebara, Hayonim, and Tabun (Layer B only) (Figs. 16.2a–e) anthro-
pogenic accumulation in the form of combustedmaterials is on a par
with geogenic deposition; for the former two sites, the total volume
of sediment is much higher than can be accounted for by natural
depositional processes alone.
The most striking of the anthropogenic sediments are hearths and

combustion features. Prominent among them are those in Kebara,
where several morphological types of hearths were recognized.
These include, for example, intact hearths, some of which are in
basin-like depressions and are superposed one on another, and
centimetre-thick stacked lenticular layers that are over a metre in
diameter (Meignen et al. 2007) (Fig. 16.2b). The combustion fea-
tures at Hayonim are less varied and less abundant: they include
isolated hearths in the central area of the excavations and thin
(centimetre-thick), decimetre-wide lenticular features further back
in the excavated areas. In addition, field and micromorphological
evidence points to eradication of some of the intact features through
trampling by past inhabitants (Goldberg & Bar-Yosef 1998). Layer
C in Tabun (Fig. 16.2a) consists of interbedded bands and lenses
of whitish (ashy), bright red and pink clay, and dark brown/black
colour. Although these clearly represent combustion, they do not
appear to be typical hearths, as their breadth suggests that parts
of the floor of the cave was ablaze at one time. At Amud Cave,
layers B1, B2, and B3 consist of ‘… alternating cemented, often

laminated, ashy grey and black horizons, each several centimetres
thick’ (Madella et al. 2002: 705). Although considerable biotur-
bation has homogenized some of the deposits and obliterated the
original structure, lenses of ashes have survived because of sec-
ondary carbonate cementation soon after formation. Finally, at Mis-
liya Cave, Layer III contains hearths as represented by intact micro-
laminated organic-rich layers containing charred or humified plant
material. Unit II contains a high percentage of burnt bones, but no
intact features were recognized (Madella et al. 2002).
Qesem Cave is notable for having the earliest evidence of con-

trolled use of fire and hearths in caves from the Levant, dating
to 300 ka (Barkai et al. 2003; Karkanas et al. 2007; Shahack-
Gross et al. 2014). Initial field and micromorphological observa-
tions documented the presence of ash lenses and cemented rhombs
of wood ash (Karkanas et al. 2007), but more recently, a succession
of ashes indicates repeated burning events associated with a hearth
(Shahack-Gross et al. 2014).
At Qafzeh, several isolated and lenticular fireplaces (Figs. 16.2f,

g) were uncovered in the Middle Palaeolithic terrace deposits (Van-
dermeersch 1981; Berna & Goldberg 2008). In several thin sec-
tions from the terrace area (Goldberg, in prep.), abundant evidence
exists for combustion in deposits that are not expressed as struc-
tured hearths but rather as reworked combusted materials, redis-
tributed either by humans (e.g. trampling, hearth rake-out) or collu-
vial movement down the terrace slope.
In addition to anthropogenic deposition per se, there are instances

of built structures, which tend to appear in later prehistory. At
Hayonim Cave, for example, Layer B (Natufian – �12.3–13.4 ka
cal BP) enclosed a number of constructed stone rooms and graves
associated with calcareous ashy midden deposits (Stiner 2005). At
Üçağızlı Cave in Turkey, Kuhn et al. (2009) document a rock align-
ment measuring about 2.5 m long and one stone in thickness; its
function remains unknown.
Anthropogenic sediments can also accumulate through the action

of waste discard and dumping. An example of this is the disposal
of ash related to fireplace cleaning, which is well documented in
Kebara Cave, where both bones and ashes are preserved in dense
deposits from the Neanderthal occupation of the cave (�48–60 ka).
During this time, bones were repeatedly dumped against the north
wall of the cave (Speth et al. 2012; Speth & Tchernov 2007), grad-
ing laterally to the east into an �80 cm thick deposit of bedded
calcitic ashes interspersed with sand-sized fragments of bone and
terra rossa soil aggregates (Goldberg et al. 2007; Meignen et al.
2007). This type of ‘house cleaning’, not normally associated with
Neanderthals, provides insight into Neanderthal behaviour.

16.4 DIAGENESIS

Diagenesis is a notable feature of prehistoric caves in the Levant
and is frequently responsible for extensive destruction and modi-
fication of the original sedimentary and mineralogical contents of
the deposits. Diagenesis is most commonly expressed as calcifica-
tion/cementation (e.g. ‘cave breccia’ mentioned above), as well as
dissolution of calcite. Noteworthy in prehistoric caves, however, is



Figure 16.2 a: Tabun Cave Layer C – interbedded reddish terra rossa clay and ashes – and overlying Layer B, consisting of roof collapse within reddish
clay washed into the cave through the chimney that opens up to the surface above the cave. b: Close-up of some of the superposed lenticular combustion
features fromKebara Cave Layer X. Arrows point to white nodules of diagenetically formed phosphate (e.g. montgomeryite and leucophosphite; seeWeiner
et al. 2007). Scale is 20 cm long. c: Northwestern part of Kebara Cave showing a bedded accumulation of dumped ashy material within Middle Palaeolithic
deposits in Layer IX (see Meignen et al. 2007 for details). Line at base is 1 metre. d: Scan of thin section from bedded ashy dumped material shown in
Fig. 16.2c. The darker bands are lenses of terra rossa whereas the lighter material is composed predominantly of calcareous ashes, some of which have
been recrystallized. Thin section measures 50 × 75 mm. e: Detail of Upper Palaeolithic hearths from Kebara Cave. Note the finely laminated overlying
sediments which were deposited by sheetflow from the direction of the entrance of the cave to the right (cf. right profile in Fig. 16.1c). f: Isolated lenticular
hearths within partially cemented deposits from the entrance of Qafzeh Cave. Scale is 20 cm. g: Thin scan of deposits from the terrace entrance to Qafzeh
Cave with burnt bone (arrows) and centimetre-sized rock fragments within a calcareous ashy matrix. Thin section measures 50 × 75 mm.
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Figure 16.3 a: Hayonim Cave interior exposing thin lenticular hearths at the base of the profile. The pale triangular area in the upper left-hand part of the
photograph is a zone that is diagenetically altered, including decalcification and the formation of various phosphate minerals, including leucophosphite,
montgomeryite, and nodules of opaline material (see Weiner et al. 2002 for details). b: Thin-section scan of Hayonim deposits from Layer F showing
displacive nodule of crystallizing opaline material (Weiner et al. 2002). Thin section measures 50 × 75 mm.

the precipitation of various phosphate minerals (Weiner et al. 1995;
Schiegl et al. 1996; Karkanas et al. 2000; Weiner et al. 2002; Berna
et al. 2004;Weiner et al. 2007; Berna 2010; Karkanas and Goldberg
2010) (Figs. 16.3a, b). Diagenesis is not only intrinsically impor-
tant but can lead to the wholesale destruction of bone in these caves
(Weiner et al. 1993), thus eradicating a significant part of the archae-
ological record. Moreover, weathering products such as potassium
can affect dosimetry measurements employed in luminescence dat-
ing techniques (Mercier et al. 2007).
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17 Climate and Environment Reconstructions Based on Speleothems
from the Levant

m. bar-matthews, a. ayalon, a. vaks, and a. frumkin

17.1 INTRODUCTION

Formation of speleothems (chemical deposits in caves), most com-
monly composed of vadose-zone calcite, is linked to large-scale
ocean–atmosphere–land hydroclimatic processes. Their growth is
associated with rainwater absorbing CO2 formed in the soil as a
result of biological activity, to form carbonic acid. Dissolution of
soil carbonate and the host rock occur through downward migra-
tion of the carbonated waters. On reaching the open space of the
cave, the solutions are supersaturated in CO2 with respect to the
cave atmosphere, and calcium carbonate deposition occurs as a
result of CO2 degassing. Speleothems may grow continuously in
caves when water reaches the unsaturated zone and do not grow in
arid/hyperarid deserts (e.g. Fleitmann et al. 2003a; Vaks et al. 2003,
2007, 2010) or where water is frozen and vegetation is scarce (e.g.
Ayalon et al. 2013; Vaks et al. 2013a).
Speleothems record global to local climates through their oxy-

gen (δ18O) and carbon (δ13C) isotope composition, or by the pres-
ence/absence cycles of speleothems in arid and cold zones. The
δ18O values of speleothem calcites (δ18OCc) reflect the δ18O of the
water (δ18Ow) from which the speleothems were precipitated, and
the temperature of deposition, provided that the calcite precipi-
tated under conditions of isotopic equilibrium. Factors controlling
δ18Ow include δ18O values of the source of clouds (the sea surface;
δ18Osw), the atmospheric and hydrological evolution of rainfall such
as temperature, distance from the marine source, altitude, rainfall
amount, and seasonality of rainfall (e.g. Dansgaard 1964; Merlivat
& Jouzel 1979; Gat 1996; Frumkin et al. 1999; Bar-Matthews et al.
2000, 2003; McDermott 2004). Thus, speleothem δ18OCc records
the global, regional, and local environmental conditions through sea
surface conditions and climatic controls on the origin and amount
of rainfall and temperature.
Variations in the δ13C values of calcite speleothems (δ13CCc)

mainly reflect changes of the vegetation type in the vicinity of a
cave, primarily reflecting differences in the photosynthetic carbon
fixation pathways of C3 and C4 type vegetation, but the value is also

a function of water–rock interaction and degassing processes (e.g.
Bar-Matthews et al. 1996; Frumkin et al. 2000; Genty et al. 2001;
Dreybrodt & Deininger 2014). Enrichment in the 13CCc usually
reflects an increased contribution of C4 plants to soil CO2. Under
relative water deficiency, higher temperatures, lower atmospheric
partial pressure of CO2 (pCO2), or combinations of these, C4 plants
are more photosynthetically efficient than C3 plants. Within the C3
plants, there is a tendency for plants with high water-use efficiency
to be enriched in 13C, reflecting stressed conditions due to water
deficiency (e.g. Ehleringer 1988, Ehleringer et al. 1991; Cerling &
Quade 1993; Feng 1999; Frumkin et al. 2000).
Speleothems can be accurately dated by the uranium–thorium

(U–Th) method, and their growth periods combined with their iso-
topic compositions are tools in palaeoclimate reconstructions (e.g.
Bar-Matthews et al. 2000, 2003; Vaks et al. 2003, 2007, 2010;
Frumkin et al. 2011; Cheng et al. 2012, 2013).

17.2 THE REGION

The main precipitating atmospheric patterns in the Levant are extra-
tropical winter (October–April) eastern Mediterranean cyclones –
the Cyprus Lows – with rainfall fronts that originate in the North
Atlantic Ocean and the Mediterranean, with common tracks over
Europe and theMediterranean Sea (Rindsberger et al. 1983; Sharon
& Kutiel 1986; Kushnir et al., Chapter 4 of this volume). December
to February are the wettest months. The air masses from the Atlantic
Ocean take up moisture from the warm surface of the Mediter-
ranean Sea. This defines the rainfall isotopic composition in the
eastern Mediterranean (EM) by a unique relationship between δD
and δ18O compositions in rainfall. These compositions have high
d-excess values (d excess = δD – 8 δ18O) of �20–30‰ relative to
the global d-excess of 10‰ (Rindsberger et al. 1983; Gat & Carmi
1987; Rozanski et al. 1993; Gat 1996; Ayalon et al. 1998; Matthews
et al. 2000; McGarry et al. 2004).
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Figure 17.1 Locations of the studied caves. A: A map indicating the Sahara–Arabia (shaded grey area). The rectangle marks the area discussed here.
B: Locations of Peqi’in Cave (PQ), Soreq Cave (SQ) located in the Central Mountain Ridge (CMR), and Mizpe Shlagim (MS) Cave. The isohyets (in mm
yr−1) in the Levant are indicated by black lines. C: A relief map (Hall 1997) showing the location of Jerusalem Cave (J), and the desert caves of Ma’ale
Efrayim (ME), Tzavoa (TZ), and Ma’ale Dragot (MD). The location of the speleothems identified in central-southern Negev desert caves are marked by
numbered circles (Vaks et al. 2010), and the ellipses schematically indicate the caves along the Dead Sea (Lisker et al. 2009, 2010).

Locally, changes in isotopic values of precipitation depend on
temperature, distance from the sea, elevation, precipitation amount,
and airmass trajectory (Rindsberger et al. 1983; Bar-Matthews et al.
1997, 2003; Ayalon et al. 2004). The amount of precipitation is gen-
erally higher in northern Israel and in west-facing mountains.
The present-day climatic conditions in the southern Levant range

from the sub-humidMediterranean (mean annual rainfall>800mm
yr−1) in the north, to extremely dry in the southern Negev (<50
mm yr−1, Fig. 17.1). The steep precipitation gradient over <300
km, combined with a primarily carbonate rock terrain, makes the
area ideal for speleothem-based palaeoclimate studies (e.g. Bar-
Matthews et al. 1996, 1997, 2000, 2003; Ayalon et al. 1998, 1999,
2002, 2013; Frumkin et al. 1999, 2000; Vaks et al. 2003, 2006,
2010; Lisker et al. 2009, 2010; Bar-Matthews & Ayalon 2011; Bar-
Matthews 2014).

17.3 LOCATION OF STUDIED SPELEOTHEM CAVES

For locations, see Fig. 17.1. Speleothems were studied for palaeo-
environmental reconstruction in the caves described below (see also
Frumkin, Chapter 15 of this volume). Speleothems were also stud-
ied for determining relationships between human activity and the
environment (Goldberg, Chapter 16 of this volume; Frumkin, this
volume).

17.3.1 MOUNT HERMON, NORTHERN ISRAEL

Mizpe Shelagim (MS) cave in Mt Hermon (peak at 2814 m asl in
Syria and 2224 m at MS, Fig. 17.1), receives annual precipitation of
1,000–2,000 mm, primarily as snowfall in December–March. This
region is the southernmost point of the Alpine-type karst extending
from Turkey to Syria and Lebanon.
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17.3.2 THE GALILEE

Peqi’in Cave is located in the Upper Galilee, northern Israel, at 650
m asl and 25 km from the Mediterranean Sea (Fig. 17.1). The cli-
mate is semi-arid to sub-humid Mediterranean (�650 mm yr−1)
with rain occurring only in the winter months (Bar-Matthews et al.
2003).

17.3.3 CENTRAL ISRAEL

The Soreq and Jerusalem Caves (at 400 and 730 m asl, respectively)
are on the west-facing slope of the central mountain ridge (CMR –
also ‘Mountainous Backbone’ (MBB) of Matmon and Zilberman,
Chapter 3 of this volume – which extends north–south and rises to
maximum altitudes of �1000 m asl) of Israel, 40–60 km from the
Mediterranean Sea (Fig. 17.1), and experience �500–600 mm yr−1

of precipitation (Even et al. 1986; Bar-Matthews et al. 1997, 1998,
2000, 2003; Ayalon et al. 1998, 1999, 2002; Frumkin et al. 1999,
2000; Bar-Matthews & Ayalon 2011).

17.3.4 THE DESERT

The southern Levant desert is divided here into four regions (see
Fig. 17.1; see also Kushnir et al., Chapter 4 of this volume; Ayalon
et al., Chapter 49, this volume). (1) The ‘rain shadow’ desert on
the eastern flank of the CMR of Israel. It defines a 15–30 km
wide north–south strip along the Dead Sea and the Jordan Valley.
A steep climatic gradient occurs between the mild Mediterranean
climate in the west and this ‘rain shadow’ desert. (2) The mildly
arid northern Negev: a �40 km wide belt between the �150 and
350 mm isohyets. The northern Negev is the southern boundary of
the Mediterranean climate zone where changes occur from typic-
ally C3-controlled to mixed C3–C4 vegetation. (3) The arid central
Negev (or Negev Highlands) with 50–150 mm yr−1. (4) The hyper-
arid (�25–50mmyr−1) southernNegev, Sinai, and southern Jordan.
South of the 150 mm isohyet, in the central and southern Negev
Desert, an increased proportion of C4 Sahara–Arabian Desert flora
is observed (Vogel et al. 1986; Danin 1988). Speleothems are rare
in the desert caves; episodic deposition occurred during the mid-
dle to late Quaternary, but currently a total absence of deposition is
observed. The geology is assumed to be practically unchanged in
these sites since those times (e.g. Matmon & Zilberman, Chapter
3 of this volume); this allows a comparison between intervals of
speleothem deposition and non-deposition.

THE JORDAN AND DEAD SEA VALLEYS RAIN
SHADOW DESERTS

The most intensively studied cave in this region is Ma’ale Efrayim
(ME) Cave, located 250 m asl near the Jordan Valley, and 60 km
inland from the Mediterranean, and experiencing precipitations of
�200–300 mm yr−1 and mean annual temperature of 21–22 °C;
annual potential evaporation is 1800 mm (Vaks et al. 2003). Growth
periods of speleothems from several other caves along the Dead Sea
margins were determined by Lisker et al. (2009: Fig. 1).

NORTHERN NEGEV

The Ma’ale Dragot (MD) and Tzavoa (TZ) caves are from the
mildly arid climatic zone. They are at an elevation of 630–720 and
550 m asl and receive 280–300 and 150–160 mm yr−1, respectively,
MD is 65 km and TZ is 80 km from the Mediterranean.

CENTRAL AND SOUTHERN NEGEV

Several caves were studied along a generally north–south transect
in the arid central Negev and hyperarid southern Negev, including
Hol-Zakh, Izzim, Makhtesh-HaQatan, Ashalim, Even-Sid, Ma’ale-
ha-Meyshar Caves, and the Shizafon mini-caves and Ktora Cracks
(Vaks et al. 2010: Fig. 1).

17.4 SPELEOTHEM GROWTH INTERVALS AND
ISOTOPIC RECORDS ALONG A NORTH–SOUTH
TRANSECT

17.4.1 NORTHERN AND CENTRAL ISRAEL

Speleothems from caves located in northern and central Israel
(Peqi’in, Soreq, and Jerusalem caves) grew continuously through
several glacial/interglacial cycles (Fig. 17.2) for at least the last
240 ka, indicating that water was always available in the unsatu-
rated zone, and that annual precipitation during warm interglacials
and cold glacials was higher than the estimated limiting thresh-
old for rainfall of �250–300 mm yr−1 (Bar-Matthews et al. 2003;
Vaks et al. 2010). The fluctuations of δ18OCc and their timing match
global and regional EM climate changes showing synchronization
over the region. The striking similarity between the δ18OCc from
northern and central Israel caves and the EM δ18OG. ruber record
(where G. ruber is the planktic foraminifer Globigerinoides ruber)
indicates that the source effect dominates the major fluctuations of
speleothem δ18O (Frumkin et al. 1999; Bar-Matthews et al. 2000,
2003: Figs. 7, 10; Kolodny et al. 2005; Verheyden et al. 2008;
Almogi-Labin et al. 2009: Fig. 4).
Detailed interpretation of EM δ18OCc is not a simple process since

it also reflects changes in rainfall δ18O (i.e. δ18Ow) and temperature
during deposition. Changes in rainfall δ18Ow on glacial–interglacial
timescales reflect isotopic composition changes of both the sea sur-
face vapour due to the ‘ice volume effect’ leading to higher δ18Ow

by 1.1‰ (global average) during glacials, and a corresponding
increase in δ18OCc during glacials due to the drop in temperature
of up to 8 °C (McGarry et al. 2004; Affek et al. 2008, 2014). On a
shorter timescale, especially at the present-day and during the mid–
late Holocene, when temperature and sea level changes are minor
(Martrat et al. 2004; Almogi-Labin et al. 2009; Grant et al. 2012),
δ18OCc variations are mainly a function of the amount of rainfall
(Ayalon et al. 1998, 2004; Orland et al. 2009, 2014; Bar-Matthews
& Ayalon 2011).
Soreq Cave speleothems are the most intensively studied; there-

fore, the following discussion focuses on them. The important fea-
tures characterizing the δ18OCc and δ13CCc of Soreq Cave during the
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Figure 17.2 Records of δ18O (A) and δ13C (B) for speleothems from cen-
tral (Soreq Cave) and northern Israel (Peqi’in Cave) during the past 240 ka
(modified from Bar-Matthews et al. 2003). The vertical bars in A indicate
the Marine Isotope Stages (MIS).

last two glacials (MIS 6 and MIS 4–2) and two interglacials (MIS 5
andMIS 1), i.e. the past 185 ka, are shown in Fig. 17.2A: δ18OCc val-
ues during MIS 6 (�185 to �135 ka) fluctuated between �−6 and
−3‰ and although the amplitude of δ18OCc fluctuations duringMIS
4–2 (�78–19 ka) is similar, the values are �1.0‰ higher, between
−5 and −2‰). The value of δ13CCc (Fig. 17.2B) during MIS 6
fluctuated between −12 and −10‰, suggesting that the vegetation
above the cave was possibly dominated by more C3 type vegetation
(Ayalon et al. 2002), whereas during MIS 4–2, values of δ13CCc are
higher with higher amplitude of fluctuation (�−11 and −7.0‰);
this may imply either changes from Mediterranean C3 type vegeta-
tion to a mixed C3 and C4 vegetation and/or the dominance of C3
type vegetation under conditions of enhanced stress, owing either
to colder temperatures and/or to reduced rainfall. Both the δ18OCc

and δ13CCc indicate that MIS 6 was moister and less cold than MIS
4–2. Warming events during the last glacial are expressed in lower
δ18OCc and δ13CCc values mainly at 56–50 and 36 ka, coinciding
with Dansgaard–Oeschger interstadials 15 and 7, respectively, with
maximum insolation at 65°N and with warming in the northeastern
basin of the Mediterranean (Almogi-Labin et al. 2009).
Interglacials are also characterized by large δ18OCc fluctuations.

The lowest δ18O occurred during three sub-stages of MIS 5; mainly
during MIS 5e (128–120 ka), MIS 5c (109–100 ka) with a short,
3,000 year long break between 107 and 104 ka, andMIS 5a between
86 and 83 ka, as well as during the early Holocene between�10 and
6.5 ka. These lowest values reflect lower δ18Ow of the EM surface
associated with sapropel formation in the EM (Bar-Matthews et al.
2000), probably as a result of increasing input of rainfall, glacial
meltwater from European/Black Sea systems, and discharge from
the Nile River and rivers from the Sahara, associated with increased
African monsoon rains (for a review see Bar-Matthews 2014). The
δ13CCc record presents more complicated features. During most of
the interglacials, δ13CCc ranges between −13 and −10‰, typical
of C3-dominated vegetation, but during MIS 5e (128–120 ka) and
during the early Holocene (9.4–7.0 ka), δ13CCc are extremely high,
rising to�0‰ and�−5.0‰ at MIS 5e and early Holocene respect-
ively. Such high values approach those of the host carbonate value
(Fig. 17.2B). The very high δ13CCc during these intervals coupled
with the very low δ18OCc at 128–120 and 9.4–7.0 ka coincide with
EM sapropels S5 and S1, respectively. Bar-Matthews et al. (2000)
interpreted this coupling as reflecting deluge events, where δ13CCc

cannot reflect the soil composition owing to high water flushing to
the cave that results in an isotopic composition approaching that
of the surrounding dolomite host rock. Potential support for a high
rate of water flushing into the cave comes from the similar age of the
highest pool levels in the cave (Fig. 2 in Bar-Matthews et al. 2003)
and of a sequence of increased flooding into Lake Lisan (Torfstein
et al. 2015). Geochemical and petrographic observations also point
to increased host–rock weathering; less radiogenic Sr isotopic com-
position and higher detrital and oxide components entrapped within
the speleothems indicate extreme wet conditions during these inter-
vals (Kaufman et al. 1998; Ayalon et al. 1999). Thus, the most
extreme hydrological activity on land occurred at times of sapropels
deposition in the EM. Bar-Matthews et al. (2000, 2003) estimated
that rainfall during these events could have been 20–70% higher
than present-day amounts. Alternatively, Frumkin et al. (2000) sug-
gest that the high δ13CCc during 128–120 ka could be the outcome
of unstable, dry and warm conditions, loss of vegetation, and ero-
sion of the soil cover. This hydrological regime is consistent with
irregular high water flushing events: flash-floods are potentially
more common under scarce vegetation cover. Such fluctuating dry–
hot intervals could have enhanced forest fires, followed by rapid
soil erosion; eventually leading to abrupt changes and high δ13CCc.
Similar coupling of low δ18OCc with extremely high δ13CCc char-
acterizes the early Holocene, which may reflect similar unstable,
fire-prone conditions during this interval. The high cave pool lev-
els during the 128–120 ka interval indicate that some flash-floods
were frequent enough to keep the pools full, long enough for calcite
deposition. Enhanced rainfall over the Mediterranean basin during
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sapropel events is evident from the similar salinity trend in the entire
Mediterranean basin (Kallel et al. 1997) and from combined biotic
and abiotic proxies in the Yammouneh basin (Lebanon) (Gasse et al.
2015). The extreme arid region of northeast Africa experienced
episodes of considerable increase in rainfall at this time associated
with EM rainfall, coinciding in time with increased African mon-
soon activity (Vaks et al. 2010). Drier conditions developed dur-
ing the intervals of sapropels S3 and S4 (�109–107 ka to 104–
100 ka, and 86–83 ka, respectively). In general, the speleothem evi-
dence reflects highly unstable and erratic conditions during these
deglacial/interglacial transitions.
During interglacial substages, between sapropel events (e.g. MIS

5.2, 5.4, 7.2, 7.4 etc.,) the δ18OCc values are higher by �2–3‰,
reflecting change in the δ18O of the source water and increased
aridity in the region. The increased aridity is also evident from the
marine record indicating aeolian deposits replacing fluvial Nilotic
contribution (Almogi-Labin et al. 2004).
Hydrogen isotopic composition (δD) of water inclusions (fluid

inclusions, FI) trapped within speleothems show that the source
of rainfall to northern and central Israel during middle to late
Quaternary glacials and interglacials (including sapropel intervals)
was always the EM (Matthews et al. 2000; McGarry et al. 2004).
Temperature reconstructions based on FI and the �47 anomaly
(‘clumped isotopes’) show that temperatures were 4–5 °C and �8–
10 °C colder than at present during most of the last glacial and Last
Glacial Maximum (LGM), respectively. During sapropel formation
intervals, temperatures were similar to the present day or slightly
higher (Affek et al. 2008, 2014). This is in accordance with palaeo-
temperatures in the EM derived from alkenons (Emeis et al. 1998,
2000; Almogi-Labin et al. 2009).

17.4.2 MOUNT HERMON, NORTHERN ISRAEL

Speleothem growth in the MS Cave (Mt Hermon) was continuous
during interglacials, but during the last glacial, speleothem depos-
ition there was restricted to short warming episodes (Fig. 17.3)
(Ayalon et al. 2013). Based on fluid inclusion studies, the mean
minimum temperature required for speleothem growth during the
last glacial was above 3 °C. Speleothem growth in the then-frozen
Mt Hermon occurred at �65, �56, 54.5,�52.5–51, �49, �42, and
�36 ka. The main last glacial deposition intervals in MS Cave
coincide with warming in the northeastern Mediterranean (Almogi-
Labin et al. 2009).

17.4.3 THE DESERT

THE RAIN SHADOW DESERTS AND THE
NORTHERN NEGEV

In the rain shadow semi-desert of the Jordan Valley margins,
speleothems were deposited mainly during glacial periods, with
less intense deposition during peak interglacials, indicating more
positive water balance during glacials (Vaks et al. 2003: Fig. 2;
Lisker et al. 2010: Fig. 6). A hiatus in speleothem deposition in
these areas occurred at 20–19 ka, and it has ceased completely

Figure 17.3 Growth intervals and the δ18O record (line and solid circles)
of MS cave and the insolation at 65° N (continuous line) superimposed on
the Soreq Cave speleothems record (grey). Numbers refer to Dansgaard–
Oeschger events.

since 13–12 ka owing to development of arid conditions. Interest-
ingly, there is a striking similarity between the δ18OCc and δ13CCc

of the Soreq and ME caves (Fig. 17.4) during the last glacial (Vaks
et al. 2003). Such similarity of speleothem records from two caves
located 60 km apart, on different sides of the central mountain ridge,
and under very different present-day climates, indicates a similar
isotopic source for the rainfall forming these speleothems. More-
over, this similarity indicates that unlike the present day, the cli-
mate and vegetation in both sites were similar and of Mediterranean
types. Under present-day conditions, the rain at the ME site is 18O-
enriched relative to that at the Soreq Cave, owing to increased evap-
oration by the higher temperatures on the eastern side of the moun-
tain ridge. The similarity in δ18OCc and δ13CCc between Soreq and
ME caves during glacials implies that during lower-temperature
glacial intervals, the rain shadow effect was weaker (Vaks et al.
2003) or there was more rainfall there as well. The colder glacial
to warmer interglacial transition in the ME area involved increased
temperature and aridity in the Jordan Valley.
In the northern Negev, speleothem growth also occurred during

glacial intervals, with minor deposition during parts of the inter-
glacials (Vaks et al. 2006: Fig. 4). In comparison with the contin-
uous speleothem deposition in the Mediterranean-climate zone of
the Levant, speleothems were deposited intermittently in the north-
ern Negev; no Holocene speleothem deposition was identified in
caves with present-day annual rainfall below �250 mm. The only
cave where minor Holocene speleothem deposition occurred in the
currently arid zones is in MD Cave (Fig. 17.1), where present-day
annual precipitation is 280–300 mm, suggesting that during inter-
glacials, speleothem deposition in areas dominated by winter rains
occurs only when annual rainfall exceeds �300 mm. Thus, dur-
ing interglacial speleothem deposition in the northern Negev caves,
water availability in the unsaturated zone must have been much
higher than present-day values, or mean annual rainfall was higher
than 300 mm.
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Figure 17.4 The δ18O and δ13C records of speleothems from the rain shadow zone (ME Cave), northern Negev (TZ Cave), and central/southern Negev
caves superimposed on the continuous δ18O and δ13C records of Soreq Cave speleothems.

Similar depositional intervals during glacials in both ME and TZ
caves indicate that during cooler and wetter glacial intervals, the
desert boundarymigrated�30–50 km southward and eastward rela-
tive to its present-day position, resulting in a more Mediterranean
climate in the higher-elevation parts of the Jordan Valley and the
northern Negev.
Unlike the very similar trends and values of δ18OCc and δ13CCc

between Soreq and ME Caves, the δ18OCc and δ13CCc of the north-
ern Negev speleothems differ from those of central Israel and
speleothems in the ‘rain shadow’, but the general trends are sim-
ilar (Fig. 17.4). These similar trends and lower δ18OCc and higher
δ13CCc of northern Negev speleothems indicate rainfall originating
from a similar EMmarine source. However, owing to Rayleigh dis-
tillation, and most probably colder and higher relative humidity, the
evaporation had a smaller effect, and the rain was more depleted
during storm migration to the southeast. The higher δ13CCc in the
northern Negev indicate that as in the present day, the region was
dominated by mixed C3–C4 vegetation and not pure C3. This, in
turn, indicates that even during periods of increased northern Negev

rainfall, its amount was still much lower than for central Israel, and
that the current steep rainfall gradient in the southern Levant also
existed during wet intervals (Enzel et al. 2008).

CENTRAL AND SOUTHERN NEGEV

There are few Central and Southern Negev caves that are currently
dry, but they contain speleothems with distinctly smaller volume
than farther north in Israel (Vaks et al. 2010). They can be divided
into three stratigraphic members according to their field and hand-
specimen appearance: basal, intermediate, and young members.
The basal and intermediate members are up to a few tens of cen-
timetres thick. Based onU–Pb ages (Vaks et al. 2013b), their growth
started between �3.75 and �3.0 Ma, which is the end of the first
significant tectonic uplift of the western shoulder of the Dead Sea
rift (e.g. Matmon & Zilberman, Chapter 3 of this volume). Major
speleothem deposition indicating wet conditions occurred during
the Pliocene around �3.1 Ma, when the region was probably wet-
ter, and lakes existed in the Negev with freshwater fauna (Avni et al.
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2001). The onset of Sahara arid conditions with major increase in
dust export to the Atlantic Ocean occurred after �3 Ma, in paral-
lel with the formation of the northern ice cap (deMenocal 1995,
2004). Similarly, the Negev was generally arid during the Quater-
nary (Amit et al. 2006), punctuated only by short wetter episodes
termed Negev Humid Periods (NHPs; Vaks et al. 2010). The oldest
such NHP is�1.7–1.25Ma, and other short humid episodes contin-
ued intermittently later. The δ18OCc values of the older speleothems
(−6.9 to −11.2‰) indicate that the NHPs were associated with
low global ice volume and warm temperatures. After �1.0 Ma, the
central and southern Negev became arid to hyperarid with desert
soils typical of scarce vegetation (Amit et al. 2006). Despite this
severe aridity, there is evidence that speleothems formed episod-
ically in limited sites. The young member, a few millimetres to
2 cm thick, overlying the basal and the intermediate members is
usually thinly laminated and contains layers >550 ka, but also
younger ones. The ages of its outermost layers show that deposition
occurred at 520–440 ka, 380–285 ka, 255–240 ka, 230–185 ka, 160–
155 ka, 144–109 ka, and 89–86 ka (Fig. 17.5), with threemajor clus-
ters at 350–290, 220–190, and 142–109 ka (clusters indicate ages
in more than one cave and defined by several U–Th ages). These
depositional intervals record local palaeohydrology of precipitation
large enough to infiltrate to the cave. It is important to note that fre-
quency of depositional episodes and thickness of individual lam-
inas decrease southwards, implying a decrease in rainfall from north
to south (Vaks et al. 2010), similar to the present-day precipitation
trend.
Whereas the water balance was positive during most of the last

glacial in the rain shadow zone and northern Negev, rainfall hardly
penetrated to the central Negev, which remained dry because of
the general west–east direction of the Mediterranean cyclones and
shape of the southeastern Mediterranean coast (e.g. Amit et al.
2006; Enzel et al. 2008). The southern Negev was even drier,
with the central Negev Highlands effectively blocking rainfall from
reaching it (Amit et al. 2006; Enzel et al. 2008). During NHPs, rain-
fall reached farther south, possibly because of an increase in inten-
sity of eastern Mediterranean cyclones and/or potentially different
rainfall sources (see Section 17.5). Most of the NHP speleothem
deposition occurred during interglacials, requiring an annual rain-
fall amount �300 mm (Vaks et al. 2010). Lower annual rainfall
amounts may be needed where field settings allow water concentra-
tion through fractures and/or slope run-off organization (Yair 1990).
However, most of the caves are located on hilltops, having a very
limited recharge area. The lack of calcic soil horizons in fluvial ter-
races in the southern Negev (Amit et al. 2006) indicates that these
episodic wet events were neither intense nor prolonged. Therefore,
we propose that these NHPs were clusters of short wet events dur-
ing long droughts, enough to deposit a thin layer of carbonate in
caves. This assertion is supported by soil formation under arid cli-
matic conditions, produced by rare and relatively longer-duration
rainstorms, which occasionally allowed deeper infiltration of rain-
water and longer retention of soil moisture (Amit et al. 2010). High
δ13CCc of the young member laminas support this view. They are
similar to the host rock δ13CCc (Vaks et al. 2010), indicating that
vegetation cover was not well established during these NHPs. How-

Figure 17.5 Top, the central Israel speleothem δ18O record is shown with
grey bars marking the periods of minimum δ18O (Bar-Matthews 2014).
Bottom, periods of speleothem deposition in Southern Arabia (X, Mukalla
Cave; +, Hoti Cave; Fleitmann et al. 2003b, 2011), central and southern
Negev Desert (black square; Vaks et al. 2010), and sapropel formation in
the eastern Mediterranean Sea (open squares; Rossignol-Strick 1985; Bar-
Matthews et al. 2000). The grey bars mark the overlapping periods for which
at least two sources of information are available.

ever, these δ13CCc progressively become lower during each growth
interval, indicating increasing vegetation cover towards the end of
each NHP (Fig. 17.4).
Further support for wet episodes at similar intervals in the Negev

is the occurrence of spring deposits in the Arava Valley (Schwarcz
et al. 1979; Livnat & Kronfeld 1985), which contain palynological
evidence of a rise in regional precipitation (Weinstein-Evron 1987)
as well as short-term intervals of flooding (Greenbaum et al. 2006).
Each NHP of the last 350 ka in the central and southern Negev is

matched by the lowest δ18OCc in speleothems from central Israel
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(Fig. 17.5) and by high African monsoon index (�51 cal cm−2

day−1, Rossignol-Strick 1983; Vaks et al. 2010), and usually with
the formation of sapropel layers in the EM. Although sapropel S1
was formed during the early Holocene, its African monsoon index
is lower and has no corresponding speleothem deposition south of
the 250 mm isohyet in the Negev.
Calcite speleothems deposited within a lava tube northwest of

Jawa city, Jordan near the boundary of the Arabian desert and the
Syrian semi-arid steppe (Frumkin et al. 2008). They grew during
interglacials: �250–240 ka, �230–220 ka (MIS 7), and the MIS
5/4 transition (�80–70 ka). The number of dated speleothems is
small, but these ages partly match the northern Negev and the Dead
Sea valley speleothems (Lisker et al. 2010).

17.5 ORIGIN OF RAINFALL FOR THE DESERT
SPELEOTHEMS

At present, the northern margins of Sahara–Arabia receive precip-
itation from mid-latitude Atlantic–Mediterranean cyclones (Dayan
1986) with moisture supply greatly reduced to the south (Shay-El
& Alpert 1991; Enzel et al. 2008; Kushnir et al. Chapter 4 of this
volume). This results in the steepest rainfall gradient anywhere with
Mediterranean climate in the world (Enzel et al. 2008). This gradi-
ent reflects the shape of the southeastern coast of the Mediterranean
(Zangvil &Druian 1990; Enzel et al. 2008). Another rain-producing
system could be the Active Red Sea Trough (e.g. Kushnir et al., this
volume). In addition, synoptic systems can also bringmoisture from
the tropical Atlantic Ocean, and these are more active during the
winter and spring, approaching the region from the south-southwest
(e.g. Kahana et al. 2002).
Mid-latitude Atlantic–Mediterranean cyclones are themost prob-

able moisture source for the Negev during the NHP. This is sup-
ported by the decreased frequency of speleothem ages in a north–
south direction in parallel with their respective thinning (Vaks et al.
2010). An alternative view was taken by Waldmann et al. (2010),
who proposed that wet episodes in the Negev and Arava Valley dur-
ing peak interglacials MIS 7 and MIS 5, and possibly during MIS 3
and the early Holocene, reflect northward intrusion of moisture as a
result of Active Red Sea Trough position, and/or monsoon rains as
a result of the Intertropical Convergence Zone shifting north. This
need for southern sources results from the abovementioned limited
extension of EM cyclones by the southeast Mediterranean physiog-
raphy (Enzel et al. 2008). However, a dominant southern source
does not explain the significant southward decrease in speleothem
deposition and their thinning.

17.6 STRONTIUM ISOTOPIC COMPOSITION, AS A
DUST AND WEATHERING PROXY

Other geochemical characteristics of speleothems have been rec-
ognized as being climate-related and may lead towards an under-
standing of palaeohydrological–palaeoclimatic conditions. Among
these are trace element concentrations and 87Sr/86Sr in speleothems;

they reflect the chemistry of the seepage water controlled by water–
soil–rock interactions. Strontium isotopes (87Sr/86Sr) and Sr con-
centrations of speleothems from Soreq Cave mimic the δ18OCc pro-
file with clear glacial–interglacial cycles (Kaufman et al. 1998; Bar-
Matthews et al. 1999; Ayalon et al. 1999, 2013). Shorter-scale vari-
ations are also observed, such as the Bølling–Allerød, the Younger
Dryas, and several short-time oscillations during glacial periods
(Fig. 17.6). During the glacial, 87Sr/86Sr values are higher. High Sr
concentrations and relatively high 87Sr/86Sr of glacial speleothems
are interpreted to reflect exogenic contribution (Ayalon et al. 1999).
The enhanced atmospheric activity and associated dust supply dur-
ing glacials are corroborated by the ages of loess deposits in the
Negev, which were actively accumulating mainly during glacials
(Enzel et al. 2008; Crouvi et al. 2009) and the loess 87Sr/86Sr ratios
are significantly higher ranging between 0.7085 and 0.7114 (Ben
Israel et al. 2015). Frumkin and Stein (2004) suggested that the
glacial–interglacial 87Sr/86Sr ratios are controlled by distal Saharan
sources and increasing soil thickness resulting in increased dust-
and soil-derived Sr. Additional support for a dust-origin of the
radiogenic glacial Sr is evident from the decreasing trend in radio-
genic Sr values from Soreq Cave (Central Israel) to Mt Hermon
(Fig. 17.6), in accordance with the northward reduction in dust
accumulation (see also Crouvi et al., Chapter 53 of this volume).
During interglacials, there is a prominent decrease in speleothem

δ18OCc, especially when sapropels were deposited in the EM. The
decrease in 87Sr/86Sr ratios to �0.7075–0.7081 (closer to the host-
rock values of 0.7074), coinciding with the lowest δ18OCc values
(even as far north as MS Cave, Fig. 17.6), supports the sugges-
tion of enhanced hydrological activity in the vadose zone (Kaufman
et al. 1998; Ayalon et al. 1999; Bar-Matthews et al. 2000), which
results in enhanced chemical weathering of host rock. This is further

Figure 17.6 Strontium isotopic composition, 87Sr/86Sr (black squares), of
MS speleothems plotted as a function of age. The general trend of the
87Sr/86Sr isotope data shows the higher (more radiogenic) Sr isotope val-
ues in glacial periods compared with the interglacials. The 87Sr/86Sr com-
position of Soreq Cave speleothems (grey closed circles) points to similar
glacial–interglacial trends, but the Soreq speleothems are more radiogenic
(Ayalon et al. 2013).
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Figure 17.7 Strontium isotope (87Sr/86Sr) ratios in speleothems, host
rocks, and dust-borne loess (L) and Hamada soils (H) of the Negev desert
showing the range (vertical lines) and inter-quartiles (rectangles). The
87Sr/86Sr ratios of basal (B), intermediate (I), and young (Y) stratigraphic
speleothem members are compared with those of the dust-borne soils and
cave host rocks. A: All data; B: average with error bars (Vaks et al. 2013b).

supported by the petrography (smaller grain size, higher clay con-
centrations, Ayalon et al. 1999) and higher water levels in the cave
pools (Bar-Matthews et al. 2003).
The 87Sr/86Sr of the central and southern Negev speleothems

increases from 0.7078–0.7079 in the basal member during the past
�3.75 Ma, to 0.7082–0.7084 in the intermediate and young mem-
bers (Fig. 17.7). The latter is similar to the range in speleothems
from central Israel (0.7078–0.7085), suggesting increased dust sup-
ply to the region in the Pleistocene, relative to the Pliocene (Vaks
et al. 2013b).

17.7 SEASONAL PALAEOCLIMATE

Analysis of δ18O using even the smallest samples results in a
temporal resolution of 10–100 years. Only very fast-growing
speleothems provide higher resolution (Bar-Matthews & Ayalon
2011). Analysis of δ18O by ion microprobe combined with confo-

cal microscopy of Soreq Cave speleothems resolves a sub-annual
climate record for the EM (Kolodny et al. 2003; Orland et al.
2009, 2012, 2014). Values of δ18O measured by ion microprobe in
recent and late Holocene speleothems vary in their sawtooth pattern,
which correlates with annual, fluorescent growth bands where cal-
cite grades from light to dark fluorescence (Orland et al. 2009: Fig.
4). Modern records of precipitation and of cave dripwater indicate
that variable δ18OCc indicates regular seasonal differences in δ18O
of rainfall modified by mixing in the vadose zone. Large differences
in δ18OCc between the dark and light fluorescent calcite (�

18O) indi-
cate wetter years; smaller differences indicate drier years. These
results point to a regional drying during the decline of the Roman
and Byzantine Empires in the Levant (Orland et al. 2009). There is
a distinct change from the last glacial to the Holocene in the pat-
tern of fluorescent banding and the gradient of δ18O across single,
annual growth bands. During the last glacial, the Younger Dryas,
and Heinrich events, the fluorescent banding pattern becomes more
thinly laminated without a sawtooth pattern, indicating that the sup-
ply of dripwater to the cave was more perennial year-round. This
can be a result of larger storage capacity above the cave, occasional
snowfall, or increased length of wet season resulting in a different
mode of humic acid input, and thus producing banding patterns and
different isotopic gradient (Orland et al. 2012). The modern sea-
sonal regime of sawtooth patterns resulting from wet winters and
dry summers has been consistent since the mid-Holocene (Orland
et al. 2014).

17.8 WET EPISODES IN NORTHEAST AFRICA–
ARABIA AND THE LEVANT, AND
HUMAN MIGRATION

Although climate has varied in the Levant in response to global
changes, its present-day semi-arid environments were always hos-
pitable for humans, as evident from many archaeological sites and
human occupations of caves, rockshelters, and lake shores (e.g.
Bar-Yosef et al. 1992; Grün & Stringer 2000; Rabinovich 2003;
Nadel et al. 2004; Derricourt 2005; Frumkin et al. 2011; Goldberg,
Chapter 16 of this volume; Frumkin, Chapter 15 of this volume;
and elsewhere in this volume). Continuous speleothem growth in
the Mediterranean environments of the Levant indicates permanent
water availability there (Bar-Matthews et al. 1997, 2003). Food was
always abundant as well (e.g. Tchernov 1988; Rabinovich 2003;
Belmaker 2008; Frumkin et al. 2011). Nevertheless, the Levant
could have been in part isolated, depending on the climate in the sur-
rounding deserts and mountains. Speleothem growth intervals from
southern Arabia (Fleitmann et al. 2003a, 2003b, 2011), enhanced
African monsoon activity indicated by EM sapropels (Rossignol-
Strick et al. 1985; Bar-Matthews et al. 2000) coeval with minimum
δ18OCc in Israel speleothems (Bar-Matthews et al. 2003), and the
central and southern Negev speleothems (Vaks et al. 2010) can indi-
cate when water and food were more available in the Sahara–Arabia
(Bar-Matthews 2014). The data presented above point to a wetter
Levant at 250–239, 210–193, 138–120, 108–98, 87–84, 56–50, and
10–6.5 ka (Fig. 17.5). These wetter episodes could have increased
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water supply across currently arid barriers in Libya, Egypt, and
southern Levant deserts. The exact meaning of ‘wet’ intervals can
be geographically different. For example, the timing, duration, and
magnitude of such wet intervals in northeast Sahara and southern
Arabia are not always similar, as evident for example in Fig. 17.5
or in Frumkin et al. (2008). Between these intervals, severe dry con-
ditions prevailed in the Levant deserts.
There is increasing evidence that the main phase of dispersal

of anatomically modern humans (AMH) out of Africa took place
sometime between �130 and �65 ka (Walter et al. 2000); i.e., dur-
ing MIS 5e and the beginning of the last glacial. Three wet intervals
in the Sahara–Arabia occurred in this interval, 138–120, 108–98,
and 87–84 ka, which could be the favourable ‘climatic windows’
for human potential expansion and connection across dry areas (e.g.
Vaks et al. 2007; Fleitmann et al. 2011; Frumkin et al. 2011). The
widespread distribution of Middle Stone Age assemblages across
the Sahara during MIS 5 (Garcea 2004; Stringer & Barton 2008)
indicates that dispersal of AMH northward took place then as a con-
sequence of the strong climate amelioration.
Until recently, the only human fossils from the early part of

the last glacial period found in the Levant were Neanderthal (Val-
ladas et al. 1987, 1999; Schwarcz et al. 1989; Solecki & Solecki
1993; Bar-Yosef & Callander 1999; Grün & Stringer 2000; Rink
et al. 2001; Akazawa & Muhesen 2002; Shea 2008). However, the
recently discovered skull in Manot Cave (Western Galilee, Israel)
dated to 54.7±5.5 ka (Hershkovitz et al. 2015) shows that modern
humans also inhabited the area during this interval. Themorphology
of this modern human skull is linked to recent African skulls and to
someUpper Palaeolithic European fossils. This is the first fossil evi-
dence that the Levant hosted both Neanderthals andmodern humans
during the late Middle Palaeolithic. It is suggested that the skull
belongs to a population that had dispersed out of Africa, through the
Levantine corridor (Hershkovitz et al. 2015). The abovementioned
time was a favourable interval for human migration ‘out of Africa’,
probably owing to its wetter climate over the northern Sahara and
the Mediterranean.
The main archaeological evidence for the presence of AMH in

the Levant comes from Skhul-Qafzeh, northern Israel (Schwarcz
1980; Schwarcz et al. 1988; Valladas et al. 1988; Stringer et al.
1989; Mercier et al. 1993; Grün et al. 2005), with occupation from
140±10 ka through 92±5 ka, i.e. MIS 5. There is evidence that the
group of fossils found at Skhul-Qafzeh (including animals) came
from Africa (McBrearty & Brooks 2000; McDougall et al. 2005),
but their exact migration routes are poorly defined (Petraglia &
Alsharekh 2003). Although a few human remains were discovered
in Ethiopia, none were in the eastern Sahara or in Arabia (Petraglia
& Alsharekh 2003). Nevertheless, their presence is inferred from
lithic assemblages along the presumed routes (Vermeersch 2001;
Petraglia & Alsharekh 2003; Smith et al. 2004, 2007). In Tabun
Cave, Israel, luminescence ages spread from 190 ka through 144 ka
(Mercier et al. 1995) for artefacts attributed to the same population
of Skhul-Qafzeh. It is known that a wave of migrants arrived in the
Levant at the onset of the Mousterian at �250–200 ka BP (Gopher
et al. 2010) as evident from Qesem Cave, Israel.

The onset of arid conditions in the large Sahara–Arabia desert
during glacials and between peak interglacials (Almogi-Labin et al.
2004; Vaks et al. 2007, 2010), with a considerable decrease in rain-
fall amounts (Bar-Matthews et al. 1997, 1998, 2003) and increas-
ing dust fluxes, may have limited the availability of water and food,
leading to hostile and unfavourable routes for modern humans to
disperse out of Africa and/or return after their dispersal.

17.9 CONCLUSIONS

The steep, most probably permanent, north–south precipitation gra-
dient in the southern Levant of more than 800 mm yr−1 reduction,
over <300 km, combined with accurate U–Th ages and palaeocli-
mate indicators from many speleothems from karstic caves, makes
the southern Levant an ideal place for speleothem-based palaeo-
climate studies. A multi-proxy approach, including precise U–Th
ages, δ18O, δ13C, 87Sr/86Sr, isotopic composition of fluid inclusions
trapped within speleothems, ‘clumped isotopes’ (�47), and high-
resolution isotopic and imaging techniques, has proved beneficial
in speleothem-based palaeoclimate research.
Analysing large numbers of speleothems from many caves

located in the various climatic zones in Israel enabled reconstruction
of timing of climate change and regional responses to large-scale
global climate variations. It has been demonstrated that it is possible
to reconstruct the abovementioned precipitation gradient both dur-
ing glacial and interglacial climate variability, and on shorter scales.
This years-long effort also shows spatial migration of the desert
boundary during glacial and interglacial extreme ‘wet’ events, and
how this migration is potentially a driver of human migration ‘out
of Africa’.
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18 Speleothems from Lebanon

s. verheyden, c. nehme, f.h. nader, a.r. farrant, h. cheng, s.r. noble,
d. sahy, r.l. edwards, r. swennen, ph. claeys, and j.j. delannoy

18.1 INTRODUCTION

The Levant region has a long history of human settlement and
migration. Water and food availability have been, and still are,
major factors influencing the complex social and political situ-
ation in the region. In this region with strong north–south and east–
west topographic, temperature, and precipitation gradients (e.g.
Avni, Chapter 2; Kushnir et al., Chapter 4 of this volume), sub-
tle changes in regional climate patterns may induce huge changes
over short spatial and temporal scales. During the past decade, sev-
eral palaeoclimatic studies of this region (Fig. 18.1) using marine
(Rossignol-Strick et al. 1999; Kallel et al. 2000; Emeis et al. 2003)
and continental palaeoclimate records (e.g. Frumkin et al. 2000;
Bar-Matthews et al. 2003, Bar-Matthews 2014, and Chapter 17 of
this volume; Kolodny et al. 2005; Verheyden et al. 2008; Develle
et al. 2011; Ayalon et al. 2013; Vaks et al. 2013; Gasse et al. 2015,
and Chapter 19 of this volume; Stein & Goldstein, Chapter 12 of
this volume; Torfstein & Enzel, Chapter 13 of this volume) have
revealed a complex regional climatic pattern, and more particu-
larly, distinct north–south differences in precipitation variability. In
a region where a drier climate is expected in the context of global
warming, a robust understanding of past precipitation patterns is
particularly important to understand future water stress. Hence, the
Levant is an ideal region to study the impact of climate as one of
the potential factors influencing societal change.
The δ18O records of speleothems from Israel have demonstrated

the ability of these archives to record past decadal to millennial cli-
mate changes. They show good agreement withmarine δ18O records
from the easternMediterranean (Bar-Matthews et al. 2003; Kolodny
et al. 2005), a source region for rainwater. Speleothems, which form
by cave dripwaters, i.e. rainwater minus water lost by evapotranspi-
ration, recorded glacial–interglacial changes (Frumkin et al. 1999;
Enzel et al. 2008) as well as episodes of sapropel development,
linked to increased freshwater influx from the Nile River (Rohling
et al. 2002, 2004; Scrivner et al. 2004). Besides these source vari-
ations, lower δ18O values of speleothem calcite (δ18OST) are also
suggested to be linked to higher amounts of rainfall (Bar-Matthews

et al. 1997, 1999) with potential quantitative precipitation recon-
structions based on δ18OST (Bar-Matthews et al. 2003). This quanti-
tative reconstructionwas challenged by Frumkin et al. (1999, 2000),
Kolodny et al. (2005), and Enzel et al. (2008).
Changes in the carbon isotopic composition of speleothems, in

the Levant and elsewhere, depend on several factors, including the
C3/C4 vegetation changes (Frumkin 1999, 2000) and the contribu-
tion of soil CO2. The latter is controlled by the vegetation activity
and soil development, and consequently by the contribution of soil
CO2 relative to that derived from the host rock. In these southern
regions, soil activity and subsequent soil CO2 contribution is more
directly linked to precipitation amounts than to temperature.
In this chapter, we summarize the palaeoclimate data for the

Holocene and Last Interglacial intervals recorded in speleothems
obtained from the Jeita and Kanaan caves in Lebanon.

18.2 SETTINGS OF THE CAVE SITES AND
DESCRIPTION OF THE SPELEOTHEMS

The Jeita (N 32° 56′; E 035° 38′) and Kanaan (N 33° 54′; E 35°
36′) caves are within the western flank of central Mount Lebanon
at �100 m above sea level and 2–5 km from the Mediterranean
coastline. The caves are therefore strongly influenced by the mari-
time Mediterranean climate. Jeita Cave is �15 km north of Beirut
and �5 km north of Kanaan Cave (Fig. 18.1). Both caves devel-
oped entirely in themiddle Jurassic Kesrouane Formation limestone
(Dubertret 1975; Walley 2001; Nader 2004).
The stalagmite JeG-stm-1 (Fig. 18.2) was retrieved in 2005 from

the upper gallery of the Jeita show cave, some 200 m from the
entrance. The passage roof at this location is 16.5 m high, and the
thickness of the overburden micritic limestone is around 100 m. At
the sample site, the cave temperature is 22.0±0.5 °C, and water
drips from the high ceiling during winter and spring, with pos-
sible short-term dry spells during the summer months. The sampled
JeG-stm-1 stalagmite specimen is 121.5 cm long and was deposited
from �12 ka to �1 ka. Its longitudinal inner profile displays a
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Figure 18.1 The eastern Mediterranean with the location of palaeoclimate records and major wind trajectories (Saaroni et al. 1998), including the mid-
latitude westerlies, and occasional incursions from the Sharav cyclone and the Sharqia. The north–south and east–west precipitation gradients are indicated
by dashed dark lines (isohyets in mm). CL: Cyprus Low. The location of Kanaan Cave and other Levantine palaeoclimatic records cited in the text are
numbered 1 to 15. (1) Core MD 70–41 (Emeis et al. 2003), (2) Core LC21 (Grant et al. 2012), (3) Core ODP site 967 (Rohling et al. 2002, 2004; Emeis
et al. 2003; Scrivner et al. 2004), (4) Core ODP site 968 (Ziegler et al. 2010), (5) Kanaan Cave, (6) Peqi’in Cave (Bar-Matthews et al. 2003), (7) West
Jerusalem Cave (Frumkin et al. 1999, 2000), (8) Soreq Cave (Bar-Matthews et al. 2000, 2003), (9) Tsavoa Cave (Vaks et al. 2006, 2013), (10) Negev
composite speleothems from Ashalim, Hol-Zakh, and Ma’ale-ha-Meyshar Caves (Vaks et al. 2013), (11) Lakes of the Dead Sea basin (Kolodny et al.
2005; Waldmann et al. 2009; Lisker et al. 2010), (12) Lake formation at Mudawwara (Petit-Maire et al. 2010; although see Rech et al., Chapter 14 of this
volume); (13) Yammouneh palaeolake (Develle et al. 2011; Gasse et al. 2011, 2015), (14) Lake Van (Stockhecke et al. 2014; Litt et al. 2014), (15) Jeita
Cave (Verheyden et al. 2008).

regular deposition of dense calcite, ranging in colour from dark
grey to light yellow-beige. The stalagmite along its entire length dis-
plays a typical ‘dish-stack’ structure. An important change in crys-
tallographic habit coupled with a reduction in speleothem diameter
occurs around 6.0 ka (Verheyden et al. 2008).
Kanaan Cave is a 162 m long relict conduit discovered during

quarrying in 1997. A stalagmite 23 cm long and up to 10 cm wide,
sample K1 (Fig. 18.3), was collected in 2010 (K1–2010) at �20 m
from the formerly closed cave entrance. The passage height at this
location is 2.4 mwith approximately 50 m of limestone overburden.
At present, the stalagmite receives no dripping water, although drip
water is present in other parts of the cave during winter and spring.
The cave is generally dry during the summer months. The cave air
temperature is 20±1 °C. The speleothem collected from Kanaan
Cave grew from approximately 129.7±0.8 (2σ ) ka to 85.3±0.7 ka
and displays regular layers of dense calcite ranging in colour from
dark brown to light yellowwith a regular thin (<0.2mm) lamination
in places. It presents two growth phases divided by an abrupt hiatus

at 108.8–103.5 ka where the stalagmite was tilted �45°, probably
owing to settlement of the underlying boulder floor (Nehme et al.
2015).

18.3 TWO-STEP DRYING AT �6 KA AS RECORDED
IN THE JEITA JEG-STM-1 STALAGMITE

The JeG-stm-1 record (Verheyden et al. 2008) confirmed the occur-
rence of a generally wet early Holocene interval with increased
speleothem growth between �9.0 ka and �6.0 ka (Fig. 18.2).
The general δ18O pattern during this time interval more likely
reflects a change in source δ18O, while the trends in δ13C and Sr/Ca
(Cheng et al. 2015) indicate increasing groundwater recharge, and
thus probably precipitation, towards 6.0–7.0 ka. From �6.0 ka,
increased speleothem δ18O- and δ13C-values, decreased speleothem
diameter, and a change in crystallographic habit indicate a
decline to dry conditions marking an end to this local ‘Holocene
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Figure 18.2 Comparison of the Jeita JeG-stm-1 stalagmite records and
other records (Bar-Matthews et al. 1997; Emeis et al. 2000; Frumkin et al.
2000; Migowski et al. 2006). Based on Verheyden et al. (2008). (A black
and white version of this figure will appear in some formats. For the colour
version, please refer to the plate section.)

optimum’ (Verheyden et al. 2008). The decline occurred in two
abrupt jumps between 6.0 ka and 5.0 ka, representing two important
climate change episodes in only a few generations, as confirmed by
the high-resolution proxy data (Cheng et al. 2015). The dry interval
lasted until �4.0 ka. No particular severe drought that could have
caused a decline of regional civilizations as suggested by deMeno-
cal (2001) and Staubwasser and Weiss (2006) was observed. How-
ever, a return to wetter conditions at�4.0 ka might be in agreement
with intensive resettlement (Staubwasser & Weiss 2006). A second
dry interval occurred between �3.0 ka and �1.0 ka as indicated by
JeG-stm-1.
The important decline to drier conditions around �6.0 ka is not

evident in speleothem records from Israel that do not show this
change in the δ18O record. Moreover, the wet interval around 7 ka in
the JeG-stm-1 speleothem contrasts with the dry interval recorded in
the Dead Sea record (Migowski et al. 2006) at this time (Fig. 18.2).
The Soreq Cave speleothems (Bar-Matthews et al. 2003) show a
striking δ13C increase around this interval, interpreted as a record
of much wetter episodes flushing away the soil, resulting in less
soil-derived carbon in the speleothems and thus enriched carbon
composition. Cheng et al. (2015) suggest that such an increase can
instead be interpreted as a particularly dry period, responsible for a
decrease in vegetation activity, resulting in an enriched speleothem
carbon. Overall, the available records point to a wet northern Levant

and a dry southern Levant during an interval with Northern Hemi-
sphere summer insolation maxima. This north–south difference is
also observed during the penultimate glacial–interglacial and during
the transition towards the Last Glacial (glacial inception) (Nehme
et al. 2015; Cheng et al. 2015).

18.4 THE LAST INTERGLACIAL AND ITS DEMISE –
THE KANAAN CAVE RECORD

The general pattern of the Last Interglacial as registered by δ18O
and δ13C in the K1–2010 stalagmite (Nehme et al. 2015) suggests
wet conditions at the glacial–interglacial transition around 130 ka
with a rather active vegetation (Fig. 18.3). The local settings of the
stalagmite on a tilted rock, which explains the later tilting of the
stalagmite, combined with the presence of clay layers despite high
growth rates before and after the hiatus, suggest a period of flooding
of this part of the cave. Between 126.3± 0.9 and 120.3 ka (uncer-
tainties of <1 ka), a remarkable δ18O increase occurs which may
indicate a change in isotopic composition of the source or a severe
drying. The δ13CST does not display important changes; the contin-
uous rather negative values indicate that the vegetation growth is
still active. During the glacial inception, decreased δ18OST values
and changing growth rates at 108.8 ka (extrapolated) to 99.9±0.7
ka, and at �93 to �90 ka (interpolated), are interpreted as two wet
intervals, corresponding well with sapropel 4 and possibly linked to
pre-sapropel 3 (Ziegler et al. 2010), respectively.
Warm and humid conditions prevailed during the Last Inter-

glacial as recorded in the Kanaan speleothem, and are also identi-
fied in Lake Van (Litt et al. 2014; Stockhecke et al. 2014) in north-
eastern Turkey and in speleothem proxies from Soreq and Peqi’in
Caves (Ayalon et al. 2002; Bar-Matthews et al. 2003) in central
and northern Israel (Fig. 18.4). The Soreq and Peqi’in speleothems
exhibit high δ13C and low δ18O values interpreted as linked to mas-
sive rainstorms (Bar-Matthews et al. 2003). The pollen records
of Yammouneh palaeolake (e.g. Gasse et al., Chapter 19 of this
volume) in northern Levant indicate sufficient humidity to enable
forests to develop (Develle et al. 2011) during the second part of
the Last Interglacial, although chronologies in the early Last Inter-
glacial are less robust. During the glacial–interglacial transition,
most of these archives as well as the K1–2010 stalagmite indicate
these wet conditions, which contrast with an arid southern Dead
Sea Basin (Torfstein et al. 2015). The situation is similar with the
last glacial/present interglacial transition (Verheyden et al. 2008;
Cheng et al. 2015), and is in agreement with previous suggestions
of contrasting climate variability between northern and southern Le-
vant (Almogi-Labin et al. 2009; Develle et al. 2011). The contrast-
ing behaviour at millennial scale is demonstrated for the Holocene
between the Jeita Cave record and the Dead Sea basin (Cheng et al.
2015). During the Last Interglacial (Marine Isotope Stage 5e), how-
ever, wet conditions seem general over the Levant, as Neugebauer
et al. (2015) and Torfstein et al. (2015) have revisited data of the
Dead Sea basin lakes and demonstrated a somewhat more humid
Last Interglacial than previously thought. These authors suggest that
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Figure 18.3 A: Cut face of the K1–2010 speleothem and sketch showing the position of the U–Th ages (see Stein et al., Chapter 8 of this volume). B:
Growth rate of the stalagmite with respect to distance (in mm) from the top, assuming linear growth rates between two consecutive ages, except in the
middle part where a discontinuity (hiatus) is identified. Based on Nehme et al. (2015).
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Figure 18.4 A: Kanaan Cave δ18O and δ13C profiles compared to continental records in the Levant. From north to south Levant: (a) Yammouneh, northern
Lebanon (Gasse et al. 2015), (b) Kanaan carbon and oxygen isotopic profile (this study), (c) Soreq Cave, (d) Peqi’in Cave (Bar-Matthews et al. 2000, 2003),
(e) Tzavoa Cave (Vaks et al. 2006), (f) Estimated Lake Samra levels, Dead Sea basin (Waldmann et al. 2009). B: Kanaan Cave δ18O profile compared to
global and regional records in the eastern Mediterranean basin: (g) Summer insolation at 30° N and orbital eccentricity forcing (Berger & Loutre 1991), (h)
NGRIP and NEEM ice-core results indicating the volume of the Arctic ice sheet (NGRIP Members 2004), (i) Eastern Mediterranean δ18OG.ruber in core
LC21 (Grant et al. 2012), (j) Mediterranean sapropel events (Ziegler et al. 2010) and the Nile flooding event (Scrivner et al. 2004), (l) EMS Mediterranean
δ18OG.ruber in ODP site 967 and in MD 70–41 site resampled at 1 ka intervals (Emeis et al. 2003). Based on Nehme et al. (2015).

tropical Africa sources could have moderated the dryness during
5e. The inverse behaviour of the δ13C in speleothems from Kanaan,
with a rather constant δ13C, and speleothems fromSoreq and Peqi’in
caves, with negative δ13C anomalies, remains puzzling and sug-
gests different local settings or different precipitation systems influ-
encing the cave locations. The strongly enriched δ13C values in
speleothems of Soreq and Peqi’in caves were linked to storms and
could be in agreement with the influence of tropical moisture, which
would not have reached Kanaan Cave. However, Soreq and Peqi’in
caves are located to the north of the supposed monsoonal influence
as displayed in recent general circulation models (e.g. discussion
in Torfstein et al. 2015 and in Torfstein and Enzel, this volume).
Another possibility is that the Soreq and Peqi’in speleothems reflect
seasonal deposition of calcite duringwetmonths in an otherwise dry
area with poor soil development, suggesting a north–south precip-
itation gradient with higher precipitation seasonality in the south-
ern Levant than in the northern Levant. At present, the influence
of Mount Lebanon on the observed precipitation gradients remains
uncertain, but could probably be constrained through further studies
focusing on caves at higher altitudes.

At �126 ka, the important δ18O increase between 126.3 and
120.3 ka (uncertainties of <1 ka) in the Kanaan speleothem seems
to be mostly due to a ‘source’ effect (Nehme et al. 2015), reflecting
the δ18O composition of Mediterranean Sea surface water, since the
δ18OST change is synchronous with the eastern Mediterranean iso-
topic increase at�126 ka during the sapropel S5 event (Emeis et al.
2003; Grant et al. 2012). Several studies (Rohling et al. 2002, 2004;
Schmiedl et al. 2003; Scrivner et al. 2004) suggest a coincidence
between Mediterranean cooling and enhanced aridity around the
Mediterranean, and the interruption of the insolation-driven mon-
soon maximum during the S5 event. Schmiedl et al. (2003) argue
that this episode marked the onset of a regional climate deterior-
ation (glacial inception) following the ‘Last Interglacial optimum’
(early S5). The K1–2010 isotope change dated between 126.3 and
120.3 ka confirms and refines the chronology of the δ18O change
as published by Grant et al. (2012). Although the first part (�2‰
increase) of the δ18OST change can be attributed to the source effect,
the second part, combined with lower growth rates and slightly
higher δ13C, may reflect drier conditions related to a regional cli-
matic deterioration. The change towards dry conditions at�126 ka,
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i.e.�6 ka after the start of the Last Interglacial, mimics the changes
observed during the present interglacial. However, the climate de-
terioration does not seem to have hadmuch impact on the vegetation
in this part of Lebanon, in contrast to the change at �6 ka during
the present interglacial.
The change at�126 ka observed in the Kanaan Cave speleothem

was recorded differently in other places. In northern Levant, the
transition seems to be more progressive (cf. the Yammouneh
palaeovegetation signal; Gasse et al. 2015), while in southern Le-
vant, the change seems more abrupt and occurs later around �118
ka (Bar-Matthews et al. 2003) in Soreq Cave (or �122 ka, when
using the refined chronology of Grant et al. 2012), �122 ka in
Peqi’in Cave (Bar-Matthews et al. 2000, 2003) and between 122
and 116 ka in Dead Sea basin lakes (Torfstein et al. 2015).
During the glacial inception, two wet periods are defined based

on changing growth rates and low δ18O values at 108.8 ka (extrap-
olated) to 99.9±0.7 ka, corresponding well with sapropel 4 and
at �93 to �90 ka (interpolated), possibly linked to pre-sapropel
3 (Ziegler et al. 2010). Regarding the rapid changes and cur-
rent uncertainties on the chronology, it is not evident whether the
wet periods in the north are synchronous with the low water lev-
els of southern lakes at 110–108 ka and 93–87 ka (Neugebauer
et al. 2015).

18.5 CONCLUSION

The Jeita and Kanaan Cave records contributed to describe and pre-
cisely date the two-step change from awet EarlyHolocene to a dryer
period at �6 ka and a similar but less severe change at �126 ka.
The amplitude of the associated δ18O change is high because of the
cumulative effect of the source and the precipitation amount. The
δ18O change at �126 ka in the Kanaan speleothem seems to occur
more progressively and probably earlier than in southern regions.
Both speleothems clearly demonstrate the wet conditions during
glacial–interglacial transitions (for Present and Last Interglacial) in
this part of the Levant and its contrast with the aridity of the Dead
Sea basin. Intervals such as the �7 ka interval in the Jeita Cave
speleothem and the glacial–interglacial transitions of the Last Inter-
glacial and present interglacial in Jeita and Kanaan speleothems,
respectively, suggest a general north–south gradient with contrast-
ing dry/wet variability between northern and southern Levant. The
contrast during other intervals, such as the first part of the Last
Interglacial or the glacial inception (MIS 5–MIS 4 transition) is
less obvious. A better understanding of the different signals from
the intermediate regions in the Levant, i.e. speleothem proxies and
especially the δ13C signal, derived from the Jeita, Kanaan, Peqi’in
and Soreq Caves, is essential to figure out north–south palaeocli-
matic gradients and possible decoupling as well as the implica-
tion of precipitation seasonality in speleothem signals. Moreover,
Lebanon is an ideal place to investigate the effects of topography
(i.e. Mount Lebanon) on the observed climatic gradients.
Recent additional dating led to a more constrained age model.

Based on these new data, the change from wet to dry conditions
at 126 ka occurs gradually up to 122 ka, followed by a more rapid

change to 120 ka. The wet–dry change, therefore, seems contempo-
raneous within uncertainties to the change observed in more south-
ern areas of the Levant. The record does not show a clear out-of-
phase climate variability during MIS 5 as demonstrated for the last
20 ka in the Jeita record (Cheng et al. 2015).
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19 Late Quaternary Palaeoenvironments in Northern Levant
(Lebanon and Syria)
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19.1 INTRODUCTION

The northern Levant encompasses western and southern Syria, and
Lebanon.Wedged in between the easternMediterranean Sea and the
Syrian desert, it stretches from the Taurus mountains in the north to
the Lebanon–Israel border in the south. At the transition between
the Mediterranean climate and the subtropical desert, the northern
Levant is highly sensitive to ongoing climate change and the related
limited water resources (IPCC 2013), exacerbated by current and
near-future population growth. Numerous geological and archaeo-
logical data demonstrate that the northern Levant has experienced
large climatic fluctuations in the past, and changes in water avail-
ability have played a major role in the the migration of early modern
humans out of Africa (Vaks et al. 2007, 2010). The Levant is also
the birthplace of agriculture and is therefore well-suited to study
the relationships between palaeoclimate evolution and the devel-
opment of plant cultivation and domestication in the Near East.
More recently, the fate of ancient eastern Mediterranean civiliza-
tions and societies have been shown to have been strongly influ-
enced by arid climate shifts that took place during the late Holocene
(e.g. Kaniewski et al. 2015; Langgut et al. 2015).
Precipitation in the northern Levant is mainly supplied by eastern

Mediterranean cyclogenesis, which is linked to the North Atlantic
system and is specifically controlled by the strength and position
of the low-level Cyprus Low (Sharon & Kutiel 1986; Enzel et al.
2008; Kushnir et al., Chapter 4 of this volume). East of the east-
ern Mediterranean coastal plains (e.g. Harel et al., Chapter 50 of
this volume), mountain ranges run parallel to the seashore and
intercept this moisture coming from the sea. The highest point of
Mount Lebanon (3088 m above sea level, m asl) is only 25 km
from the coast and receives mean annual precipitation of >1,800
mm, primarily as snow at altitudes �2,000 m asl. Eastward, in the
rain shadow of these mountains, annual rainfall decreases sharply,
down to <200 mm northeast of the Bekaa Valley. These strong cli-
matic gradients result in current vegetation belts ranging from for-
est and woodland to open steppe (Abi-Saleh & Safi 1988). From the
seashore up the western slopes of these mountains, there is a transi-

tion fromMediterranean, tomontane, to subalpine vegetation zones.
In the drier environments of the eastern slopes, only xerophytic
Mediterranean and subalpine trees are present. The Bekaa Valley
is open to the influx of steppe elements of vegetation from the adja-
cent eastward regions. Like elsewhere in the Levant, human impact
has considerably modified the natural ecosystems for millennia.
In recent years, there is an increased understanding of environ-

mental changes in the northern Levant through a larger chrono-
logical dataset, better integration of palaeoenvironmental tech-
niques, and interpretation of proxy records. This chapter reviews
the state of knowledge regarding palaeoenvironmental changes in
the area over the last four glacial–interglacial cycles, emphasizing
the last glacial, the deglacial transition, and the early Holocene. The
palaeoenvironmental archives are from diverse sites (Fig. 19.1) and
mainly consist of terrestrial sedimentary, geochemical and palaeob-
otanical records.

19.2 THE LAST FOUR GLACIAL–INTERGLACIAL
CYCLES

There is a marked disparity in spatial coverage between the south-
ern Levant, where well-dated, long-term and extensively analysed
records (e.g. Stein et al. Chapter 8, Torfstein, Chapter 10, and
Bar-Matthews et al., Chapter 17 of this volume) provide detailed
hydroclimatic information on glacial–interglacial cycles, and the
northern Levant where a single long record exists. This record
covers the last four glacial–interglacial cycles from lacustrine–
palustrine sequence recovered from the small karstic Yammoûneh
Basin (northern Lebanon, Fig. 19.1), and provides the longest
palaeoenvironmental reconstruction for the Levant (Develle et al.
2010, 2011; Gasse et al. 2011, 2015).
The Yammoûneh sequence has been investigated by combin-

ing sedimentology, geochemistry, and magnetic properties of the
sediments. The sedimentary sequence consists of alternations of
whitish carbonate beds rich in calcified rests of aquatic organisms
with often gradual transitions into coloured detritic clay and silt.
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Figure 19.1 Map showing the major sites mentioned in the text.

The age model was based on 14 AMS 14C ages, one U–Th age,
and magnetic chronostratigraphy. Sedimentology was character-
ized by X-ray diffraction, X-ray fluorescence, and carbonate and
organic carbon analyses. The δ18O of ostracod valves showed that
the isotope balance of the hydrosystem was primarily controlled
by the ‘source effect’ of the eastern Mediterranean surface water
isotopic composition, modulated by second-order factors such as
the ‘amount effect’ of precipitation and the local changes in tem-
perature and temperature-induced evaporation rates. Both types of
the abovementioned sediments contained pollen, excluding the oxi-
dized uppermost half-metre following the artificial draining of the
lake in the early 1930s. The sedimentology, oxygen isotopes and
pollen yielded a comprehensive view of palaeohydrology, palaeo-
ecology and palaeoclimate in the basin over the last four glacial–
interglacial cycles.
The integration of the proxies showed that interglacial peaks dur-

ingMarine Isotope Stages (MIS) 9, MIS 7,MIS 5, andMIS 1 exper-
ienced high effective moisture and intense karstic water circula-
tion, evidenced by authigenic calcite sedimentation in a product-
ive water body, and by surrounding wooded landscapes varying
from cool conifer, to temperate deciduous, to Mediterranean forests
(Fig. 19.2). The tree growth was certainly favoured by the warm
interglacial conditions, but also implied relatively high water avail-
ability. During glacials (MIS 10, MIS 8, MIS 6, MIS 4 to MIS 2),
open steppic vegetation types replaced the forests, favouring local
erosion and detrital sedimentation, as suggested by the increase of
the siliciclastic fraction. Biotic and abiotic proxies suggest rela-
tively high water availability during interglacials and generally drier

glacials, whereas different signatures are observed between succes-
sive interglacials and glacial periods, reflecting different combin-
ations of global and regional forcings (Fig. 19.2). During MIS 9,
insolation forcing was moderate compared with MIS 7 and 5, but
greenhouse gas concentrations reached their highest levels between
330–300 ka (Loulergue et al. 2008), and the associated warming
favoured tree growth and aquatic bioactivity. Conversely, MIS 7
experienced large insolation changes due to maximum eccentri-
city and the largest amplitude of obliquity and precession variations.
EasternMediterranean sea surface temperatures and greenhouse gas
concentrations were high at the MIS 7 onset, but rapidly dropped
to glacial-like values. The early–mid MIS 7 was cool and wet in
the Yammoûneh area, whereas the late MIS 7 was milder. MIS 5
shows three wet intervals of decreasing amplitude (MISs 5.5, 5.3,
and 5.1) coincident with sapropel events S5 to S3, and alternating
with dry steppic intervals. Early MIS 1 underwent mild humid con-
ditions when seasonal insolation contrasts were relatively weak. For
glacial stages, MIS 10 and MIS 8 evolved by steps toward dry, cool
conditions, but the latter remained wet and warm until ca. 260 ka.
MIS 6 started with a dry and cold episode followed by increased
humid conditions. Rainfall increases are suggested by several prox-
ies around 175–170 ka (S6) and after 150 ka. The drying trend initi-
ated afterMIS 5.5 accentuated fromMIS 4 toMIS 2, and culminated
in local drought during MIS 2.
The wettest interglacial conditions were reached during periods

ofmaximum summer insolation and reduced ice sheets in theNorth-
ern Hemisphere. These conditions are in agreement with obser-
vations from eastern and southeastern Europe, Greece (Tenaghi



Late Quaternary Palaeoenvironments, Lebanon/Syria 175

Figure 19.2 Selected proxies from the Yammoûneh record and time series representative of potential forcing factors (redrawn from Gasse et al. 2015).

Philippon, Tzedakis et al. 2006), Turkey (Lake Van, Litt et al.
2014; Stockhecke et al. 2014a, 2014b), and northwest Iran (Lake
Urmia, Djamali et al. 2008). These interpretations are also in line
with marine pollen records from the southern Levantine basin
(core MD84–642, Cheddadi & Rossignol-Strick 1995; core 9509,
Langgut et al. 2011). The Yammoûneh reconstruction is in agree-
ment with the Peqi’in and Soreq caves speleothem δ18O records
in northern and central Israel, when interpreted in terms of tem-
perature and rainfall (Bar-Matthews et al. 2003). The speleothem
records match the eastern Mediterranean δ18O Globigerinoides
ruber record, reflecting the prime role of the eastern Mediterranean
‘source effect’ in the δ18O signal (Frumkin et al. 1999; Kolodny
et al. 2005; Enzel et al. 2008). However, it was suggested that
increased rainfall (the amount effect) during interglacials was a

second-order modulator of the δ18O speleothem values (Almogi-
Labin et al. 2009). TheYammoûneh record is different from the lake
records from the Dead Sea Basin, which show high/low water lev-
els during glacial/interglacial periods (e.g. Waldmann et al. 2010;
Torfstein et al. 2013; Stein&Goldstein, Chapter 12, and Torfstein&
Enzel, Chapter 13 of this volume). The southward deflection of the
westerly storm tracks along the southern Mediterranean coasts dur-
ing glacial periods, in response to the expansion of the Eurasian ice
sheets, can explain the similarities between the northern Levant and
southeastern and eastern Europe. These same latitudinal shifts can
also explain the differences between the Yammoûneh and the Dead
Sea lake records, showing higher water availability during glacials
than during interglacials. An alternative suggested explanation was
that reduced evaporation rates during the cold glacial phases led to
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a higher precipitation–evaporation balance and higher lake levels,
and vice versa during interglacials (Vaks et al. 2003).

19.3 THE LAST GLACIAL

Environmental characteristics of the last glacial in the northern Le-
vant are documented at Yammoûneh. The record indicates that this
period, from MIS 4, MIS 3, and early MIS 2 (75–16 ka), was char-
acterized by a drying trend, with a maximum contribution of aeo-
lian dust to sedimentation, frequent desiccations at the site, and
strong weathering of the catchment (Gasse et al. 2011). This drying
trend is confirmed by the development of steppic–desertic vegeta-
tion around the basin. It was interrupted by two moderate humid
pulses, around 60 and 45 ka, and led to extremely harsh condi-
tions during the Last Glacial Maximum. The local water availabil-
ity reached a minimum between 21 and 16 ka cal BP, which may
reflect water storage in Mount Lebanon glaciers and permafrost
in the Mnaïtra Plateau west of the Yammoûneh Basin. Permanent
glaciers, attested by morainal deposits above 2,000 m asl, have been
proposed to occupy the western flank of Mount Lebanon during the
Last Glacial Maximum (Moulin et al. 2011).

19.4 LAST DEGLACIATION AND EARLY
HOLOCENE

Available late glacial and early Holocene records from northern
Levant are from the Yammoûneh Basin, the Bekaa Valley (Hajar
et al. 2008, 2010) and the Jeita Cave (Verheyden et al. 2008) in
Lebanon, and from the northwest coast and the Ghab depression
(Niklewski & Van Zeist 1970; Van Zeist & Woldring 1980; Yasuda
et al. 2000) in Syria. In the Yammoûneh Basin, the post-glacial
warming was associated with a rapid re-establishment of humid
conditions in response to ice melting and enhanced precipitation.
This wetting is attested by a stepped decrease in authigenic carbon-
ate δ18O values from 16 to 8.5 ka cal BP and the development of
deciduous oak woodlands around 13 ka cal BP. The Ghab Valley is
located in the middle reaches of the Orontes River. The first palyno-
logical studies were carried out northwest of the valley (Niklewski
& Van Zeist 1970; Van Zeist &Woldring 1980) and have long been
the basis for palaeoenvironmental reconstructions in the northern
Levant (Van Zeist & Bottema 1991). According to the 14C-based
original age model, humidity, as derived from tree pollen values,
increased in Syria during the Younger Dryas, while it decreased
southwards in the Hula Basin in northern Israel (Baruch & Bot-
tema 1991; Bottema 1995). The reliability of the Ghab and Hula age
models has been questioned because the dates were obtained from
freshwater molluscs and suspected to be too old, owing to the hard-
water effect (Rossignol-Strick 1995; Meadows 2005). An alterna-
tive chronology was proposed for the Niklewski and Van Zeist
record (1970), based on correlations with Mediterranean and west-
ern Arabian Sea marine pollen records (Rossignol-Strick 1995).
The revised chronology suggested similar dry and cold conditions
during the Younger Dryas in the northern Ghab and southern Hula

sites. A more recent high-resolution pollen sequence covering the
late Glacial and the Holocene southwest of the Ghab Valley was
published with nine uncalibrated radiocarbon dates (Yasuda et al.
2000). A rise in temperature and humidity as early as ca. 14.5 ka14C
BP was suggested by the expansion of a deciduous oak forest on
the foothills of the depression, while a dry steppe still covered the
bottom of the valley. This trend continued until ca. 10 ka14C BP,
although a short dry pulse attributed to the Younger Dryas crisis was
tentatively detected ca. 11.5 ka14C BP. The appearance of Cerealia
pollen ca. 11.1 ka14C BP was assumed to indicate the beginning of
plant cultivation during this dry phase, whereas a large-scale defor-
estation was detected after ca. 9 ka14C BP. A rapid shrinkage of the
lake and expansion of swamp ca. 5 ka14C BP marked the onset of
a strong late Holocene drying trend. Yasuda et al. (2000) applied
no reservoir correction to the radiometric dates obtained from shell
fragments, assuming that the hard-water effect was small and even
negligible at the site.
Two other lacustrine pollen records encompassing the past 11

ka are available from the Aammiq and Chamsine/Anjar wetlands
(Hajar et al. 2008, 2010), in the southern Bekaa Valley. AMS 14C
ages were obtained on sediments, and problems in ages were dis-
missed for these sites (Hajar et al. 2010). The former sequence spans
from the Younger Dryas to the present, while the latter sequence
covers the last 11 ka. At Aammiq marsh, a maximum of dry/saline
Chenopodiaceae between at least 12.3 and 10.5 ka cal BP, a time
interval including the Younger Dryas with a hiatus in pollen data,
represents the evidence of Younger Dryas dryness. Local pollen
perturbations occur in the two pollen diagrams during the early
Holocene but a wetting is marked in both sites, between 9 and 8 ka
cal BP, by the strong development of deciduous oaks. The persist-
ence of humid conditions after 8 ka cal BP is evidenced at Cham-
sine/Anjar on the foothills of the Anti-Lebanon Mountain, while
a major human deforestation event is recorded at Aammiq on the
eastern slope of Mount Lebanon. Human presence since the late
Pre-Pottery Neolithic B in the southern Bekaa Valley is supported
by abundant archaeological sites. Deforestation slowed after 3.5 ka
cal BP, while grazing activities are clearly attested after ca. 2 ka cal
BP.
Oxygen and carbon isotopic profiles from a speleothem from

the Jeita Cave provide a high-resolution palaeoclimatic reconstruc-
tion fromwestern central Lebanon during the Holocene (Verheyden
et al. 2008). The δ13C record follows the general trend of the δ18O
record. High δ18O and δ13C values were related to drier conditions,
based on a good correlation between the morphological, crystallo-
graphic, and isotopic profiles of the speleothem. The record starts at
11.9 ka with high δ18O values, consistent with drier conditions dur-
ing the Younger Dryas, but not dry enough for a significant decrease
in speleothem deposition. The Soreq δ18O record also indicates low
rainfall during this time interval (Bar-Matthews et al. 2003). The
Jeita Cave profiles show low δ18O and δ13C values during the early
Holocene and high values after 5.8 ka. The wettest interval is 9.2–
6.5 ka, and a two-step transition to drier mid-Holocene conditions
is observed between 6.5–5.8 ka BP. Conditions remained dry until
the end of the stalagmite deposition at 1.1 ka cal BP, except during
a relatively wetter interval at 4–3.5 ka cal BP.
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19.5 CLIMATE IMPACT ON PREHISTORIC
SOCIETIES IN THE NORTHERN LEVANT

Most models suggest that the dispersal of early human populations
out of Africa into the Levant and southern Europe was probably
linked to episodes of wet climate (Frumkin et al. 2011), particu-
larly when both monsoon and Mediterranean rainfall systems were
intensified, providing improved water and food availability (Vaks
et al. 2007, 2010). Although the Yammoûneh record suggests dry–
cool glacial periods, wetting events are observed between 170 and
150 ka duringMIS 6. They could correspond to the strong increases
in rainfall suggested by major negative shifts in the δ18O values
at Soreq (178–152 ka) and may be related to S6, the only glacial
sapropel. Wetter conditions from the Sahara–Negev (Frumkin et al.
2011) to the northern Levant at the end of MIS 6 and during MIS
5.3 could have provided a continuous corridor favourable to human
movement into the Levant.
The Pleistocene–Holocene transition was a time of profound cul-

tural changes in the Levant. The birth of subsistence practices led
to the emergence of agriculture, with long-term consequences for
the development of complex societies in the Old World (elsewhere
in this volume).

19.6 CONCLUSIONS

Although it is not possible to specify the precise magnitude, inten-
sity, or duration of climatic changes using most of the proxy records
available for the northern Levant, the data compilation presented
here provides the most comprehensive assessment of the broad
changes, mainly in moisture availability, in the northern Levant over
the past four climatic cycles, until the early Holocene. Combined
biotic and abiotic proxies from theYammoûneh sequence reveal rel-
atively high water availability during the interglacials and generally
drier glacials during the past 400 ka. This rare sequence highlights
the complexity of landscape response to palaeoclimatic variability
in the Levant, and an apparent discrepancy between some records
of the northern and southern Levant. A number of key questions
remain unanswered for palaeoenvironmental research, and pave the
way for future research. This review also highlights the strong
need for quantified estimates of temperature and precipitation.
Changes through time of ratios between evaporation and precipita-
tion, and their relationships with run-off regimes and palaeovegeta-
tion, remain poorly understood. Furthermore, increased geochrono-
logical precision is required to reliably re-examine the chronology
and environmental context to early humanmigrations, the transition
to agriculture, and the fate of ancient civilizations in the northern
Levant.

REFERENCES

Abi-Saleh, B. & Safi, S. 1988. Carte de la végétation du Liban. Ecologia
Mediterranea 14: 123–41.

Almogi-Labin, A., Bar-Matthews, M., Shriki, D. et al. 2009. Climatic vari-
ability during the last 90 ka on the southern and northern Levantine

basin as evident from marine records and speleothems. Quaternary
Science Reviews 28: 2882–96.

Bar-Matthews,M., Ayalon, A., Gilmour,M.,Matthews, A. &Hawkesworth,
C.J. 2003. Sea–land oxygen isotopic relationship from planktonic
foraminifera and speleothems in the eastern Mediterranean region
and their implication for paleorainfall during interglacial intervals.
Geochimica et Cosmochimica Acta 67: 3181–99.

Baruch, U. &Bottema, S. 1991. Palynological evidence for climatic changes
in the Levant ca. 17,000–19,000 B.P. In The Natufian Culture in
the Levant, ed. O. Bar-Yosef & F.R. Valla. Ann Arbor: International
Monographs in Prehistory, pp. 11–20.

Bottema, S. 1995. The Younger Dryas in the eastern Mediterranean. Qua-
ternary Science Reviews 14: 865–86.

Cheddadi, R. & Rossignol-Strick, M. 1995. Eastern Mediterranean Quater-
nary paleoclimates from pollen and isotope records of marine cores
in the Nile cone area. Paleoceanography 10: 883–91.

Develle, A.L., Herreros, J., Vidal, L., Sursock, A. & Gasse, F. 2010. Con-
trolling factors on a paleo-lake oxygen isotope record (Yammoûneh,
Lebanon) since the Last Glacial Maximum. Quaternary Science
Reviews 29: 865–86.

Develle, A.L., Gasse, F., Vidal, L. et al. 2011. A 250 ka sedimentary
record from a small karstic lake in the northern Levant (Yammoûneh,
Lebanon): Paleoclimatic implications. Palaeogeography, Palaeocli-
matology, Palaeoecology 305: 10–27.

Djamali, M., de Beaulieu, J.L., Shah-Hosseini, M. et al. 2008. A late Pleis-
tocene long pollen record from Lake Urmia, NW Iran. Quaternary
Research 69: 413–20.

Enzel, Y., Amit, R., Dayan, U. et al. 2008. The climatic and physiographic
controls of the eastern Mediterranean over the late Pleistocene cli-
mates in the southern Levant and its neighboring deserts.Global and
Planetary Change 60: 165–92.

Frumkin, A., Ford, D.C. & Schwarcz, H.P. 1999. Continental oxygen iso-
topic record of the last 170,000 years in Jerusalem. Quaternary
Research 51: 317–27.

Frumkin, A., Bar-Yosef, O. & Schwarcz, H.P. 2011. Possible paleohydro-
logic and paleoclimatic effects on hominin migration and occupation
of the LevantineMiddle Paleolithic. Journal of Human Evolution 60:
437–51.

Gasse, F., Vidal, L., Develle, A.L. & Van Campo, E. 2011. Hydrological
variability in the northern Levant: A 250 ka multiproxy record from
the Yammoûneh (Lebanon) sedimentary sequence. Climate of the
Past 7: 1261–84.

Gasse, F., Vidal, L., Van Campo, E. et al. 2015. Hydroclimatic changes in
northern Levant over the past 400,000 years. Quaternary Science
Reviews 111: 1–8.

Hajar, L., Khater, C. & Cheddadi, R. 2008. Vegetation changes during the
late Pleistocene and Holocene in Lebanon: A pollen record from the
Bekaa Valley. The Holocene 18: 1089–99.

Hajar, L., Haïdar-Boustani, M., Khater, C. & Cheddadi, R. 2010. Enviro-
mental changes in Lebanon during the Holocene: Man vs. climate
impacts. Journal of Arid Environments 74: 746–55.

IPCC. 2013.Climate Change 2013: The Physical Science Basis. Cambridge:
Cambridge University Press.

Kaniewski, D., Guiot, J., Van Campo, E. 2015. Drought and societal collapse
3200 years ago in the eastern Mediterranean: A review.WIRES Cli-
mate Change. doi:10.1002/wcc.345.

Kolodny, Y., Stein, M. & Machlus, M. 2005. Sea–rain–lake relation in the
Last Glacial East Mediterranean revealed by �18O–�13C in Lake
Lisan aragonites. Geochimica et Cosmochimica Acta 69: 4045–60.

Langgut, D., Almogi-Labin, A., Bar-Matthews, M. & Weinstein-Evron,
M. 2011. Vegetation and climate changes in the south eastern
Mediterranean during the Last Glacial–Interglacial cycle (86 ka):
New marine pollen record. Quaternary Science Reviews 30: 3960–
72.

Langgut, D., Finkelstein, I., Litt, T., Neumann, F.H. & Stein, M. 2015. Veg-
etation and climate changes during the Bronze and and Iron ages



F. Gasse et al. 178

(3600–600 BCE) in the southern Levant based on palynological
records. Radiocarbon 57: 217–35.

Litt, T., Pickarski, N., Heumann, G., Stockhecke, M. & Tzedakis, P.C.
2014. A 600,000 year long continental pollen record from Lake Van,
eastern Anatolia (Turkey). Quaternary Science Reviews 104: 30–
41.

Loulergue, E., Schilt, A., Spahni, R. et al. 2008. Orbital and millenial-scale
features of atmospheric CH4 over the past 800,000 years. Nature
453: 383–6.

Meadows, J. 2005. The Younger Dryas episode and the radiocarbon
chronologies of the Lake Huleh and Ghab Valley pollen diagrams,
Israel and Syria. The Holocene 15: 631–36.

Moulin, A. Benedetti, L., Van der Woerd, J. et al. 2011. LGM glaciers
on Mount Lebanon? New insights from 36Cl exposure dating of
moraine boulders. Geophysical Research Abstracts 13: EGU2011-
11465.

Niklewski, J. & Van Zeist, W. 1970. A Late Quaternary pollen diagram from
north-western Syria. Acta Botanica Neerlandica 19: 737–54.

Rossignol-Strick, M. 1995. Sea–land correlation of pollen records in
the eastern Mediterranean for the glacial–interglacial transition:
biostratigraphy versus radiometric time-scale. Quaternary Science
Reviews 14: 893–915.

Sharon, D. & Kutiel, H. 1986. The distribution of rainfall intensity in Israel,
its regional and seasonal variations and its climatological evaluation.
Journal of Climatology 6: 277–91.

Stockhecke, M., Kwiecien, O., Vigliotti, L. et al. 2014a. Chronostratigraphy
of the 600,000 year old continental record of Lake Van (Turkey).
Quaternary Science Reviews 104: 8–17.

Stockhecke, M., Sturm, M., Brunner, I. et al. 2014b. Sedimentary evolu-
tion and environmental history of Lake Van (Turkey) over the past
600 000 years. Sedimentology 61: 1830–61.

Torfstein, A. Goldstein, S. L., Stein, M., and Enzel, Y. 2013. Impacts of
abrupt climate changes in the Levant from last glacial Dead Sea
levels. Quaternary Science Reviews 69: 1–7.

Tzedakis, P.C., Hooghiemstra, H. & Pälike, H. 2006. The last 1.35 million
years at Tenaghi Philippon, revised chronostratigraphy and long-
term vegetation trends. Quaternary Science Reviews 25: 3416–30.

Vaks, A., Bar-Matthews, M., Ayalon, A. et al. 2003. Paleoclimate recon-
struction based on the timing of speleothem growth and oxygen and
carbon isotope composition in a cave located in the rain shadow in
Israel. Quaternary Research 59: 182–93.

Vaks, A., Bar-Matthews, M., Ayalon, A. et al. 2007. Desert speleothems
reveal climatic window for African exodus of early humans.Geology
35: 831–34.

Vaks, A., Bar-Matthews, M., Matthews, A., Ayalon, A. & Frumkin, A.
2010. Middle–Late Quaternary paleoclimate of northern margins of
the Saharan–Arabian Desert: Reconstruction from speleothems of
Negev Desert, Israel. Quaternary Science Reviews 29: 2647–62.

Van Zeist, W. & Bottema, S. 1991. Late Quaternary Vegetation of the Near
East. Wiesbaden: Dr Ludwig Reichert Verlag.

Van Zeist, W. & Woldring, H. 1980. Holocene vegetation and climate of
northwestern Syria. Paleohistoria 22: 111–25.

Verheyden, S., Nader F.H., Cheng, H.J., Edwards, L.R. & Swennen, R. 2008.
Paleoclimate reconstruction in the Levant region from the geochem-
istry of a Holocene stalagmite from the Jeita Cave, Lebanon. Qua-
ternary Research 70: 368–81.

Waldmann, N., Torfstein, A. & Stein, M. 2010. Northward intrusions of low-
and mid-latitude storms accross the Saharo-Arabian belt during the
past interglacials. Geology 38: 567–70.

Yasuda, Y., Kitagawa, H. &Nakagawa, T. 2000. The earliest record of major
anthropogenic deforestation in the Ghab Valley, northwest Syria: A
palynological study. Quaternary International 73/74: 127–36.



Part III: Archaeology of Human Evolution

20 ‘Ubeidiya

o. bar-yosef and m. belmaker

20.1 LOCATION AND STRATIGRAPHY

The site of ‘Ubeidiya lies 3 km south of the Sea of Galilee (Lake
Kinneret) on what are today the flanks of the western escarpment
of the Jordan Valley. It was first discovered in 1959 and a series of
excavations conducted from 1960 to 1974, and later in 1988–1992
and 1997–1999.
Owing to the anticline structure and the tilted stratigraphy, the

only technique to expose the various layers or beds was to use heavy
machinery. Several geological trenches (numbered I–V and K and
KA) were excavated with a total length reaching �1100 m (Picard
& Baida 1966; Bar-Yosef & Tchernov 1972; Bar-Yosef & Goren-
Inbar 1993). The anticline presents several secondary undulations
accompanied by a few minor faults. The stratigraphy in the site,
and additional observations farther north and on the eastern side
of Lake Kinneret, led to the definition of the ‘Ubeidiya Formation.
The layers in the trenches were numbered from the earliest exposed
layer to the latest. Total thickness is 154 m. The observed sequence
(Fig. 20.1) was subdivided into four cycles based on their facies:
two limnic (Li and Lu cycles) and two terrestrial (Fi and Fu cycles)
by Picard and Baida (1966):

A. The Li-cycle, characterized by clays, silts, and limestone, ter-
minates with laminated silts rich in freshwater molluscs and
fish remains. One layer (III-12) contained mammalian bones,

Figure 20.1 Schematic geological cross-section of ‘Ubeidiya. A: Lisan
Formation; B: Naharayim Formation; C: ‘Ubeidiya Formation. The loca-
tion of the main excavated layers is marked on both sides of the anticline
(reprinted with permission from Bar-Yosef & Goren-Inbar 1993).

crocodile, and some artefacts, and provided the only pollen spec-
trum indicating a forest cover on the surrounding hills (Bar-
Yosef & Tchernov 1972; Tchernov 1986).

B. The Fi-cycle is composed of clays and conglomerates, mainly
beach deposits indicating the presence of Lake ‘Ubeidiya
(Figs. 20.1–3). Most of the archaeological finds and faunal
remains were obtained from this member beginning with layer
II-21 through III-64 (Bar-Yosef & Goren-Inbar 1993).

C. The Lu-cycle is the upper limnic member. It consists of two
parts: the lower part is essentially clays and chalks, and the upper
part is a white-greyish-yellow silty series. Only a few artefacts
were encountered in this unit.

D. The Fu-cycle consists mainly of conglomerates with some large
basalt boulders. No artefacts or molluscs were found in this
member. Presumably, it represents the regression or even dis-
appearance of Lake ‘Ubeidiya, possibly owing to either regional
drying or the impact of local tectonics. This member is capped
by Pliocene rocks and sediments emplaced by a landslide. The
basalt within this block is �3.6 Ma (K–Ar age by Curtis 1967).

In a preliminary palaeoenvironmental reconstruction of these
four ‘Ubeidiya members or cycles, the above detailed lithologies
were used together with the malacological and faunal assemblages
as palaeoenvironmental indicators (Bar-Yosef & Tchernov 1972).
During the early phase, i.e. the Li-cycle, the lake reached as far
as the escarpment of the Jordan Valley (the Dead Sea rift escarp-
ment). When the lake regressed, the Fi-cycle with its hominin occu-
pations accumulated. This Fi-cycle is a sequence of alluvial and
deltaic deposits rich in lakeshore gravels. Discarded hominin lithic
assemblages were recovered at the top of mudflats or temporarily
dried swamps as well as on the shorelines covered by cobbles and
pebbles. During this phase, at the edges of the alluvial fan, sev-
eral lithic assemblages were washed and re-deposited within chan-
nel infills (in particular layers K-29, K-30 and III-34, 35). The lake
transgressed again (Lu-cycle), and then regressed (Fu-cycle).
The archaeological excavations at ‘Ubeidiya uncovered numer-

ous layers with artefacts (Bar-Yosef & Goren-Inbar 1993).
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Figure 20.2 The I-26 trench. a: General view of the I-26 trench. The whitish exposure on the right is the trench of I-15. b: Closer view of the excavation in
I-26. On the right, sublayer I-26a; in the centre, exposure of I-26b; and on the left, I-26c.
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a

b

Figure 20.3 Sub-layer I-26c. a: Digging sub-layer I-26c. Note the flat
shoreline fully packed with cobbles. b: Remains of hippopotamus skeleton
in sub-layer I-26a.

Although field observations indicated that the same layers can be
traced on both sides of the abovementioned anticline, to avoid
unfounded correlations, layers were numbered separately in each
geological trench (Bar-Yosef &Tchernov 1986). Of the 65 observed
lithic- and bone-bearing layers, 15 consist of the major archaeo-
logical horizons and were excavated over sufficiently large expo-
sures to provide a comprehensive lithic and faunal assemblage in
each case (Bar-Yosef & Goren-Inbar 1993). Occasional isolated
artefacts were encountered in different layers, reminiscent of the
spare finds above the Zinj floor at Olduvai Gorge and directly
related to the study of the ‘scatter between the patches’ that proba-
bly records the pattern of ‘feed as you go’ among the early humans
(Isaac 1984; Stern 1993).

20.2 CHRONOLOGY

The relative chronology of the ‘Ubeidiya Formation is based on its
position within the Kinnarot Basin, in the Dead Sea rift. The relative
chronological position of ‘Ubeidiya is considered as follows:

A. The top of the Cover Basalt has been dated using Ar–Ar to 3.99
Ma (e.g. Matmon & Zilbermann, Chapter 3 of this volume).

B. The lacustrine and fluvial sediments of the lower Erq el-Ahmar
Formation indicate the remains of an earlier freshwater lake that
pre-dates Lake ‘Ubeidiya (Horowitz 1979). These sediments
were recently dated by palaeomagnetic records and burial ages
using cosmogenic isotopes to 5.3–3.5 Ma (Davis et al. 2011;
Matmon & Zilbermann, this volume) that lasted through most
of the Gilbert chron.

C. Higher in the Erq el-Ahmar Formation, Tchernov (1975) sam-
pled a large malacofauna identified as the Late Pliocene age
Hydrobia acuta and Dreissena chantrei. Furthermore, this for-
mation contains eight extinct species not found in ‘Ubeidiya or
in later formations (Picard 1943; Tchernov 1975, 1986), thus
indicating a gap between the top of the Erq el-Ahmar Formation
and exposed base of the ‘Ubeidiya Formation, both described as
water lakes. The few core-choppers and flakes that were found
on the surface as well as in a conglomerate that postdates the Erq
el-Ahmar Formation should not be taken yet as evidence for the
first entry of hominins into the Levant.

D. The ‘Ubeidiya Formation was deposited as a deltaic formation
following a tectonic movement that contorted the Erq el-Ahmar
Formation. Palaeomagnetic analysis of the ‘Ubeidiya Forma-
tion indicated a reversed polarity, suggesting that it pre-dates the
Brunhes–Matuyama reversal (Opdyke et al. 1983; Braun et al.
1991; Verosub & Tchernov 1991). Two short, normal palaeo-
magnetic episodes have been found in the Fi member layers
II-33 and II-23–24. Layer II-33 has been assigned to the Cobb
Mt (1.215–1.190 Ma), and the putative normal episode in layer
II-23–24 has been assigned to the Gilsa (1.575–1.567 Ma) (Sagi
2005; Sagi et al. 2005). This correlation fits well with an ESR
date of ca. 1.2 Ma for the stratum I-26, which immediately
underlies stratum II-33 (Rink et al. 2007). These results correl-
ate well with the long-range biostratigraphy (see Section 20.3).

E. The Yarmuk Basalt, bearing a normal polarity, does not directly
overlie the ‘Ubeidiya Formation, but is considered to postdate
the latter on the basis of geologic correlations (Horowitz 1979).
It was first K–Ar dated to 0.6±0.05 Ma and 0.64±0.12 Ma
(Horowitz et al. 1973), and later nine Ar–Ar samples produced
a mean age of 0.79±0.17 Ma (Mor & Steinitz 1985). Recent
dates suggest an age of 0.85 Ma (Matmon & Zilbermann, this
volume).

20.3 THE FAUNA OF ‘UBEIDIYA: BIOGEOGRAPHIC
CONSIDERATIONS

The fauna of ‘Ubeidiya has been widely described for its broad bio-
graphic origins. Long-range bio-stratigraphic correlations are based
on rodent and large mammals, both providing similar age estimates.
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Taxonomic analysis of the rodent assemblage has shown great simi-
larities to East Europe and Central Asia rather than European faunal
assemblages.
The most indicative for the rodent chronology is the evolution-

ary lineage of the microtines. The presence of Lagurodon arnakae
together with Mimomys sp. in strata II-23–24 in ‘Ubeidiya is simi-
lar to the stage denoted by Kretzoi as Biharian (ca. 1.6–0.6 Ma)
(Haas 1961, 1966, 1968) and the Microtus–Mimomys rodent stage
of Fejfar and Heinrich (1986). The micromammal fauna of ‘Ubei-
diya can be best correlated with the Biharian Micromammal faunal
zone. Current ages for the Biharian place it between 1.7–0.6 Ma.
Long-range biostratigraphic correlation based on large mammals

provided amore concise chronological estimate. The fauna could be
assigned to the late Villafranchian mammal age (ca. 1.8–1.1 Ma).
Classic late Villafranchian elements include, among others, the
Etruscan bear (Ursus etruscus), dirk-toothed felid (Megantereon
cf. whitei), and Meridian mammoth (Mammuthus meridionalis), as
well as Etruscan rhino (Stephanorhinus etruscus etruscus).
In some of the earlier taxonomic lists, several older and younger

taxa were identified (Haas 1961, 1966, 1968). However, subsequent
revision of the fauna by Tchernov (1986), Belmaker (2010, and
Chapter 41 of this volume) and Martìnez-Navarro et al. (2009) has
not confirmed the presence of taxon >1.6 or <1.0 Ma (Tchernov
1987, 1988a, 1988b).
More specifically, the ‘Ubeidiya fauna corresponds to Mammal

Neogene Quaternary (MNQ) biozones MNQ 16 through MNQ 20
(Guérin 1982). A few species provide a more accurate chrono-
logical estimate and can serve as a chronological indicator. The
most indicative large mammal species is Stephanorhinus etruscus
etruscus.
The Stephanorhinus etruscus etruscus is a typical Villafranchian

taxon. Guérin (1982) subdivided this period into four sub-stages
based on the faunal associations of western Europe and specifically
the species of rhino. The faunal assemblage in ‘Ubeidiya is most
similar to the faunal assemblage typical of MNQ zone 19, which
includes Stephanorhinus etruscus etruscus as well as Sus strozzi.
This stage has been roughly dated between 1.4 and 1.0 Ma.
Within this time span, the precise position of ‘Ubeidiya is diffi-

cult to ascertain. No species indicative of MNQ zone 18 (ca. 1.9–
1.4Ma), e.g.Croizetoceros ramosusminor,Cervus philisi philisi, or
Eucaldoceros senezensis, appear in ‘Ubeidiya. Similarly, no speci-
mens of Stephanorhinus etruscus brachycephalus indicative of
MNQ zone 20 (ca. 1.0–0.6 Ma) have been found at ‘Ubeidiya.
Comparison with the Italian faunal units suggests that the great-

est similarities of the ‘Ubeidiya faunal assemblage are with the Far-
neta faunal unit (the sites of Selvella and Pietrafitta, Italy) which are
ca. 1.6–1.2 Ma (Caloi & Palombo 1997). Species common to both
regions include Macaca sylvana, Panthera gombaszoegensis, Pan-
nonictis pilgrimi, Ursus etruscus, Mammuthus meridionalis, and
Pseudodama sp. (Caloi & Palombo 1997).
Although ‘Ubeidiya shares some species (e.g. Lycaon

lycaonoides = Xenocyaon falconeri) with the following fau-
nal unit of Pirro Nord (ca. 1.2–1.0 Ma), Pirro Nord should be
considered younger than ‘Ubeidiya based on the extinction of
forms such as Pannonictis pilgrimi, and the replacement of Ursus

etruscuswith advanced arctoid bears (Caloi & Palombo 1997). This
would suggest that the age of ‘Ubeidiya should be best confined
between ca. 1.6 and 1.2 Ma.

20.4 HOMININ REMAINS

Several cranial fragments (UB 1703, 1704, 1705, and 1706), an
incisor (UB 1700), and a molar (UB 1701), retrieved as surface
finds, have been assigned to Homo indet. (Tobias 1966a, 1966b)
and later revised as Homo cf. erectus (Tchernov & Volokita 1986).
These teeth and the cranial fragments have been shown on the basis
of fluorine tests to be younger than the surrounding deposits (Molle-
son & Oakley 1966). Moreover, fluorine tests have been shown
to be problematic (Johnsson 1997). The incisor (UB 1700) and a
molar (UB 1701) that were not tested, were assigned to the ‘Ubei-
diya Pleistocene deposits based on provenance data (Tchernov &
Volokita 1986). A right lateral hominin incisor (UB 335) from layer
I-26a was described later (Belmaker et al. 2002). It exhibits tapho-
nomic affinities to the macromammal fauna of I-26a, including
heavy fossilization, almost metallic in colour and heavy in weight,
suggesting a similar depositional environment. This hominin incisor
(UB 335) is described as securely assigned to the early Pleistocene
deposits, although it cannot be securely attributed to any particular
species within that interval. The current age of ‘Ubeidiya deposits
suggests a tentative identification asHomo ergaster (Belmaker et al.
2002).

20.5 THE PALAEOECOLOGY OF THE ‘UBEIDIYA
SITE

Results of palaeoecology reconstructions based on presence–
absence and abundance data suggest that the large mammalian
fauna from all strata are indicative of the Mediterranean biome and
are similar in faunal distribution to other earliest Pleistocene sites
in Eurasia (Belmaker, this volume). Despite the presence of some
African taxa and specifically savanna-type herbivores, a palaeoeco-
logical reconstruction of an African-type savanna is not warranted
(see for example Dennell 2004; Martínez-Navarro 2004). The pres-
ence of Mediterranean-type environments at ‘Ubeidiya suggests
that the early hominin population dispersing to the Levant had
to adapt to a new environment on coming from sub-tropical East
Africa.
Support for the Mediterranean environment reconstructed by the

large mammals comes from the analysis of the avifauna of ‘Ubei-
diya, which indicates that the Palaearctic groups predominate the
assemblages, and only a few are tropical (Oriental or Ethiopic). The
development of the Mediterranean endemic elements from Asian
species took place shortly after the Mediterranean Messinian cri-
sis (ended ca. 5.3 Ma) but increased later in the Pliocene and Early
Pleistocene around the humid Mediterranean basin, and resulted in
a high proportion of endemic species in ‘Ubeidiya (Tchernov 1980).
Macrofloral remains of fossilized leaves (Lorch 1966) and a

pollen spectrum from layer III-12 (Bar-Yosef & Tchernov 1972)
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Figure 20.4 A selection of artefacts: 1, handaxe (flint); 2, spheroid (limestone); 3, chopper (flint); 4, handaxe (basalt).
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suggests a Mediterranean park-forest surrounded by a rocky and
steppe terrain.

20.6 THE LITHIC INDUSTRIES

Hominins at ‘Ubeidiya applied an overall selection process, fit-
ting their desired artefact templates to the available raw materials
(Fig. 20.4). Basalt occurs as pebbles, cobbles, boulders, and scree
components. Large cobbles were chosen for shaping simple hand-
axes, often classified today as large cutting tools (LCT). Lime-
stone cobbles within the beach shoreline deposits were shaped
into handaxes, picks, and spheroids. Flint cobbles and pebbles col-
lected in the same beach conglomerates were rarely shaped as
handaxes and trihedrals, but were reduced by knapping as core-
choppers for obtaining numerous sharp edge flakes. Overall, there
is a direct correlation between the size of the tool-category and
the type of common raw material. In most depositional contexts,
both beach and channel fill, basalt was the common lithology.
However, the most abundant tool-type is the core-chopper made
of flint, which provides a longer stable sharp edge than basalt or
limestone.
The earliest layers (K20, III-12, 20, 22, and II-23, 24) con-

tain abundant core-choppers, polyhedrons and a few spheroids, but
lack bifaces. The samples are large enough to suggest that these
assemblages may indicate the presence of an early group of Homo
ergaster. These assemblages resemble the Dmanisi assemblage, the
earliest site in West Asia dated to 1.85–1.77 Ma (Ferring et al.
2011). The rest of the sequence contains bifaces in varying fre-
quencies and can be termed early Acheulian (Bar-Yosef & Goren-
Inbar 1993). The Olduvai terminology, labelling the assemblages
as ‘Developed Oldowan’ according to M. Leakey’s definition of
assemblages with very few handaxes, was replaced by the term
Early Acheulian as a comprehensive category that takes into con-
sideration only the mere presence of bifaces.

20.7 HUMAN ACTIVITIES AT THE SITE

Taphonomic analysis suggests that weathering and fluvial trans-
port were not primary factors in the accumulation of the large
mammalian fauna of ‘Ubeidiya. The high abundance of specimens
assigned to weathering stages 1 and 2 suggests that most specimens
were buried quickly (Belmaker 2006). The highly fragmented state
of the cranial elements usually not consumed by carnivores point to
a high degree of post-depositional mechanical fragmentation as a
result of trampling and soil compaction. Gaudzinski (2004a, 2004b;
Gaudzinski-Windheuser 2005) has pointed out that in stratum I-15–
16, most fragments are rectangular, and has attributed them to sedi-
ment compression associated with the shoreline lithology.
All the assemblages in ‘Ubeidiya were subjected to a high degree

of post-depositional ravaging by hyenas. This is supported by the
body part distribution, high proportion of gnaw marks and modi-
fied bones, high proportion of carnivores in the assemblages, and a
high proportion of cylinder-type shaft fragments. The preferences

of hyena for small–medium cervids resulted in an increase in their
proportion in strata subjected to a high intensity of carnivore rav-
aging (Gaudzinski 2004a, 2004b; Gaudzinski-Windheuser 2005;
Belmaker 2006).
The meat subsistence patterns of hominins are more consistent

with their scavenging of species killed by large carnivores, such
as large felids, rather than hunting. This is evident by the low pro-
portion of cut-marks and their distribution among the limb bones,
and the high proportion of gnaw-marks on mid-shaft fragments.
Absence of bone marrow processes may be attributed to a reverse
utility and processing off site (Belmaker 2006). This model does not
negate the possibility that some individual specimens were acquired
by active hunting, but it does suggest that this was not the common
practice by the early hominins at ‘Ubeidiya. Nothing is known about
plant food consumption in this site.

20.8 CONCLUSIONS

To date, ‘Ubeidiya is the oldest hominin lithic and fauna bearing site
in the southern Levant, and while we cannot securely date the site,
long-range biostratigraphic estimates place it at about 1.6–1.2 Ma.
The long sequence at the site suggests a temporal range of several
hundred thousand years. Hominins survived in this Mediterranean
open woodland, next to a freshwater lake, probably one of the lakes
formed during the early stages of the Dead Sea rift.
Core-choppers and large cutting tools dominate the large lithic

assemblages in the site. However, little evidence has been found in
the fauna taphonomic study to support primary access to carcasses,
suggesting a high degree of competition between hominins and car-
nivores for access to prey at the site.
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21 Gesher Benot Ya‘aqov

naama goren-inbar

Gesher Benot Ya‘aqov (GBY) is a unique Acheulian site. A
recent multidisciplinary study has produced copious and outstand-
ing results, including high-resolution palaeobotanical and palae-
ontological assemblages, reconstructions of habitats and palaeo-
environments, and unprecedented insights into hominin culture and
behaviour during Early to Middle Pleistocene times in the Levan-
tine Corridor. The site has no known cultural parallels in western
Eurasia but displays clear affinities with African Acheulian entities.

21.1 LOCATION AND RESEARCH HISTORY

Located in the northern Israeli sector of the Dead Sea Rift (a seg-
ment of the Great African Rift System), the GBY site is located
at the southern end of the Hula Valley (Fig. 21.1) and bedded in
the Benot Ya‘aqov Formation (BYF). It is exposed along the course
and both banks of the Jordan River for at least 3.5 km. This area is
bounded on the east by the western slopes of the Golan Heights and
on the west by the Korazim Saddle (Picard 1952, 1965; Horowitz
1973; Belitzky 2002).
Two accidental finds in both the upper and central Jordan Valley

in 1935 led to the discovery of the Acheulian site. Stone artefacts
were discovered by soldiers of the British Army Mounted Police
Post Unit stationed at the Benot Ya‘aqov Bridge over the River Jor-
dan, who informed D.G. Garrod of the find, and a fossil mammal
bone found by M. Stekelis during his survey of the north shore of
Lake Kinneret was associated by him to a site located upstream.
Stekelis’s research (1935–1960) initiated one of the longest and
most wide-ranging multidisciplinary research projects ever carried
out in the Levant.

21.2 PREVIOUS EXCAVATIONS AND STUDIES

Between 1935 and 1968, three different expeditions conducted sur-
veys and small-scale testing at GBY, all north of the bridges and on
the right bank of the river (Fig. 21.1). These included test pits made
by Garrod (Stekelis 1960), surveys and small-scale excavations by

Stekelis (Stekelis 1960), and two field seasons by Gilead in 1967–
1968 (Goren-Inbar & Belitzky 1989). Stekelis and Gilead were the
first to discern the striking similarities between the GBY lithic arte-
facts and the African Acheulian (Stekelis 1960; Gilead 1970).
The palaeontological remains deriving from the above activities

and the recurrent drainage of the River Jordan were studied by Bate
and Hooijer (Stekelis et al. 1937, 1938; Hooijer 1959, 1960). Two
hominid bones (femurs) of unknown provenance but most prob-
ably deriving from the drainage spoils were identified in the lab-
oratory (Geraads & Tchernov 1983) during a major palaeontolog-
ical revision (Tchernov 1986). An attempt to date these bones by
the uranium-series radiometric method failed because of insuffi-
cient uranium content (C. Falguères, pers. comm. 1994). The water-
logged nature of the site has enabled excellent preservation of wood,
bark, fruits, seeds, and bones. These in turn provide the environmen-
tal and ecological background of hominin occupation on the shore
of palaeo-Lake Hula.

21.3 GEOLOGY

Very small exposures of fluvial and lake-margin sediments in the
immediate vicinity of the GBY bridges contain stone artefacts,
fossil bones, and abundant remains of the gastropod Viviparus
apameae galileae. These were named ‘Viviparus beds’ and were
assigned a Middle Pleistocene age by Picard (Picard 1965: 352,
Fig. 8), who also described the general geological structure (Picard
1952, 1963, 1965; see Goren-Inbar & Belitzky 1989 and references
therein). Horowitz assigned these exposures to the BYF (Horowitz
1973); the same sediments are known from drillings in the Hula
Valley (Belitzky 2002).
The deposits at the site consist of fluvial and limnic sediments

that form the littoral facies of the Hula Valley basin fill (Horowitz
1973). The geological history of the area has been strongly affected
by morphotectonic and sedimentological processes related to the
development of the Hula Valley basin, as well as by other young
morphotectonic activities along the rift. Down-sinking of the Hula
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Figure 21.1 1: Location map of the GBY site. 2: The study area of the GBY site: trenches, areas of excavation, and geological map. 3: The trenches of
GBY, showing their correlation and sediment types. 4: The composite section of the GBY excavations. 5: GBY: Basalt handaxe. 6: GBY: Basalt cleaver.
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basin (Horowitz&Horowitz 1985) andmovement along young left-
lateral NNE-trending faults in the vicinity of the Jordan River are
still active (Belitzky 1987). The outcrops of the BYF extend about
3.5 km along the Jordan River, with their southernmost exposure
at the confluence of the Rosh Pinnah River with the Jordan River.
In the 1980s, tilted freshwater beds (64° E) were discovered on the
eastern flanks of the Ateret Fortress (Vadum Yaqub) (Belitzky 1987,
2002); the beds, which contained stone artefacts associated with the
gastropod Viviparus apameae, the guide fossil of the Hula Middle
Pleistocene (Moshkovits & Magaritz 1987), indicated that the BYF
was identifiable south of all previous discoveries. Similar exposures
were confined to the course of the Jordan River and both of its banks
during a geological survey conducted by Goren-Inbar and Belitzky
in 1981–1989 (Goren-Inbar & Belitzky 1989). These southern find-
ings initiated new excavations located on the left bank of the river.

21.4 THE NEW PROJECT (THE STUDY AREA)

On the east bank of the Jordan River, south of the bridges (the
study area), six geological trenches revealed 34 m of tilted BYF
strata (Goren-Inbar et al. 1992; Feibel 2001, 2004). The BYF strata
include three dominant lithofacies: (1) coquina, sand, and gravel
of a beach facies, (2) calcareous mud of a shallow-water lacustrine
facies, and (3) gravel of a fluvial channel facies (Feibel 2001, 2004).
The lake-margin sediments of the BYF contain Acheulian artefacts
(Horowitz 1973). This depositional record, built of six sedimentary
cycles representing water-level fluctuations of palaeo-Lake Hula
(estimated to span 100,000 years), is assigned to the Early–Middle
Pleistocene (MIS 20–19) and is severely disturbed, tilted (up to 40°)
by tectonic activity typical of plate boundaries (Feibel 2001, 2004)
(Fig. 21.1).
A drilling project initiated at the site to provide additional data

on the structural position of the BYF comprised two drillings. The
GBY#2 core was drilled to a depth of 50 m at the eastern pier of the
southernmost bridge, constructed on the BYF. The second, Eshel
Ya‘aqov (EY), was drilled in Area C of the GBY excavation site
to a depth of 127 m. Both cores yielded a sequence of lake-margin
sediments with an interfingering basalt flow (GBY#2) dated by Ar–
Ar to 0.66 Ma; this is similar in age to a basalt flow of the same
stratigraphic position studied north of the bridges, which yielded a
date of 658±15 ka (Sharon et al. 2010).
The top of the basalt flows underlying the BYF sediments in

both cores yielded dates (Ar–Ar) of 1.1 to 1.3 Ma, which mark
the beginning of the lake-margin sediment accumulation. The ana-
lyses of both cores indicate that the tilted block is at least 125 m
deep and that the BYF is laid on a thick series of basalt flows tilted
70° to the west. The location of the Bruhnes–Matuyama Chron
Boundary (0.79 Ma) above the basalts and within the sedimentary
sequence was ascertained from both cores, yielding unprecedented
structural, stratigraphic, and palaeobotanical information, and con-
tributing much to the understanding of the evolution of the Hula
Valley and the development of the Dead Sea Rift in general (Goren-
Inbar et al. in prep.).
Seven field seasons of excavation took place between 1989 and

1997 in the GBY study area. Six geological trenches were dug per-

pendicular to the strike of the strata, and four areas adjacent to the
trenches were chosen for excavation (Areas A, B, C, Jordan Bank)
(Fig. 21.1). The excavation methodology included exposure of the
tilted archaeological horizons along the strike and dip of the layers
and registration of the coordinates of all finds measuring 2 cm and
above. All the excavated deposits were wet-sieved through 2 mm
mesh.

21.5 THE ENVIRONMENT AS BACKGROUND TO
HOMININ ACTIVITIES

The analyses of the palaeontological and palaeobotanical assem-
blages have facilitated palaeoenvironmental reconstruction. The
macro organic remains of wood, bark, climbers, bushes (26 taxa;
over 2,000 remains) (Goren-Inbar et al. 2002), fruits and seeds (over
120 taxa; 100,000 remains) (Goren-Inbar et al. 2002; Melamed
et al. 2011), and pollen (van Zeist & Bottema 2009) are all
aquatic and terrestrial plants typical of a Mediterranean environ-
ment. Except for 15 wet-habitat taxa and a single type of wood, all
are species that are extant today in the Hula Valley and its vicinity.
These include lake-margin as well as open-park forest dwellers. The
lake-margin habitat is strongly represented, while edible species
occur in both the wet habitats and the more terrestrial ones. Despite
the richness of the wood assemblage (N = 1568), only one artefact
was found, a fragment of a polished wooden plank made of Salix
(Belitzky et al. 1991) that is the earliest wooden tool known to date.
The rich palaeontological assemblages of the site include ostra-

cods (Rosenfeld et al. 2004; Mischke et al. 2014), molluscs (Mie-
nis & Ashkenazi 2006; Ashkenazi et al. 2010), fish (Zohar &
Biton 2011; Zohar et al. 2014), crabs (Ashkenazi & Mienis 2005),
amphibians and reptiles (Rabinovich & Biton 2011), birds (Sim-
mons 2004; Rabinovich & Biton 2011), micromammals (Gold-
stein 2011; Rabinovich & Biton 2011), and medium-sized and large
mammals (Rabinovich et al. 2012). Of the latter, the predominant
species are elephant, fallow deer, and hippopotamus, represented in
all the archaeological horizons.
These findings enable the reconstruction of a rich and diverse

Mediterranean palaeoenvironment and show that there has been
continuity in the presence of many families and species from the
Lower Pleistocene until Recent times, particularly in fish (Zohar
& Biton 2011; Zohar et al. 2014), turtles (Hartman 2004), painted
frog (Biton et al. 2013), and micromammals (Goldstein 2011),
among others. This indicates that the climatic fluctuations revealed
by the multidisciplinary studies (e.g. Spiro et al. 2009; Melamed
et al. 2011; Mienis & Ashkenazi 2011; Spiro et al. 2011; Mischke
et al. 2014) did not eradicate these particular Mediterranean lake-
margin habitats and their environs. Large differences (particularly
the extinction of medium-sized and large mammals) are due to
human intervention that postdates the Acheulian occupations.

21.6 HOMININ CULTURE, SUBSISTENCE,
AND BEHAVIOUR

Lithic artefacts were found throughout the depositional sequence,
indicating hominin presence during ca. 100 ka. Bedded in this
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Figure 21.2 Frequencies of lithic assemblage composition of archaeological horizons (excluding microartefacts), from youngest (top) to oldest (bottom).

sequence are more than 15 rich archaeological horizons that yielded
a wealth of information on the material culture, subsistence, and
cognitive abilities of the Acheulians, data derived from lithic arte-
facts, palaeontological, and palaeobotanical remains.
Detailed attribute analyses of the lithic assemblages have fur-

nished a multitude of insights into the hominin abilities that are
expressed in the technology, typology, and style of the artefacts, all
assigned to the large-flake Acheulian industry (Goren-Inbar et al.
2000; Sharon 2010; Goren-Inbar et al., under review). The Acheu-
lians procured three different types of raw materials to produce
their tool kits: basalt for the production of bifacial tools (han-
daxes and cleavers, Fig. 21.1) (Goren-Inbar & Saragusti 1996),
flint for the production of flake tools (Goren-Inbar et al., under
review), and limestone primarily for the production of percussors
(Fig. 21.3) (Alperson-Afil & Goren-Inbar 2016). The pattern of dis-
tinct and different reduction sequences continued unchanged for
more than ca. 50 ka (Sharon et al. 2011; Feibel, in prep.; Goren-
Inbar et al., in prep.). The study of individual reduction sequences
has revealed the extensive planning depth and working memory of
the GBY hominins. Bifaces, for example, were target tools result-
ing from a very long and sophisticated process that required pro-
found knowledge of the environment and particularly bedrock. The
first steps were the acquisition of basalt slabs, their fragmentation,
and the formation of giant cores on them. This sequence was fol-

lowed by the production of large flakes that were then modified
into bifaces (Goren-Inbar&Saragusti 1996;Madsen&Goren-Inbar
2004; Goren-Inbar 2011; Goren-Inbar et al. 2011). Small flint nod-
ules and flakes were modified into cores in a different way alto-
gether, intended to result at the end of the reduction process in
flakes and flake tools (notches, denticulates, borers, side-scrapers,
end-scrapers, massive-scrapers, burins, etc.). Particular attention
was paid to the removal and modification of their proximal edges,
interpreted as a preparation for hafting (Goren-Inbar et al., under
review; Alperson-Afil & Goren-Inbar 2016). The limestone reduc-
tion sequence is again entirely different, as nodules were collected
and used for two distinct types of percussors: flaking percussors
and percuteurs de concassage (Alperson-Afil &Goren-Inbar 2016).
When these were accidentally broken, additional modification was
applied to the fragments to result in cores, flakes, and flake tools,
all in very small numbers (Alperson-Afil & Goren-Inbar 2016).
While the technology and typology of the assemblages remained

unchanged along the depositional sequence, extensive variability in
the frequencies of artefacts among assemblages was encountered
in both tools and waste categories (e.g. tools: Fig. 21.2). A typical
example is that of bifaces, which are sometimes numerous (e.g. a
‘pavement’ consisting of bifaces, one item thick), while they are
extremely scarce in other assemblages. This variability of frequen-
cies is seen in the faunal and floral assemblages as well.
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Figure 21.3 Frequencies of raw materials used in the archaeological horizons, from youngest (top) to oldest (bottom).
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Lithic analyses have furnished insight into the behavioural modes
and cognitive abilities of the Acheulian hominins and the continu-
ous exploitation modes that enabled their survival and the continu-
ation of their culture from generation to generation.
Fire was a component of the Acheulian cultural realm at the site.

Concentrations of burnt microartefacts delineate the spatial loca-
tion of (phantom) hearths, which appear repeatedly in each of the
rich archaeological horizons (Alperson-Afil 2008; Alperson-Afil &
Goren-Inbar 2010).
Subsistence was clearly dependent on the floral and faunal com-

ponents of palaeo-Lake Hula and its environment. Edible plants
are numerous (over 40 species) and originate in the wet habitats
of the valley and in its higher topographical borders. While fallow
deer seem to have been a favoured component among the mammals
in their diet, extensive consumption of fish (carp) is documented
(Zohar & Biton 2011; Zohar et al. 2014). Bone taphonomy studies
point to extensive processing of meat and marrow, as documented
by cut marks, hack marks, and extremely high frequency of bone
fragmentation.
Nuts – including two nutritionally important water nuts, Euryale

ferox and Trapa natans (Goren-Inbar et al. 2002; Melamed et al.
2011; Goren-Inbar et al. 2014) – fruits, and plants producing under-
ground storage organs were an important component of the var-
ied diet at the site (Goren-Inbar et al. 2002; Melamed et al. 2011;
Melamed et al. 2016). Clearly, control of fire enlarged the scope
of edible plant species and improved the efficiency of other dietary
components. The location of fire has strongly influenced the spa-
tial distribution of the artefacts, wood, plants, and bones around it
(Alperson-Afil et al. 2009), revealing activity patterns known from
more recent periods and allowing a glimpse into a variety of issues
concerned with gender roles.
Analysis of hominin behavioural patterns has yieldedmuch infor-

mation on the movement of objects into and out of the sites. This
mobility was particularly studied in respect to bifaces, backed up
by a series of exhaustive actualistic experiments. The studies have
shown that even where there was an abundance of bifaces (Goren-
Inbar & Saragusti 1996), they were not all manufactured on the spot
but were sometimes introduced to the locality as finished objects
(Madsen & Goren-Inbar 2004). Other bifaces were undoubtedly
manufactured in situ, as all the waste products of their reduction
process are present. In other cases, there is ample evidence that
bifaces were manufactured in a locality from which they are absent
(Sharon & Goren-Inbar 1999; Goren-Inbar & Sharon 2006). These
patterns, together with others related to the procurement of raw
materials and their introduction to the lake margin, all attest to the
extent of movement on the palaeo-landscape of the Upper Jordan
Valley.
Owing to constraints imposed by the waterlogged nature of the

site and its location on the palaeo-lake margin, microwear analysis
could not be carried out, and information on the function of the tools
is therefore lacking. Nevertheless, a wealth of cognitive information
is derived from the analyses of different GBY assemblages. Thus,
it has been demonstrated that particular patterns of procurement
existed in the acquisition of raw materials, not only among different

rock types but also within the same type. Particular morphologies
and other characteristics were sought out, for example, in the case
of the slabs serving as thin basalt anvils (Goren-Inbar et al. under
review). Developed cognitive abilities are apparent from different
studies illustrating qualities such as procedural cognition, plan-
ning and working memory, cooperative provisioning, technologic-
al flexibility, spatial cognition, long term memory, large-scale spa-
tial thinking, contingency planning, and more, all of which, when
examined together with the cultural remains and the long cultural
sequence of GBY, attest to excellent communication that implies
the presence of language. The information acquired through spatial
analyses, particularly in connection with the hearths and their asso-
ciated finds, contributes further to the above (Alperson-Afil et al.
2009).
On the background of these developed cultural and cognitive abil-

ities, hominins occupied the area for a duration of at least 100 ka and
adapted fully to the Mediterranean environment, its diverse ecolog-
ical niches, and its rich biological resources. The great cultural sim-
ilarities between the African large flake Acheulian sites and those
of GBY show that the process of adaptation to a new environment
was a long and continuous one, similar to that encountered at the
older (1.6 Ma) Acheulian sites of ‘Ubeidiya, which document an
earlier sortie out of Africa (Bar-Yosef & Goren-Inbar 1993). The
GBY record provides insight into the sophisticated adaptive abil-
ities of the Acheulians in Early–Middle Pleistocene conditions in
the Levantine Corridor, throwing light on models of the adaptations
that enabled the process of dispersals into Eurasia.
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22 Bizat Ruhama

yossi zaidner

22.1 SITE DESCRIPTION AND STRATIGRAPHY

Bizat Ruhama is located at the fringe of the Negev Coastal Plain, 25
km east of the present Mediterranean shoreline (Fig. 22.1). The area
is characterized by low undulating topography (Fig. 22.2a). Low-
lying hills (160–190 m asl) composed of sand and loess descend
gently to the east and the north toward Nahal Shiqma (Fig. 22.1),
the largest stream in the region. The loess hills eroded and form
badlands in which the site of Bizat Ruhama is exposed.
The site was discovered by Yehuda Bach of kibbutz Ruhama

in the 1960s. Lithic material collected on the surface of the site
was first published in the 1970s (Lamdan et al. 1977). First exca-
vations at the site were conducted in 1996 (Ronen et al. 1998;
Burdukiewicz & Ronen 2000). A new project was launched at the
site in 2004 (Zaidner et al. 2010; Mallol et al. 2011; Yeshurun
et al. 2011; Zaidner 2011, 2013, 2014). Fieldwork included survey,
trenching for exposing the stratigraphy, and archaeological excava-
tions. Archaeological excavations were conducted in three trenches
(BR T1, BR T2, and BR T3) and at area BR AT5 (Fig. 22.1).
The Bizat Ruhama archaeological horizon is at the bottom of two

erosional channels on the edge of one of the badland fields. Ero-
sion exposed a depositional sequence ca. 17 m thick, composed of
loess, clays, and sands (Fig. 22.2b; Zaidner et al. 2010; Mallol et al.
2011). The archaeological material is at the bottom of the sandy
layer (Stratum 4; Figs. 22.1 and 22.2c) close to, or just on the con-
tact with Stratum 5, the underlying red sandy loam, locally known
as hamra soil (Yaalon & Dan 1967), which may indicate a long-
term surface stability (Harel et al., Chapter 50 of this volume). The
sandy layer is covered by dark black clay (Stratum 3). All excavated
areas exhibit generally a similar stratigraphy that includes Strata 3
to 5 of the type-section. The main differences are in the thickness
of the archaeology-bearing sand (Stratum 4), ranging between 20
and 50 cm. Artefacts were found in all excavated areas, but bones
are only frequent in BR AT5, where they are associated with the
lithics.
The finds occur in patches of variable densities over an area of

a few thousand square metres. According to geological and micro-

morphological studies, hominins occupied the surface of the hamra
soil in an undulating inter-dune depression. The clayey sand of
the archaeological layer represents input of locally reworked sand
and soil aggregates from the hamra topsoil, possibly through wind
and/or overland flow (Zaidner et al. 2010; Mallol et al. 2011). The
micromorphological studies further indicate that the archaeologic-
al assemblages are in primary context and represent either a sin-
gle occupation or several occupations within a relatively short time
interval (Mallol et al. 2011).

22.2 CHRONOLOGY

Strata 4, 3, and the lower 1.5 m of Stratum 2 at Bizat Ruhama
present theMatuyama reverse polarity chron (1.96–0.78Ma; Ronen
et al. 1998; Laukhin et al. 2001). The presence of Equus cf. tabeti
and antelope Pontoceros ambiguus or Spirocerus sp. in the faun-
al assemblage also points to the early Pleistocene age of the
site (Yeshurun et al. 2011). According to Martínez-Navarro et al.
(2012), the fauna of Bizat Ruhama belongs to the same faunal unit
as ‘Ubeidiya and pre-dates the Jaramillo normal event. The site is
thus likely to be roughly contemporaneous to ‘Ubeidiya, which is
currently dated to ca. 1.6–1.2 Ma (Martínez-Navarro et al. 2012).

22.3 LITHIC INDUSTRY

The lithics from Bizat Ruhama comprise five assemblages. The
majority of the artefacts (N = 1694) are derived from excava-
tion areas BR AT5 and BR1996, and the rest from excavated
trenches BR T1, BR T2 and BR T3 (Table 22.1). In addition, ca.
700 artefacts were collected from exposures of the archaeological
layer.
All the raw material used at the site consists of small, rounded

chert cobbles common in the nearby exposures of the Pleshet For-
mation (Zilberman 1984, 1986; Zaidner 2003, 2014). No exotic
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Figure 22.1 Location map, site excavation plan, and the compiled stratigraphy of the Bizat Ruhama site. BR1996 – Bizat Ruhama, area excavated in
1996. BR AT5, BR T1, BR T2, BR T3, BR T4, BR T6 – areas and trenches excavated in 2004–05. Tick marks: locations with in situ artefacts or bones.
X: locations without artefacts or bones. Thick curved lines mark the contour of the erosional channels along which archaeological layer is exposed.
Stratigraphy: 1. The top 0.1–2 m. Loessial arid brown soil. 2. Brown silt clay/grumosol 11–12 m thick; the basal 3 m present the Matuyama reverse polarity
chron (1.96–0.78 Ma). 3. A 1–3 m thick, greyish black, massive, prismatic, clay/loam; manganese concretions 0.5–2 cm long; dated to the Matuyama
reverse polarity chron (1.96–0.78 Ma). Interpreted as palustrine seasonal pond. 4. A 0.2–1 m thick, massive sand with some clayey domains; archaeo-
logical remains in the lower 0.2 m; dated to the Matuyama reverse polarity chron (1.96–0.78 Ma). Interpreted as locally reworked sand and soil aggregates
from the underlying topsoil of Stratum 5. 5. Red sandy soil (locally known as hamra) of unknown thickness that probably formed on coastal sand dunes.
Archaeological bones and lithics within the uppermost 5 cm and at the interface with Stratum 4. Dated to the Matuyama reverse polarity chron (1.96–
0.78 Ma).

rock types and no evidence for the use of raw materials other than
cobbles were identified in the Bizat Ruhama assemblage.
Both the bipolar and the freehand hard hammer technique were

used during the knapping of the pebbles. The choice of methods
and techniques was largely determined by the size and shape of
the available cobbles: small cobbles were knapped by the bipo-
lar technique (Fig. 22.3:6, 10–11; Fig. 22.4:3–4; Zaidner 2011,
2013, 2014), while larger cobbles were often knapped by more
organized methods, including the unidirectional orthogonal method
(Fig. 22.3:1, 5) in which a series of two to five flakes was removed
from a single platform. The unidirectional orthogonal method was
mostly used on single-platform cores, although in some cases the
cores were rotated and an additional series of flakes was removed
from other platforms, resulting in cores of polyhedral and sub-

spheroid shape (Zaidner 2014). The use of bipolar technique on
cobbles resulted in many cores being totally exhausted and in large
numbers of angular fragments. Flat beach-like cobbles were also
used at the site (Table 22.1). The cobbles were simply transversally
broken on an anvil (Fig. 22.4:5).
Large cobbles were also used at the site (up to 28 cm; 3.8 kg),

however, flakes >6 cm were not produced, and the average length
of the flakes is 2.5 cm. In addition, neither bifacial nor discoidal
knapping methods were used at the site, and traces of biface pro-
duction technology, which is abundant in Acheulian assemblages
in the site’s area (Ohel 1976; Zaidner 2014), were not found. The
lithic industry of Bizat Ruhama shows no evidence for the produc-
tion of large flakes, which marks the emergence of the Acheulian
in Africa (de la Torre & Mora 2005; Semaw et al. 2009; Beyene
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a

b

c

Figure 22.2 a: Low undulating hills in the Bizat Ruhama area. b: One of
the erosional channels in which archaeological horizon was exposed, with
main excavation area (BR AT5) and the type-section. c: Artefacts exposed
during the excavations. (A black and white version of this figure will appear
in some formats. For the colour version, please refer to the plate section.)

Table 22.1 Breakdown of Bizat Ruhama lithic assemblage.
Second-generation flakes are flakes removed from the edges of
cores-on-flake, and of flakes knapped by bipolar-on-anvil
technique.

Flaked pieces Flat pebbles 37 1.6%
Fractured pebbles 13 0.6%
Cores 44 1.9%
Bipolar cores 19 0.8%
Exhausted cores 48 2.1%

Detached pieces Flakes 793 34.8%
Angular fragments 326 14.3%

Further knapped
detached pieces

Cores-on-flake 58 2.5%
Flakes knapped by
bipolar-on-anvil technique

776 34.0%

Second generation flakes 168 7.4%

et al. 2013). Other advanced technological features, such as shap-
ing, standardization of the tool’s shape, and bifacial and discoidal
methods of core reduction, are lacking as well, and there is no evi-
dence for the advanced platform preparation seen in some of the
Oldowan and Early Acheulian assemblages at Olduvai Beds I and
II, Peninj, and Melka Kunture (de la Torre and Mora 2005, 2009;
Piperno et al. 2009).
Bizat Ruhama assemblages are characterized by an extremely

high frequency of flakes with signs of post-detachment treat-
ment (Table 22.1). About half of the flakes produced during the
core reduction were knapped, intentionally broken, notched, and
trimmed. The magnitude of this phenomenon leaves no doubt that
further knapping of the flakes was deliberate and that it was funda-
mental to the lithic production. The flakes selected for further knap-
ping are the largest and thickest in the assemblage. Some flakeswere
used for removal of a few flakes using direct hard hammer percus-
sion (Fig. 22.3:4, 12). Others were knapped using bipolar-on-anvil
technique (Zaidner 2013, 2014). The latter technique produces two
types of artefacts: thin small flakes (Fig. 22.3:7, 9) and thick, often
pointed, forms sometimes resembling retouched tools or Clactonian
notches (Fig. 22.3:3, 13–17; Fig. 22.4:1–2). The Clactonian notches
and the majority of the flakes with ‘retouch-like’ scars on the edges
are currently interpreted as ‘cores’ from which thin flakes were
detached. Thus, they are classified as technological debris (Zaidner
2013, 2014).

22.4 FAUNAL REMAINS

The Bizat Ruhama faunal assemblage is composed of several hun-
dreds of bone and teeth fragments, many of which are small splin-
ters (Yeshurun et al. 2011). Isolated teeth and long-bone shaft frag-
ments are the most abundant skeletal elements. Bone cortical sur-
faces exhibit fair preservation, allowing for an in-depth analysis of
bone-surface modifications. Three bone conjoins, several cases of
possible former articulations, and the rarity of abrasion, exfoliation,
rounding of edges and severe weathering all point to rapid burial and
minimal post-depositional movements of the bones. This, coupled
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Figure 22.3 1, 5: Orthogonal unidirectional cores; 2, 8: multifacial multidirectional cores; 3: Clactonian notch; 4, 12: cores-on-flake (arrows mark post-
detachment removals); 5: bipolar core; 6, 10, 11: bipolar flakes; 7, 9: small flakes probably removed during bipolar knapping of the flakes; 13–17: flakes
further knapped on an anvil.
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Figure 22.4 1, 2: Flakes, cores and pebbles knapped by bipolar-on-anvil technique: Clactonian notch (1) and flake with retouch-like scars (2) with signs
of hammerstone impact on dorsal ridges; 3, 4: bipolar cores; 5: flat pebble knapped on an anvil.

with the provenance of the bones from a distinct level rich in lithic
pieces, indicates that the faunal assemblage is in primary anthropo-
genic context. The assemblage is dominated by two medium-sized
ungulates: Equus cf. tabeti, amounting to more than half of the
specimens identified to species, and Antelopini gen. et sp. indet.
(cf. Pontoceros antiquus or Spirocerus sp.), a spiral-horned small–
medium antelope of Asian origin (Martínez-Navarro et al. 2012).
A large bovine, probably Bison sp., and gazelle (Gazella sp.) were
also identified.
Bone surfaces bear some evidence for hominin modifications.

One definite cutmark was found together with some hammerstone-
percussion marks (Yeshurun et al. 2011). Almost half of limb-bone

shaft fragments from all size classes display ‘green’ (fresh) frac-
tures. Nearly all these shafts retain less than half of their original
circumference, supporting the notion that bone marrow was rou-
tinely exploited by the Bizat Ruhama hominins. Four bones with
probable carnivore gnawing marks were recorded.
Both micromorphological and faunal evidence indicate hominin

exploitation of an open, poorly vegetated, semi-arid environment
with patchy water sources that markedly differs from other early
Pleistocene sites in the Levant and Africa, preferably set on
lake, wetland margins or riverbanks, and with faunal remains
indicating mosaic environments of woodlands, open areas, and
water bodies.
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22.5 THE PLACE OF THE SITE IN EARLY
PLEISTOCENE ARCHAEOLOGY

Bizat Ruhama presents a well-preserved archaeological site in
its primary anthropogenic context, containing rare evidence for
hominin technology, ecology, and subsistence in the early Pleis-
tocene. The archaeological remains appear over an extensive area in
a thin single horizon. The artefacts and bones are in a few large con-
centrations, the edges of which were not exposed during the exca-
vations. Geoarchaeological data along with state of preservation of
artefacts and bones attest to fast burial and minor post-depositional
disturbance, thereby providing good resolution for studying
hominin behaviour. The notion that the fauna of Bizat Ruhama is
a product of anthropogenic activity is important in the context of
the Lower Palaeolithic; it allows studying large-mammal butchery
by early hominins. Overall, the results point to short-term occupa-
tion at an inter-dune, partially stabilized depression, where animal
carcasses were processed on site along with knapping activities.
Bizat Ruhama industry is technologically simple but demon-

strates hominins’ capabilities to adapt to unfavourable raw material
conditions. To overcome the difficulties imposed by raw material
constraints, these hominins employed an anvil during the knapping
procedures and secondary knapping of flakes. Technological sim-
plicity, absence of large flake technology, and absence of bifacial
and discoidal knapping suggest that the site represents Oldowan dis-
persal out of Africa.
The lithic production system at Bizat Ruhama was directed

towards production of sharp-edged flakes. The operational sequence
at the site was more complex than that practised at most Oldowan
sites, and included not only raw material acquisition and flake pro-
duction but also the intentional selection of thick flakes and their
further knapping on an anvil. The Bizat Ruhama assemblage chal-
lenges the common assertion that Clactonian notches and pointed
artefacts were intentionally designed tools. The observations sup-
port previous suggestions that Clactonian notches may be sources
of small flakes rather than purposefully shaped tools (Crovetto et al.
1994; Peretto 1994; Dibble & McPherron 2006). The systematic
secondary use of flakes for even smaller flake production recorded
at Bizat Ruhama was to become an integral part of lithic produc-
tion systems hundreds of thousands of years later, from the end
of the Lower Palaeolithic onward (e.g. Bordes 1953; Delarue &
Vignard 1956; Goren-Inbar 1988; Dibble&McPherron 2006, 2007;
Malinsky-Buller et al. 2011). The use of this particular lithic pro-
duction system highlights the early hominins’ capacity for invention
and their adaptive flexibility, traits that probably played a major role
in the out-of-Africa migration and the colonization of Eurasia.
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23 Qesem Cave and the Acheulo-Yabrudian Cultural Complex
of the Levant

avi gopher and ran barkai

23.1 INTRODUCTION

For 15 years now, Qesem Cave has been providing new insights
into the Acheulo-Yabrudian Cultural Complex (AYCC), a Mid-
dle Pleistocene, late Lower Palaeolithic cultural entity of the
Levant. The AYCC has been described as a post-Acheulian/pre-
Mousterian complex consisting of three distinct lithic industries: (a)
the Acheulo-Yabrudian, a flake industry with a notable presence of
handaxes; (b) the Yabrudian, a flake industry dominated by Quina
and demi-Quina scrapers; and (c) the Amudian (the former ‘Pre-
Aurignacian’), a blade-dominated flint industry (Rust 1950; Gar-
rod 1956, 1970; Jelinek 1990; Bar-Yosef 1994; Goren-Inbar 1995;
Copeland 2000).
The AYCC is maturing into a surprisingly dynamic, innova-

tive local entity quite distinctly divorced from the preceding and
postdating Lower Palaeolithic Acheulian and Middle Palaeolithic
Mousterian. The rich, well-preserved Qesem Cave finds, including
lithics, fauna, and dental human remains, allow us to touch upon
the culture–biology–environment liaison. These finds indicate that
the unique cultural transformation seen at Qesem Cave, and the
AYCC as a whole, may be related to local human evolutionary pro-
cesses and the appearance of a new hominin lineage in the Levant
ca. 400 ka. Environmental data, human adaptation (culture), and
human biology are used here to study this crucial time in human
evolution, in a strategic geographical location between Africa and
Eurasia.
Following a short account about the cave, we survey below stud-

ies on lithic and faunal assemblages, and human dental remains. The
significance of Qesem cave finds and interpretations will close this
chapter.

23.2 THE AYCC AND QESEM CAVE

Few AYCC sites are known from the central and southern Le-
vant. Most are in caves, but in Syria there are also open-air sites
(Fig. 23.1). AYCC sites stretch from coastal Syria and Lebanon

Figure 23.1 Map of AYCC sites.

(Garrod & Kirkbride 1961; Copeland 1983; Nishiaki et al. 2011)
and the El Kowm basin (Le Tensorer et al. 2007a, 2007b, 2011;
Jagher & Le Tensorer 2011), through to Mt Carmel (Garrod &
Bate 1937) and the Jordan Valley (Turville-Petre 1927; Gissis &
Bar-Yosef 1974) in northern Israel. Qesem Cave, the southernmost
site, is not far from Tel Aviv. No AYCC sites have been found in
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the arid zone. Stratigraphically, the AYCC of the Levant repeatedly
postdates the Lower Palaeolithic Acheulian and pre-dates the Mid-
dle Palaeolithic Mousterian, and is equivalent to Jelinek’s (1990)
‘Mugharan Tradition’. The absolute chronology of the AYCC spans
between 420 and ca. 200 ka (Gopher et al. 2010 and references
therein).
Qesem Cave is located at �90 metres above mean sea level (m

asl) on the western slopes of Samaria the hills within a Turonian
limestone �12 km east of the Mediterranean. With nearby large
springs and at the ecotone of the swampy Coastal Plain trough
basins to the west and the mountains of Samaria reaching 900 m of
elevation asl to the east, this location provides a rich Mediterranean
environment. The excavation at Qesem Cave has already exposed
�70 m2 (140 m3), using standard 50 × 50 cm spatial units and full
recovery with a 2.4 mm net and screen washing through 0.5–0.8
mm for microfauna-bearing layers.
Qesem Cave is a sediment-filled karstic chamber which prob-

ably developed as a phreatic cave, and which became available to
humans in theMiddle Pleistocene following slope erosion (Frumkin
et al. 2009). The stratigraphy is divided into two major parts: The
lower, >6 m thick, contains gravel and clays, deposited in a closed
karstic chamber. The �4.5 m thick upper part consists of cemented
sediment with a large ash component, deposited when the cave
was more open, as indicated by the presence of calcified rootlets
(Karkanas et al. 2007).
Qesem Cave is a Middle Pleistocene (MIS 11–7) site dated by

uranium-series, thermoluminescence (TL) and electron spin reson-
ance (ESR) to 420–200 ka (Barkai et al. 2003; Gopher et al 2010;
Mercier et al. 2013; Falguères et al. 2016). The entire stratigraphic
column of the cave is assigned to the AYCC (Barkai et al. 2003;
Gopher et al. 2005; Barkai & Gopher 2011, 2013).
Ongoing research provides evidence of innovative behaviours,

some of which have been referred to in the literature as ‘mod-
ern human behaviour’ (e.g. Nowell 2010 and references therein).
At the Qesem Cave, throughout the cave’s sequence, this pertains
among others to: (a) serial blade production; (b) the acquisition of
raw material for selected tool types from underground sources; (c)
the production of Quina scrapers using Quina debitage and retouch
technologies; (d) intensive and varied recycling of flint; (e) group
hunting of prime-age animals (mainly fallow deer); (f) specialized
butchering techniques and unique meat-sharing habits; (g) inten-
sive use of bone retouchers/hammers, and (h) the habitual use of
fire, with hearth-centred spatially patterned activities.

23.3 FINDS AND STUDIES

The two major assemblages found at the cave are faunal (including
microfaunal) remains and lithic artefacts, both numbering hundreds
of thousands of items as of now. Here are brief summaries of these
finds.

23.3.1 LITHICS

While Amudian-bearing levels are dominant throughout the stratig-
raphy, the Yabrudian is less conspicuous, and is stratigraphically
and spatially restricted.

A. RAW MATERIALS

Rawmaterial studies were oriented both to characterizing flint types
used at the cave and to identifying their sources in the landscape.
Over 50 flint types have been recognized in the analysis of the
Qesem lithics; some types were selected for specific tool types or
technological requirements. Over 10 geological sources yielding
90% of the flint types used at the cave are from a 5 km radius from
the site. Two sources, however, are �15 km away (Wilson et al.
2016). Measurements of in situ cosmogenic 10Be in flint items from
the cave indicate flint procurement by both surface collection and
quarrying from specific, designated primary (deep or shallow sub-
surface) sources (Verri et al. 2004, 2005). Quarried (low-10Be) raw
materials were directed towards the production of specific tool types
(Boaretto et al. 2009), reflecting an elaborate and well-organized
lithic economy. It is of note that AYCCTabunCave has also revealed
items made of flint quarried from deep sources (Verri et al. 2005).

B. BLADE PRODUCTION

The Amudian blade industry dominates the stratigraphy of the cave
and provides very large samples (Fig. 23.2). Blade production at
Qesem shows a full chaîne opératoire including (well-selected) raw
material, core shaping, blade production, use, and discard. Amu-
dian blades were mostly used for cutting, butchering, and deflesh-
ing activities of soft tissues, and for a short time (Lemorini et al.
2006). Concluding a recent study on Amudian blade technology,
homogeneity in blade production technology and in blade charac-
teristics was discerned throughout the Levant, reflecting a shared
AYCC template for the properties of the target blades (Shimelmitz
et al. 2016).

Figure 23.2 Blades from Qesem Cave. (A black and white version of this
figure will appear in some formats. For the colour version, please refer to
the plate section.)
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At first glance, Amudian blade production looks simple, with lit-
tle core shaping or preparation and little core maintenance. This
is also reflected in the blanks, many of which have thick plain
butts. Direct-percussion heavy blows deep inside the striking plat-
form were practised. Cortex was not removed since cortical laminar
items were target products too, especially Naturally Backed Knives.
Altogether, this is a systematic, intensive, thoughtful, efficient, and
straightforward laminar industry; a conscious technological choice
of skilled flint knappers constantly used for over 200 ka reflecting
a whole new lithic perspective (Barkai et al. 2005; Gopher et al.
2005; Shimelmitz et al. 2011, 2016). Early blade industries were
recently reported fromAfrica (Johnson&McBrearty 2010;Wilkins
& Chazan 2012). The interrelations between these industries and
the Amudian is intriguing in light of a multiple origins (convergent)
hypothesis for early Middle Pleistocene blade technology (Wilkins
& Chazan 2012; for details see Barkai & Gopher 2013).

C. FLINT RECYCLING

Recycling flint is a component of both Amudian and Yabrudian
assemblages at Qesem and in the AYCC as a whole (e.g. at Tabun,
personal observation; Shimelmitz et al. 2015), and should be taken
into account as a significant component of flint economy and human
decision-making. Detailed studies of recycled items and recycling
products indicate technologically well-established trajectories for

the production of designated types of specific flakes and blades
(Barkai et al. 2010; Parush et al. 2015, 2016; Assaf et al. 2015)
for targeted purposes (Lemorini et al. 2015). At Qesem Cave, this
involves the systematic use of old ‘parent’ flakes and tools for the
production of small, sharp, mostly hand-held cutting tools (pro-
duced mostly from the ventral face of the ‘parent’ flake; Fig. 23.3).
Recycling may reach almost 10% of the debitage at Qesem (the
highest densitiesmay reach 180 recycled items perm3; Gopher et al.
2016), and if recycled patinated items are added, this proportion
rises significantly. Recycling may be looked at as an integral part
of the techno-typological system, and recycling products show dis-
tinct functional peculiarities and are anything but expedient. There
is no good reason to assume that recycling was a result of scarcity
of raw material, as it is ubiquitous in the area to the present day. It
was, rather, a behavioural characteristic of the AYCC people (and
earlier Acheulian communities too; Barkai & Gopher 2013; Agam
et al. 2015; Shimelmitz 2015).

D. SHAPED ITEMS: TYPOLOGY

An Upper Palaeolithic tool group mostly made of blades is quite
conspicuous at Qesem in Amudian assemblages, as in other AYCC
sites (Gopher et al. 2005). Large, wide, and thick laminar items
were selected for tool shaping, and laminar shaped items are dom-
inated by a variety of retouched and backed items with some

Figure 23.3 Recycled items and recycling products from Qesem Cave.
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Figure 23.4 Quina scrapers from Qesem Cave.

end-scrapers, burins, and rare points (Chattelperon-like points,
Gopher et al. 2005: 80–81, Figs. 10–11; Barkai et al. 2005: 54–56,
Figs. 13–15).
One innovation of the AYCC is the appearance of Quina and

demi-Quina scrapers (Bourguignon 2001; Gopher et al. 2005;
Barkai et al. 2009; Barkai & Gopher 2011, 2013; Lemorini et al.
2016; Zupancich et al. 2016; Fig. 23.4), which are well known
much later in the Middle Palaeolithic Mousterian of Europe. Quina
scrapers in the Levant, however, cease to appear in Middle Palae-
olithic Mousterian sites. Yabrudian assemblages show abundant
Quina and demi-Quina scrapers; >1,000 at Qesem Cave and thou-
sands at Tabun Cave. They constitute up to 50% of the shaped items
while blades and blade tools are less abundant. As opposed to the
case of blade production, the chaîne opératoire for Quina scrapers is
mostly missing from the cave, and only some debitage items related
to scraper shaping, resharpening and retooling are found. We thus
assume that selected flakes or finished scrapers were imported to
the cave. At least in the case of Qesem Cave, Quina scrapers also
appear in Amudian assemblages, but in lower frequencies than in
the Yabrudian. Similarly, in Yabrudian assemblages from Qesem,
blades were produced in lower numbers than in the Amudian, but
were made using the same technology and standards and on simi-
larly selected raw material as in the Amudian. These data promote
the idea that the two ‘industries’ were parts of a single industrial
complex produced by a single group of hominins that occupied the

cave throughout the AYCC. The differences between Amudian and
Yabrudian may thus reflect variation in toolkits and/or activities.
Recent functional and residue analyses on Quina scrapers resulted
in the identification of use-wear signs related to butchering, hide
working, and bone working. Hafting and prehension signs on sin-
gle items were also identified, as well as residues of fat and bone
(Lemorini et al. 2016; Zupancich et al. 2016).
The small group (n = 16) of shaped stone balls (Spheroids/

Polyhedrons in Acheulian and Oldowan terms) were concentrated
in specific stratigraphic and spatial Amudian contexts at Qesem
Cave (Barkai & Gopher 2013, 2016). In the Levant, stone balls
appear only in Lower Palaeolithic Acheulian contexts. Thus, we
view these tools as some sort of anachronism, the swan song of a
long Palaeolithic tradition. They are made of limestone (and a sin-
gle one of flint) and show typical shaping (Fig. 23.5). Of note are
the ‘half balls’ found. Whether these tools were used for specific
activities in specific contexts is not yet known.
Biface production continued in the AYCC and was quite con-

spicuous in the Acheulo-Yabrudian at Tabun Cave, for example.
Although bifaces are marginal at Qesem Cave and appear as sin-
gle items in both Amudian and Yabrudian assemblages (Barkai &
Gopher 2013), they seem to have been given special attention. Raw
material selection for the 14 items found to date indicates a prefer-
ence for specific flint (Wilson et al. 2016) and the single items anal-
ysed for 10Be concentration show low content, indicating quarrying
of a selected raw material (Boaretto et al. 2009). Bifaces appear in
different stages, including roughouts. One of the outstanding rough-
outs is gigantic (Barkai et al. 2013).
A small assemblage of basalt items was retrieved from various

parts of the cave sediments. We have not yet studied them, but while
some are fragmentary, others are complete pebbles that might have
been used for different purposes, sometimes showing slight signs of
battering.

E. KNOWLEDGE TRANSMISSION

Archaeological evidence for teaching and learning, or knowl-
edge transmission, is commonly transparent and/or difficult to
obtain. We do not attempt an in-depth discussion of the issue
here (but see Barkai & Gopher 2013; Assaf et al. 2016). How-
ever, we suggest that there was a change in knowledge trans-
mission mechanisms between the Lower Palaeolithic Acheulian
and the AYCC in the Levant. It is related to new adaptive stra-
tegies and innovations in the lithic sphere, hunting techniques (tar-
geting prime-aged fallow deer), and butchering practices, to the
habitual use of fire (firewood collection, making and maintaining
fire), and especially to meat (and perhaps other foods) roasting
and cooking. These new AYCC behaviours demanded knowledge
transmission mechanisms that were different to a degree from those
practised in the Acheulian, and supported by a new social milieu,
based on a possible new discourse (see Barkai &Gopher 2013; Ben-
Dor et al. 2011; Assaf et al. 2016, and references therein). Lithic
knowledge transmission is proposed to characterize the assemblage
from the southern parts of the cave (>300 ka): the study of knap-
ping trajectories (mainly a detailed analysis of the life histories
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Figure 23.5 Stone balls and a handaxe from Qesem Cave.

of cores, and of flint raw material properties) demonstrated dis-
tinct features in this assemblage when compared to lithic assem-
blages from other areas of the cave. These features reflect vari-
ous levels of knapping skills, most probably characterizing both
skilled knappers and inexperienced knappers or knappers in the
process of learning. This may permit a preliminary assessment of
knowledge transmission relating to flint knapping that has taken
place in a designated area (with designated raw materials) at late
Lower Palaeolithic Qesem Cave (Assaf et al. 2015, 2016).

23.3.2 FAUNAL REMAINS

The rich faunal assemblages of Qesem cave are dominated by
prime-age fallow deer (Dama cf. mesopotamica) (usually >2�3
of the identified specimens), most probably indicating systematic
hunting carried out cooperatively (Stiner et al. 2009, 2011; Blasco
et al. 2014). The fauna also includes small numbers of wild ass,
horse, wild boar, red deer, roe deer, aurochs, rhinoceros, wild goat,
tortoise, and birds. Selected body parts of fallow deer were brought
to the cave, and the abundant cut marks show a specific butchering
pattern and a possible unique meat-sharing behaviour. Many of the
bones are burnt (Fig. 23.6) and broken, and demonstrate intensive
human manipulation (Stiner et al. 2009, 2011; Blasco et al. 2014,
2016).

Evidence for fallow deer butchering and cutting in the Lower
Palaeolithic comes from Gesher Benot Ya’aqov site (Rabinovich
et al. 2008), presenting patterns similar to those identified in Mid-
dle and Late Palaeolithic contexts (e.g. Speth 2012) and among
recent hunter-gatherers. At Qesem Cave, however, it seems that
meat cutting and sharing was performed differently (Stiner et al.
2009, 2011). Cut marks are relatively abundant, but their orienta-
tion and distribution as well as the relation between the different
cut marks are different from other time periods. The absence of cut
mark evidence from other AYCC sites prevents a comparative study
to find out whether this unusual cutting pattern is specific to Qesem
or whether it characterizes the AYCC (see Speth 2012). A similar
pattern of meat cutting may have been identified for fauna at Mid-
dle Pleistocene Schoningen, Germany (Starkovich&Conard 2014).
We suggest that the pattern seen in the ethnographic record, inwhich
one skilled individual cuts the meat for the rest of the group, is not
the case at Qesem Cave. Moreover, the pattern of cut marks is con-
tinuously evident throughout the sequence of the cave, indicating
a specific way of meat cutting and sharing persisting the 200,000
years of the AYCC at Qesem, differing from both the earlier Acheu-
lian or the later Mousterian. Since meat sharing is one of the most
significant social mechanisms in recent hunter-gatherer groups (see
Stiner et al. 2009) and since the Qesem pattern differs from recent
hunter-gatherers, this may indicate different meat-sharing practices,
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Figure 23.6 Burnt bones from Qesem Cave.

and therefore socio-economic or perceptual differences. In Middle
Palaeolithic Mousterian times, postdating the AYCC, meat-cutting
patterns and most probably sharing practices returned to ‘normal’.
Additional recent, ongoing studies on faunal remains include:

(1) A study of a growing number of bone hammers/retouchers from
the lower sequence (>300 ka) of Qesem Cave. By now, some
two dozen bone retouchers have been found (Blasco et al. 2013;
Rosell et al. 2015; and others not yet published). These items
seem to reflect a common use of bone for retouching, pos-

sibly Quina scrapers or maybe other tool types too. While bone
retouchers are known in Europe as early as the late Lower
Palaeolithic (some half a million years ago, MIS 12/11 and
onwards), they are quite numerous and intensively used at
Qesem (see Rosell et al. 2015).

(2) A spatial study of faunal remains around the central, ca. 300 ka
old, hearth at Qesem Cave reveals differential patterns of distri-
bution for bone fragment sizes, of bones with various types (and
degrees) of burning signs and damage, and of bones with differ-
ent breakage patterns. This reflects, to a certain extent, patterns
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of a tossing zone model (see Binford 1978, 1983; Blasco et al.
2014, 2016).

(3) Bird bones found represent a wide variety of bird species of
various ecologies (Sánchez-Marco 2016).

23.3.3 MICROMAMMAL AND REPTILE REMAINS

QesemCave contains one of the richest known deposits ofmicrover-
tebrate remains in the Near East, nearly 250,000 specimens (Maul
et al. 2011, 2016; Smith et al. 2016). The remains have been
excavated from two main concentrations, and >16,000 bones have
been identified to the genus level. The faunal content of the two
sequential concentrations is broadly similar, and only a few taxa
are restricted to either one. The identified taxa mostly appear in the
Levant up to the present. An unusual aspect in the assemblage is
the superabundant reptilian component and of a single species of
Chamaeleowithin it (Smith et al. 2013, 2016). The taphonomic data
obtained so far suggest barn owl as the predominant accumulator.
Barn owls, in turn, are sensitive to disturbance and unlikely to have
occupied the cave at precisely the same time as the hominins. The
palaeoecological implications of the microvertebrates allow one to
infer a mosaic of open palaeoenvironment with sparse vegetation,
shrubland, Mediterranean forest, rocky areas, and riverbanks. Com-
paring the lower and the upper parts of the microfauna-bearing pro-
file shows a slight shift towards more wooded conditions (Maul
et al. 2011).
The climate, based on the bioclimatic distribution of extant

species, indicates cooler and slightly drier winters and somewhat
lower seasonality than at present around Qesem Cave (Maul et al.
2016). An interesting aspect of the microfauna is a collection of fos-
sil bats including five identified microchiropteran species, all typ-
ical cave-dwellers common also in extant communities in the
region. Their appearance suggests mild conditions with variegated
vegetation at the time of deposition. In addition, two tooth frag-
ments, tentatively identified as cf. Rousettus sp., provide the first
Pleistocene record of fruit bats beyond the tropics – much earlier
than previously thought (Horáček et al. 2013).

23.4 HUMAN REMAINS

Qesem Cave yielded dental human remains, altogether 13 teeth
from different parts of the stratigraphic column (Fig. 23.7). These
included deciduous and permanent teeth of a number of individuals,
many of them under the age of 20. The basic morphometric study
indicates that the Qesem teeth are not of Homo erectus (senso lato)
and has highlighted the general similarity to late Pleistocene local
populations of Skhul and Qafzeh Caves (ca. 100 ka). Some of the
traits of these teeth are more Neanderthal-like (Hershkovitz et al.
2011, 2016). Analyses of µCT scans of some of the teeth also con-
cluded that they have both Neanderthal (NEA) and Early Modern
Human (EMH) affinities. Two studied premolars display an inter-
mediate shape between NEAs and EMHs, but their size is definitely
modern-like, while a studied molar features a morphology and size
closer to NEA (Weber et al. 2014, 2016). The well-preserved lower

second deciduous molar studied allies morphologically with NEAs
and Skhul X for some traits, but is intermediate to EMH and NEAs
(and similar to Skhul X) for other traits. In terms of size, this molar
(and Qafzeh15) are large, which is more Neanderthal-like (Fornai
et al. 2016). While it is quite conceivable that the Acheulian Cul-
tural Complex of the Levant was created by Homo erectus (senso
lato), the dental evidence from Qesem augmented by the Galilee
Man skull from Zuttiyeh Cave (Keith 1927; Zeitoun 2001; Freidline
et al. 2012) indicates a new, post-Acheulian, post-erectus hominin
lineage starting ca. 400 ka. This may be supported by studies of
Middle Pleistocene skeletal remains, including dental remains from
the Levant and beyond (Le Cabec et al. 2012; Liu et al. 2013; Rink
et al. 2013), as well as genetic evidence suggesting a Middle Pleis-
tocene (>400 ka) age for the ancestors of EMH and/or NEAs (e.g.
Endicott et al. 2010; Mendez et al. 2013).
We thus see merit in our previous suggestions that the Qesem

Cave finds and the AYCC as a whole were produced by a new
local hominin lineage. Despite uncertainties regarding a phylogeny
and/or a conclusive taxonomic diagnosis based on teeth only,
accepting the appearance of a new hominin lineage in the Levant has
obviously significant bearing on the ‘when’ and ‘where’ of human
evolution in general. Why would a biological evolution occur in the
Levant, and why around 400 ka ago?
Based on a bio-energetic model, combined with the cultural

transformations demonstrated at Qesem Cave, we offer an explan-
ation accounting for the demise of Homo erectus and the appear-
ance of a new locally developed, post Homo erectus hominin lin-
eage �400 ka ago in the Levant (Ben-Dor et al. 2011). This model
suggests that the disappearance of elephants from the human diet
in the Levant around this time triggered a selection process in
favour of those who were better adapted to hunting larger num-
bers of smaller, faster animals with high fat content; i.e. lighter,
more agile, and cognitively capable hominins. The ingredients of
this model include well-known elements such as that (a) the ele-
phant is a unique and ideal food package; no elephant is found in
Levantine post-Acheulian sites, i.e. this significant part of Lower
Palaeolithic Acheulian life and diet has ceased to appear on-site;
and (b) (animal) protein and vegetal food have generally accepted
ceilings of consumption (ca. one-third of the diet each), and fat is
thus a compulsory component in human diet for sufficient daily
energy expenditure (the elephant is an outstanding package of fat).
The habitual use of fire for roasting (and possibly cooking) and the
new lithic technologies may be listed here as two of the important
cultural new elements related to this transformative biological and
socio-economic landscape.

23.5 DISCUSSION

Qesem Cave provides ample evidence on the environment, on
human behavioural and cultural adaptation, and on the biology of
the hominins that inhabited it. This evidence enables reconstruc-
tion of the lifeways of late Lower Palaeolithic humans. The long
stratigraphic column of the cave is entirely assigned to the AYCC
with the advantage of not being mixed with any earlier (so far, the



A. Gopher and R. Barkai 210

Figure 23.7 Human teeth from Qesem Cave.
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bottom of the cave has not been reached) or later, Middle Palaeo-
lithic, layers and finds. Sealed by the elements�200 ka ago, shortly
after its desertion Qesem Cave was exposed only 15 years ago; it
therefore preserves an outstanding record of the communities that
inhabited it, and is useful for understanding the AYCC as a whole.
It is placed in between intensively studied entities, the Lower Palae-
olithic Acheulian and Middle Palaeolithic Mousterian; whereas
these two may be regarded as global phenomena, the AYCC is a
local, limited, and distinct entity. ‘No longer Acheulian, not yet
Mousterian’ summarizes the finds of Qesem Cave and the AYCC
as a whole. Many of the lithic innovations do not continue into
the Middle Palaeolithic Mousterian; they are replaced by Levallois-
dominated industries. Yet some of the most significant cultural and
behavioural innovative patterns of the AYCC do continue into later
periods (e.g. the habitual use of fire, hunting focused on medium-
sized game, meat roasting, and more). The AYCC, mainly in its
early stage, demonstrates a revolution, so to speak, a society open
to innovative elements. New lithic technologies appeared and were
maintained for �200 ka. Known concepts such as flint recycling
were modified, changed, and intensified (e.g. Barkai et al. 2010;
Parush et al. 2015, 2016). However, the Levallois technique, char-
acteristic of succeeding Middle Palaeolithic Mousterian, is absent
at Qesem Cave and the AYCC as a whole, and this is significant in
light of statements supporting early developments of this technol-
ogy in the late Acheulian.
We view the emergence of AYCC blade and Quina technolo-

gies in the Levant as an original innovative behaviour. The ‘African
connection’ of the Qesem Cave assemblages (lithic and faunal) is
practically non-existent, and it has no African counterparts. We
suggest that systematic blade production and Quina scraper pro-
duction are local innovations aimed at manipulating medium-sized
game. A recent study of Mousterian Quina scrapers from France
(Claud et al. 2012) shows their use as butchering tools, and pre-
liminary functional observations on the Qesem scrapers show simi-
lar results (Lemorini et al. 2016), although hide working and bone
working were also observed (Lemorini et al. 2016; Zupancich et al.
2016). Amudian blades and Yabrudian scrapers, augmented by a
variety of recycling products, may thus be viewed as components
of a new butchering and meat-cutting set that was developed in the
Levant around 400 ka, replacing the long-lived Acheulian butcher-
ing and meat-cutting cutlery using flakes and handaxes. This may
have accompanied new hunting and meat-sharing practices (Stiner
et al. 2009, 2011) following the loss of calories previously obtained
from elephants (Ben-Dor et al. 2011). This particular combination
of blades and Quina scrapers (as well as recycling products) reflects
a specific adaptation that has no counterparts in either Africa or
Europe.
A major aspect of disagreement in recent literature is the issue

of using fire (e.g. Roebroek & Villa 2011; Sandgathe et al. 2011).
Fire was used habitually as early as 400 ka at Qesem Cave and
throughout the sequence, and is attested to both directly by the large
amounts of wood ash and the presence of fireplaces (Karkanas et al.
2007: Fig. 7.7; Shahack-Gross et al. 2014), and indirectly by the
large amount of burnt flint and bones (Lemorini et al. 2006; Stiner
et al. 2009, 2011; Mercier et al. 2013; Blasco et al. 2014, 2016).

This observation is in contrast to the sporadic use of fire in the
Acheulian and the lack of evidence (burnt bones) for meat roast-
ing (possibly consumed raw during the Acheulian; see Bar-Yosef
2006). In the AYCC (starting ca. 400 ka), the use of fire clearly
included meat roasting and possibly cooking (see Speth 2012), and
this innovation continued in the Levant after the AYCC (see Dennell
2009: 476–7, for cooking as a Eurasian Middle Pleistocene inno-
vation). The socio-cultural aspects of fireplaces as central foci of
human activity are beyond the scope of this paper (but see Wiess-
ner 2014), but the ca. 300 ka central hearth exposed at Qesem is
of major importance in this regard (Barkai & Gopher 2013; Blasco
et al. 2014; Shahack-Gross et al. 2014).
The diet of the Qesem Cave inhabitants was mainly based on

meat, as reflected by the very large number of animal bones and
the dietary reconstruction that we suggested (Ben-Dor et al. 2011).
Floral remains were not preserved (and we failed to extract pollen
or phytoliths). However, a recent study succeeded in extracting
ingested floral remains from the calculus of three human teeth.
These included starch granules and chemical compounds providing
a direct link to ingested plant food containing essential nutrients
including polyunsaturated fatty acids and carbohydrates (Hardy
et al. 2016). Following the sources, we based our ‘fat-hunter’ model
on a human diet of meat and fat that must have been complemented
by carbohydrates, and thus included three major ingredients: animal
proteins, animal fat, and vegetal food (see Ben-Dor et al. 2011).
Clearly, there is an emphasis on meat and fat consumption based
on the data provided by faunal remains in Palaeolithic (including
Lower Palaeolithic) sites, while plant remains are scarce. We had
no doubt concerning vegetal food consumption in the Palaeolithic
to begin with, and the study quoted above supports this view, pro-
viding direct evidence for the consumption of vegetal food. A rel-
evant study of masticatory wear patterns on human teeth provides
evidence suggesting that the Qesem Cave people possessed a strong
masticatory system, and fed on a wide range of food types1 (Sarig
et al. 2016).

SUMMARY

Our view of the larger picture of which Qesem Cave and the AYCC
as a whole form a part is that they represent specific and special
developments in the Levant some 400 thousand years ago – a post-
Acheulian, pre-Mousterian revolution, so to speak. This revolu-
tion involves a whole array of changes throughout the spectrum
of human biology, human palaeoecology (including the home/cave
environment2), and human behaviour and adaptation. Our sug-
gested bio-energetic model provides part of a possible explanation

1 While studying masticatory wear patterns on teeth, non-masticatory cut
marks have been observed on the root of a single tooth (Sarig et al. 2016).
These could not have been created while the individual was still alive; they
must have been inflicted post-mortem. Cut marks on single teeth roots are
known in single cases (Hilson et al. 2010) but still await interpretation.

2 Micro-charcoal found in teeth calculus highlights the need for smokeman-
agement in the enclosed cave and reveals the challenges created by the
habitual use of fire for cooking by the Qesem Cave hominins (Hardy et al.
2016).
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for this revolutionary time of transformative innovations in human
behaviour and culture, as well as the appearance of a new lineage
of hominins.
Given that this model may have significant ramifications for the

understanding of the human story, and acknowledging that it chal-
lenges a well-established, prevailing paradigm, it is offered for dis-
cussion. Clearly, this is a local model for the Levant, but it has
wider-scale implications for more general replacement scenarios.
Moreover, the model is consistent with both the data available in
the easternMediterranean and with recent evolutionary models sug-
gesting the Levant as a Central Area of Dispersals of Eurasia, an
‘origin region’ for human species biodiversity (Bermúdez de Cas-
tro & Martinón-Torres 2012).
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24 Tabun Cave in the Carmel Culture Sphere

avraham ronen

24.1 THE CAVE

Located on a steep rock cliff on the west slope of Mount Carmel,
�20 km south of Haifa (Fig. 24.1a), TabunCave is on the south bank
of Nahal (Wadi)Mearot (Mughara) at its outlet to theMediterranean
coastal plain. This karstic cave, 45 m above sea level, is 27 m north–
south and 19 m east–west, in three chambers. The front chamber is
separated by a rock sill from the central chamber. Partly covered
by sediments comprising Garrod’s main section (Fig. 24.2), a rock
sill separates the central chamber from the inner one. The back wall
visibly recedes behind the bulk of sediments, and the cave’s contour
hints that an additional chamber might exist to the south.
Each chamber has a swallow hole in its floor indicated by the

dip of the layers. In the inner chamber, the only one with its ceiling
still preserved, a large chimney (some 8 m in diameter) opens in the
ceiling. A chimney probably existed in the collapsed ceiling of the
other chambers as well. An additional chimney had existed in the
NWcorner of the cave’s ceiling, deduced from the sediments poured
through it, forming the SE corner of Garrod’s Temoin (Garrod &
Bate 1937, square 87a).

24.2 STRATIGRAPHY

The initial excavations by D. Garrod in 1929–1934 (Garrod & Bate
1937) were followed by those by A. Jelinek in 1967–1972 (Jelinek
et al. 1973; Jelinek 1982a, 1982b) and by A. Ronen in 1975–2002
(Ronen & Tsatskin 1995; Ronen et al. 2000).
Garrod nearly emptied the front chamber and practically emptied

the central chamber. In the inner chamber, Garrod removed only the
uppermost ‘Chimney’ layers of theMiddle Palaeolithic and exposed
one of the longest sections in the Levant, 25 m thick (Figs. 24.1b
and 24.3b) dated 800–100 ka (Grün & Stringer 2000; Rink et al.
2004).
Sediment influx into the cave changed twice during its accu-

mulation. Initially, wind-borne quartz sand from the seashore was
deposited in the cave to form the lower 10 m of the fill (layers G–

E, Goldberg 1973). A 2 m thick wind-borne silt followed the sand
(layer D). The silt of layer D is covered by an influx of ca. 10 m
thick alluvial clay which formed the upper Tabun layers C, B and
‘Chimney’. The sea never reached or penetrated Tabun during the
sediment accumulation (Ronen et al. 2007).
The shift from sand to silt ca. 250 ka ago may reflect a change

in source of aeolian material, perhaps owing to a lower sea level
and more distant seashore (e.g. Enzel et al. 2008). The reworked
reddish-brown clay in the uppermost layers was washed into the
cave from the terra rossa covering the mountain through the chim-
ney, which opened ca. 100 ka. The thick sand and silt deposits
underwent post-depositional chemical alteration, dissolving all the
carbonates and bones. Flint withstood this alteration. No chem-
ical alteration has affected the clay matrix of layers C, B, and
‘Chimney’, where limestone and bone debris are well preserved.
Either the Tabun sands initially became aeolianites, like other

sands in the region, but the carbonates subsequently were dissolved
by the chemical alteration; or the sands remained unconsolidated
because of insufficient precipitation (Goldberg 1973). Before the
chimney opened, no water penetrated the cave, while afterwards,
impermeable layers of clay covered the sand. Precipitation entering
the cave through the chimney was drained into the swallow hole
through subterranean channels, one of which was erroneously inter-
preted as a ‘spring’ (Garrod & Bate 1937: 3, Plate XXXI; Zviely &
Ronen 2004).

24.3 ARCHAEOLOGICAL STRATIGRAPHY

The archaeological finds of Tabun were much discussed (Garrod &
Bate 1937; Jelinek et al. 1973; Jelinek 1982a, 1982b; Gisis 2006)
and will be reiterated briefly here.

24.3.1 LAYER G

The oldest occupation at Tabun, Layer G, is a pre-Acheulian flake
industry without handaxes. Notches, denticulates, and retouched
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Figure 24.1 Tabun Cave. a: Location of Tabun Cave. b: Tabun Cave, general view. (A black and white version of this figure will appear in some formats.
For the colour version, please refer to the plate section.)
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Figure 24.2 Plan of Tabun Cave.
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Figure 24.3 a: Garrod/Jelinek layers. b: Garrod’s main stratigraphic section, looking south, 1934.

Table 24.1 Tabun Chronology

Garrod layer Jelinek unit
Mean EU
ESR age (ka)

Mean LU
ESR age (ka)

Combined ESR and
US data age (ka)

TL mean age
(ka) RTL Sediment

Chimney – – – – – Terra rossa
B 082±14 (6)

102±17 (1)
092±18 (6)
122±16 (1)

090 + 30/−16 (6)
104 + 33/−18 (1)

– – soil

C I 120±16 (1) 140±21 (1) 135 + 60/−30 (1) 165±16 (4) –
D II 133±13 (1) 203±26 (1) 143 + 41/−28 (1) 196±21 (4) – Silt

V 222±27 (4) –
IX 256±26 (4) –

Ea X 176±22 (1) 213±32 (1) 208 + 102/−44(1) 267±22 (4) – Sand
XI 264±28 (4) –

Eb XII 180±32 (1) 195±37 (1) – 324±31 (4) –
Ec 198±51 (1) 220±63 (1) – – –
Ec XIII 262±32 (5) 330±43 (5) 387 + 49/−36 (5) 302±27 (4) –
Ed XIV – – – 415±27 (3) –
F 610±150 (2)
G 630±160 (2)

(1) Grün and Stringer (2000); (2) Laukhin et al. (2000); (3) Mercier et al. (2000); (4) Mercier and Valladas (2003); (5) Rink et al. (2004);
(6) Coppa et al. (2005) (compiled by D. Zviely). ESR – electron spin resonance; EU – early uptake; LU – late uptake; US – uranium series;
RTL – radiothermoluminescence.
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flakes form 55% of the tools. Racloirs are few (IR 14.3, none of
Yabrudian types; Gisis 2006). The Blade index (23) is surprisingly
high (Gisis 2006). Termed Tayacian by Garrod and Bate (1937), it is
perhaps a form of Oldowan. The paucity of artefacts retrieved from
layer G by bothGarrod and the present writer indicate a sparse occu-
pation. Two attempts at palaeomagnetic measurements indicated a
reversed polarity, i.e. a minimal age of ca. 780 ka. Both results were,
however, rejected because of the heavily altered sediment. Alterna-
tively, layer G may date to around 630 ka (Laukhin et al. 2000;
Table 24.1).

24.3.2 ACHEULIAN

An Upper Acheulian culture followed in layer F (600–450 ka,
Mercier et al. 2000; Valladas et al. 2013). The Acheulian is char-
acterized by numerous handaxes (IB 30) (McPherron 2003; Gisis
& Ronen 2006) and some racloirs (IR 10) lacking Yabrudian forms
(Gisis 2006). Notches and denticulates form 20% of the tools. The
flake tools are simply modified by cursory, scalariform retouch
(Gisis 2006). Blades are few and incidental, and Levallois tech-
nology was not used. Handaxe waste-flakes may occasionally look
Levallois (Shimelmitz et al. 2014c), but Levallois cores were not
found. Flaking preparations are directed at a striking point at the
centre of the base, parallel to the long axis, producing 7–10 mm
thick flakes.

24.3.3 YABRUDIAN

The industry of layer E, 415–250/220 ka (Mercier et al. 2000;
Mercier & Valladas 2003; Gopher et al. 2010; Valladas et al. 2013)
is different from the underlying Acheulian. It was initially termed
Micoquian (Garrod&Bate 1937), but followingRust’s (1950) exca-
vations at Yabrud, Garrod (1956) later called the industry of Tabun
E Yabrudian.
The Yabrudian is a flake industry with a few handaxes (IB 5,

Gisis 2006). Devoid of true blades (Lamdan & Ronen 1989; Le
Tensorer et al. 2008), the elongated products are natural backed
knives (NBK). Racloirs are the most characteristic Yabrudian tool
(IR 50–70, Gisis 2006). The Yabrudian is characterized above all
by its unique, predetermined chaîne opératoire for obtaining flakes
(Shimelmitz et al. 2014a). Production starts by preparing a striking
platform, 30° to 90° to the long axis of the planned flake. The strik-
ing point is positioned 20–40 mm from the core’s surface, resulting
in thick, often cortical flakes. Edges are shaped by Quina retouch.
This knapping procedure is never observed in any other assem-
blage at Tabun. The typical Yabrudian racloir types are dejete and
transversal. The sudden appearance of dejete between Acheulian
and Yabrudian may be termed revolutionary (Gisis 2006). Dejete
racloirs form 1% among Acheulian tools but may reach 30% among
Yabrudian tools. The most typical Yabrudian artefact is a side-
struck, cortical, thick racloir with three edges modified by invasive
Quina retouch (Fig. 24.4b). Yabrudian indices move from ‘pure’
Yabrudian to ‘pure’ Acheulian (Table 24.3), hence the ‘Acheulo-
Yabrudian’ concept (Rust 1950).

Tabun is located on the western end of what might be termed the
‘Yabrudian culture sphere’; beginning in northern Lebanon (Roe
1983), reaching eastward to El Kowm in Syria, southeast to Azraq
in Jordan, and ending in the south at Qesem Cave north of Tel Aviv
(Gopher et al. 2005; Gopher & Barkai, Chapter 23 of this volume).

24.3.4 AMUDIAN

Rust identified at Yabrud an assemblage with blade technology and
an Aurignacian-like tool-kit, termed Pre-Aurignacian (Rust 1950).
Tabun has an intra-Yabrudian blade assemblage. However, given
the absence of Aurignacian elements here, it was termed Amudian
(Garrod 1956, 1970). Contrary to the flake-dominated Yabrudian,
blades dominate the Amudian (blade index 25–60, Barkai et al.
2009: 65). Amudian blades are mainly short, thick and frequently
cortical NBK (Barkai et al. 2009).
Qesem Cave (Gopher & Barkai, this volume) contains �8 m

thick Amudian sediments interrupted by a short Yabrudian inter-
val (the opposite of Tabun). Qesem deposits are dated between 225
+ 77�−59 and 388 +23�−22 ka (Barkai et al. 2003; Gopher et al.
2010; Mercier et al. 2013), similar to the Yabrudian, and the two
entities seem coeval, territorially distinct occurrences.

24.3.5 MUGHARAN

Jelinek proposed that all pre-Mousterian occurrences at Tabun
(Acheulian, Yabrudian, and Amudian) are facies of one culture
under different environments, the ‘Mugharan Tradition’ (Jelinek
et al. 1973; Jelinek 1982, 1982a,b). There are indeed slight typo-
technological similarities between the Yabrudian and Amudian: e.g.
in both, artefacts are frequently thick and cortical (Le Tensorer et al.
2008; Barkai et al. 2009), and NBK are an important component.
However, the Yabrudian and Amudian are basically distinct entities.
A Yabrudian side-struck flake or Quina retouch are never encoun-
tered in the Amudian, nor are volumetric blade cores encountered
in the Yabrudian. The Mugharan concept underestimates the deci-
sive role that techno-typological norms play in the cultural heritage
(Bar-Yosef 2011). A Yabrudian racloir, Amudian blade, and Hum-
mal point are both tools and cultural icons: ‘ . . . particular styles of
material culture are meaningfully involved in the articulation of eth-
nicity . . . ’ (Jones 1997: 125).

24.3.6 THE TEMOIN

A ‘Temoin’ (witness stratigraphic column) was left by Garrod in
the northwestern part of the central chamber of Tabun to support
the ceiling protruding some 4 m into the chamber (Garrod & Bate
1937). Recently, a bone-bearing level was discovered and excavated
in the Temoin section. The following beds were identified from 5.8
to 9 m below datum:
Upper Unit I (5.8–7.2 m) is a light yellowish-brown loam

(= Garrod’s layer E). Unit II is a reddish-brown clayey sand with-
out a counterpart in Garrod’s section. It is subdivided into upper
layer IIa and a lower layer IIb. Of these, layer IIa (7.2–7.25) is pink
loam and the bone-bearing horizon, and a pavement of limestone
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Table 24.2 Major lithic components of the Temoin layers

Layer I IIa IIb III IV

# % # % # % # % # %

Tools 43 28.11 43 32.33 34 30.09 64 28.83 16 14.41
Flakes 70 45.75 56 42.11 48 42.48 101 45.04 65 58.56
Debitage 18 11.76 12 9.02 3 2.65 13 5.86 3 2.70
Cores 18 11.76 20 15.04 27 23.89 37 16.67 17 15.32
Biface 4 2.62 2 1.50 1 0.88 7 3.15 10 9.00
Total 153 100 133 100 113 99.99 222 100 111 99.99

boulders. Layer IIb, 7.25–7.8, is redder and its lower contact is an
erosion channel. Unit III (7.80–8.10 m) is brownish-grey, Jelinek’s
Unit XIV. The sandy Unit IV (8.1–9 m) is brown with yellow bands
(= Garrod’s layer F; Table 24.2).

24.3.7 THE PAVEMENT

Layer IIa contains a thin horizon of limestone fragments ca. 10 ×
15 cm with secondary weathering and selective phosphatization
as in layers C and B. The pavement extends from near the cave’s
western wall �4 m eastward, where it bends into the swallow hole
(Fig. 24.4a). Faunal remains are well preserved between the stones,
including aDamamesopotamicamandible, teeth, splinters, and a 15
cm long rib; all perhaps from one animal. Numerous Yabrudian flint
implements in mint condition and horizontal position accompanied
the pavement (Table 24.3). Bones are restricted to the pavement.
Ashes preserved beneath stones in square 87b indicate a hearth. A
tooth from the Dama mandible is 390±50 ka (Rink et al. 2004).
This is the oldest use of fire recorded at Tabun, where habitual use of
fire started around 350 ka (Shimelmitz et al. 2014b). The cave ceil-

Table 24.3 Indices of Yabrudian series at Tabun: layers IIa and
IIb of the Temoin (present work) and Mapolet (Ronen et al. 2003).

Temoin layers

IIa IIb Mapolet

Levallois Index 0 0 0
Racloir Index 57.0 71.4 33.0
Yabrudian Index 14.3 52.4 18.2
1/2 Q+Q 14.3 19.0 14.4
NBKnife 14.2 14.3 12.5
Blade Index 0 2.5 10.3
Total series 43 34 232

ing is 1.4 m above the pavement, preventing free movement (except
for children). The pavement could have served a social function
related to eating.
The Temoin offers two further insights. First, Unit XIV, which

remained unconfidently linked to Garrod’s section (Jelinek et al.
1973; Fig. 24.3a) is now shown to overlie Garrod’s layer F. Second,

a b

Figure 24.4 a: The Temoin pavement, looking north. b: A typical Yabrudian scraper (adapted from Le Tensorer et al. 2008).
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differential preservation of carbonates and bone at Tabun is
sediment-dependent, not time-dependent as previously thought.

24.4 THE MIDDLE PALAEOLITHIC

24.4.1 TABUN D MOUSTERIAN

The earliest Middle Palaeolithic at Tabun is layer D (250–200 ka;
Mercier & Valladas 2003). It is a blade-based assemblage (blade
index 20–60; Meignen 2011) with blades volumetrically manufac-
tured. Blades are naturally pointed or by secondary retouch. Leval-
lois cores contribute flakes and points, which form an important part
of the assemblage, as are Upper Palaeolithic tool types (III = 20–
30; Meignen 2011). Amudian blades differ from Tabun D blades
in form and production method (Lamdan & Ronen 1989; Ronen
1992), so parental relations between the two are unlikely.

24.4.2 HUMMALIAN

In Syria, a distinct blady lithic assemblage, the Hummalian, is strati-
graphically between the Lower and the Middle Palaeolithic, as does
Tabun D. Hummalian cores are volumetrically exploited (Le Ten-
sorer et al. 2008). Blades compose 63% of the lithic assemblage,
similar to Tabun D values. Most of the blades are naturally pointed,
and ca. 10% are carefully retouched Hummal points. Flakes were
mainly shaped as racloirs, none being of Yabrudian type. The Hum-
malian of the Syrian culture sphere is dated to 160–250 ka (Le Ten-
sorer et al. 2008), contemporaneous with Tabun D-type industries
in the Levant culture sphere, in Tabun (250 ka; Mercier & Val-
ladas 2003), Hayonim (180–200 ka; Mercier et al. 2007), and Rosh
Ein Mor (200 ka; Rink et al. 2003) among others. Hummalian and
Tabun D industries indicate co-existence of human groups belong-
ing to the same ‘technical sphere’ (Hauck 2011: 320; Meignen
2011: 94).

24.4.3 LEVALLOIS-MOUSTERIAN

24.4.3.1 TABUN C

The Levantine or Levallois-Mousterian follows Tabun D, governed
by the Levallois method (Meignen 1995; Ronen 1995). Racloirs of
various types (non-Yabrudian) dominate the tool assemblage. The
Levallois-Mousterian stands apart from other early modern human
lithic industries (Beyin 2006) in being technologically and typo-
logically conservative, devoid of blade technology or sophisticated
tool types such as foliates or tanged points.

24.4.3.2 TABUN B

Garrod observedDamamesopotamica dominating layer B of Tabun
(Garrod & Bate 1937). Jelinek interpreted this dominance as game
animals driven through the chimney into a natural trap (Jelinek et al.
1973). Hence, for Jelinek, Layer B lithics (a Levallois-Mousterian
with numerous Levallois points) indicate butchering and not the full
range of daily life functions. But other sites, Kebara (Meignen &

Bar-Yosef 1992), Amud (Hovers et al. 1991), Hayonim (Meignen
2011) and Qafzeh (Hovers 2009), show that Tabun B assemblage is
a valid chrono-stratigraphical entity.

24.4.3.3 HUMAN REMAINS

Two anatomically distinct human populations were associated with
the Levallois-Mousterian of Mount Carmel: modern humans and
Neanderthals (McCown & Keith 1939), known by their burials. A
Neanderthal was buried apparently in Tabun’s layer B (Garrod &
Bate 1937; McCown & Keith 1939; Bar-Yosef & Callander 1999)
ca. 100 ka (Mercier et al. 2000; Mercier & Valladas 2003; Coppa
et al. 2005). A �100 ka necropolis containing some 10 modern
human individuals was unearthed in the neighbouring Skhul Cave
(McCown 1937; Grün et al. 2005). A mandible claimed to be of a
modern human (Rak 1998) was discovered in layer C of Tabun (ca.
130/150 ka; Grün & Stringer 2000). The presence of both human
types at Tabun Cave testifies to their coexistence in a relatively nar-
row chronological interval.
Placed out of the reach of scavengers, Middle Palaeolithic burials

indicate the oldest concern for human dignity. With bodies placed
in a pit (womb) cut in the ground, the notion ‘ . . . unto dust shalt
thou return’ (Genesis 3, 19) obviously preceded the scripture. Some
of the oldest burials had symbolic grave goods placed with them:
animal head parts (skull, antlers, or jaw; McCown 1937; Vander-
meersch 1970; Rak et al. 1994). Some animals placed in the grave
were of outstanding size (McCown 1937: 100; Vandermeersch
1981, 2006), which could suggest specialized hunting expeditions,
indicating, in turn, a community involvement in the earliest burial.
Sea shell beads (Nassarius gibbosulus, Vanhaeren et al. 2006)

and Glycymeris (Hovers et al. 2003; Bar-Yosef Mayer 2005),
together with fragments of red pigment accompanied the graves
and testify to self-awareness. Thus the awareness of death and self-
awareness appeared in the archaeological record simultaneously
(Ronen 2012). It is perhaps no coincidence that the oldest burials
and personal adornments appeared where two human groups met.
Burials could have served territorial claims while personal adorn-
ments could have displayed group identity.
Death and fire were already linked 100 ka ago, as some Levallois-

Mousterian burials are accompanied by hearths. The link possibly
stems from fire being perceived as the essence of life (ever heat-
ing, moving, and consuming). The only substance that humans can
kill and revive at will, fire is intermediate between life and death.
The link continues in the present day through our eternal flames
and memorial candles. Fire and death determine human nature
(Ronen 2012). Fire makes humans almighty while the awareness
of death renders them fragile. Simultaneously almighty and weak:
the human paradox.

24.5 THE CARMEL CULTURE SPHERE

All cultural changes at Tabun are abrupt, and none indicates local
evolution. Mount Carmel is a well-defined culture area: in all
Tabun assemblages, larger-than-average flakes were chosen for tool
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making and secondary modification (Gisis 2006) (the same was
observed in Hummal, Le Tensorer et al. 2008). The Acheulian here
is of non-Levallois technology, unlike in the areas surrounding the
Carmel: Evron-Zinat (Gilead & Ronen 1977), Yiron-Baram (Ohel
1986), Holon (Yizraeli 1967) or Syria (Muhesen 1985). The Carmel
handaxes are the smallest among Near Eastern Acheulian (Gilead
1977; Zaidner et al. 2006), without visible raw material constraints.
Mount Carmel is a Yabrudian culture sphere, in contrast to the Amu-
dian sphere in Samaria. Mount Carmel (with the Lower Galilee) is
the meeting zone of two Middle Palaeolithic populations and the
birthplace one of the longest tradition in human history – burial.
Mount Carmel is devoid of any Early Palaeolithic surface

remains, in contrast to the surrounding Galilee, Ramat Manashe,
and the Sharon. Although handaxe makers must have procured fuel
and flint, not a single handaxe was found during a 5 year system-
atic archaeological survey of Mount Carmel (Olami 1984). Hence,
we have to assume an erosion, which stripped the mountain of
its Lower Palaeolithic sediments with their cultural contents. At
present, the mountain is covered by abundant Levallois-Mousterian
remains (Olami 1984), most embedded in terra rossa soil obvi-
ously in part ofMiddle Palaeolithic age. The erosion, which affected
Mount Carmel, probably occurred 250–100 ka.
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yeshurun, and israel hershkovitz

Misliya Cave is one of the few sites that document the transition
from the Lower Palaeolithic to the Middle Palaeolithic in the Le-
vant. The Cave is located on the western slopes of Mount Carmel
at ca. 90 m above sea level, 12 km south of Haifa, and 7 km
north of Nahal Me‘arot (Wadi el-Mughara) and the caves of Tabun,
Jamal, el-Wad, and Shkul (Garrod & Bate 1937; Jelinek et al. 1973;
Weinstein-Evron & Tsatskin 1994; Zaidner et al. 2005; Ronen,
Chapter 24 of this volume) (Fig. 25.1a).
The cave was discovered by F. Brotzen in 1925 (Brotzen &

Baumgartel 1927; Olami 1984). Subsequent surveys showed the
presence of both Lower andMiddle Palaeolithic artefacts, as well as
well-preserved ungulate bones. Following a geophysical survey that
indicated the presence of a 4 m thick sedimentary sequence on the
northern part of the site (Weinstein-Evron et al. 2003a), ten excava-
tion seasons were conducted between 2001 and 2010, yielding rich
Middle Palaeolithic (Mousterian) and Lower Palaeolithic (Acheulo-
Yabrudian) lithic and faunal assemblages (Weinstein-Evron et al.
2003b; Zaidner et al. 2006).
Today the site appears as a rockshelter or an overhang (Fig. 25.2a)

carved into the limestone cliff of the western escarpment of Mount
Carmel. Several small caves (or niches) extend eastward from the
rockshelter and from the continuation of the cliff northward and
southward (Weinstein-Evron et al. 2012). The morphological fea-
tures of the caves, the remnants of ancient, inactive flowstones,
and the form of the central part of the rockshelter all indicate that
the Misliya rockshelter is a remnant of a larger collapsed cave
or cave system. Abundant phosphatic crusts covering collapsed
stones within the archaeological layers may have originated from
bat guano accumulations reacting with limestone during later dia-
genesis. Since bats dwell in closed habitats, this is where large
quantities of guano will accumulate. Thus, it was inferred that the
Early Mousterian occupation occurred here when the cave was still
enclosed by walls and covered by a roof. The last collapse occurred
at the close of hominin habitation of the cave (Weinstein-Evron
et al. 2012).
Strongly cemented archaeological sediments (breccia) form three

terrace-like surfaces at the base of the cliff, all sloping gently to

the west (henceforth Upper, Middle, and Lower Terraces; see Figs.
25.1b, 25.1c, 25.2a). The surface of the Lower Terrace is about 10
m below the Upper Terrace. The area covered by the archaeological
sediments roughly delineates the extent of the palaeo-cave, which
extended �30 m westward from the present cliff face during the
initial Acheulo-Yabrudian occupation of the cave, and has gradually
retreated eastward ever since.
The three terraces of the cave were excavated (Fig. 25.1c). On

the Lower Terrace, 4 m2 were excavated. The archaeological sedi-
ments are about 1m deep and yielded only Acheulo-Yabrudian arte-
facts. The Middle Terrace did not yield any diagnostic artefacts. On
the Upper Terrace, both Acheulo-Yabrudian and Mousterian finds
were discovered. The Mousterian layers are mostly on the north-
ern part of the Upper Terrace, covering an area of ca. 70 m2. In the
southern part of the Upper Terrace, only isolated breccia patches
were found on the otherwise exposed bedrock. In the northeastern
area of the Upper Terrace, cemented layers change laterally into
softer sediments designated as the ‘Soft Sediments Area’ (SSA) of
�20 m2 (Fig. 25.1c). The boundary between the lithified and softer
sediments is just underneath the present-day dripline, with the SSA
located below the roofed part of the cave. The thickness of the sedi-
ments overlying the natural bedrock varies between 1.5 and 2.5 m.
In the western part of the Upper Terrace (square L15) and the north-
ern part of the excavation near the wall of the cave (squares I9–10),
the sediments are thicker (3.5 and 4.5 m, respectively).
The main excavation covers an area of ca. 30 m2 on the north-

eastern part of the Upper Terrace. It includes the SSA and adjacent
squares. In addition, a 3.5 m deep sounding was dug in square L15
on the western part of the Upper Terrace (Figs. 25.1b, 25.1c).
The archaeological sequence of the main excavation area was

divided into six stratigraphic units (Fig. 25.1b). Units 1 and 2 repre-
sent eroded surface breccia and later terra rossa intrusion, respect-
ively. Units 3–6 are well-preserved Middle Palaeolithic habitation
layers rich in lithics and faunal remains and containing several com-
bustion features. Units 3 and 5, which lie slightly to the west of the
dripline, are somewhat more lithified than Units 4 and 6. Unit 6
is the richest and best-preserved Early Middle Palaeolithic unit of
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Figure 25.1 a: Location map. b: East–west section of the site and representative stratigraphic sections (location in panel c). c: Site plan.
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Figure 25.2 Misliya Cave. a: A view from the northwest. b: The main exca-
vation area (a view from the south). c: Close-up of the hearth marked in b.
(A black and white version of this figure will appear in some formats. For
the colour version, please refer to the plate section.)

the site. Mixed Acheulo-Yabrudian/Mousterian material was found
within sediments that accumulated in the easternmost squares (K–
N/7–9) in between large rocks below the Early Middle Palaeolithic
layers. The mixed layer is 10 cm thick and lies on a rock sur-

face, which constitutes either the bedrock or a huge collapsed rock
shelf.
Thermoluminescence ages of the Acheulo-Yabrudian layers from

the Lower Terrace range between 273±21 ka and 238±21 ka.
The mean of nine ages obtained for Square Q28 (247±24 ka) and
Square Q29 (257±28 ka) (Valladas et al. 2013) places the Acheulo-
Yabrudian industry at Misliya Cave at the very end of the Levantine
Lower Palaeolithic.
The Acheulo-Yabrudian assemblage (Weinstein-Evron & Zaid-

ner, in press; Fig. 25.3: 1–4) exhibits several technological systems
including bifacial shaping, production of small flakes from unidir-
ectional cores and cores with one preferential flaking surface and
prepared striking platform, and production of large and thick, often
cortical, flakes from unprepared cores. The thick flakes were used
for the manufacture of handaxes and of large scrapers using Quina
or semi-Quina retouch. Abundant biface thinning flakes and scraper
retouch flakes indicate that tool production took place on site.
The emergence of the Middle Palaeolithic in Misliya Cave is

manifested by a technological break marked by the disappearance
of bifaces and thick-flake production technology, and the introduc-
tion of blade manufacture using laminar and Levallois production
methods, as well as the usage of Levallois methods for point and
triangular-flake production. The tool-kit (Fig. 25.3: 5–11) is dom-
inated by various types of points and retouched blades (Zaidner &
Weinstein-Evron 2014). These characteristics suggest that the Mid-
dle Palaeolithic assemblages of Misliya Cave belong to the Early
Levantine Middle Palaeolithic (e.g. Bar-Yosef 1998; Garrod & Bate
1937). The Misliya Early Middle Palaeolithic lithic assemblage is
the largest in the Levant, consisting of more than 60,000 artefacts
(larger than 2.5 cm).
TL ages of the Middle Palaeolithic layers of the Upper Terrace

yielded a range of 212±27 ka to 166±23 ka, broadly assigning it to
Marine Isotope Stage (MIS) 7 and the early part of MIS 6 (Valladas
et al. 2013). The same cultural phase in Hayonim (Bar Yosef et al.,
Chapter 26 of this volume) and Tabun (Ronen, this volume) caves
yielded broadly similar ages (Mercier & Valladas 2003; Mercier
et al. 2007).
A series of well-defined hearths was unearthed on the Upper

Terrace (Fig. 25.2b, c). In addition to visible hearths, micro-
morphological and mineralogical analyses point to intensive use
of fire by the Misliya inhabitants (Weinstein-Evron et al. 2012).
The evidence includes blackened and calcined burnt bones, bedded
humified/charred plant material arranged in micro-laminae, red-
dish lenses probably derived from burnt clayey terra rossa, and
cemented calcite lenses probably originating from partial dissolu-
tion and re-precipitation of calcitic wood ash.
Phytoliths, wood ash, and charred vegetal remains indicate exten-

sive use of plants at the site. The exceptionally well-preserved,
millimetre-sized charred grass tissues identified in thin sections
from the central part of the cave probably represent the remains of
bedding or matting. Derived from the Early Middle Palaeolithic,
these constitute the earliest such evidence to date (Weinstein-Evron
et al. 2012).
The rich faunal assemblage is dominated (95%) by ungulate

taxa, with Mesopotamian fallow deer (Dama mesopotamica) and
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Figure 25.3 Misliya lithic artefacts.
1–4: Acheulo-Yabrudian: 1, handaxe;
2, limace; 3, convergent Quina side-
scraper; 4, transversal side-scraper. 5–
11: Early Middle Palaeolithic: 5 and
6, Hummal points, on long blade;
7, Abu Sif point; 8 and 9, Mis-
liya points on Levallois blades; 10,
elongated Levallois point; 11, bifa-
cially retouched elongated Mouster-
ian point.
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mountain gazelle (Gazella gazella) being the species most com-
monly preyed upon. Body-part analysis, age profiles, and bone-
surface modifications observed at this almost exclusively anthropo-
genic assemblage attest to systematic ungulate hunting and ‘mod-
ern’ carcass transport and butchery patterns (Yeshurun et al. 2007).
Hunting was performed using sophisticated gear, employing a large
variety of points of different forms and sizes (Yaroshevich et al.
2016).
The vertical and spatial distribution of the Early Middle Palaeo-

lithic archaeological finds indicates that the same location was
repeatedly used throughout the intensive occupation of the site
(Kapul 2015). Recurrence of the same spatial pattern throughout
the EarlyMiddle Palaeolithic sequence, the high density of artefacts
(�3,000 lithic artefacts >2.5 cm per m3) and animal bones (565
identified specimens per m3), and repeated use of fire manifested
in the construction of hearths indicate repeated visits and, pos-
sibly, lower residential mobility than for other EarlyMiddle Palaeo-
lithic sites in the region. This exemplifies further the centrality of
the site within the Early Middle Palaeolithic regional settlement
system.
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26.1 SETTING AND STRATIGRAPHY

Hayonim Cave in Wadi Meged, Western Galilee, Israel, comprises
several eroded and intact karstic halls in limestone beds of an Upper
Cenomanian shelf. Only two of the original chambers remain intact,
while the remnants of two other eroded chambers contain sev-
eral exposures of brecciated prehistoric deposits, some with visible
Mousterian artefacts. A fifth chamber may have existed on the east-
ern side of the complex, as evidenced by rockfall scars and isolated
patches of breccia.
The size of the one excavated chamber is about 150 m2 beyond

the dripline (Fig. 26.1). A series of constructed terraces in front
of the cave, planted with olives, stretch down to the valley. The
top two terraces contain the remains of a Geometric Kebaran sta-
tion, a large Natufian site known as Hayonim Terrace, and Pottery
Neolithic material (Valla 2012).
The excavations at Hayonim Cave carried out in 1965–1979 and

1992–2000 exposed the following stratigraphy:

Layer A consisted of historical deposits including a second-century
AD glass furnace. It is covered by about 3 m of ashy deposits
containing Byzantine sherds. It appears that the use of the cave
by shepherds, from the seventh century AD until recent times,
was mainly in the winter (late October to late April). The ashy
deposits are the result of burning the dung layers to remove
organic detritus as well as pests.

Layer B, ca. 0.1–1.2 m thick, contained a series of Natufian occupa-
tions incorporating built-up rooms in the lighted part of the cham-
ber near the entrance. Five occupational phases were identified
based on lithic typological comparisons and stratigraphic consid-
erations. The main occupation took place during the Early Natu-
fian (supported by the available 14C ages) with more ephemeral
occupations during the Late Natufian (Bar-Yosef 1991; Belfer-
Cohen 1988; Fig. 26.2).

Layer C was a Kebaran layer about 2.5 m thick accumulated in
an elongated post-Mousterian erosional depression, or trough,

located under the dripline at the cave entrance. The assemblage
was deposited in a matrix of loose, bone-rich, reddish, granular
silt and clay locally cemented with calcite. The sediments were
largely a mixture of reworked deposits derived from the destruc-
tion of the Mousterian layers.

Layer D was ca. 0.35–0.55 m thick and was confined to the cen-
tral area, where it occupied a small basin formed by the sinking
Middle Palaeolithic deposits. It was subdivided into four layers
(D1–4), composed of an ashy matrix rich in animal bones and
a few well-structured hearths in the earlier occupation (D4). The
lithic industry is typical Aurignacian (Belfer-Cohen & Bar-Yosef
1981).

Layer E was a 5 m thick deposit exposed in the central area and sub-
divided into ‘Upper and Lower E’ based on differences among
the Mousterian assemblages with further subdivisions. It con-
sisted of predominantly anthropogenic sediments (hearths, ashes,
charred organic matter), but also of locally well-defined, clay-
rich geogenic units with evidence for extensive phosphatization.
Bone concentrations were rich but localized along the east and
west margins of the central area. Several fallen stalagmites were
uncovered in the eastern side. Upper E contained a ‘TabunC type’
assemblage, and Lower E and F were generally of the ‘Tabun D
type’ (Meignen 1998).

Layer F, exposed only in the ‘Deep Sounding’ at the cave’s entrance,
was predominantly geogenic. It consists of extremely diagenetic-
ally altered clay, silica, and quartz silt. A few layers of isolated
burnt areas and numerous pieces of scattered charcoal were iden-
tified. Very few bones were preserved in this layer, consistent
with widespread indications of mineral diagenesis in the sedi-
ments punctuated by rodent burrows. These bones are prob-
ably intrusive. The Mousterian technology was generally of the
‘Tabun D type’ (Meignen 1998).

Layer G was partly exposed by the excavation that terminated in
2000. The upper part of the layer was a hard, gritty silt, rich in
layered opaline seed coats with little matrix between the frag-
ments. Below this was amassive unit consisting of mottled brown
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Figure 26.1 View of the cave.

and yellow-brown silt and seed coats. These observations indi-
cate extensive diagenetic alteration of the deposits, which prob-
ably accounts for the absence of bones. The lithic industry is a
typical Acheulo-Yabrudian.

Bedrock was not attained.

26.2 CHRONOLOGY

Layer A: On the top of Layer B, two fireplaces were uncovered.
Their ages are 1,845±65 BP and 1,310±65 BP (1,784±73 and
1,226±61 cal BP). These ages are supported by a second- century
AD Roman coin associated with a glass furnace (excavated by
G. Heller from the Museum Ha’aretz in Tel-Aviv). It therefore
seems that the ash accumulation, among which Byzantine sherds
were collected during the removal of this deposit, is from above
Layer B.

Layer B: Two radiocarbon ages on seeds from locus 4 are
12,360±160 and 12,010±180 BP, calibrated to 14,562±419 and

14,053±326 cal BP (Hopf & Bar-Yosef 1987). These readings
support the identification of the Early Natufian phase (Bar-Yosef
1991; Belfer-Cohen 1988). The Late Natufian, based on typol-
ogy, lasted as other Natufian sites until ca. 12 or 11.7 ka cal BP.

Layer C: No datable materials were found in this deposit, but the
estimated age of the Kebaran, based on comparisons to other
dated sites bearing the same lithic assemblages, is about 22 or
20 to 18 ka cal BP (Goring-Morris & Belfer-Cohen 2011).

Layer D: Radiocarbon ages are 27,200±600, 28,900±650, and
29,980±720 BP calibrated to 33,272±654 and 34,174±679 cal
BP. These dates fall within the range of other Aurignacian con-
texts of the nearby caves of Kebara (Meignen et al., Chapter 27 of
this volume; Rebollo et al. 2011) and Manot (Hershkovitz et al.
2015; Marder et al., Chapter 31 of this volume).

Layers E and F: The chronology of the Mousterian accumulation
of Layers Upper E, Lower E, and F was determined by thermo-
luminescence (TL) and electron spin resonance (ESR).

The age of Layer G was not determined. Of the >100 TL ages
obtained, only 77 were considered reliable. The flints that pro-
duced reliable ages were located in sediments with a uniform
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Figure 26.2 a: Plan of the Natufian layer of Hayonim; b: locus 8 during the
excavation; c: locus 10 during the excavation.

mineralogical environment of less than 1 metre in all directions,
and hence the environmental radiation dose that impinged on
these flints could be reliably determined (Mercier et al. 2007).

The age of the very top of Upper Layer E was not determined, and
a U–Th age on a fallen stalagmite in the northeast corner of the
central excavation area indicates that unit 2 of Layer E is <153 ka.
Most of the Mousterian deposits, however, are 130–220 ka. This
range supports the original contention that the age of the upper part
of Hayonim Layer E is generally comparable to Tabun C, and the
lower part of Hayonim Layer E, along with Layer F, is of the same
general age as Tabun Layer D (Mercier et al. 1995a, 1995b). Ambi-
guities in the ESR and TL results were attributed to the effects of
postdepositional diagenetic processes on dose rates in Layers F and
E, especially for Marine Isotope Stages (MIS) 5–7. Comments on
the mineralogical history of the cave deposits are therefore given
below.

26.3 THE NATUFIAN FROM LAYER B

26.3.1 STRUCTURES AND ARTEFACTS

The main Natufian occupations are marked by the building of a
series of rounded or oval rooms from undressed stones obtained
in the immediate vicinity of the cave (Fig. 26.1). Their volume
and total weight reflect an investment of greater energy than for
dwellings at earlier sites in the Levant (Goring-Morris & Belfer-
Cohen 2008). The built-up rooms were 2.0–2.5 m in diameter, and
the width of the joint walls was about 1.0 m. The walls were pre-
served to a height of 0.60–0.70 m, without identification of well-
defined entrances. Paved floors and built hearths were uncovered in
most of the built-up loci designated as 4, 5, 6, 7, and 8.
The function of these rooms is unknown, and several demon-

strated reuse by the Natufian inhabitants. Many of the finds (both
lithics and bone artefacts) were of a domestic character, but the
small diameters of the built structures preclude their use as daily
dwellings. Apparently, special activities took place, as for example
in locus 4: following occupational levels with two superimposed
fireplaces, it was covered by two floors of limestone slabs, several
of which were incised, including a small stele (Bar-Yosef & Belfer-
Cohen 2012; Shaham & Belfer-Cohen 2013). Later, a kiln for burn-
ing limestone was established, although no evidence was found for
the use of plaster inside the cave. Finally, it served as a bone tool
workshop. Similar reuse was observed in locus 8, where two floors
with fireplaces were uncovered. Loci 10 and 11 were not fully exca-
vated (Bar-Yosef & Belfer-Cohen 1998; Marshack 1997). All struc-
tures were later filled in with collapse material and the levelling that
took place during the second century AD.
The complex Natufian stratigraphy is represented by burials both

pre-dating and postdating most of the loci. These burials included
some decorated burials with personal jewellery and bone tools
(Belfer-Cohen 1988, 1995). The Late Natufian occupation consisted
mainly of burials (undecorated), indicating that the cave functioned
as a cemetery. Three major caches near the northern wall were
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uncovered. One contained a series of basalt pestles; another, half-
worked bovid ribs; and the third, quartzite hammer stones and large
quantities of Dentalia beads (Kurzawska et al. 2013).
The finds from the various Natufian phases are typical of a base

camp, including evidence of extensive game processing (Bar-Yosef
2002; Munro 2004). There are many ground stone tools, and the
inventory is typical Natufian: mortars, pestles, mullers, whetstones,
and shaft straighteners. These tools were made from basalt and
limestone and were brought into the cave as complete items. Of
particular note are the heavy boulder mortars and some decorated
smaller ones. Some of the basalt pestles bear evidence of lime
pounding as well as grinding of ochre. The lithic assemblages are
characterized by Helwan lunates in the early phases and the backed
variety in the later phases. There are sickle blades and narrow, elon-
gated bifacial or trifacial tools. The total number of flint artefacts is
quite low in comparison with other Natufian sites including Hay-
onim Terrace immediately outside the cave, indicating that during
most of its history the cave was reserved for special purposes.
The collection contains many bone tools of diverse types, some

uniquely decorated (Bar-Yosef 2002; Bar-Yosef & Belfer-Cohen
1999). Most of the bone tools were used for hide working and bas-
ketry (Campana 1989). Some of them were produced on site, as
evidenced particularly in locus 4 and more generally by the work-
ing debris recovered among the faunal remains (Munro 1999); such
debris included girdle-and-snapped long bone ends, notched or pol-
ished pieces, and severed gazelle horn cores. Quite a number of
bone pendants were recovered as well, especially from grave con-
texts (e.g. graves VII, XIII, and XVII), all of which pertained to
the early phases of the Natufian occupation. Dentalium shell beads
were also common among the ornaments. It is interesting that par-
ticular bone beads and pendants were abundant in Hayonim Cave
but rarer in other sites. Intersite variability in the character and num-
ber of decorative elements is almost certainly related to a com-
bination of site function and group identities within the Natufian
as a whole (Belfer-Cohen 1991; Belfer-Cohen & Bar-Yosef 2000;
Goring-Morris & Belfer-Cohen 2011).

26.3.2 THE FAUNA

Hayonim Cave hosts a rich faunal assemblage deriving from both
the Early (NISP = 8096) and Late (NISP = 5473) phases of the
Natufian period. The fauna are well preserved. It was meticulously
recovered, allowing investigation of the full spectrum of economic
taxa. The fauna summarized here were clearly collected by humans.
The quality of the assemblage and the cave’s occupation throughout
most of the Natufian period provide an exceptional opportunity to
explore variation in site occupation intensity, human demography,
and animal economy across the Natufian period.
The Natufian assemblages are represented by a wide range of

wild taxa. Most important were mountain gazelle, Mediterranean
spur-thighed tortoise, hare, and chukar partridge. Red foxes dom-
inate the carnivore component, while fallow deer, red deer, roe
deer, and wild boar are minor contributors to the ungulate assem-
blage (NISP counts in Munro 2004: Appendix 4). A wide range
of birds, including a variety of raptors, is also represented. The

gazelle assemblage includes an unexpectedly high proportion of
juveniles (>50%) including numerous fawns that exceed their nat-
ural abundance in a stable population (Mendelssohn et al. 1995;
Munro 2004).
High taxonomic diversity and the focus on gazelles, particularly

older juveniles and fawns, and small game taxa, especially diffi-
cult to catch types such as birds and hares, set the Natufian faunas
apart from the Kebaran, Aurignacian, and Mousterian assemblages
at Hayonim Cave and the southern Levant in general. These char-
acteristics all point to reduced foraging efficiency in comparison
to earlier periods, suggesting demographic packing on the regional
scale (Munro 2009; Stiner et al. 1999).
The key difference between the Early and Late Natufian phases

in the cave is the significant increase in the relative representation of
tortoises comparedwith partridge and hare in the Late Natufian. The
relative increase in the hunting of the cost-effective tortoise reveals
a lightening of human hunting pressure on small game taxa close
to the site. This change suggests a significant decrease in site occu-
pation intensity during the Late Natufian. This is supported by sev-
eral independent lines of archaeological evidence including archi-
tectural and human remains (Bar-Yosef & Belfer-Cohen 2012).

26.4 THE KABARAN OF LAYER C

Layer C represents several short-term, ephemeral occupations by
foragers, perhaps during summer because the area beneath the
dripline, where the Kebaran materials were concentrated, would
have been too wet in winter. A considerable time span of the
Kebaran deposits is reflected in the sequential typological changes
observed in the lithic artefacts excavated from this layer (details
in Bar-Yosef 1970, 1991). Core reduction strategies were essen-
tially the same throughout the entire deposit. There was a typo-
logical shift from bottom to top in dominance of curved, retouched
bladelets giving way to dominance of the obliquely truncated
backed bladelets that are most typical among Kebaran microliths
in general (Fig. 26.3).

26.5 THE AURIGNACIAN OF LAYER D

Layer D reflects several repeated occupations forming a dense
midden. A wide variety of activities was conducted on site, as
indicated, for example, by large collections of lithics and animal
bones as well as a small slab with an engraving of a ‘horse’ and
by four deep hearths (Belfer-Cohen & Bar-Yosef 1981; Marshack
1997) associated with ochre-stained rock slabs (Wreschner 1976
and own unpublished observations). The lithic industry is character-
ized by carinated and nosed scrapers, Aurignacian blades, Dufour
bladelets, end-scrapers, and burins. Bone tools include awls, points,
bi-pointed points, spatulas, and worked antlers, as well as five deer
pendants. Debitage composition and numbers suggest that little
blank production took place in the cave. It seems that the tem-
porary Aurignacian occupants brought in tools from other places,
including the coastal plain as suggested by fish remains. The entire
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Figure 26.3 Kebaran artefacts.
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assemblage of animal remains is dominated by gazelle and a much
smaller amount of fallow deer, with lower presence of roe deer,
pig, wild goat, wolf, rare hare remains, and a few other carnivores
(Rabinovich 2003).

26.6 THE MOUSTERIAN OF LAYERS E AND F

26.6.1 THE MINERALOGY OF THE MOUSTERIAN
DEPOSITS

The practice of making fires in the same place probably accounts
for the preservation of ashes in the Mousterian layers. This relative,
local stabilization of the ash matrix can persist even after the origi-
nal calcite dissolves and/or reprecipitates as another mineral form.
Calcitic ash is relatively unstable chemically, but it was not the

least stable mineral present in Hayonim Cave. Land snail shells
are composed of aragonite, another polymorph of calcium car-
bonate (Lowenstam & Weiner 1989) that is slightly more soluble
than calcite. Monitoring the mineralogy of land snail shells demon-
strated that in some areas where calcitic ash was preserved, the land
snail shells either retained their original aragonitic mineralogy or
were transformed in situ into calcite. Each of these transformations
occurred in proximity to the travertines that accumulated mainly

in the central area of the cave. At some distance from the traver-
tine, some of the shells had even transformed to dahllite (carbonated
hydroxyapatite). Despite this second round of dissolution and repre-
cipitation, the shells retained their original morphology. It is inter-
esting to note that such pseudomorphs of snail shells are observed,
whereas pseudomorphs of bone transforming into another mineral
phase are almost never observed (Karkanas et al. 2000). The explan-
ation may be partly related to the small crystal size of bone mineral,
and the high proportion of organic matrix, as compared with that of
snail shells.

26.6.2 THE MOUSTERIAN ASSEMBLAGES

Layer F (units 8–10, in the Deep Sounding) at the bottom of the
sequence and lower Layer E (Fig. 26.4, units 4–6, in the Cen-
tral Area) are characterized by the presence of elongated prod-
ucts (blades and points, often retouched) in different proportions
depending on the units, together with short, often triangular Leval-
lois blanks (Fig. 26.5).
The elongated end products consist mostly of narrow and thick

blades, with triangular or trapezoidal thick sections. These morph-
ologies imply relatively narrow cores, with highly oblique lat-
eral sides in cross-section, having a volume configuration different
from cores resulting from the Levallois concept. These cores, most

a b

Figure 26.4 The upper (a) and lower (b) parts of the section showing the Middle Palaeolithic sequence of deposits in the cave.
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Figure 26.5 Artefacts from areas E and F (Tabun D type): 1–2, elongated retouched points on narrow thick Laminar blanks; 3, retouched blade on narrow
thick Laminar blank; 4, elongated retouched point on wide thin Levallois blank; 5, short triangular Levallois product; 6, narrow thick blade from the Laminar
system.
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often unidirectional, show a highly convex transverse section, with
a flaking surface expanding to the lateral edges, a morphology often
referred to as ‘semi-pyramidal’.
The less frequent bidirectional cores also demonstrate a particu-

lar structure, with the two opposed platforms slightly twisted. The
resulting flaking surface, similar to the previous case, is highly con-
vex, and the morphology can be identified as ‘semi-prismatic’. Core
shaping and maintenance involve the use of crested blades. The
characteristics of the striking platforms, bulbs of percussion, and
ventral surfaces suggest direct percussion, with a stone hammer
(Meignen 1998, 2000).
In these lower units, the same strategy of Laminar core reduc-

tion resulted in the production of small blades/bladelets, sometimes
struck from ‘nucleiform burins’ (Meignen 2007, 2011). This spe-
cific reduction strategy (Meignen 2000) is not exclusive. In Layers
Lower E and F, some wide thin blades were struck from cores with
a relatively flat flaking surface demonstrating all the characteristics
of the Levallois reduction strategy.
In the lower units, the most striking feature of the assemblages is

the high proportion of elongated retouched points of different kinds
and retouched blades. A large part of the tool-kit was designated
towards the shapes of the end products of the Laminar technology.
Besides them, classical Mousterian points and typical burins, even
if not numerous, are shaped on short Levallois blanks. In Layer F, a
marked increase in inverse retouched scrapers (‘racloirs à retouche
sur face plane’) was specifically noted as it is a unique phenomenon
in the Near Eastern Mousterian (Meignen 1998).
The lithic assemblages of HayonimLower E and F closely resem-

ble the material found in Abou Sif B and C (Neuville 1951), Hum-
mal layer 6 (Wojtczak 2011), and Misliya (Zaidner & Weinstein-
Evron 2012; Weinstein-Evron et al., Chapter 25 of this volume).
They show global affinities with the so-called ‘Early Levantine
Mousterian’ industries, a blady technical entity less homogeneous
than previously thought, demonstrating variability in core reduction
strategies and retouched tool-kits (Meignen 2011).
In contrast to the older layers, Upper E assemblages (units 1–3)

are dominated by Levallois technology oriented towards the pro-
duction of short and thin flakes (Meignen 1998). Core manage-
ment is evidenced by the presence of centripetal and unidirectional
removals resulting in oval, quadrangular, and subtriangular blanks.
Very few true Levallois blades and points are present, in contrast
with the lower layers. Retouched tools include mainly side-scrapers
on large highly selected Levallois blanks together with a series of
well-struck burins.
According to these criteria, the Upper E assemblages, especially

units 1 and 2with their centripetal core preparation, conform closely
with Tabun unit I industries (Jelinek 1981; Ronen, this volume)
in most layers from Qafzeh (Hovers 2009; Vandermeersch & Bar-
Yosef, Chapter 28 of this volume), Ksar ‘Akil XXVI (Marks&Volk-
man 1986; Pagli 2014; Bergman et al., Chapter 30 of this volume),
Douara layer III (Akazawa 1979) and Quneitra, although in this site
some particular shapes of the retouched tools should be mentioned
(Goren-Inbar 1990). Upper E assemblages illustrate the variabil-
ity and flexibility of the Levallois technology in general, result-

ing in an array of products of controlled morphology (Meignen
1998).

26.6.3 THE MOUSTERIAN FAUNA

Two important trends are evidenced by the zooarchaeological and
related data for the past 200,000 years at Hayonim Cave (Stiner
2005): (a) the early development of humans’ niche as hunters of
prime-age ungulates dominated by gazelle and fallow deer with
lower presence of red deer, pigs, and wild cattle; (b) a shift toward
greater dietary breadth, including greater use of fast-moving, fast-
reproducing small game. Recognition of these trends is based on
observations about ungulate exploitation, small game use, and its
demographic correlates as determined by computer simulations
(Stiner et al. 2000; Stiner 2005).
TheMousterian meat diet at Hayonim Cave was consistently nar-

row and consistently dominated by high-ranked prey types. This is
in contrast to most recent hunter-gatherers and many Upper Palaeo-
lithic fauna assamblages (Kuhn & Stiner 2001). The Hayonim
Mousterian data indicate a heavy reliance on a few ungulates and
tortoises. There was little variation over time in the transport of high
meat-utility or marrow-utility animal parts to the cave for further
processing, and an apparent reluctance to transport much of the ver-
tebral column.

26.7 SUMMARY

Little is known about the Acheulo-Yabrudian (Layer G) at the lower
part of the excavations that did not reach bedrock. The early TL
ages only indicate a short gap before the early Mousterian mobile
foragers began to occupy the cave.
The Mousterian occupations (Layers F and E) were repetitive

but of low intensity. TL ages (Mercier et al. 2007) suggest a sedi-
ment accumulation rate of about one cubicmetre per 10,000–15,000
years inHayonimCave, in contrast to the laterMousterian inKebara
Cave where each cubic metre accumulated in roughly 3,000 years
(Bar-Yosef 1998; Stiner 2005). Diverse activities are apparent from
the lithic technology, faunal remains, and evidence of fire building
in the Mousterian (Tabun D type) layers. Together, these findings
indicate repeated, brief uses of the cave as a residential camp, prob-
ably by small numbers of people at any one time, within a strat-
egy of high mobility that lasted through the time of Qafzeh Cave
(Vandermeersch & Bar-Yosef, this volume), also referred to as the
Tabun C type (Meignen et al. 2006). Complete core reduction on
site, together with a diversified tool-kit, rules out the possibility
that the site was used mainly as a task-specific or special-use camp.
The patterns of prey exploitation and large body sizes of tortoises
exploited indicate that human populations of the period were small
and highly dispersed.
A gap in occupation of >50,000–60,000 years occurred after

the Mousterian before the cave was reoccupied by mobile groups,
bearers of the Aurignacian culture. Several hearths, an incised slab,
and a rich assemblage of bone tools and pendants, were covered
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by a dense midden of animal bones accumulated in a small basin
created by the erosion and slumping of the Mousterian deposits.
Additional damage was caused by later Natufian burials.
A gap of about 10 ka separates this deposit from the Kebaran

(Layer C) occupation that occurred only in the entrance area. The
sequence of the various lithic types suggests an age of about 20/22–
18 ka cal BP.
A similar gap duration passed before the cave was occupied by

a Natufian group. The remains of Layer B record a complex use
of the cave. Earlier buildings of rooms covered the entire frontal
part of the chamber. The amount of brought-in rocks for building
indicates a large energy expenditure. Burials were dug in the back
and margins of the usable area. The rooms were employed for dif-
ferent purposes, hinting at the presence of special members of the
group. The Late Natufian occupation, partially destroyed in histor-
ical times continued the particular function of the cave. The rich
lithic industries, bone objects, grinding and pounding tools as well
as the hunted game suggest similar subsistence behaviour to other
Natufian sites. The site was abandoned for ca. 10 ka until the second
century AD and was used as a goat pen from the seventh century to
recent times.
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27 Kebara Cave

l. meignen, o. bar-yosef, a. belfer-cohen, j.d. speth, and
b. vandermeersch

27.1 LOCATION AND STRATIGRAPHY

Kebara Cave is located at the western escarpment of Mt Carmel,
facing the Mediterranean, �13 km south of Wadi el-Mughara
(Nahal Ha-Me’arot) at �60–65 m above sea level (m asl). This
cavity is approximately 26 × 20 m, offering a large surface area
of occupation. Its arched entrance faces north-northwest, overlook-
ing the confluence of two small valleys and part of the coastal plain
(Fig. 27.1). These valleys and plain were probably regular routes for
game movements, while the upland was covered by oak forest. Dur-
ing the early last glacial, the sea level was �120–130 m below its
current level, and therefore the coastal plain width in front of Kebara
during the Mousterian (ca. 64 ka to ca. 50 ka) was �9–10 km.
Early fieldwork in Kebara Cave by F. Turville-Petre in 1930

exposed a stratigraphic sequence of Bronze Age, Lower Natufian,
Kebaran, and Aurignacian occupations (Garrod 1954). Later, M.
Stekelis (1951–65) exposed remains of the early Upper Palaeolithic,
but most of his fieldwork revealed Mousterian assemblages (Schick
& Stekelis 1977; Bar-Yosef et al. 1992; Bar-Yosef & Vander-
meersch 2007). New excavations (1982–90) directed by Bar-Yosef
andVandermeersch focused on theMiddle Palaeolithic deposits and
a limited area of Upper Palaeolithic age. The exposed sequence was
subdivided into Upper Palaeolithic (Units I–IV), Middle Palaeo-
lithic (Units V–XIII), and naturally accumulated deposits (Units
XIV–XVI) (Fig. 27.2).

27.1.1 UNITS XIV–XVI

Well-bedded or finely laminated deposits of sandy silts at the
bottom of the cave were clearly accumulated in a low-energy
aqueous environment or in standing water (Goldberg et al. 2007;
Goldberg, Chapter 16 of this volume). They probably represent
damp conditions that lasted for several millennia. These saturated
conditions in the cave would explain the lack of earlier human
occupation.

27.1.2 UNITS XIII–VII

The onset of the deposition of Unit XIII marks a radically different
style of sediment accumulation in the cave. Anthropogenic inputs
are manifested by ash-rich burnt layers including numerous well-
outlined fireplaces up to 1 m in diameter (Meignen et al. 2001,
2007; Goldberg et al. 2007). Such fireplaces characterize most of
the deposits from Unit XIII to Unit VII. These dominant anthro-
pogenic accumulations occurred at the same time that clay and silt
were blown or washed into the cave.

27.1.3 UNITS VI–V

Towards the end of the Middle Palaeolithic, approximately coeval
with Unit VI and continuing into Unit V and the early part of the
Upper Palaeolithic sequence, a slump occurred (Laville &Goldberg
1989). This slump created a topographic relief that initially fostered
erosion in the western sector of the cave, followed by deposition of
sediments by low-energy wash in the interior, eastern part of the
cave. Near the entrance, somewhat less anthropogenically modified
red silt clay accumulated (Unit Vr, entrance in Fig. 27.2A), rapidly
prograding into the cave. The occurrence of in situ fireplaces in
Units V and VI, as well as lithics, demonstrates anthropogenic input
coeval with the overall sedimentation, indicating that conditions in
the cave remained favourable for human occupation. This slumping
slightly preceded or coincided with the onset of wetter conditions
inside the cave and possibly regionally (Goldberg et al. 2007).

27.1.4 UNITS IV–I

The Upper Palaeolithic occupations of the southern and eastern sec-
tions are within finely laminated silt and clay, interspersed with iso-
lated yet well-developed hearths (Units IIIBf, IIf). The relatively
wetter conditions reflected in the Upper Palaeolithic deposits are
deduced not only from the laminated nature of these accumula-
tions, which were emplaced by low-energy sheetflow, but also from
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Figure 27.1 A: View of Kebara Cave from the coastal plain to the east; B: view to the northwest of the Kebara excavations; C: Middle Palaeolithic large
hearth in the ‘Deep Sounding’ (Unit XIII) overlain by a series of thinner fireplaces, visible in the western section; D: burial of Kebara 2 hominid, during
excavation. (A black and white version of this figure will appear in some formats. For the colour version, please refer to the plate section.)
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Figure 27.2 A: Plan of Kebara Cave showing locations of excavated areas and profiles. B: South profile showing the Upper Palaeolithic finely laminated
deposits (upper three-quarters of the section: layers Aa, Ab, Ac). Units VI and VII and layer B contain Middle Palaeolithic assemblages. The contact
between the two ensembles is obscured by slumping and bioturbation (Laville & Goldberg 1989). C: Western profile showing the Middle Palaeolithic
deposits (numerous superimposed hearths and ashy sediments).
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diatoms in several Upper Palaeolithic layers in the cave interior indi-
cating episodically wet substrate, especially beneath the chimney
(Fig. 27.2A).

27.2 CHRONOLOGY

The thermoluminescence ages of burnt flints from Middle Palaeo-
lithic Units XII–VI are 59.5±3.5 ka to 48.3±3.5 ka (Valladas et al.
1987). Electron spin resonance ages of tooth samples from Unit
X (Schwarcz et al. 1989) indicate an early-uranium uptake age of
64/60±6 ka.
A series of radiocarbon ages on charcoal based on ultra-filtration

pretreatment was produced jointly by the Weizmann Institute and
the Oxford Radiocarbon Accelerator Unit (ORAU). The calibrated
ages suggest ranges broadly similar to those obtained previously
as the earliest appearance of the Ahmarian (Units III–IV), 48.5–
46.5 ka cal BP (Rebollo et al. 2011: 2431). The Aurignacian of
Units II–I are ca. 39–36.7 ka cal BP (Bar-Yosef et al. 1996), indi-
cating a gap between the accumulation of these two assemblages.
This gap may explain the mixing in the lower assemblage of the
entrance area. No Initial Upper Palaeolithic assemblages have been
recognized in Kebara Cave.

27.3 MIDDLE PALAEOLITHIC LITHIC
ASSEMBLAGES

Lithics indicate that the cave was visited repeatedly from Units XIII
to V by human groups sharing the same technical knowledge and
using the Levallois method for producing stone objects (Meignen &
Bar-Yosef 1991; Bar-Yosef & Meignen 1992; Meignen, in press).
The trend in lithics production resulted in regular blanks with quite
similar morphologies. This trend is characterized by the use of a
unidirectional recurrent method for obtaining blanks with conver-
gent morphologies (points and triangular flakes) (Meignen 1995).
Some subtle changes from Unit VIII upward include more diver-
sified production of subtriangular and quadrangular morphologies.
Careful preparation of the striking platforms in all units allowed
precise control of the morphology of the end products, in particular
of the broad-based Levallois points with sophisticated protruding
‘chapeau de gendarme’ platforms (‘Kebara points’), mostly repre-
sented in Units IX–X (Fig. 27.3). All of the assemblages are charac-
terized by intensive exploitation of the cores, which are very small
in their final phase of production.
The Middle Palaeolithic assemblages display only a few

retouched pieces (from 1.2 to 3.7%), mainly side-scrapers which
are usually made on the largest Levallois blanks. In fact, most of
the Levallois blanks were left unretouched and used as such (Shea
1991; Plisson & Beyries 1998; Beyries, in press). Therefore, it
seems that the desired morphology of the tool was obtained directly
by the knapping method.
Flints of different quality were widely available in the area of Mt

Carmel (Ekshtain et al. 2013; Ekshtain 2014), and the procurement
of raw material was mainly based on a strategy of ‘provisioning

of place’ (Kuhn 1995). Tool needs were satisfied largely through
the importation of flint blocks or large cortical flakes from sources
located less than 15 km from the cave with a minor frequency of
raw material from greater distances (Ekshtain, personal communi-
cation). Significant numbers of tools were produced on site. Their
duration of use was rather short, and observable recycling is rare.
Theyweremost often discarded on the site, or in a few cases, carried
out when the occupants left.
The lower units (XIII–XII) are characterized by low-intensity

occupations, with off-site products imported into the cave. This
possibly means the introduction of personal gear into the cave by
human groups moving across the landscape (Kuhn 1995). Con-
versely, in most of the sequence from Units XI–VIII, intensive
on-site production suggests repetitive and dense occupations. A
decrease in densities is evident in Unit VI.

27.4 FAUNAL REMAINS

Speth and Tchernov (2007) demonstrate the accumulation of a sub-
stantial midden along the north wall of the cave during Units XII–
VIII (Middle Palaeolithic midden period) and reduction of this
activity in Units VII–V (Middle Palaeolithic post-midden period).
In Units XII–VIII or ‘Middle Palaeolithic midden period’, the

rich faunal assemblages result from hunting activities rather than
scavenging (Speth & Tchernov 1998). The inhabitants focused their
hunting on diverse ungulates, but especially on two small ungulates,
i.e. the mountain gazelle (45%) and Persian fallow deer (25%),
and two large-bodied taxa, aurochs and red deer. Differential treat-
ment of the carcasses is evident; aurochs and red deer were rep-
resented by elevated proportions of high-utility marrow elements,
while gazelle and fallow deer were represented by more complete
carcasses (Speth & Tchernov 2007).
The intensity of occupation was clearly greatest during the mid-

den period as indicated by the frequency of (a) complete skeletons
of gazelle and fallow deer, and (b) gazelle and fallow deer heads,
and by elevated proportions of higher-utility marrow bones. At the
same time, burnt bones, here resulting mostly from food prepar-
ation (Speth & Clark 2006; Speth, in press), and cut-marked bones
are most frequent in this midden period, indicating the residential
nature of the activities and the intensity of occupation. The repeti-
tive and intense nature of these midden period occupations are also
confirmed by the low incidence of carnivore damage to rejected
bones.
In terms of seasonality, the sex ratios for both gazelle and fallow

deer show more males being taken during the midden period; based
on evidence from behavioural and physiological studies of these
ungulates, it would appear that most hunting events took place dur-
ing the cool season (late winter and/or early spring; see Speth, in
press). Cementum analysis (Rendu & Speth, in press) supports this
hypothesis.
Spatial analysis of the faunal remains (Speth & Tchernov 2007)

shows a higher density of bones near the north wall. The north-
wall fragments are also larger on average than those on the cen-
tral floor of the cave, with bulky low-utility elements such as skulls
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Figure 27.3 Middle Palaeolithic lithic assemblage: Levallois products, including numerous broad-based Levallois points (= Kebara points) with classic
‘chapeau de gendarme’ platform.
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more common in this dumping zone. Burnt bones are also more
frequent near the north wall, whereas all hearths are away from
the wall and are largely devoid of bones. This observation indicates
that the inhabitants periodically cleaned out their cooking and eat-
ing areas, dumping the debris near the wall (Speth 2006; Speth,
in press). This suggests repetitive, intensive and probably long-
term, repeated occupations by comparatively large groups of hunter-
gatherers returning to the cave mostly during the cooler months of
the year.
During the ‘Middle Palaeolithic post-midden period’ (Units VII–

V), toward the end of the Middle Palaeolithic, trash accumulation
along the north wall diminished. The hunted ungulates became less
diverse (mostly gazelle and fallow deer) and relatively small. The
large-bodied prey (aurochs and red deer) virtually disappeared. In
these upper units, less-complete skeletons were left in the cave with
lower average marrow utility, suggesting that carcasses may have
been processed there only to the extent necessary to prepare the
higher-utility parts for transport elsewhere.
Less-intensive occupations are also suggested by lower fre-

quencies of burnt and cut-marked bones. But contrary to what
is expected, the frequency of carnivore-damaged bones remains
very low. One speculative explanation is that Neanderthals boiled
(stewed) meat while it was still on the bone instead of roasting
it (Speth & Clark 2006; Speth, in press). These observations are
indicative of either short-term and/or smaller-scale residential occu-
pations, or more functionally specific uses of the cave, or a combin-
ation of the two.
Interpreting the seasonality of occupations during the Middle

Palaeolithic post-midden period is less clear-cut. The increasing tar-
geting of female animalsmay point to a shift in hunting season to the
warmer months of the year. However, cementum analysis indicates
that most ungulate hunting, at least of fallow deer, continued to take
place primarily during the slow-growth period or cooler months of
the year (Rendu&Speth, in press). Hence, if hunting seasonality did
in fact change in the latter stages of theMiddle Palaeolithic, the shift
was relatively minor, with most hunting taking place during the late
fall and/or early winter. These results do not preclude occupations
in the cave at other times of year. This is illustrated by the results
of charred plant studies: legume seeds, mostly various species of
Vicia and lentils (Lens sp.), occur in large numbers in Units VIII–
XI, implying occupations of the cave in spring/early summer time,
while pistachio nuts and acorn shells may indicate human presence
in the fall during deposition of these units (Lev et al. 2005; Kislev &
Lev, in press). In sum, recurrent year-round occupations of the cave
may thus be documented by faunal and palaeobotanical studies.
In Units IV–I, the hunting economy of the early Upper Palaeo-

lithic differed little from what preceded it in the latter part of the
Middle Palaeolithic. Upper Palaeolithic hunters seized the same ani-
mals in similar proportions as their late Middle Palaeolithic prede-
cessors, transporting similar selected body parts back to the site with
similar overall utility considerations (Speth, in press). Even with the
time gap between the latest Middle Palaeolithic unit and the earliest
of the Upper Palaeolithic and the radical changes in lithic technol-
ogy, there is no observable break in hunting economy by the occu-
pants of Kebara Cave.

27.5 COMBUSTION FEATURES AND SPATIAL
ORGANIZATION

Most of the Middle Palaeolithic units present remarkably abun-
dant intense, repetitive combustion features (superimposed lenses
of black organic-rich layers and white ashy layers of different
sizes indicating combustion), that were emplaced only selectively
in the central part of the cave (Meignen et al. 1989, 2001, 2007;
Fig. 27.1C). The abundant and spatially stable fireplaces reflect
intense and repetitive fire activities. As shown by charcoal and
phytolith analyses (Baruch et al. 1992; Albert et al. 2000, 2007;
Meignen et al. in press), mostly Quercus calliprinos and Q.
ithaberensis were collected on Mt Carmel and the nearby coastal
plain and employed as the principal fuel.
The spatial organization of Units XI–VIII exhibits a distinction

between the central zone of the cave, where in situ fireplaces as
well as flint knapping and probably animal processing occurred, and
the dumping zone near the north wall, where high densities of bro-
ken bones and larger debitage products were tossed. Accumulations
of ‘removed’ ashes at the limit of the two zones point to recurrent
hearth cleaning (rake-out and ash-dumping) (Meignen et al. 2007,
2009). In Unit X, in addition to the trash zone along the north wall,
dense concentrations of faunal remains exist in three circular ‘fea-
tures’ in the central area of the cave, separated from each other by
large areas devoid of bones (Speth et al. 2012). Fourier-transform
infrared spectrometry analyses (Weiner et al. 1993, 2007) show that
this patchy distribution is not an artefact of post-depositional chem-
ical dissolution but rather the result of human trash disposal (Speth
et al. 2012).

27.6 HUMAN REMAINS AND BURIAL

Human remains, often fragmentary, representing at least 23 individ-
uals, were identified in Units XII–IX (Bar-Yosef et al. 1992; Tillier
et al. 2003). The better-known are the infant discovered by Steke-
lis in 1965 (Smith & Arensburg 1977) and the adult burial uncov-
ered in 1983 (Arensburg et al. 1985; Bar-Yosef et al. 1988). The
state of preservation of the infant (KMH1) suggests an intentional
burial (Tillier 2008). The more complete skeleton of a 25–35-year-
old adult male (KMH2) was uncovered lying in a pit in Unit XII
dated to 61/59 ka (Bar-Yosef et al. 1986, 1988; Fig. 27.1D). The
mosaic of anatomical features of the KMH2 individual (Bar-Yosef
& Vandermeersch 1991) resulted in controversial opinions con-
cerning his phylogenetic assignment and relatedness to the ‘class-
ical Neanderthals’ (Arensburg & Belfer-Cohen 1998). The KMH2
hominin shows more morphological affinities with the Amud–
Tabun–Dederiyeh group than with the Skhul–Qafzeh sample but
occupies a special position among them.
More recently, based on the review of Levantine Middle Palaeo-

lithic hominins, Tillier et al. (2008) challenged the generally
accepted dichotomy (early anatomically modern humans vs Nean-
derthals). They insisted that the observed variability within each
of these groups could reflect genetic connections with other
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Figure 27.4 Upper Palaeolithic lithic assemblage. 1. Units I–II: Ogival end-scrapers. 2–3. Units I–II: El-Wad point. 4. Units I–II: Borer. 5. Units I–II:
End-scraper carinated on flake. 6. Units I–II: Thin-nosed end-scrapers. 7. Units I–II: Lateral carinated end-scraper. 8. Unit III: El-Wad point. 9. Unit III:
Pointed bladelet, abruptly retouched. 10. Unit III: End-scraper on retouched blade with ochre smears. 11. Unit IV: Core with two striking platforms.
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populations from Africa and Asia (Arensburg & Tillier, in press),
an idea already proposed by Arensburg and Belfer-Cohen (1998).

27.7 UPPER PALAEOLITHIC INDUSTRIES

In the area of the southern section in the cave, where the stratig-
raphy has been most easily observed, four units (I–IV) with Upper
Palaeolithic assemblages were defined.
While the lithic assemblages of Units IV–III are characteristic of

the Ahmarian techno-complex, the assemblages of the later Units
I–II represent Aurignacian occupations (Fig. 27.4). The differences
between the two entities are quite striking, and are most apparent
in their respective techno-morphological aspects. Thus blade tool
blanks comprise half of the tool blanks in the Ahmarian assem-
blages, and only 20% in the Aurignacian ones. The opposite is true
for bladelet tool blanks (8.7% and 19% in Units III–IV and I–II,
respectively).
Blade tools comprise more than half of the tools in the Ahmar-

ian, but only 20% in the Aurignacian. As expected, the Aurignacian
assemblages show a high Aurignacian index (25%). Of interest is
the apparent difference in the tool type common to both industries,
the el-Wad point. There are more el-Wad points in the Aurignacian
(8.9%) than in the Ahmarian (3.9%), and while most of the former
are of bladelet proportions, those of the latter are on blade blanks.
The split-based antler point found in Unit I is also of interest.
Although the Upper Palaeolithic assemblages recovered from

the entrance area of the cave lack specific stratigraphic subdivi-
sion, their analysis reveals the same trend, the lower unit portraying
mostly Ahmarian characteristics whereas the upper unit exhibits a
dominance of Aurignacian features (Bar-Yosef & Belfer-Cohen, in
press).

27.8 CONCLUSIONS

The three cycles of excavations at Kebara Cave produced variable
archaeological information beginning with the rich and thickMous-
terian deposits that are 64/60 to ca. 50 ka cal overlain by Upper
Palaeolithic contexts with no evidence for the presence of Initial
Upper Palaeolithic contexts. The Upper Palaeolithic is divided into
early Ahmarian (ca. 48.5–46.5 ka cal BP), followed by the Aurigna-
cian (ca. 39–36.7 ka cal BP), that is capped byKebaran (ca. 22/20 ka
cal BP), and early Natufian (15/14.5 to 13 ka cal BP). After the
Middle Palaeolithic, the occupations in the cave during the Upper
and Epipalaeolithic became infrequent, and the cave witnessed only
ephemeral visits in the course of the Holocene.
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28 Qafzeh Cave and Terrace

b. vandermeersch and o. bar-yosef

28.1 SITE, STRATIGRAPHY, CHRONOLOGY

Qafzeh Cave is located in the Wadi el Haj on the outskirts of
Nazareth. The main chamber is about 27 × 17 m in size, with a
terrace in front of the south-facing opening overlooking the Jezreel
Valley. The site was first excavated by R. Neuville and M. Steke-
lis (1934–37), exposing stratified Middle and Upper Palaeolithic
layers with evidence for historical use of the cave mainly during
the Byzantine period (Neuville 1951). Their excavated area incor-
porated about half of the chamber to the dripline and an addi-
tional deep sounding on the Terrace reaching bedrock. During
the excavations, two fragmentary skulls and one jaw attributed to
the Upper Palaeolithic occupations (Layers E-C) were discovered
inside the cave, but were published only recently (Vandermeersch
et al. 2013). Human remains in the Middle Palaeolithic layers were
found near the dripline, where the bedrock slopes from the interior
rocky threshold to the Terrace, where additional fossils were uncov-
ered. The remains of nearly five entire individuals were uncovered
but were not analysed in detail and were referred to as of Nean-
derthal affiliation. The lithic assemblages of theMiddle Palaeolithic
sequence (Layers L through G) were named as ‘Levalloisian’, with
layer F as Mousterian, based on the accepted definitions at this
time.
From 1965 through 1990, additional excavations addressing the

stratigraphy of the remaining Palaeolithic deposits were conducted
mostly in the area of the Terrace with minor operations inside the
cave. The newly studied sequence is as follows.
Inside the cave, Layers 1–3 were attributed to historical periods.

Layers 4–9 contained Upper Palaeolithic industry, and layers 10–11
were considered as mixed Middle and Upper Palaeolithic elements.
This mixing was the result of the long time gap between the two
major periods (estimated as 30,000–20,000 years), when the cave
was not occupied by humans although ephemeral passing-by may
have occurred.
Layers 12 and 13 inside the chamber were rich in Mousterian

assemblages, but bones were not preserved. The renewal of the
karst activity in the cave destroyed the bones and resulted in the

deposition of phosphates and carbonates by flowing water in the
upper layers of the Terrace. The same process subjected the Mous-
terian artefacts inside the cave chamber to abrasion by water, caus-
ing the smoothing of their original sharp edges as noted in Shuk-
bah Cave (Garrod 1942). Apparently, karstic activities were the rea-
son for the major chronological gap between the Middle and Upper
Palaeolithic.
The main excavations (1965–90) centred on the Terrace where

24 layers of Mousterian-age accumulations were identified. In add-
ition, small areas inside the cave were excavated. The sediments are
mainly loamy clay with anthropogenic contributions of ashes, burnt
areas, and bones. Because of the continuous karstic activities during
the late Middle or early Upper Palaeolithic times, water accumulat-
ing in the deeper part of the chamber reached the rocky threshold
and spilled through the Terrace’s deposits, causing their breccifica-
tion (labelled as Layer XVI), and creating a tunnel that runs through
the upper into the lower layers of the Terrace to the Wadi el Haj.
The sequence of the Terrace is divided into upper and lower

deposits. The lower deposits (Layers XVII–XXIV) contained the
human burials and were where successful chronology was deter-
mined by thermoluminescence (TL) and electron spin resonance
(ESR). The average age by TL is 92±5 ka (Valladas et al. 1988),
and the ESR averages are 96±13 and 115±15 ka for Early Uptake
and Late Uptake, respectively (Schwarcz et al. 1988).
The range of ages of the Upper Palaeolithic layers inside the

cave is from 31.5±0.42 to 26.72±0.3 ka cal BP (Vandermeersch
et al. 2013), suggesting the possible age for the two human remains.
The lithic industry from Layer E of the first excavations is rich
in elongated blades, el-Wad points, and many scrapers. The over-
lying layers (D–C and the newly designed 9–7) bear the charac-
ter of blade/bladelet industry with a few scrapers and burins. These
assemblages are attributed to the Ahmarian tradition (Bar-Yosef &
Belfer-Cohen 2004). We note the presence of two Emireh points,
indicating that people camped in the cave during the Initial Upper
Palaeolithic. If remains were accumulated there, the water activity
when the chamber was filled (and could serve as a spring) removed
the earliest Upper Palaeolithic deposits.
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28.2 LITHIC INDUSTRIES AND FAUNA

The Middle Palaeolithic assemblages were studied and published
in detail (Hovers 2009). In a brief summary, it was noted that core
frequencies indicate that the recurrent centripetal Levallois method
reduction was the most common way of obtaining flakes. A high
degree of flexibility is expressed in themetric distributions, the rem-
nants of scar patterns from previous reduction cycles, and the rela-
tive frequencies of the various types of ‘core management’ pieces.
Stratigraphically, more extensive use of preferential Levallois flak-
ing represents the lower assemblages. However, the observed tech-
nological changes through the entire sequence show essentially the
same operational sequences. Apparently, the loyalty to the preferred
method of Levallois production did not originate from functional
requirements but could characterize the tradition of the local group.
Frequencies of tools (retouch pieces) are generally small, about 8–
9% on average of the totals of the assemblages. The common tool
types were the side-scrapers. Layer XV is almost unique in show-
ing a high frequency of Levallois points. There are more retouched
pieces in the lower layers (XVII–XXII) than in the entire layers
above. There are small percentages of end-scrapers and burins, gen-
erally called the Upper Palaeolithic tool group in the Bordesian
type-list or Middle Palaeolithic assemblages.
The faunal Middle Palaeolithic assemblages of Qafzeh (Rabin-

ovich & Tchernov 1995) are dominated by red deer (Cervus ela-
phus) and fallow deer (Dama mesopotamica) followed by bovids
(Bos primigenius and Dicerorhinus hemitoechus), with decreasing
presence of mountain gazelles (Gazella gazella), and rare frequency
of roe deer (Capreolus capreolus). The wild goat (Capra aegagrus)
outnumbers the gazelle remains, owing to hunting in the craggy
landscape in the immediate vicinity of the cave. The hartebeest
(Alcelaphus buselaphus) is rare and wild boars (Sus scrofa) are
represented by only a few bones, mainly from Layer XV. Equids
(Equus caballus, Equus hydruntinus, Equus tabeti, Equus sp.) are
present in low frequency within the Middle Palaeolithic layers.
Among the carnivores the spotted hyena (Crocuta crocuta) is the
most common and the complete absence of fox (Vulpes vulpes) is
worth noting.

28.3 HUMAN BURIALS AND SIGNS OF MIDDLE
PALAEOLITHIC SYMBOLISM

Several burials and isolated human remains were uncovered by
Neuville and Stekelis, but mostly since the 1965 season, giving a
MNI of 25. In several cases it was possible to discern the outlines
of the dug-out graves where human corpses had been placed. How-
ever, in spite of careful digging, the exact situation such as the artic-
ulations of the bones was hard to determine. Those buried in either
graves or suggested/reconstructed graves are briefly described.
A double burial in Layer XVII (Vandermeersch 1969a) contained

the skeleton of an adult, possibly a female, lying on its left side. At
the feet of this human, a child was buried in perpendicular position.
This is the only double burial ever found in the Middle Palaeolithic
world.

A grave dug fromLayerXXII into the bedrockwas exposed (Van-
dermeersch 1970) and yielded an adolescent lying on its back with
large deer antlers covering the individual hands.
A potential burial of a crushed skull with articulated jaw was

uncovered (numbered as Q25). The upper part of the post-cranial
skeleton and the hands were found in articulation. Unfortunately,
the rest of the skeleton cannot be found, owing to the consolidated
sediments on the edge of the deep sounding excavated in 1934/5,
when the excavators did not notice the crushed bones in the section
of this pit.
The skeleton of Q3 was discovered in the 1934 season in the

current Layer XVII. The skull was removed in 1934 and the post-
cranial remains in 1935. Details were mentioned in one of Neuville
letters describing the person as lying on its left side and ‘almost
entirely supine’. A photograph taken by Neuville shows the two
legs in anatomical connection. Although the hip bone was not
found, the skeleton is almost complete and is the only one in this
state uncovered during the early excavators. It was probably a
burial.
The burial Q8 was exposed in 1965 (Vandermeersch 1966), but

a major portion of the skeleton was still under two metres of unex-
cavated deposits. When in 1966 the remains were exposed it was
discovered that a major portion of the skeleton had been removed
by the water tunnel described above. The fragments of upper max-
illa andmandible were articulated, and alsomany of the post-cranial
elements, indicating that it was a flexed burial of an individual lying
on its right side in a niche within the cave wall.
Uncertainties about a well-arranged grave concern Q12 in Layer

XVII. The corpse was laid on the back, with the upper part in articu-
lation and the left arm along the left side. The lower portion of
the post-cranial skeleton was missing. It seems as if it was cut in a
straight line across the base of the chest. None of the missing elem-
ents have been found, and given the position of the skeleton in the
area, themost feasible explanation is that it was cut off and the bones
were removed by water activity (not a tunnel).
The intentional burials in Qafzeh Cave constitute one of the most

important series of Middle Palaeolithic skeletons in the Old World.
The series is extremely informative about funerary customs of the
people living in the Levant some 100,000–80,000 years ago. The
morphological traits of all the human remains uncovered in the
excavations closely resemble those of the humans uncovered in
es-Skhul in Mt Carmel where, in addition, similar indications for
symbolic behaviour (shells and a wild boar jaw in a grave) were
recorded (Garrod & Bate 1937; McCown & Keith 1939). Morpho-
logical studies of the adults (Vandermeersch 1981) and the chil-
dren (Tillier 1999) demonstrate that they belong to a population
of Homo sapiens sapiens. The faces are directly under the cere-
bral skull; the orbits are of quadrangular shape; below the orbits
the maxillo-malar area is angulated and with a fossa canina. The
jaw presents a protruding chin. However, archaic features are also
present such as skulls with receding frontals, and angulated occip-
itals in contrast to the roundness that represents modern humans.
Several differences observed among the individuals as one expects
in a population of hunter-gatherers. Worth noting is the thick bone
of the upper part of the Q5 skull, and the angled occipital of Q3
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that shows the characters of modern humans that differ from Nean-
derthals. The post-cranial skeleton is robust but of modernmorphol-
ogy. The Qafzeh humans were 162–180 cm tall, similar to those
from es-Skhul (Vandermeersch 1981). Finally, the Qafzeh skeletons
share similar morphological characteristics with European humans
such as those from Predmost, although the latter are >60,000 years
younger and 4,000 km away.
Important finds were associated with the area of the burials and

the isolated human teeth that were uncovered in the lower layers
at Qafzeh (Layers XVII–XXIV), and none were found in the upper
layers (LayerXV and above). First, lumps of red ochrewere present,
and a unique item is a single ochre lump with clear signs of scraping
(Vandermeersch 1969b; Hovers et al. 2003). A series ofGlycymeris
shells brought from the shore of the Mediterranean Sea, some 35
km west of the site, were naturally perforated. A few bear traces of
having been strung, and bear ochre stains (Bar-Yosef Mayer et al.
2009). Undoubtedly, the general proximity of the burials, ochre
remains, and sea shells within an area of ca. 20 m2 is not accidental,
and indicates symbolic expressions by Middle Palaeolithic humans
some 100–80 ka.

28.4 CONCLUSIONS

The main evolutionary issue with the Qafzeh–Skhul population is
its origins. Among the suggested relations in the African popula-
tion are the fossils from Djebel Irhoud (Morocco) that resemble
the Qafzeh people and are 160±16 ka (Smith et al. 2007). If this
proposed phylogenetic relationship is confirmed, then the Qafzeh
people could be seen as having originated from aNorthAfrican pop-
ulation of archaic Homo sapiens. One can also see them as resem-
bling the ca. 200 and 165 ka (White et al. 2003) fossils from Omo1
and Omo2 as well as Herto-Bouri. Another option is to view them
as local evolution from an earlier population represented by the 180
ka skull fragment from Zuttiyeh Cave (Gisis & Bar-Yosef 1974;
Vandermeersch 1989). On the later path of human evolution, one
can see this Levantine population as the origin of the so-called Cro-
Magnons in Europe (e.g. Predmost). This hypothesis was proposed
by F. Clark Howell (1959), when the Qafzeh fossils were called
‘Proto-Cro-Magnons’ and dated to some 50–40 ka (Trinkaus 1984).
However, the ages of es-Skhul andQafzeh humans are older than the
modern humanswhomigrated to Europe less than�50 ka (Trinkaus
et al. 2013). They could represent an earlier migration from Africa.
Given their practice of Levallois technology, it is not impossible
that the makers of the Earlier Mousterian (also known as Tabun D
type or Abu Sifian) were the original newcomers. Additional fossils
from the Levant may clarify the phylogenetic relationships.
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29 Palaeolithic Occupations in Nahal Amud
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29.1 INTRODUCTION

The area of the Amud stream watershed is 124 km2. The channel is
15 km long, from Mt Meron at �1,200 m above sea level (m asl)
to the Sea of Galilee (Lake Kinneret) at �200 m below sea level.
In the elevated mountains (with a mean annual precipitation �900
mm), this short and steep channel traverses dense Mediterranean
forest (e.g. oak and pistachio) or Mediterranean maquis with more
open areas dominated by plants of the Germianae family (Zohary
1982). Semi-steppe batha and open woodland cover the middle and
lower watershed, where mean annual rainfall drops to 450 mm.
Hydrophilic vegetation grows along the stream itself. In its origi-
nal state, Nahal Amud was a perennial shallow flowing stream fed
by more than 15 springs (Ullman 2014, and references therein).
In its lower reach (along �3.7 km) the stream incises 60–70 m

into hard limestone, forming a narrow gorge. Overhanging the gorge
are patches of the Pliocene Cover Basalt (5.3–3.5 Ma; Mor 1994;
Weinstein & Heimann, Chapter 5 of this volume). The present-day
direction of the channel and its configuration resulted from stream
reversal �2 Ma, when the stream changed from a westerly (into
the Mediterranean) to an easterly course, owing to tectonic activ-
ity and the arching of the Galilee (Kafri & Heimann 1994; Mat-
mon et al. 1999; Matmon & Zilberman, Chapter 3 of this volume).
Caves located in the gorgewalls were exposed and became available
for human occupation following the incision resulting from these
changes (Inbar & Hovers 1999). Of the 92 caves and rockshelters
known along a 6 km stretch of the lower reach, only four contain
substantial prehistoric remains, and a fifth contains anthropogenic
breccia (Ullman 2014) (Fig. 29.1). All four caves were surveyed by
Turville-Petre in one of the earliest formal prehistoric surveys in
the Levant. Turville-Petre excavated in Zuttiyeh and Emireh Caves,
yet reported that ‘ . . . trenches . . . dug in Mugharet-el-‘Amud and
the Mugharet Shebabiq . . . failed to yield any indicators of interest’
(Turville-Petre 1927: 107). Therefore, Amud and Shovakh caves
were first excavated in the 1960s (Suzuki & Takai 1970; Binford
1966, respectively). Zuttiyeh was re-excavated in the 1970s (Gisis
& Bar-Yosef 1974), and Amud in the 1990s (Hovers et al. 1991).
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Figure 29.1 Map of the eastern Upper Galilee, showing Nahal Amud, sur-
veyed caves, and the prehistoric sites. Adapted from Ullman 2014: Fig. 7.

Together, the four caves (Fig. 29.2) indicate human occupation
of the gorge during >200,000 years. The lithic assemblages found
in Zuttiyeh and Emireh are eponymous for the Amudian and Emir-
an industries. The hominin remains from Zuttiyeh and Amud caves
have been central to discussions about biological populations in the
Levant and about key issues in middle and late Pleistocene hominin
evolution in general.

29.2 PAST REGIONAL CONDITIONS

The Levant underwent climate changes during the Pleistocene.
Being part of the lake system of the Dead Sea rift valley (e.g. Stein
& Goldstein, Chapter 12 of this volume), water levels in palaeo-
Lake Kinneret also fluctuated (e.g. Bartov et al. 2002; Hazan 2003,
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Figure 29.2 The four prehistoric cave sites in Nahal Amud. a: Emireh Cave; b: Zuttiyeh Cave; c: Amud Cave; d: Shovakh Cave. Photos: Mika Ullman.
(A black and white version of this figure will appear in some formats. For the colour version, please refer to the plate section.)

Hazan et al. 2005; Torfstein et al. 2013). These fluctuations and cli-
mate changes in the watershed affected the Amud as well as other
streams flowing into the rift, potentially influencing human settle-
ment decisions. Lake Lisan (e.g. Stein & Goldstein, this volume)
and the palaeo-Lake Kinneret occupied the valley east of Amud dur-
ing the late Pleistocene. Human occupations in Zuttiyeh Cave pre-
dated this lake. The earliest occupation of Amud Cave was broadly
coeval with the first appearance of Lake Lisan; the latest occupation
episode ended before the lake’s drying out (Table 29.1).
The ages of the Amud prehistoric sites enabled reconstruction

of the chronology of the middle and upper Pleistocene landscape
evolution, with the channel flowing into the palaeo-Lake Kinneret
during the later period. The 5–6 m incision of the Amud channel
to its present level appears to be linked to the late Pleistocene low-
ering of the water level in palaeo-lakes Kinneret and Lisan. Based
on particle size distribution of the Pleistocene and present-day flu-
vial deposits, dense vegetation on slopes may have regulated the
run-off on the eastern slopes of the Galilee during the Pleistocene.

The reconstruction further suggests that the present morphology of
the Amud gorge is similar to the landscape in which its prehistoric
occupants lived (Inbar & Hovers 1999). The cave sites, currently
found 10 and 35 m above the current Amud channel, were already
exposed during the middle and late Pleistocene.
Occupants of these cave sites enjoyed access to diverse habitats,

including forest, maquis, open grasslands, wet habitats, rocks, and
bush/woods, as reflected in the archaeo-faunal remains (Table 29.2)
and botanical remains from Amud Cave (Madella et al. 2002).

29.3 PALAEOLITHIC CAVE SITES IN NAHAL AMUD

29.3.1 THE EMIREH COMPLEX

Located �100 m upstream the stream mouth and �20 m above the
streambed, the Emireh complex consists of two adjacent rockshel-
ters and one cave. In some areas, the deposits reached a depth of
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Table 29.1 Absolute age determinations of cave sites in Nahal
Amud

Site/layer Age (ka)

Zuttiyeh (below Acheulo-Yabrudian)a 164 ± 21
148 ± 6

Zuttiyeh (above Acheulo-Yabrudian)a 95 ± 10
97 ± 13

Zuttiyeh (Middle Palaeolithic)b 106 ± 7
157 ± 13

Zuttiyeh (above Middle Palaeolithic)c 260 – 230a

Amud B1d 53 ± 7
Amud B1e 57.6 ± 3.7
Amud B2d 61 ± 9
Amud B2e 56.5 ± 3.5
Amud B4d 70 ± 11
Amud B4e 68.5 ± 3.4

a U–Th ages; Schwarcz et al. 1980.
b Thermoluminescence (TL) ages; average of 3 and 2 samples,
respectively; Valladas et al. 1998.

c Uranium-series ages; Bar-Matthews, pers. comm., January 2015;
Hovers et al. in prep.

d Coupled electron spin resonance (ESR) and thermal ionization
mass spectrometry (TIMS) U–Th ages; averages of 1, 3, and 2
samples for B1, B2, B4; Rink et al. 2001.

e TL ages; averages of 6, 2, and 5 samples for B1, B2, B4; Valladas
et al. 1999.

110 cm. On the terrace of both the cave and shelters, the top deposit
was a crust layer 25–50 cm thick, which contained mixed Palaeo-
lithic artefacts, bones, and pottery. Only on the terrace in front of the
cave and in the western shelter were Palaeolithic remains found in
pristine stratigraphic context, associated with fossilized, encrusted
bones within a 70 cm thick, dry clayey deposit. The faunal assem-
blage stands out because of the unusual presence of camel and rhino
remains (Table 29.2) (Bate in Turville-Petre 1927; Turville-Petre
1927). The age was determined based on the typo-technological
characteristics of the lithic artefacts unearthed from the undisturbed
sediments.
Turville-Petre, who had been trained in Europe, described the

lithic as ‘forms analogous to the Aurignacian of Europe together
with some of a characteristically Mousterian technique’ (Turville-
Petre 1927: 6), a description that raised suspicions of a mixed con-
text (Garrod 1951: 123; Binford 1966: 99). After having described
similar assemblages in other sites Garrod (1951, 1955) character-
ized them by the presence ofMiddle Palaeolithic toolsmade on clas-
sic Levallois blanks, typical Upper Palaeolithic tools made on blade
blanks, and Emireh points – Levallois points with distinct bifacial
basal thinning. Garrod (1955) named this industry Emiran after this
type-site. Stekelis regarded it as aMiddle Palaeolithic technological
experiment (Schick & Stekelis 1977: 112∗), and it is now accepted
as one of the lithic variants typical of the shift from the Middle to
Upper Palaeolithic in the Levant (Belfer-Cohen & Goring-Morris
2007; Rose &Marks 2014). The date of this cultural change is esti-
mated as�50 ka, based on ages from elsewhere in the Levant (Rose

&Marks 2014 and references therein); there are no radiometric ages
from Emireh itself.

29.3.2 ZUTTIYEH CAVE

Located �20 m above the streambed, this cave is rich with stalag-
mitic blocks and blocks of anthropogenic breccias hanging from
the walls and below the current dripline. Its Palaeolithic stratig-
raphy consists of a ca. 90 cm thick layer overlying a �3 m thick,
yellowish sandy deposit containing water-rolled pebbles, with some
large fallen blocks and sporadic bones and artefacts. At the base of
the Palaeolithic layer, in pockets within the uneven cave floor and
along the northwestern wall, numerous bones were found. Sterile,
oxidized clays and sands constitute the lowest deposits. These sedi-
mentological differences and the presence of thick spring deposits
within the cave attest to changing hydrological conditions, related to
changes in climatic conditions throughout deposition (Baynes 1927;
Turville-Petre 1927). Radiometric age estimates (Table 29.1) sug-
gest human occupations during Marine Isotope Stages (MIS) 7, 6,
and possibly 5.
In accordance with the Eurocentric paradigm of the time, the

lithic assemblages of Zuttiyeh were first defined as Mousterian.
In her discussion of the finds from Mt. Carmel, Garrod (Garrod
et al. 1937) recognized that the Zuttiyeh assemblages constituted
both Acheulo-Yabrudian and Levalloiso-Mousterian components.
In recognition of the early discovery of blades within the Acheulo-
Yabrudian component of Zuttiyeh, Garrod coined the term ‘Amu-
dian’ for the bladey facies in comparable assemblages of Tabun
Cave (Garrod 1970; e.g. Barkai et al. 2005; Shimelmitz et al.
2011).

29.3.3 AMUD CAVE

This large cave is located � 35 m above the streambed, and is
currently roofless. The ca. 4 m thick Middle Palaeolithic sequence
(Unit B) directly overlies the bedrock and underlies historic sed-
iments (Unit A). It is divided (bottom to top) into three archae-
ological stratigraphic sub-units B4, B2, and B1 (Chinzei 1970;
Hovers et al. 1991). The archaeologically sterile sub-unit B3
marks a chronological gap in Middle Palaeolithic human occupa-
tion of the cave. Age estimates of sub-units B2 and B1 are stati-
stically indistinguishable, spanning the later part of the MIS 4/3
transition. The mean TL age estimates for sub-unit B4 fall within
MIS 4 (Table 29.1). The anthropogenic sediments represent nearly
exclusively ash deposits, in varying diagenetic and preservation
conditions, from small fireplaces. Wood was the main combustible
(Fig. 29.3). The presence of burnt bones and lithics in the ashes is
the result of both occupation intensity and of post-depositional pro-
cesses (Madella et al. 2002; Rabinovich & Hovers 2004; Shahack-
Gross et al. 2008; our unpublished data).
Abundances and relative frequencies of micromammals indi-

cate a Mediterranean environment throughout the sequence. In
sub-unit B4 there is a marginal increase in species adapted to
drier habitats compared with the younger deposits (Belmaker &
Hovers 2011). Isotopic studies of gazelle teeth (Hartman et al. 2015;
also Hallin et al. 2012) also imply a somewhat drier climate during
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Table 29.2 Faunal remains in the Nahal Amud caves and their palaeoecological implications∗

Habitat Zuttiyeh (AY layers)
Zuttiyeh (early
Middle Palaeolithic)

Shovakh (late Middle
Palaeolithic?)

Amud (late Middle
Palaeolithic)

Emireh (Middle
Palaeolithic to Upper
Palaeolithic)

OPEN AREAS Gazella sp. (gazelle) Gazella sp. Gazella sp. Gazella gazelle Gazella sp.
Crocuta crocuta
(spotted hyena)

Hyaena cf. striata
(Hyena hyena)
(striped hyena)

Hyaenida

Equus sp. Equus sp.
Felis cf. sylvestris
(European wildcat)

Felis sylvestris

Dicerorhinus
hemitoechus
(rhinoceros)

Rhinoceros
hemitoechus
(rhinoceros)
Lepus sp. (hare)
Camelus sp. (camelid)

Vormela peregusna
(marbled polecat)
Phasianus hermonis
sp. nov.
(pheasant)
Microtus cf. guentheri
(Gunther’s vole)

Microtus guentheri Microtus guentheri

WATER/MARSH
HABITATS

Sus sp. (wild boar) Sus sp. Sus scrofa Sus scrofa

Bison or Bos
(wild cattle)

Bison or Bos Bos primigenius Bison or Bos

Hippopotamus sp.
(hippo)
Felis chaus
(jungle cat)

Anas platyrhynchos
(mallard)
Scolopax rusticola
(Eurasian woodcock)

Emys orbicularis?
(European pond
turtle)

Emys orbicularis? Teleostei
(ray-finned fish)

FOREST/SHRUB Cervus sp. Elapus
(red deer)

Cervus sp. Cervus elaphus Cervus sp. (elapus?)

Dama mesopotamica
(fallow deer)

Dama mesopotamica Dama sp. Dama mesopotamica

Capreolus capreolus
(roe deer)

Martes cf. foina
(stone marten)

Myomimus roachi
(mouse-tailed
dormouse)

Sciurus sp.
(squirrel)

Sciurus anomalus
(Caucasian/Persian
squirrel)

Spalax cf. fritschi
(mole rat)

Spalax sp. Spalax ehrenbergi
(Middle East blind
mole rat)

ROCKS Capra primigenia
(wild goat)

Capra sp.
(goat)

Capra/Alcelaphus Capra aegagrus
(wild, bezoar goat)

Capra sp.

Procavia sp. Syriaca
(rock hyrax)

Procavia sp.

Columba livia
(rock dove)

Columba cf. lyria
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Table 29.2 (cont.)

Habitat Zuttiyeh (AY layers)
Zuttiyeh (early
Middle Palaeolithic)

Shovakh (late Middle
Palaeolithic?)

Amud (late Middle
Palaeolithic)

Emireh (Middle
Palaeolithic to Upper
Palaeolithic)

Large mammals
Vulpes cf. nilotica
(Egyptian fox)

Vulpes sp. Vulpes vulpes
(red fox)

Ursus cf. arctos
(brown bear)

Ursus

Hystrix sp.
(porcupine)

Hystrix sp.

Felis cf. pardus
(leopard)

Panthera pardus
(leopard)

Canis cf. aureus
(golden jackal)

Tadarida taenitis
(free-tailed bat)

Erinaceus sp.
(hedgehog)

Viverrine?
Civet? Mongoose?
Herpestes
Incheumon?
(Egyptian
mongoose?)

Micro-mammals
Apodemus sp. Apodemus cf.

mystacinus
(broad-toothed field
mouse)

Apodemus cf.
mystacinus

Cricetulus
migratorius
(grey dwarf hamster)
Crocidura leucodon
(bicoloured shrew)

Crocidura russula
(great white-toothed
shrew)

Crocidura sp. Crocidura russula

ARID Meriones cf. tristrami
(Tristram’s jird)

Meriones sp. Meriones tristrami

Mus sp. Mus macedonicus
(Macedonian mouse)

Mesocricetus auratus
(golden hamster)
Rattus rattus?
(black rat)

Aves
Sturnus vulgaris
(common starling)

Sturnus vulgaris

Turdus sp. Turdus (true thrush)
Corvus monedula
(Eurasian jackdaw)
Corvus corone
(carrion crow)
Alectoris chukar
(partridge) semi-arid

Sylvia sp.
(warbler)

(cont.)
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Table 29.2 (cont.)

Habitat Zuttiyeh (AY layers)
Zuttiyeh (early
Middle Palaeolithic)

Shovakh (late Middle
Palaeolithic?)

Amud (late Middle
Palaeolithic)

Emireh (Middle
Palaeolithic to Upper
Palaeolithic)

Pycnonotus sp.?
(bulbul)
Cypselus melba
(Alpine swift)
Coracia sp.
(roller)

Coracias sp.

Streptopelia sp.
(dove)
Columba cf. lyrica
(pigeon)

Vanellus vanellus
(northern lapwing)

Aquila sp.
(eagle)

Accipitrid
(goshawk)

Coturnix communis
(quail)

Auripasser sp.
(sparrow)
Passer cf. domesticus
(house sparrow)
Petronia petronia
(rock sparrow)
Fringilla coelebs
(common chaffinch)
Emberiza caesia
(Cretzschmar’s
bunting)

Reptilia and Amphibia
Bufo or Rana
(toad or brown frog)

Bufo or Rana Anura
(frog)

Bufo
Pelobates fuscus

Zamenis
(snake)

Ophida (snake)
Testudo sp.
(tortoise)

Ophisaurus sp.
(snake-like, legless
lizard)
Agama sp.
(lizard)
Chameleon
chameleon
(Mediterranean
chameleon)

∗ Animals requiring specific habitats, thus serving as palaeoecological indicators, are grouped according to habitats regardless of biological
taxonomy. Other genera and species are presented broadly according to their taxonomic positions.

Sources:Modified after Ullman 2014; data from Bate in Turville-Petre 1927; Haas in Binford 1966; Rabinovich &Hovers 2004; Belmaker
& Hovers 2011; Yeger & Biton 2011.



Palaeolithic Occupations in Nahal Amud 261

Figure 29.3 Fireplaces and ash preservation in Amud Cave. a: View of the fireplace with burnt artefacts and bone. Note the white ash at the bottom. b:
Stratigraphically differential preservation of ash across the cave. Preservation varies on the scale between pristine wood ash (bottom left) and geogenic
calcite (top right). See Shahack-Gross et al. 2008 for analytical and methodological details. A, B, C refer to the 1991–1994 excavation areas (Hovers 2004).
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accumulation of sub-unit B4 when compared with the time of B2–
B1 accumulation, which possibly corresponds to a short humid spell
ca. 55 ka (Bar-Matthews et al. 2003).
The collapse of the cave’s roof occurred after the Middle Palaeo-

lithic occupation, potentially associated with the channel deepening
in the latest Pleistocene. Faunal and lithic remains are abundant in
all the Palaeolithic sub-units, and rare evidence of carnivore activ-
ity in the cave suggests a nearly exclusive human use during Palae-
olithic occupation (Rabinovich & Hovers 2004).
The occupants’ diet was based on faunal and plant resources.

Gazelle were themajor hunted species throughout the sequence, fol-
lowed by fallow deer (Table 29.2). Despite extensive bone surface
modification through burning and trampling, abundant cut marks
and few percussion marks testify to human exploitation of faun-
al resources. Age and size distribution of the hunted fauna sug-
gest size-mediated transport of resources to the cave from hunt-
ing grounds that may have been located in different areas dur-
ing accumulation of the different sub-units (Hartman et al. 2015).
Phytolith studies indicate that wild plants were used for dietary and
non-dietary (e.g. bedding) purposes. The incorporation of seeds in
human diets shows that this had been a behavioural strategy of Le-
vantine hominins throughout the late Pleistocene rather than a com-
ponent of a post-Pleistocene broadening of the dietary spectrum
(Madella et al. 2002; also Henry 2003; Lev et al. 2005).
The main sources of raw material were local Eocene flint out-

crops (Ekshtain et al. 2016). The use of raw material was exten-
sive. Light retouch on the artefacts suggests relaxed raw mater-
ial curation (Hovers 1998, 2004, 2007). Possibly concurrent with
changing hunting locations, provisioning modes of non-local lithic
raw materials (from distances >60 km from the site) also changed.
In sub-unit B4, strategies of site provisioning were emphasized,
whereas in sub-unit B1 there was a growing emphasis on pro-
visioning of individuals (Ekshtain et al. 2016). Initially consid-
ered to be Middle–Upper Palaeolithic transitional assemblages,
the lithic technological procedures in all Amud Cave assemblages
are now regarded as Middle Palaeolithic (Ohnuma 1992; Hovers
1998, 2004), with Levantine Mousterian flaking methods. Compo-
sitions of the individual assemblages indicate that nearly the entire
knapping process occurred on site. All the assemblages are flake-
oriented, yet technological procedures of core organization and
knapping (e.g. dorsal face scar patterns, striking platform charac-
teristics) varied through time.
Where spatial analysis was possible, lithic classes appear dis-

tributed differentially. During the time of sub-unit B2, core modi-
fication, preparation and use of Levallois points and of retouched
pieces were associated with relatively pristine fireplaces in the cen-
tral area of the cave, and damaged/exhausted artefacts were dis-
carded near the wall (Alperson-Afil & Hovers 2005). The differen-
tial use of space was ascribed to a cultural perception of the cave’s
natural division into distinct areas.

29.3.4 SHOVAKH CAVE

Shovakh is a large cave located �20 metres above the streambed.
A series of trenches indicated the presence of recent Arab occupa-

tion remains, overlying Palaeolithic deposits in irregular crevices
in the bedrock and in the rear of the cave. Some of the deposits
were brecciated whereas others are soft cave earth. The differences
result from localized, differential natural and anthropogenic post-
depositional disturbances. The original depth of the sediment was
estimated as�1.2m. Based on the faunal remains (Table 29.2), con-
ditions during the time of occupation were inferred to have been
cooler and moister than today (Binford 1966).
Undisturbed Palaeolithic deposits were found only in the rear of

the cave, where speleothem crusts seem to have sealed them. These
were not considered as living areas because of the lack of stratified
deposits, evidence for fireplaces, or flaking debris. A restricted area
near the cave entrance contained seemingly stratified Palaeolithic
fireplaces within hardened sediment (Binford 1966: Fig. 3, section
A–B). Based on interpretation of the lithics as cutting elements, this
area was identified as a food preparation area.
The total lithic assemblages from four excavation units in the

rear of the cave are several thousand artefacts, showing similari-
ties across sedimentological facies and falling within the Typical
Mousterian. Some technological variability related to knapping pro-
cesses (blade frequencies, Levallois frequencies, and ratio between
retouched tools and core) was observed between spatial units. The
lithic assemblages from Shovakh were among those used to con-
struct influential models arguing for site function as the source of
Middle Palaeolithic lithic variability, in the heyday of the Mouster-
ian Debate (Binford & Binford 1966). The analysis suggested that
the cave hosted relatively permanent, central occupations during the
Middle Palaeolithic.
Thus far, the age of the occupation in this site has been

based solely on the late Middle Palaeolithic aspect of its lithic
assemblages.

29.4 HOMININS

Hominin skeletal remains were found in all the occupied prehis-
toric cave sites, but only a few are taxonomically informative (Table
29.3). Amud I and Zuttiyeh both exemplify biases in initial tax-
onomic designations due to the presumed cultural contexts of the
fossils.
The Zuttiyeh frontal was the first hominin fossil associated with

Mousterian lithics that had been found outside Europe. Because of
its assumed association with Mousterian artefacts and its archaic
aspect, the fossil was initially defined as a Neanderthal (Keith in
Turville-Petre 1927). Gisis and Bar-Yosef (1974) arguably iden-
tified the stratigraphic division between two cultural components
in the Zuttiyeh assemblages and associated the partial skull with
Acheulo-Yabrudian layers. The specimen is considered key to
understanding the phylogenetic relationship between late middle
and late Pleistocene hominins in Eurasia. However, its incomplete
state led to diverse interpretations: lateHomo erectus, archaicHomo
sapiens, and a direct ancestor of the Middle Palaeolithic mod-
ern humans of Qafzeh/Skhul (Hublin 1976, 1983; Vandermeersch
1982; Simmons et al. 1991; Sohn & Wolpoff 1993; Zeitoun 2001).
Based on shape analysis, it has recently been suggested that the
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Table 29.3 Hominin remains in the Palaeolithic sites of Nahal Amud

Specimen Individual age Skeletal part Context
Taxonomic
identification

Emireh H1a ? Fragment of a parietal bone Middle Palaeolithic–Upper
Palaeolithic transition

Modern human

Shovakh H1b Young adult Left mandibular 3rd molar Middle Palaeolithic Probably Neanderthal
Amud Ic Adult Skeleton Middle Palaeolithic (sub-unit B1) Neanderthal
Amud II Adult Right maxilla Middle Palaeolithic (sub-unit B2) Neanderthal
Amud III 4-year-old infant Right temporal, fragment of

maxilla, mandibular right
deciduous 2nd molar, frontal
bone (?)

Middle Palaeolithic (sub-unit B2)

Amud IV 3-year-old infant Right temporal bone Middle Palaeolithic (sub-unit B4)e

Amud 5 6–9 months Humerus, tibia, radius Middle Palaeolithic (sub-unit B1)
Amud 6 Neonate Complete skeleton Intrusive
Amud 7 10 months Partial skeleton Middle Palaeolithic (sub-unit B2) Neanderthal
Amud 8 8 years Maxillary right deciduous

molar
Middle Palaeolithic (sub-unit B1)

Amud 9 Adult Left foot bones, tibia, and
fibula

Middle Palaeolithic (sub-unit B2)

Amud 10 Infant Radius Middle Palaeolithic (sub-unit B2)
Amud 11 7 years Maxillary deciduous canine,

worn
Middle Palaeolithic (sub-unit B2)

Amud 12 Infant Distal part of radius Middle Palaeolithic (sub-unit B2)
Amud 13 Adult Worn molar Middle Palaeolithic (sub-unit B2)
Amud 14 Adult Frontal process of the left

zygomatic bone
Disturbed

Amud 15 Infant Radius Disturbed
Amud 16 18 months Femur Middle Palaeolithic (sub-unit B1)
Amud 17 Adult Maxillary premolar and molar,

worn
Middle Palaeolithic (sub-unit B2)

Amud 18 Infant Humerus Middle Palaeolithic (sub-unit B2)
Zuttiyeh H1d Adult Nearly complete frontal bone,

part of the frontal process of
the right maxilla, and small
fragment of the left nasal
bone

Acheulo-Yabrudian Homo
heidelbergensis?

a Turville-Petre (1927: 8).
b Trinkaus (1987).
c For all Amud specimens: Hovers et al. (1995), and references therein; the 18 specimens represent a maximum number of individuals,
as some elements found in isolation could be derived from a single individual based on ontological age, side of body, and (in some
cases) sexing of the bones. Such associations cannot be proven beyond doubt, however. Similarly, the lack of taxonomic definition for
15 specimens signifies that they could not be classified to any taxon.

d Keith in Turville-Petre (1927: 53–106).
e The stratigraphic placement of this specimen was questioned by the excavators themselves; they argued that it might have rolled down
from a higher topographic and stratigraphic level.

specimen could represent a population that gave rise to both modern
humans and Neanderthals, or it could represent Homo heidelber-
gensis (Stringer 2012). Alternatively, since the age of the specimen
likely postdates the split between Neanderthals and modern popula-
tions, it might be an early representative of the Neanderthal lineage
(Freidline et al. 2012).
In Amud Cave, hominin remains occur in stratigraphic sub-units

B2 and B1 but not in sub-unit B4. Of the 18 hominin specimens

recorded, three bear diagnostic characteristics sufficient for their
identification as Neanderthals (Table 29.3). Within the paradigm of
a linear evolution from Neanderthals to modern humans, Amud I
was initially considered transitional between the two taxa due to its
tall stature and its incomplete face that lacked obvious Neanderthal
traits, and its association with a lithic assemblage believed to be
transitional between the Middle and the Upper Palaeolithic (Suzuki
1970; Watanabe 1970). The paradigm shift to a more ‘bushy’ view
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Figure 29.4 The skeleton Amud 7 in situ.

of human evolution, and the re-assessment of the assemblages led
to a taxonomic identification of Amud I as a Neanderthal. Amud 7,
a 10-month-old infant, provided evidence for characteristics that
could not be related to activities conducted during the individual’s
life, indicating that such characteristics could be considered reliable
taxonomic and cladistics markers (Fig. 29.4; Rak et al. 1994).
The Amud fossils were located only near the cave’s northeastern

wall, a pattern that cannot be explained by differential bone preser-
vation and was ascribed to spatially organized mortuary behaviour
(Hovers et al. 1995, 2000).
Based on the age estimates of sub-units B2 and B1, the Amud

Neanderthals are the latest currently known in the Levant. Their
ages overlap with those of the calvarium from Manot Cave (Hersh-
kovitz et al. 2015; Marder et al., Chapter 31 of this volume) and
of the Neanderthals from Kebara Cave (Meignen et al., Chapter 27
of this volume). This broad contemporaneity underlines expecta-
tions for cultural complexity emerging from the presence of various
hominin populations in the Levant in the early late Pleistocene, and
the dynamics of demographic and territorial behaviours at this time
(Hovers 2006). Ongoing work in sites along Nahal Amud and in the
Levant addresses the presence of archaeological manifestations of
such complex behavioural patterns.
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30 The Palaeolithic Sequence of Ksar ‘Akil, Lebanon

christopher bergman, john williams, katerina douka, and daniel schyle

30.1 THE KSAR ‘AKIL SEQUENCE

The Ksar ‘Akil (Ksar Akil, Ksar ’Aqil) rockshelter is located 10 km
northeast of Beirut adjacent to the coastal plain in the foothills of
the Lebanon Mountain range. The site is at the base of a high lime-
stone cliff on the north side of the Wadi Antelias (Fig. 30.1). Ksar
‘Akil has been the focus of several different excavations, the last of
which was directed by J. Tixier between 1969 and 1975 (Day 1926a,
1926b; Murphy 1938, 1939; Ewing 1947, 1949; Tixier 1970, 1974;
Tixier & Inizan 1981).
Thirty-seven thick geological levels were identified at Ksar ‘Akil

by the Boston College team, representing a succession of Epi-
palaeolithic, Upper Palaeolithic, and Middle Palaeolithic horizons
beginning with Level 1 at the rockshelter’s surface and extend-
ing �23 metres down to bedrock (Ewing 1947; Copeland 1986).
Subsequent excavations by Tixier, south and adjacent to the ear-
lier excavations, revealed a finer stratigraphy reaching to a depth
of 8.75 metres below surface (Tixier and Inizan 1981). In this rel-

Figure 30.1 The Ksar ‘Akil rockshelter (photo by Katerina Douka, 2014).

atively shallow sequence, he identified >30 levels, including ‘sols
d’habitat’.
The archaeological sequence at Ksar ‘Akil has been subjected to

several different classifications. The Upper Palaeolithic levels alone
have been at various times called Châtelperronian, Antelian, Atli-
tian, and Levantine Aurignacian A–C (Williams & Bergman 2011).
More recently, abstract schemes have been favoured, notably Phases
II–VII of Tixier (Tixier & Inizan 1981) andKsar ‘Akil Phases 3–6 of
Bergman (1987), although the phase designations of these authors
proceed in stratigraphically opposite directions.
Adding to the perplexity is the observation that the cultural hori-

zons at the rockshelter do not line up with the geological levels,
and that the 1937–1938 and 1947–1948 excavations utilize different
stratigraphic designations; it impossible to use the same nomencla-
ture when referencing levels from different field seasons (Williams
& Bergman 2011). The result is a terminological quagmire hinder-
ing in-depth discussion of this important site. To remedy this situ-
ation, a new classification scheme is provided in Table 30.1 and
Fig. 30.2, employing the most recent excavations of Tixier as a base
line.
Table 30.2 provides a brief description of each cultural phase,

focusing on generalized descriptions of the technology and char-
acteristic tools with radiocarbon calibrations using IntCal13 and
Marine13 (Reimer et al. 2013). The age ranges cited for Phase X
and the underlying phases should be considered tentative ages.
The uppermost (top �3.40 m) Ksar ‘Akil sequence encompasses

Phases I–III. Phase I has been described as Proto- or Early Kebaran,
although it may have Masraqan affinities, with a technology ori-
ented towards the manufacture of bladelets with predominantly
straight and curved profiles. The tools are represented by end-
scrapers and burins in nearly equal numbers, backed and steeply
retouched bladelets, microgravettes, and geometric microliths
manufactured with the microburin technique (Bar-Yosef 1970;
Tixier & Inizan 1981). Phase II contains a bladelet-dominated
assemblage, blanks with curved profiles, and a toolkit dominated
by retouched bladelets, end-scrapers, and burins (Tixier & Inizan
1981). A characteristic tool of Phase II is the microdenticulated

267
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Table 30.1 Revised correlation and classification scheme for the Ksar ‘Akil sequence.

Phase
nomenclature
using Tixier and
Inizan (1981) as
a base line

Tixier
1969–1975
levels

Boston College,
1937–1938 levels
(after Ohnuma &
Bergman 1990;
Williams &
Bergman 2011)

Boston College,
1947–1948 levels
(after Williams &
Bergman 2011) Previous taxonomy Revised taxonomy

I 2, 3 Not studied Not studied Early Kebaran (Bar-Yosef
1970); Proto-Kebaran (Tixier &
Inizan 1981)

Masraqan affinities

II 4, 5, 6 Not studied Not studied – Late southern
Early Ahmarian
affinities

III 7–8a Not studied VIA–VIB Levantine Aurignacian C level
V (Besançon et al. 1977);
Upper Palaeolithic Phase 7
(Williams 2003, 2006)

Unassigned

IV 8ac–10a VI VIIB–IXB Levantine Aurignacian C level
VI (Besançon et al. 1977);
Upper Palaeolithic Phase 6
(Bergman 1987; Williams &
Bergman, 2011)

Atlitian

V 10bc–10h Not identified Tentatively
identified

– Unassigned

VI 10h–11c VII–VIII IXC–XB Levantine Aurignacian B level
VIII and Levantine Aurignacian
C level VII (Besançon et al.
1977); Levantine Aurignacian
(Tixier & Inizan 1981); Upper
Palaeolithic Phase 5 (Bergman
1987; Williams & Bergman
2011)

Levantine
Aurignacian, sensu
stricto

VII 12 IX–X XC–XIA Levantine Aurignacian B
(Besançon et al. 1977);
Levantine Aurignacian ‘au sens
strict’ (Tixier & Inizan 1981);
Upper Palaeolithic Phase 4
(Bergman 1987; Williams &
Bergman 2011)

Unassigned;
affinities with
southern Early
Ahmarian

VIII Not excavated XI–XIII Not studied Levantine Aurignacian A
(Besançon et al. 1977); Upper
Palaeolithic Phase 3 (Bergman
1987; Williams & Bergman
2011)

Unassigned

Stratigraphic Hiatus, 1937–1938 levels XIV and XV, Stone Complex 2

IX Not excavated XVI–XIX/XX Not studied Upper Palaeolithic Phase 2
(Ohnuma & Bergman 1990)

Early Ahmarian,
northern facies

X (Xb) Not excavated XX/XXI–XXIII Not studied Transitional Upper Palaeolithic
(Azoury 1986); Upper
Palaeolithic Phase I (Ohnuma
& Bergman 1990)

Initial Upper
Palaeolithic (IUP),
part of ‘Bokerian’
sequence of Leder
2014
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Table 30.1 (cont.)

Phase
nomenclature
using Tixier and
Inizan (1981) as
a base line

Tixier
1969–1975
levels

Boston College,
1937–1938 levels
(after Ohnuma &
Bergman 1990;
Williams &
Bergman 2011)

Boston College,
1947–1948 levels
(after Williams &
Bergman 2011) Previous taxonomy Revised taxonomy

X (Xa) Not excavated XXIV and XXV Not studied Transitional Upper Palaeolithic
(Azoury 1986); Upper
Palaeolithic Phase I (Ohnuma
& Bergman 1990)

IUP, part of
‘Bokerian’
sequence of Leder
2014

Levantine
Mousterian

Not excavated Not studied XXVI–XXXVI Levantine Mousterian Phase 1,
Tabun D and Phase 2, Tabun
C–B (Marks & Volkman 1986);
Late Levantine Mousterian, cf.
Amud Cave (Meignen &
Bar-Yosef 1992; Pagli 2013)

Late Levantine
Mousterian, cf.
Amud Cave

Ksar ‘Akil scraper. Phase III technology is characterized by multi-
ple reduction strategies and a bladelet-dominated technology with
blanks displaying predominantly twisted profiles. Tools in Phase III
include scrapers and burins in nearly equal numbers, together with
lateral carinated pieces.
Each of the levels of Phases IV–VIII deposits (3.40 m to

�10.65 m below datum) is characterized by multiple reduction
strategies for production of blades and/or bladelets with twisted pro-
files, as well as straight or curved profiles (Bergman 2003;Williams
& Bergman 2011). These involve objects intended for use as cores,
as well as multifaceted burins and a variety of scrapers such as the
carinated, lateral carinated, and thick-nosed and thick-shouldered
types, all of which occur in varying frequencies. It is particularly
noteworthy that peaks in the percentage of twisted debitage coincide
with burin-dominated tool kits, although the larger twisted blades in
Phase VIII were certainly detached from cores.
Phases IV–VIII have traditionally been referred to as the ‘Levan-

tine Aurignacian’ portion of the sequence (Besançon et al. 1977),
but only Phase VI fits this description as currently applied by
many Levantine prehistorians (e.g. Goring-Morris & Belfer-Cohen
2006;Williams 2006; Goring-Morris et al. 2009). Indeed, Phase VII
appears to display affinities with the Southern Early Ahmarian. It is
worth noting that >70% of the 131 bone and antler tools excavated
during the 1937–1938 field seasons were recovered from Phase
VI (Newcomer 1974; Williams and Bergman 2011). The stand-
ard forms for these tools are simple and include awls and points
with small tangs or bi-pointed ends.
Level XIV of the 1937–1938 excavations (Table 30.1) represents

a major occupational hiatus, while Level XV is part of Stone Com-
plex 2, considered coincident with the climatic cooling of Hein-
rich Event 4 (Douka et al. 2013). This hiatus separates the levels
of Phases I–VIII from the Ahmarian of Phase IX, a gap reflected in
the profound differences in the stone tool typology and technology.
Ksar ‘Akil Phase IX tool assemblages consist of end-scrapers

and retouched blades and bladelets including backed and partially

backed blades, as well as robust el-Wad points (>15% of the
tool kits) and pointes a face plane (Fig. 30.3; Bergman 1981;
Azoury 1986). Phase IX fits the description of the Leptolithic lin-
eage, Ahmarian industry, and is recognized as its northern facies
(Ohnuma & Bergman 1990; Williams & Bergman 2011). Although
no clear-cut technological distinction exists between the deepest
levels of Phase IX and the Initial Upper Palaeolithic levels immedi-
ately preceding them (Ohnuma&Bergman 1990; Leder 2014: 243),
there is a gradual shift from cores with single, faceted platforms and
converging sides towards parallel-sided cores with opposed, plain
platforms (Ohnuma 1988: 250). Cresting and the core tablet tech-
nique begin to be used more often for preparation and maintenance.
The blade blanks tend to be much thinner than in Phase X and are
produced by striking quite close (marginal flaking) to the edge of the
core’s platform, resulting in tiny butts. Although tentative, owing to
the methods of the earlier excavations at Ksar ‘Akil, the sequence
provides evidence for a local evolution of the Northern Ahmarian
from the regional Initial Upper Palaeolithic. Themost complete fos-
sil of the early Upper Palaeolithic of the Levant is from Level XVI
or XVII of Phase IX. Ksar ‘Akil 1 (Bergman & Stringer 1989),
or ‘Egbert’, was discovered in 1937–1938 and excavated in 1947–
1948 (Fig. 30.4). The fossil is now lost and is only known by photo-
graphic evidence (both in situ and after recovery and reconstruction)
and casts of the skull made by Ewing (Bergman & Stringer 1989;
Douka et al. 2013). According to Ewing, more than one, and as
many as three, individuals were interred at the same location.
The Initial Upper Palaeolithic levels, Phase X, have been divided

into distinct phases by Ohnuma (1988; Ohnuma & Bergman 1990),
but Leder (2014) groups these levels into a single phase termed
‘Bokerian B’. Phase Xb contains numerous single-platform blade
cores with faceted platforms and converging sides. The triangu-
lar shape of the cores causes blade removals to converge, resulting
in the production of blanks morphologically similar to elongated
Levallois points. On the other hand, the sample from Phase Xa is
small, but characterized by opposed platform cores with parallel
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Figure 30.2 Ksar ‘Akil section with revised phase sequencing based on the excavations of Tixier.
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Table 30.2 Chronology, technology, characteristic tools, and cultural taxonomy at Ksar ‘Akil.

Revised
phase

Chronology in
14C ka (ka cal BP) Technology Characteristic tools Cultural taxonomy

I �22–23 (26–27) Bladelets with straight and curved
profiles predominate

Microburin technique,
end-scrapers and burins in
nearly equal numbers, backed
bladelets, geometric microliths

Masraqan
affinities

II Bladelets with curved (non-twisted)
profiles

Ksar ‘Akil scrapers, retouched
bladelets

Late southern
Early Ahmarian
affinities

III �26 (29–32) Multiple reduction strategies,
bladelet-dominated technology, blanks
with twisted profiles equal 72%

Lateral carinated pieces,
scrapers and burins in nearly
equal numbers, retouched
bladelets

Unassigned

IV �29–30 (32–34) Multiple reduction strategies, twisted
bladelet manufacture using multifaceted
burins and twisted bladelet cores,
twisted debitage ranges between 64.5%
and 80%

Elevated burin index, burins on
concave truncation or
Clactonian notch, Dufour
bladelets

Atlitian

V 31(34) Technology oriented toward bladelet
manufacture with straight/curved and
twisted profiles

Lateral carinated pieces, burins,
end-scrapers, Dufour bladelets

Unassigned

VI �31–33 (33–37) Multiple reduction strategies, flake
production, predominantly blades and
bladelets with straight or curved
profiles, but twisted debitage ranges
between 37% and 45%

Elevated scraper index, nosed
and shouldered scrapers, tiny
retouched bladelets, bone and
antler tools

Levantine
Aurignacian,
sensu stricto

VII �31–34 (34–38) Multiple reduction strategies, blades
and bladelets with straight and curved
profiles, but twisted debitage ranges
between 33.5% and 47%

Elevated scraper index,
retouched bladelets, el-Wad
points and variants

Unassigned,
affinities with
southern Early
Ahmarian

VIII 35 (39–40) Multiple reduction strategies, twisted
blades and bladelets range between
49.5% and 59%

Elevated burin index, flat-faced
carinated burins, lateral
carinated scrapers and burins,
twisted el-Wad points

Unassigned

IX 35–36 (39–41) Opposed platform core technology used
to produce straight or curved blades
with parallel sides and small butts

Simple end-scrapers, backed
blades, large el-Wad points

Early Ahmarian,
northern facies

X (Xb) 36–37 (41–42) Elongated flake-blades, blades and
points morphologically similar to
elongated Levallois points,
single-platform, convergent-sided
prismatic cores

Chamfered pieces, points
morphologically similar to
elongated Levallois points,
truncation burins, end-scrapers

IUP, part of
‘Bokerian’
sequence of Leder
2014

X (Xa) �38 (42) Elongated flake-blades, blades and
points morphologically similar to
elongated Levallois points,
single-platform, parallel-sided cores

Chamfered pieces, points
morphologically similar to
elongated Levallois points,
truncation burins, end-scrapers

IUP, part of
‘Bokerian’
sequence of Leder
2014

Levantine
Mousterian

>39 (>43) Leaf-shaped Levallois points detached
by unidirectional parallel and
convergent flaking, levels
XXVIII/XXVIIIA and XXVIIB; rare
chapeau de gendarme butts

Mousterian tool types rare when
compared to Upper Palaeolithic
types, which are mostly atypical
burins

Late Levantine
Mousterian, cf.
Amud Cave
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Figure 30.3 Typical artefacts from Phase IX, Early Ahmarian, northern facies.
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Figure 30.4 Reconstructed cast of the Egbert skull (courtesy of the British
Museum of Natural History).

sides. The tool kits are generally composed of Upper Palaeo-
lithic types including varying percentages of chamfered pieces
(Fig. 30.5). Other components include end-scrapers and truncation
burins, which are always more frequent than the dihedral types.
A stratigraphic break, coinciding with Stone Complex 1, separ-

ates the Upper Palaeolithic sequence from the Middle Palaeolithic.
A second fossil, Ksar ‘Akil 2, referred to as ‘Ethelruda’ (Copeland
&Yazbeck 2002), was recovered from layer XXVwhich forms part
of Stone Complex 1. The biological affinities of Ethelruda are yet
undetermined, but are tentatively considered anatomically modern
human by Copeland and Yazbeck (2002; see references in Douka
et al. 2013).
According toMeignen andBar-Yosef (1992; see also Pagli 2013),

the assemblages from the lowest layers at Ksar ‘Akil display tech-
nological affinities with other Late Middle Palaeolithic sites, par-
ticularly Amud Cave. A U–Th determination for layer XXVIB of
�47 ka (Van der Plicht et al. 1989), along with the ages posited by
Douka et al. (2013), supports this contention.

30.2 RADIOMETRIC AGES

Analyses of shells performed at the Oxford Radiocarbon Accel-
erator Unit (ORAU) provide 30 new AMS radiocarbon ages from
Upper Palaeolithic Phase VII to the Middle Palaeolithic (levels VI–
XXVII) (Douka et al. 2013). Twenty-one gastropod shells in the
sample had been transformed into beads, while five bivalves dis-
played evidence of human manipulation.
Tixier’s dating for levels stratigraphically above Stone Complex

2 indicate that Phase I is consistently 26–27 ka cal BP and Phase
III is 29–32 ka cal BP. Phases IV and VI are 32–34 ka cal BP and

33–37 ka cal BP, respectively. Phase V has no reliable age deter-
mination, but we suggest it is of the order of 31 ka. Tixier’s results
appear to be sound, and a charcoal sample from his level 8ac (Phase
IV, Fig. 30.2) that previously yielded an age of 29 ka (OxA-1798:
29,300 ± 800 BP; Mellars & Tixier 1989) was re-dated in Oxford
recently and produced a more precise, but statistically identical,
determination (OxA-19194: 30250 ± 170 BP) under the ABOx
protocol.
Stone Complex 2 forms amajor stratigraphic hiatus most likely at

40–38 ka cal BP. TheAhmarian Phase IX is underlying this complex
and starts between 39–41 ka cal BP. The largest uncertainty in the
age modelling published by Douka et al. (2013) is the end of this
phase. In the first scenario, the end of the Ahmarian is ca. 40.0–
39.5 ka cal BP; in the second scenario it is ca. 39–37.5 ka cal BP. No
ages exist for the lowermost Initial Upper Palaeolithic level (Phase
Xa); this phase appears to be brief and lasts until �41.6–40.9 ka
cal BP (68.2% prob.), or perhaps a millennium later. The age of the
basal part of the Ksar ‘Akil sequence is effectively unknown and
probably >50 ka. According to the age modelling, the Mousterian
terminates at 43.2–42.4 ka cal BP (68.2% prob.). However, more
age determinations are required to establish the end of the Mouster-
ian and the beginnings of the Initial Upper Palaeolithic (Phase Xa),
which could be somewhat earlier.
The age of the anatomically modern child Egbert (Ksar ‘Akil 1,

Fig. 30.4) was calculated at 40,850–39,200 cal BP (68.2% prob.)
or 41,050–38,300 cal BP (95.4% prob.). For the oldest human
specimen, Ethelruda, the estimated ages are 42,400–41,750 cal
BP (68.2% prob.) or 42,850–41,550 cal BP (95.4% prob.). How-
ever, these estimates are constrained by too few age determinations
from above and below the fossil and, therefore, subject to future
re-evaluation (Douka et al. 2013).

30.3 KSAR ‘AKIL AND THE NORTHERN LEVANT

There have been problems aligning the later part of the Ksar ‘Akil
Upper Palaeolithic sequence with the rest of the Levant aside from
Phases IV andVI (Bergman&Goring-Morris 1987; Bergman 1988;
Ohnuma & Bergman 1990; Williams & Bergman 2011). These are
widely considered to represent the Atlitian and Levantine Aurig-
nacian, sensu stricto, respectively. Whether the blade and bladelet
dominated industries of Phase VII and VIII represent developmen-
tally earlier stages of the Aurignacian, as posited by Besançon et al.
(1977), Tixier (Tixier & Inizan 1981; Mellars & Tixier 1989) and
Ghazi (2013), remains a matter of debate.
An early Ahmarian assemblage from Üçağızlı Cave, Hatay,

Turkey (Kuhn et al. 2003, 2009) displays close parity with Phase IX
at Ksar ‘Akil. A potentially significant observation from Üçağızlı
Cave is the identification of pointes à face plane. This point type
occurs exclusively within Phase IX at Ksar ‘Akil and apparently is
unknown in the southern Levant (Bar-Yosef, personal communica-
tion, 1981). Pointes à face plane have been described as leaf-shaped
pieces formed by extensive invasive retouch with occasional basal
thinning (Bergman 1981; Azoury 1986: Plate 81). If these assem-
blages do indeed represent a northern facies of the Early Ahmarian
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Figure 30.5 Tool types from Phase X, Initial Upper Palaeolithic.
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as is generally believed, then regional and perhaps chronological
variations within the tradition are evident between the northern and
southern Levant.
Outside of the Lebanese sites, such as Antelias Cave also situated

in the Wadi Antelias and Abu Halka in northern Lebanon (Azoury
1986; Leder 2014), good comparative material for the Initial Upper
Palaeolithic Phase X has also been found at Üçağızlı Cave (Kuhn
et al. 2009; Douka 2013). The presence of chamfered pieces at Ksar
‘Akil and the other Lebanese sites, as well as at Üçağızlı Cave,
once again suggests regional variability within the initial and earl-
iest Upper Palaeolithic of the region. In the southern Levant, the
Initial Upper Palaeolithic assemblages lack chamfered pieces, but
instead have numerous Emireh points, which are very rare at Ksar
‘Akil.
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31 The Early Upper Palaeolithic of Manot Cave, Western Galilee
Chrono-Cultural, Subsistence, and Palaeo-Environmental Reconstruction

ofer marder, israel hershkovitz, and omry barzilai

31.1 INTRODUCTION

The recently discovered cave site of Manot (Western Galilee,
Israel), where a 55,000-year-old Homo sapiens cranium was found
(Hershkovitz et al. 2015), holds promise to contribute significantly
to our knowledge of the chronology, subsistence, and palaeoecology
of the early Upper Palaeolithic in the Levant. Here, we integrate
preliminary geomorphological, isotopic, lithic, faunal, and botan-
ical data from the Manot Cave excavations (Barzilai et al. 2012,
2014;Marder et al. 2013a; Hershkovitz et al. 2015). This integration
covers a short occupation interval (46–30 ka, early Upper Palaeo-
lithic), the chronology of which is well dated for the cave by two
different methods, radiocarbon and U–Th. Subsequently we discuss
aspects of site formation, site function, and occupation intensity.

31.1.1 THE SITE AND ITS SETTING

Manot Cave is an almost sealed karstic cave, located �5 km east of
the current Mediterranean shoreline,�10 km northwest of the Hay-
onim Cave (Marder et al. 2013a), and �50 km northeast of el-Wad
Cave (Fig. 31.1a). Today, the landscape around the cave is charac-
terized by Mediterranean woodland and mean annual precipitation
of 600–700 mm. Manot Cave is situated on the southern slope of a
limestone hill at�220 m above sea level (m asl) and>100 m above
the local water table; i.e. the cave formed prior to the last uplift
(Pleistocene) of the region (Avni, Chapter 2 of this volume;Matmon
& Zilberman, Chapter 3 of this volume). The smooth walls, solution
cupolas, and a chimney in the cave typify phreatic caves forming
below the water table by slow-moving water (Frumkin, Chapter 15
of this volume). Large speleothems formed in the cave, including
flowstone, stalactites, stalagmites, and large columns (Fig. 31.1b;
Marder et al. 2013b). This speleothem deposition pre-dated andwas
coeval with human occupation of the site as indicated by (a) Upper
Palaeolithic horizons sealed by layered flowstone and (b) carbon-
ate crusts covering archaeological artefacts. The U–Th series ages
applied on speleothems associated with cultural remains allowed
chronological constraints and palaeoclimate reconstruction (Yas’ur

2013) as well as determining the age of the Manot skull (Hersh-
kovitz et al. 2015). The ages from different localities within the
cave (mostly from Areas C–D, Fig. 31.1c) are 42–30 ka (Marder
et al. 2013a; Yas’ur 2013).
The cave consists of an elongated main hall (80 m long, 10–25

m wide) with two lower chambers connected from the north and
the south. The main chamber is divided into an elongated western
talus (ca. 30 m long), a plain at the lowermost point of the cave,
and a smaller talus on the eastern end of the cave (Barzilai et al.
2012; Fig. 31.2). The original entrance to the cave was identified as
blocked by rocks and sediments at the western end of the western
talus. A preliminary survey outside the cave points to a small origin-
al entrance that existed at the west part of the cave. This is different
from most of the Levantine Palaeolithic cave sites characterized by
large, easily accessible openings with wide terraces (Ullman 2014).

31.2 ARCHAEOLOGY OF THE MANOT CAVE

Subsequent to its discovery in 2008, five seasons of excavations
took place at the site (2010–2014) and eight areas were opened
(Areas A–H; Fig. 31.1c; Barzilai et al. 2012, 2014; Marder et al.
2013a). Areas C and E have the best preservation of cultural layers.

31.2.1 AREA E

This area, at the western end of the cave, is on top of the talus and
probably near the original cave entrance. At least two distinct strati-
graphic units have been identified: Unit 1 is �1 m thick with few
archaeological finds in secondary deposition. Unit 2 is a compact
reworked terra rossawith crusts of cemented soil in various degrees
of breccia and contains nine archaeological horizons (Unit 2, Layers
I–IX). These horizons are characterized by combustion features and
ash concentrations, and are rich in archaeological finds (Fig. 31.2a–
c). The upper Layers I–III (Fig. 31.2a) are a series of well-preserved
combustion features. Hearth 500 has white, calcified wood ash at its
centre surrounded by a layer of burnt heated clay, and is 0.6 m in

277
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Figure 31.1 a: Location of theManot
Cave and other Upper Palaeolithic
sites in northern Israel. b: General
view to the west of Area A (photo by
M. Ullman). c: Cave plan, and exca-
vation areas (drawing by V. Asman).
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a

b

c

Figure 31.2 Area E. a: General view
to the west of the Post-Aurignacian
layers; note Hearth 500 (see text).
b: General view to the west of Aurig-
nacian of Layer VI, Hearth 510, and
adjunct living surfaces. c: General
view to southeast of the Aurignacian
Layer V, including Hearth 502 and
Hearth 505 (photos R. Lavi).
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Figure 31.3 Flint artefacts from Area E. 1–7, Post-Aurignacian (Layer I):
1–3, retouched bladelets; 4–5, burins; 6–7, nosed and carinated scrapers; 8–
12, Aurignacian (Layer IV); 8–9, retouched Aurignacian blades; 10, irregu-
lar el-Wad point; 11–12, nosed and carinated scrapers.

diameter (Fig. 31.2a). Burnt flints, charcoal pieces, bone fragments,
and a few conjoinable flint pieces were excavated from a ca. 0.1 m
thick layer adjacent to the hearth, indicating that it is a living sur-
face. Lithic artefacts from Layers I–III include end-scrapers, vari-
ous types of burins, including one on a Clactonian notch, and par-
tially retouched twisted bladelets (Fig. 31.3: 1–7). This assemblage
is similar to Post-Aurignacian industries such as the ones at Meged
Rockshelter (Kuhn et al. 2004, Unit 3), Nahal En-Gev I (Belfer-
Cohen et al. 2004), andKsar ‘Akil VI Phase 6 (Williams&Bergman
2010; Bergman et al., Chapter 30 of this volume). Six radiocarbon
ages from Layers I–III range between 33,000 and 34,000 cal years
BP.
Layers IV–IX display dense archaeological horizons rich in flint

artefacts (Fig. 31.3: 8–12), bone tools (Fig. 31.4: 1–2), animal
bones, a few shells, and a series of combustion features and patches
of ash remains (Fig. 31.2b,c). Layer VI is an archaeological hori-
zon (0.25–0.3 m thick) consisting of one, well-preserved hearth (L:
510; 0.6 × 0.6 m in dimension) with a thin layer of calcified ash, a
less well-preserved combustion feature, and a concentration of ash
(Fig. 31.2c). The flint artefacts of the lower Layers IV–IX (Unit 2)
are characteristic to the Levantine Aurignacian industry with typical
tools with nosed and carinated scrapers, blades displaying Aurig-

nacian retouch, and massive tools (denticulates and retouch pieces;
Fig. 31.3: 8–9 and 11–12). A few el-Wad points were found within
these layers (Fig. 31.3: 10). The bone tool assemblage consists of
awls on bones and spear points on antlers (Fig. 31.4: 1–2). The
shells are mainly Patella and species of the Scaphopoda Antalis
(Bar-Yosef Mayer, Chapter 44 of this volume). The material culture
remains fromLayers IV–IX are similar to the HayonimCave Unit D
(Belfer-Cohen 1980; Belfer-Cohen & Bar-Yosef 1981), Kebara I–
II (Bar-Yosef & Belfer-Cohen 1996; Meignen et al., Chapter 27 of
this volume) andKsar ‘Akil VII–VIII Phase 5 (Williams&Bergman
2010; Bergman et al., this volume).

31.2.2 AREA C

This area (Fig. 31.1c) is at the base of the western talus. To date,
eight stratigraphic units, Units 1–8 (Fig. 31.5a), which comprised
dark brown to reddish brown, loose clay to silty clay loam, have
been recognized. The upper units, Units 1 and 4, contain few pebble-
sized angular stones. The lower units, Units 5 and 7, consist of
large numbers of limestone pebbles, cobbles, and even boulders
(Fig. 31.5a). The units in Area C are very rich in finds, including
large amounts of flint artefacts, animal bones, bone tools, charcoal
pieces, ochre, and several groundstones made of basalt. Still, it was

Figure 31.4 Bone tools from Areas C and E and flint artefacts from Area
C (Unit 3). 1–2, awls Area E; 3–4, awls Area C; 5–7, spear points on antler,
Area C; 8, decorated item Area C; 9–11, nosed and carinated scrapers.
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Figure 31.5 a: Stratigraphy of Area C, Units 1–8; Squares J66–67. View west (photo M. Goder-Goldberg). b: Area C view to west at the western talus and
southern wall (photo M. Goder-Goldberg).
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difficult to attribute these units to a certain cultural entity, since no
clear hearth features or brecciated layers, such as the ones found in
Area E, were identified. Nevertheless, the chrono-cultural units are
in agreement with the assumed stratigraphic order.
In Units 2–4 (each �1.5 m thick), the Aurignacian component

dominated the flint assemblage (Fig. 31.4: 9–11), with plenty of
spear points made on antlers (Fig. 31.4: 5–7).The shell assemblage
from Area C includes Columbella rustica and Nassarius gibbosu-
lus, used for personal ornamentation, and Pattela sp., probably con-
sumed as food (Marder et al. 2013a: Fig. 6; Bar-Yosef Mayer, this
volume). Twelve radiocarbon analyses on charcoal retrieved within
Units 2–6 yielded an age range between 34,000 and 38,000 cal years
BP (Barzilai et al. 2016).
In Unit 5–6, both Aurignacian and Ahmarian elements are prom-

inent, while within Unit 7–8 (�1 m thick) Ahmarian elements dom-
inate the flint assemblage, although Initial Upper Palaeolithic (IUP)
and Middle Palaeolithic (MP) components were also identified
(Hershkovitz et al. 2015). Numerous blades or bladelets produced
from single or opposed platform cores were recorded. The Ahmar-
ian tool kit consisted of retouched blades and bladelets, el-Wad
points, scrapers on blades, and burins. Similar assemblages have
been found at Kebara III–IV (Bar-Yosef & Belfer-Cohen 1996),
Qafzeh D–E (Bar-Yosef & Belfer-Cohen 2004), and Ksar ‘Akil
XVI–XX Phase 2 (Ohnuma 1988; Williams & Bergman 2010), and
in Layers B1–3 of Üçagizli Cave (Kuhn et al. 2009). Eleven radio-
carbon ages from Units 7 yielded an age range between 42,000 and
46,000 cal years BP (Barzilai et al. 2016).
A few post-cranial human skeletal remains have been found in

Area C. The remains can be attributed to several individuals. Of
particular note were two decorated items from Unit 6: an incised
polished and decorated item (Fig. 31.4: 8) and a hyoid bone with
delicate incisions. Similar artefacts were excavated in the Aurig-
nacian levels of the Kebara and Hayonim Caves (Davis 1974: Fig.
1:1–6; Belfer-Cohen & Bar-Yosef 1981: Fig. 7–5). The Manot dec-
orated items display strong affiliation with the Central European
Aurignacian (Tejero 2013; Tejero et al. 2016).

31.3 PALAEO-ENVIRONMENTAL
RECONSTRUCTION

Isotopic compositions (δ18O and δ14C) from speleothems were
obtained from Areas C and D of Manot Cave (Fig. 31.1c). The δ13C
record indicates that, as today, C3 vegetation dominated the envi-
ronment above the cave during most of the human occupation, 46–
30 ka (Yas’ur 2013).
Archaeofaunal and archaeobotanical remains in the cave yielded

insights into the local Upper Palaeolithic ecology of the area. Botan-
ical remains of Prunus cf. amygdalus were identified in all excava-
tion areas, and fragments ofQuercus ithaburensis and Tamarixwere
found mainly in Area C.
Preliminary analysis of faunal remains from Area C revealed

butchery and consumption activities by Upper Palaeolithic hunters
(Yeshurun et al. 2013). Mountain gazelle (Gazella gazella),
Mesopotamian fallow deer (Dama mesopotamica), and occasion-

ally roe deer (Capreolus capreolus), red deer (Cervus elaphus) and
small game species such as spur-thighed tortoise (Testudo graeca),
Cape hare (Lepus capensis), red fox (Vulpes vulpes), and chukar
partridge (Alectoris chukar), were brought to the cave and were
butchered and consumed. In contrast, faunal remains in Area D, in
the middle of the large talus (Fig. 31.3c) and near the walls, indi-
cate the presence of spotted hyena (Crocuta crocuta), aurochs (Bos
primigenius), and equid and caprid species that are still to be deter-
mined. The larger ungulates (particularly Dama/Cervus) outnum-
bered the gazelles in these samples. Many specimens display con-
spicuous signs of ravaging by large carnivores. Thus, Upper Palaeo-
lithic accumulation at the Manot Cave is characterized by depos-
ition of human food refuse in Area C and leftovers of carnivore
(hyena?) kills and denning in other parts of the cave. A mosaic of
open and wooded Mediterranean environments is reflected by the
animals brought in by both humans and hyenas (Yeshurun et al.
2013).

31.4 DISCUSSION

The main occupational levels at Manot Cave are confined to the
early Upper Palaeolithic (46–30 ka) (Bar-Yosef & Belfer-Cohen
2010). This is supported by the characteristic composition of the
archaeological assemblages and by their radiometric ages. The
small collection of Initial Upper Palaeolithic and Middle Palaeo-
lithic artefacts may imply earlier occupations.
The Post-Aurignacian (ca. 0.5 m; Unit 2: I–III) and Aurignacian

(ca. 2.5 m; Unit 2: IV–IX) occupations in Area E consist, so far, of
nine distinct archaeological horizons, varying in thickness between
0.1 and 0.3m, and include combustion features and ash patches. The
Post-Aurignacian is characterized by repeated, short-term activ-
ities at the cave entrance of possibly highly mobile hunter-gatherer
groups. The Aurignacian occupation was more complex; the >2 m
thick archaeological accumulations possibly indicate an occasional
base camp. The large variety of flint artefacts, shells, bone tools,
grinding stones, and even incised bones from Areas C and E points
to a range of activities in the cave. This is supported by the large-
to medium-sized ungulates, small mammals, and birds consumed.
The remains of several human individuals fromArea C indicate that
some parts of the cave were used for burials.
The early Upper Palaeolithic archaeological accumulation in

Area C at the base of the western talus is complex and difficult to
interpret at this point. However, the chronostratigraphic order with
minimal outliers of the radiocarbon ages from Area C supports the
general cultural division of the stratigraphic units in this area.
It seems that in the upper units (Units 2–4), the Aurignacian com-

ponent is dominant; the lower units are mostly characterized by
blade/bladelet industries typical of the Ahmarian (Units 7–8). The
Ahmarian techno-complex in the Levant is generally divided into
Early and Late Ahmarian (Bar-Yosef & Belfer-Cohen 2010; Belfer-
Cohen &Goring-Morris 2014), with some chronological variability
within the Early Ahmarian assemblages, as reflected at Ksar ‘Akil
(e.g. Ohnuma 1988; Williams & Bergman 2010) and Qafzeh Cave,
Layers E and D (Bar-Yosef & Belfer-Cohen 2004; Vandermeersch
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& Bar-Yosef, Chapter 28 of this volume). At Kebara Layer III–IV,
the Ahmarian assemblage is positioned early in the Ahmarian Com-
plex (Belfer-Cohen & Goring-Morris 2007). Techno-typological
variability is also seen between northern and southern Levantine
Ahmarian assemblages (e.g. Kadowaki 2013) as well as within
southern assemblages (e.g. Bar-Yosef & Phillips 1977; Bar-Yosef &
Belfer-Cohen 2010). In Area C, the Ahmarian blade/bladelet indus-
tries are earlier than the Aurignacian industries, both stratigraph-
ically and chronologically. Taking into account the overall thick-
ness of Units 6–8 (�1.2 m), archaeological accumulation in Area
C may include different phases in the Early Ahmarian and an Ini-
tial Upper Palaeolithic component, as observed in other early Upper
Palaeolithic sites.
Area Cwas excavated in the western talus, which formed by com-

plex processes not yet fully understood. However, it seems that the
talus formation and accumulation ended at�30 ka, as we infer from
the (a) early Upper Palaeolithic archaeological composition of the
western talus and (b) the radiometric age (�33 ka; Hershkovitz et al.
2015) of the bottom part of the flowstone covering the base of the
talus (Area C).
In general, the Manot δ13C record fits well the nearby Peqi’in

Cave isotopic record (Bar-Matthews et al. 2003), but has differences
from the coeval isotopic record of the Soreq Cave (Bar-Matthews
et al. 1997); possibly this reflects greater climatic oscillation in the
Judean Hills (Vaks et al. 2006; Yas’ur 2013). The botanical and
faunal records indicate a mixture of open and wooded Mediter-
ranean environments near the Manot Cave. The dominance of
almond and oak atManot reflects both the local environment and the
preference by hunter-gatherers for these trees, for burning material
and for consumption (acorns and fruits). Similarly, the spatially dis-
tinct types of animal bone accumulations at the cave, reflecting both
human and hyena prey, provide insights into the local environment
and into prey preferences of Upper Palaeolithic hunters (Yeshu-
run et al. 2013). Similar to other Levantine Middle Palaeolithic
hunters, the preliminary Manot Cave results suggest a preference
for mountain gazelle over Mesopotamian fallow deer, despite the
natural availability of the latter in the Mediterranean zone (Marder
et al. 2011; Yeshurun 2013). In summary, the well-dated sequence
of Upper Palaeolithic human occupation and isotopic, botanical,
and faunal data indicate a diverse and resource-rich Mediterranean
wooded environment, not dissimilar to today’s environment, in the
Western Galilee region during the late Pleistocene.
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32 Mughr el-Hamamah
An Early Upper Palaeolithic Cave Site on the Eastern Jordan Valley Flanks

aaron jonas stutz and liv nilsson stutz

32.1 INTRODUCTION

Mughr el-Hamamah (Caves of the Doves) is the only buried Early
Upper Palaeolithic cave or rockshelter site to have been excavated
in the Jordan Valley in more than half a century since the work of
Garrod (1951, 1955) (Fig. 32.1). Mughr el-Hamamah is unusual in
another regard. Most Levantine cave deposits, along with key rock-
shelters, such as Ksar ‘Akil, Lebanon (Bergman et al., Chapter 30
of this volume), have substantially longer intervals of occupation
and metres-thick stratigraphic sequences (Bar-Yosef 1994). Mughr
el-Hamamah has a single late Pleistocene archaeological layer,
which accumulated over probably no more than six millennia (Stutz
et al. 2015). The in situ Early Upper Palaeolithic layer at Mughr
el-Hamamah preserves a palimpsest sequence of mobile camp
traces, including stratified lenticular hearth features, unusually
abundant and large charcoal fragments, a large macrofaunal assem-
blage, a microfaunal assemblage, likely phytolith preservation, and
a substantial artefact assemblage. The latter includes lithics charac-
teristic of both Initial Upper Palaeolithic and Early Ahmarian tech-
nological patterns (Shea 2013; Kuhn & Zwyns 2014; Kuhn et al.,
Chapter 60 of this volume). It also includes a small number of nar-
row bone points or tools. The Mughr el-Hamamah is located in
a distinctive ecotonal setting, between the wetland-rich but step-
pic Irano-Turanian vegetation zone of the middle portion of the
Lake Lisan shores and the forested Mediterranean vegetation zone
that characterizes the Jordanian plateau. Therefore, it provides a
unique opportunity to understand better the eastern Jordan Valley
environment during Marine Isotope Stage 3 and its influence on
foraging, settlement, on-site activity, and mobility behaviours of
human groups. The occupation age is estimated at 45–39 ka cal BP,
placing the Mughr el-Hamamah occupation within a critical junc-
ture in recent human evolution: the population turnover involving
anatomically modern human expansion out of Africa and Nean-
derthal extinction (Condemi et al. 2013; Higham et al. 2014). With
work ongoing, available results from Mughr el-Hamamah focus on
the chronology, key presence/absence features in the lithic technol-
ogy, and general features of micro- and macrofaunal assemblages.

This chapter introduces the available results, briefly discussing them
in light of anatomically modern human range expansion and Nean-
derthal extinction.

32.2 THE SITE SETTING

Mughr el-Hamamah is located in the western Ajlun Governate, Jor-
dan, situated roughly at 80 metres above sea level (m asl). It con-
sists of five caves in Cenomanian limestone, �30–40 m above the
wadi floor on the right bank of a minor, unnamed wadi between
the Rajib and Kufrinja Wadis to the south and north, respectively.
Cave 2 is the largest extant karstic cavity at the Mughr el-Hamamah
site, and the only cave exhibiting significantly thick sedimentary
deposits. It offers a commanding view of the Jordan Valley, to
the west-southwest. During most of Marine Isotope Stage (MIS)
3 (ca. 60–35 ka), Mughr el-Hamamah would have overlooked Lake
Lisan (e.g. Machlus et al. 2000; Bartov et al. 2003; Torfstein et al.
2013). Within a 5 km radius, mobile foragers occupying Mughr
el-Hamamah would have had access to the Jordan Valley bottom,
nearby major wadis with permanently flowing streams, and ridge-
top paths toward upland resources.

32.3 THE SITE DEPOSITS

The stratigraphy in the front chamber of Cave 2 exhibits two main
components. Layer A is a greyish-brown sandy silt. It is dominated
by pulverized goat dung, and redeposited Early Upper Palaeolithic
artefacts are mixed together with late twentieth-century artefacts.
Layer A unconformably overlies Layer B, a variably consolidated
brownish silt. Layer A is superficial across most of the Back Trench
area, except where a twentieth-century anthropogenic disturbance
appears to have cut into Layer B in the SW portion of sq. B2. Vari-
ation in the cutting of Layer B and infilling of Layer A is explained
by shepherds excavating an entrance ramp and windbreak, which
were then infilled.

285
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Figure 32.1 Key archaeological sites in the Levant with in situ evidence for
Initial Upper Palaeolithic or other>40 ka Early Upper Palaeolithic technol-
ogy. Key: MHM, Mughr el-Hamamah (Early Upper Palaeolithic); (1) Tor
Fawaz; (2) Boker Tachtit; (3) Tor Sadaf; (4) Kebara Cave; (5) Manot Cave;
(6) Ksar ‘Akil Rockshelter; (7) Üçagızlı Cave; (8) Umm el Tlel. Basemap
by user Fulvio314 on it.wikipedia.org, available on Wikimedia.Commons
under a CC.3.0 Unported License.

Layer B contains diagnostic Early Upper Palaeolithic lithic arte-
facts throughout, but it is free of intrusive recent material. Bone
preservation and sediment phosphatization vary across the site. An
apparent bone-dissolution front (Weiner et al. 1993) runs roughly
through the middle of the back trench, with no bone preserved in the

intact stratified hearths in sq. B2 (Fig. 32.2). Hearths, lithic artefacts,
and charcoal fragments are richly distributed throughout Layer B.
Recent bioturbation, from what appears to be a single large, infilled
burrow, has further restricted the portion of the site with in situ
Layer B deposits. Sediment colour, compactness, and the presence
or absence of intrusive modern artefacts make it unambiguous to
distinguish in situ Layer B deposits from recent anthropogenically
or non-anthropogenically bioturbated sediments. Where well pre-
served, Layer B is archaeologically rich. For instance, in a small
volume of in situLayer B deposits to the east of the bone-dissolution
front, we recovered a faunal assemblage roughly as large, in num-
bers of identifiable specimens, as from the richest Initial Upper
Palaeolithic-associated layer in Üçagızlı Cave, Turkey (Kuhn et al.
2009, and this volume; Stiner 2009; Clark & Stutz 2014).We under-
score that contemporary human impacts on cultural heritage and
ancient landscape traces are only increasing around the world.

32.4 THE CHRONOLOGY OF MUGHR
EL-HAMAMAH

The estimation of the depositional time frame for Layer B is based
on a series of accelerator mass spectrometry (AMS) radiocarbon
dates obtained from in situ charred wood remains (Stutz et al. 2015).
The charcoal fragments were selected for their relatively large size
(�15 mm in maximum dimension) and depositional context. All
dated specimens were directly under horizontally oriented manu-
port limestone slabs, under thick compact ash lenses, or within
thick compact ash lenses. Nine AMS dates were obtained on eight
wood charcoal fragments subjected to acid–base wet oxidation pre-
treatment, from which they showed limited mass loss. All yielded
CO2 amounts, relative to all gas species captured during combus-
tion, that resemble modern charcoal: ca. 50% (Rebollo et al. 2008).
One specimen yielded substantial CO2 fractions at both the 325 °C
and 625 °C combustion steps. These were dated separately. The
lower-temperature fraction is slightly younger, indicating intrusive
younger biogenicmaterial by diagenesis. Considering only the eight
AMS dates on the best-preserved oxidation-resistant carbon frac-
tions, the 95% confidence interval for the summed probability dis-
tribution, based on the INTCAL14 calibration data and methods in
Stutz et al. (2015), is 44.6–39.4 ka cal BP. These data confirm earlier
results from Mughr el-Hamamah, which generally suggest that the
transition from late Middle to Early Upper Palaeolithic technolo-
gies had begun in the region by 45 ka (Marks 1977; Valladas et al.
1987; Schwarcz et al. 1989; Rink et al. 2001; Kuhn et al. 2009, and
this volume; Rebollo et al. 2011; Hershkovitz et al. 2015).

32.5 THE MUGHR EL-HAMAMAH LITHIC
ASSEMBLAGE

In light of expectations from other assemblages from the 45–40 ka
interval, the Mughr el-Hamamah lithics (Fig. 32.3) offer a series of
surprises. Techno-typologically, it is clearly Early Upper Palaeo-
lithic (Stutz et al. 2015). A substantial amount of the debitage
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Figure 32.2 Stratigraphic section of Square B2west. Visible is the unconformable contact between Layers A and B, where Layer A has filled in a twentieth-
century anthropogenic cut into Layer B. Scale = 40 cm. Photo by Aaron Jonas Stutz.

comprises blades and bladelets. The tool assemblage is dominated
by end-scrapers on thick blades and various retouched blades.
Burins are moderately common and diverse. Carinated pieces are
extremely rare, and a small handful of pieces could possibly be
intrusive from later intervals, such as the Late Ahmarian or Epi-
palaeolithic (ca. 30–12 ka). The lithic assemblage confirms the field
observations of Layer B lithology and the radiocarbon ages: where
it has not been recently bioturbated, the deposits are nearly pristine.
Yet theMughr el-Hamamah lithic assemblage does not fit into either
the Initial Upper Palaeolithic or the Early Ahmarian industry defin-
itions (Shea 2013). Analysis by John J. Shea (Stutz et al. 2015) has
revealed some clear examples of thick Levallois points with large
faceted striking platforms. Some of these are retouched or dentic-
ulated. There are also two triangular Levallois flakes with basal
thinning, forming Emireh-like points. Alongside these are several
el-Wad points and examples of narrow-fronted blade and bladelet
cores. These different elements occur without apparent stratigraphic
patterning. Both Initial Upper Palaeolithic and Early Ahmarian
diagnostic technological attributes or products occur within and
around the stratified hearths throughout Layer B. It is unlikely that
all of the Initial Upper Palaeolithic diagnostic elements could be

explained by hypothetical recycling practised by ‘Early Ahmarian’
occupants. If this were the case, though, Mughr el-Hamamah would
have the oldest (>42 ka) documented Early Ahmarian occupation
(Stutz et al. 2015). Given the overall complexity and richness of the
technological pattern observed in the Mughr el-Hamamah assem-
blage, it is more likely that Initial Upper Palaeolithic and Early
Ahmarian technologies were alternatively used for different kinds
of activities, or perhaps different kinds or durations of residential
stays, during the occupational interval of 45–39 ka.
Adding to the richness of technology in the assemblage, J. Shea

has identified numerous scaled and truncated-faceted pieces. These
far outnumber formal Levallois and prismatic blade/bladelet cores.
The scaled/truncated-faceted pieces mainly appear to be hammer-
and-anvil cores on flakes, used for obtaining small, thin expedi-
ent flakes and bladelets. Some may also have been used as wedges
(Shea, personal communication, 2015). Along with the formal cut-
ting, scraping, engraving, and hunting tools that tend to distinguish
Early Upper Palaeolithic from preceding Middle Palaeolithic tech-
nologies, in which retouched tools are rarer and less variable in
form, the scaled pieces are consistent with a pattern of occupation
and activity, where chipped-stone gear supported carefully planned
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Figure 32.3 Cores, blades, and formal tools from Mughr el-Hamamah Layer B. a: burin spall; b: Levallois blade, c–e: prismatic blades; f: broad-fronted
blade core; g: convergent scraper with basal thinning on Levallois flake (Emireh-like point); h: Ksar ‘Akil scraper; i: end-scraper; j: el-Wad point; k: multiple
burin; l: Levallois point with distal impact fracture, m–n: scaled pieces. Drawings by John J. Shea.

or routine tasks, but available flakes were also used expediently for
obtaining small cutting or piercing tools.

32.6 INITIAL OBSERVATIONS ON THE FAUNAL
ASSEMBLAGES: ENVIRONMENTAL
PERSPECTIVES

The preliminary macrofaunal analysis reveals an ungulate-
dominated assemblage, with Gazella and Dama the most common
taxa (Clark & Stutz 2014). In the hunted assemblages of Late Mid-
dle Palaeolithic and Early Upper Palaeolithic sites, the areas east
and west of Lake Lisan are similar (Rabinovich & Hovers 2004;
Speth & Clark 2006; Speth 2013). The microfaunal assemblage
includes Syrian squirrel, which is extant today in the highest ele-
vations of the Ajloun Mountains, ca. 1,000–1,200 m asl,�20 km to
the east. Today, the environment aroundMughr el-Hamamah is arid
or semi-arid, with open Mediterranean vegetation growing closer
to 600 m asl and oak–pistachio forest developing above 700 m asl.
During the Mughr el-Hamamah occupation, a substantially closed
Mediterranean forest existed nearby (Belmaker et al. 2013). At the

same time, the Lake Lisan shores and lowermost wadis could have
provided open grassland and wetland corridors. The radiocarbon
ages place all or most of the Early Upper Palaeolithic occupation
after and prior to the Heinrich 5 and Heinrich 4 (ca. 48 ka and 39
ka) cold and arid events (e.g. Bartov et al. 2003), respectively. Even
if the occupation extended into the Heinrich 4, it is important to
emphasize that Mughr el-Hamamah’s proximity to the Jordan Val-
ley bottom probably assures availability of water, plant, and animal
resources year-round, without substantial activity-limiting freezing
winter temperatures (cf. Belovsky 1987; Gilligan 2010). Colder and
drier conditions would be expected to have impacted biomass pro-
duction, water availability, and temperature limitations on winter
activity in the uplands, but around the Lake Lisan shoreline, a year-
round refugium could have existed.

32.7 DISCUSSION AND CONCLUSION

Overall, the lithic evidence from Mughr el-Hamamah adds a new,
supportive dimension to Kuhn and Stiner’s (2006) model of the
emergence of Upper Palaeolithic social foraging technologies. They
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propose an important density-dependent, emergent feature of Upper
Palaeolithic biocultural adaptation: greater time-allocation devoted
to on-site task activities (probably structured, at least in part, by a
gendered division of labour). Considering the evidence fromMughr
el-Hamamah and in light of Kuhn and Stiner’s model, an important
question remains in regional and broader late Middle Palaeolithic–
early Upper Palaeolithic context: does the observed increase in task
diversity reflect a marginal shift, involving intensified hunting and
animal food processing, or was it a more rapid and transformative
shift toward gathering as well as hunting? This is a major issue for
clarifying how human behaviour patterns, and the social systems in
which they were embedded, changed with expansion of the anatom-
icallymodern human population and extinction of theNeanderthals,
especially in the context of ecological and climatic constraints. We
observe that in either case, the early Upper Palaeolithic behavioural
changes would have supported marginally higher population densi-
ties and lower mobility levels. Other things being equal, this would
have favoured anatomically modern human body proportions (Stutz
et al. 2015). Moreover, higher population densities would have been
most likely to persist in warmer, richer refugia microzones, such as
the lower elevation around Lake Lisan. During the post-Heinrich 5
interval that most likely corresponds to the occupation of Mughr el-
Hamamah, such refugia would have become source populations for
dispersal into low-productive zones, such as the eastern Jordanian
and Syrian steppes (Binford 1968). As we continue investigation of
Mughr el-Hamamah, we suggest that modelling the cultural struc-
ture, demographic dynamics, and ecological conditions of such dis-
persal dynamics may help to explain in substantially greater detail
how the Levant contributed to the wider western Eurasian expan-
sion of the range of anatomically modern humans and associated
Neanderthal extinction.
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33 Ohalo II: A 23,000-Year-Old Fisher-Hunter-Gatherer’s Camp on the
Shore of Fluctuating Lake Kinneret (Sea of Galilee)

dani nadel

33.1 GENERAL

Ohalo II is a 23,000-year-old fisher-hunter-gatherers’ camp located
in the Sea of Galilee, Israel (Fig. 33.1). It is unique because of its
excellent preservation of organic materials, particularly important
for reconstructing diet, subsistence, and camp life towards the end
of the last ice age (Nadel 2002). The site was submerged by lake
water for millennia, and was exposed for the first time in 1989,
owing to lake level lowering as a result of a three-year-long drought
and heavy pumping from the lake. It was excavated during two
droughts between 1989–1991 and 1999–2001, when the water level
dropped by >2.5 m.
The lakeshore camp covered an area of at least 2,000 m2, with a

nearby creek and a wide variety of food and raw material resources
in the immediate vicinity.

33.2 CAMP STRUCTURE

The camp remains include six brush huts, several adjacent open-
air hearths, a grave, and additional features (Fig. 33.1). A wealth
of in situ remains was found in all features. These comprise charred
seeds, animal bones, flints, grinding stones, stone bowls, bone tools,
and beads. A human grave was found in the camp with the skeleton
of a right-handed male about 40 years old (Fig. 33.2). An incised
bone implement was found under the skull. The building materials
of one brush hut were identified (Nadel & Werker 1999) as oak,
willow, and tamarisk, and three brush huts had grass bedding made
of weeds on the floor (Nadel et al. 2004b; Fig. 33.3A). Eleven loci
were directly dated by radiocarbon, and the readings range between
22,500–23,500 cal BP.

33.3 DIET, SUBSISTENCE, AND SEASONALITY

In most contemporaneous sites, plant remains are rare (if present at
all). At Ohalo II, ca. 150,000 seeds and fruits were analysed; they

represent ca. 150 species. These provide unprecedented data on the
vegetal component of the diet, indicating heavy reliance on large
grain cereals such as wild barley, wild wheat, and wild oats (Snir
et al. 2015; Weiss et al. 2004, 2008). The remains of fruit and seeds
were found all over the site, with concentration of grains around a
grinding stone on the floor of brush hut 1. Microscopic cereal starch
granules were also identified on the stone surface, indicating flour
grinding (Piperno et al. 2004). Small grain grasses such as Bromus,
as well as acorns, pulses and wild fruits, were also consumed in the
camp.
Although Flannery’s Broad Spectrum Revolution model (Flan-

nery 1969) has been widely accepted, it was hardly possible to study
the vegetal component of this revolution until the large number of
floral remains from Ohalo II was analysed. The latter not only sup-
port themodel, but show that this model of economic shift was prob-
ably much wider and began earlier than previously conceived.
A variety of mammals were commonly hunted and brought to the

site for consumption and other uses. The most important was the
gazelle, followed by fallow deer and low frequencies of fox, hare,
wild pig, deer, and wild cattle (Rabinovich & Nadel 2005). Fish
bones were abundant at the site (all of the Cyprinidae and Cichlidae
families; Zohar et al. 2008), reflecting their dietary importance; they
were probably retrieved by the use of nets as indicated by the finding
of twomillimetre-scale pieces of cord (Fig. 33.3C) and tens of stone
net-sinkers. Birds were also captured, with 83 species identified so
far (Simmons & Nadel 1998); most common is the great crested
grebe.
Seasonality of site occupation was established by considering

the ripening seasons of the plant species, the identification of sea-
sonal migratory birds, and the analysis of seasonal enamel growth
on gazelle teeth (Nadel et al. 2004a). All seasons are represented at
the site, and thus, the Ohalo II remains indicate a year-round occu-
pation of the camp. The broad range of available edible plants and
animals rendered nomadism redundant for the Ohalo II group, and
probably supported and enhanced the development of more com-
plex social life and technological innovations.
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Figure 33.1 A: A location map of Ohalo II. B: A plan of the central part of the Ohalo II site. C: An image of reconstructed brush hut 1 with divided working
areas on the floor.



Ohalo II 293

Figure 33.2 A: The skeleton of H2 during excavations. B: An incised
gazelle bone found under the skull (lower image) and a similar wood imple-
ment found on a brush hut floor (upper image). (A black and white version
of this figure will appear in some formats. For the colour version, please
refer to the plate section.)

33.4 TECHNOLOGY

A wide variety of remains pertain to past technologies. These
include the details of the construction of the oldest-ever brush huts
from local trees and shrubs and the oldest use of grass bedding on
brush hut floors (Nadel & Werker 1999; Nadel et al. 2004b). Of
particular importance is the flint assemblage with >100,000 pieces
retrieved and studied. The variety of raw materials, the debitage
components of the assemblage (Nadel 2003), the technology of
microliths production, and the refitting results provide a compre-
hensive picture of the manufacture methods and utilization of flint
tools at the camp. Other aspects of technology comprise the pro-
duction and use of ground stone implements, including some of the
oldest cereal grinding stones, stone bowls, and fishing net sinkers
(Nadel & Zaidner 2002; Piperno et al. 2004). Wood implements
were also preserved (Fig. 33.3D; Nadel et al. 2006).
The Ohalo II site was occupied during the end of the Upper

Palaeolithic. Most contemporaneous sites are small (<500 m2) and

do not contain dwelling remains, and burials are scarce. The sites
are found in all ecological settings of the southern Levant. The vari-
ability in the lithic assemblages are interpreted as reflecting sev-
eral knapping traditions, and hence territoriality and distinct cultural
entities (Belfer-Cohen & Bar-Yosef 1999). The faunal component
of the diet is well known, with gazelles and fallow deer being the
most common prey. Owing to scarcity of floral remains, the vegetal
component of the diet is only indirectly inferred for sites other than
Ohalo II.
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Figure 33.3 A: A segment of the grass bedding found on the bottom floor of brush hut 1. B: Dispersal unit of wild wheat (Triticum dicoccoides), ventral
view. Courtesy of Orit Simchoni. C: A fragment of a twisted cord. D: A wood object worked all round. (A black and white version of this figure will appear
in some formats. For the colour version, please refer to the plate section.)
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34 Eynan (Ain Mallaha)

françois r. valla, h. khalaily, n. samuelian, f. bocquentin,
a. bridault, and r. rabinovich

34.1 INTRODUCTION

The site of Eynan (Ain Mallaha) attracted prehistoric people
because of the variety and availability of resources provided by
the slopes of the Upper Galilee, the marginal marshes and shores
of Lake Hula, a species-rich and abundant perennial spring, and
the banks of a rivulet between the spring and the lake (Fig. 34.1).
The archaeological deposits were excavated during three sessions
between 1955–1961 under J. Perrot, then 1972–1976 under J. Per-
rot, M. Lechevallier, and F. Valla, and 1996–2005 under F. Valla and
H. Khalaily. Human visitors are attested during the Middle Palae-
olithic and again during the Early Epipalaeolithic. Later, during the
Natufian period, the site was one of the main human settlements in
the Levant, intermittently inhabited for several millennia during the
Early, Late, and Final phases of the period. Radiocarbon ages indi-
cate an approximate age of 14,326±266 cal BP for the Early Natu-
fian occupation, whereas the Final Natufian layer is 12,466±179
and 11,895±141 cal BP in the lower and top parts, respectively (Per-
rot 1966; Valla et al. 2007).

34.2 THE BUILDINGS AND GRAVES OF EYNAN

A hamlet of semi-buried buildings was constructed south of the
spring. The extension of the settlement and the number of contem-
poraneous buildings are difficult to extrapolate from the 200–250
m2 area currently excavated. In this area, the buildings take advan-
tage of a slope overlooking the spring. They are delimited by circu-
lar or semi-circular walls, sometimes still standing more than 1 m
high, which served as retaining walls. Their size tends to decrease
with time. The oldest, from the Early Natufian phase, attain up to
7 m in diameter. The diameter of those from the Final Natufian
phase is �3.5 m. The walls are composed of a facing of raw lime-
stone blocks applied against the vertical surface created by cutting
into the slope. Instead of a stonewall, one of the Early Natufian
houses was coated with a red-painted lime plaster, which is among
the oldest evidence for sophisticated pyrotechnical processes in the

Near East. While there are few indications of roofing, some build-
ings have post-holes. The most elaborate of them is from the Early
Natufian phase. It was partially destroyed but still preserves the set-
ting of seven posts arranged in two lines, one straight, the other
curved (Fig. 34.2A). According to pollen and phytolith remains,
some superstructures may have been made with reeds (Phragmites
sp.). Each building has at least one hearth, most of them built from
stone. Floors were identified thanks to these small installations,
sometimes associated with partial pavements of slabs or pebbles.
These indications could be combined with those provided by ash
dispersals from the hearths, and by objects lying flat, to reconstruct
coherent surfaces. Several buildings display more than one of these
floors superimposed, sometimes linked to repairs of at least part of
the wall.
Field observations indicate that some floors could be compatible

with a function as a house, while others were not. Further anal-
yses of the finds apparently support this inference. House floors
attest to a broad range of activities not matched by the other floors.
The best case studies, from the Final Natufian phase, indicate oval
houses limited southward (upslope) by a wall associated with a row
of small constructions (hearths, post-holes, etc.) between its two
ends, separating two spaces. Work places are indicated by concen-
trations of flint debris. They seem to be related to large stones, pos-
sible seats, and are mainly in the outer (northern) half of the build-
ing (Fig. 34.2B). In contrast, the floors not intended for dwelling
are not divided. The activities, generally, seem to be centred around
one or more hearths, each of different shape. It is worth mentioning
that the same building can change functions on successive floors
(Samuelian 2013).
During the Early Natufian, houses were associated with graves

either under floors or in fills. Most corpses were buried individually
and flexed on the side, back, or even face, some of them with body
ornaments mademainly ofDentalium shells and bone beads. Stones
were sometimes added on or around the corpse to maintain it in a
desired position (Fig. 34.3A). One interment included a puppy with
an old woman (Fig. 34.3B). Both sexes and all ages, from newborn
to elderly, are present in the available sample, which is too small to

295



F.R. Valla et al. 296

Figure 34.1 Topographic map of the Hula Basin near the spring of Eynan-Ain Mallaha, with indications of the main natural ecological niches.

validate possible selections against young children and/or women.
Hypoplasia found on some skeletons indicates dietary deficiency
or infectious diseases during childhood. Dental caries does occur.
Traces of trauma on the bones may reveal interpersonal violence,
but such traces are rare.
The Late Natufian shows a break in funerary customs. Many

deep or shallow pits, some of them coated, were dug along with the
buildings. According to the evidence at hand, they were mainly for
trash disposal and burials. Most skeletons were found in those pits
(Fig. 34.3C), some disturbed by up to 11 interments, most of them
successive. Decorated corpses disappear, but two skulls may have
borne gazelle horn cores attached to them. Large stones were some-
times added in or on the pits. A selection in favour of males becomes
more obvious, and no newborns were uncovered. Hypoplasia and
caries diminish.
During the Final Natufian, traditional habits return and graves are

connected to house floors. Typically, they accommodate individual
bodies narrowly contracted in various positions and devoid of any
ornaments (Fig. 34.3D). No selection according to age or sex can
be discerned. Hypoplasia is even rarer, but caries is at its highest.

For the first time at the site, a few individuals attest to removal of
the central right upper incisor.
The inhabitants of Eynan-Ain Mallaha share most of their phys-

ical characteristics with other Natufian populations. Nevertheless,
they have somewhat more robust upper limbs, especially the males.
A relatively high occurrence of caries may be related to a diet richer
in vegetal food (Bocquentin 2003).
Stratigraphy, ages, buildings, and graves all indicate three well-

differentiated stages of occupation at Eynan-AinMallaha. The asso-
ciated finds support this subdivision.

34.3 ARTEFACTS

Huge quantities of flint were recovered from each phase. They attest
to a variety of raw materials, primarily good quality flint from the
nearby environment. Only the debitage of the Early Natufian was
thoroughly analysed. The technique was relatively simple, produ-
cing flakelets, bladelets of two different sizes, and flakes. Blades do
occur as a target but are relatively rare. These blanks could be used
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Figure 34.2 Eynan buildings: the ‘houses’. A: Schematic map, tentative reconstruction and photographic view of house 131 (Early Natufian) (after Valla
1988); B: main knapping locations as suggested by objects distributed on the floors of houses 200 and 203 (Final Natufian) (after Samuelian 2013).
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Figure 34.3 Eynan graves. A: Early Natufian H.15 lying on his back with stones on and around the corpse (Archives of Mallaha excavations); B: Early
Natufian H.104: an elderly woman buried with a puppy, probably in relation to house 131 (after Davis & Valla 1978); C: Late Natufian pit containing several
bodies successively introduced (Grave H.10) (Archives of Mallaha excavations); D: Final Natufian H.156: an adult woman laid on a floor of house 203.
The highest parts of the body were disturbed when the house was occupied anew (after Bocquentin et al. 2013).
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without modification (many flakelets) or shaped into formal tools
by retouch. During all three phases, the same types of tools were
shaped in approximately similar proportions: half of them were
microliths, of which lunates were only a minor component. How-
ever, these lunates, the hallmark of the Natufian culture, underwent
characteristic changes from one phase to the other. The typical bifa-
cial Helwan retouch was gradually replaced by an abrupt mode of
shaping, and the objects became increasingly smaller (Fig. 34.4A).
These modifications are all the more remarkable in that the smaller
lunates, those from the Final Natufian, are the most difficult to pro-
duce, whereas the function of the instrument, as hunting weapon
armatures, did not change (Valentin et al. 2013).
Flint aside, basalt was the stone most commonly worked into

tools. It could be found a few kilometres away, either in river beds
or in primary context to the west (Dalton and Alma Plateaus),
south (Khorazim saddle), and east (Golan Heights) (Horowitz
1979). Pounding and grinding implements, namely deep mortars
(Fig. 34.4B), pestles, grinding slabs (Fig. 34.4B), and handstones
dominate the assemblage; it is difficult to apprehend their economic
role. In contrast to the expediently made and briefly used flint tools,
the basalt tools demonstrate a high degree of workmanship andwere
cared for. Moreover, they had a variety of functions, as is demon-
strated by their diverse sizes (e.g. height of mortars is 12–60 cm).
It seems that the flat grinding instruments become proportionally
more abundant in the Final Natufian. Some of them are stained with
ochre. Use-wear analyses show that large ‘saddle querns’ were used
to process legumes throughout the entire sequence (Dubreuil 2004).
One of those querns was still at its working place in a Final Natufian
house.

34.3 USE OF FAUNAL AND FLORAL REMAINS

Faunal remains are extremely abundant and diverse but heavily
broken and incrusted. Methodological aspects need to be further
expanded to construct an approximate image of the role played by
the different species in the diet. Nonetheless, the location of the site
between various productive niches was exploited with an emphasis
on humid habitats, resulting in a ‘broad spectrum economy’ (Flan-
nery 1969). The occupants of Eynan-Ain Mallaha took advantage
of mammals, micromammals, birds, chelonia, reptiles, amphibians,
crustaceans, fish, and molluscs where they were available. Com-
pared with other Natufian sites, gazelles are significantly less dom-
inant among ungulates, and the contribution of wild boar is higher.
Haresmay be linked to new trapping techniques, and foxes are inter-
preted as evidence for the creation of new environments around
long-term occupied villages (Bridault et al. 2008).
Osseous materials were worked on a limited scale compared with

flint. A large range of species was used, including small mammals
and birds. Long bones (mainly metapodials), phalanges, and ribs
were preferentially selected. Cervid antlers were less favoured. The
bones were heavily modified through a broad variety of techniques,
including abrasion and heating, during the entire sequence. Most
implements were points of various shapes and sizes, some of them
very small. Manywere intended to be hand-held. Others are project-

ile points. Bone sickles, an emblematic Natufian tool, were found
in every phase, albeit rarely. Curved ‘hooks’ appear regularly in
the Final phase. At the current stage of research, the main change
clearly attested from one phase to another is a reduction in the pro-
duction of the ‘retoucher’, a bone splinter intended to retouch flint
tools.
Bones were also modified into body ornaments. The necklaces,

bracelets, and other items found in the Early Natufian graves were
composed of a combination of bone beads and pendants with shells,
mainlyDentalia from theMediterranean Sea (Fig. 34.4C). The char-
acteristic bead is a sawn extremity of a gazelle phalange. Other
shapes, which are dominant in nearby settlements, are less frequent
or rare. They may attest to contact with foreign groups. Bone orna-
ments are almost absent from the Late Natufian layers, perhaps
owing to recovery bias, but Dentalia are also rare. In the Final Natu-
fian layer all the locally traditional elements appear, but are now
dispersed in the fill. Despite the conservative attitude usually asso-
ciated with body decorations some changes can be detected. Den-
talium shells are cut into smaller segments (Le Dosseur &Maréchal
2013). Stones valued for their colour (green, red, black, white)
become a regular constituent, maybe under northern influence.
Little is known of plant use during the Early Natufian phase.

Emphasis seems to be on the exploitation of woody environments,
which is confirmed by the recovery of fragments of almonds and
pistachios. Phytolith studies indicate an interest shift during the
Final Natufian toward exploiting more humid areas. Reeds prob-
ably supplied raw materials for mats and sedges for basketry. Mil-
let was probably collected for food. There are also indications for an
increased consumption of annuals from drylands, but small-seeded
grasses are more abundant than barley and wheat, which appear in
few samples only, probably because it had to be gathered about 12–
16 km south of the site (Rosen 2013).
Besides body ornaments, only scarce indications of the way of

thinking were found. Only a few tools (stone and bone) are dec-
orated. A handful of figurines do appear. Some are interpreted as
schematic human representations. Others are inspired by the ani-
mal world (Fig. 34.4D). A few pebbles bear thin engravings of pat-
terns also known from other sites (ladder-like, zigzag). Neverthe-
less, elaborate and comprehensive thinking is manifested by a com-
plex system of buildings and grave orientations according to the
cardinal points. A probable myth underlying the recurrent associ-
ations of objects such as stones, human remains, and dog, gazelle,
and tortoise bones can also be suspected.

34.4 SUMMARY

Eynan (Ain Mallaha) is uniquely significant in the history of pre-
historic research in Israel and beyond because it was the site where
Natufian architecture was identified for the first time in 1955.
Together with the large number of graves, the heavy basalt pounding
tools, as well as the wealth of resources available in its and nearby
environmental settings, this finding led to the conclusion that the
Eynan people were able to experiment with a sedentary way of life.
As a result, it became clear that, in the Near East, sedentism was
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Figure 34.4 Eynan human workmanship: some examples. A: Early Natufian (1–4) compared to Final Natufian (5–9) lunates, after Valentin in Valla et al.
(2007). B: 1, Basalt mortar (Early Natufian); 2, basalt grinding stone (Final Natufian) (1 unpublished, 2 after Samuelian 2013, photo M. Barazani). C:
Necklace under the skull of newborn H.176 (Early Natufian) (after Bocquentin and Cabellos in Valla et al. 2007). D: A rare Early Natufian animal figurine
from House 131 (photo by L. Davin).
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a precondition for experiments that were to drive people to grow
plants, and not the other way around, as was then accepted. This
laid the groundwork for the development of our present model for
the beginning of agriculture. According to the new understanding,
as early as the end of the Pleistocene, some hunting, fishing, col-
lecting, and gathering societies were able to sustain a more or less
sedentary way of life in permanent precursors of villages where the
social feasibility for sowing cereals and legumes in artificially pre-
pared fields matured, a development that was to happen later.
Further excavations uncovered a long stratigraphic sequence

reminiscent of that seen elsewhere by D. Garrod and R. Neuville.
A differentiation among the buildings was observed, some of them
assuming the functions later fulfilled by houses (expressions of
the division of the society, symbolic representations of the world,
contexts for technical activities) while others did not. It confirmed
the stability of both the group and the hamlet during the Natufian
period. It was also shown that, despite somewhat cooler average
temperatures (see Mienis in Valla et al. 2007), the ecological habi-
tats in the Hula basin during the Younger Dryas were not very dif-
ferent from recent times (Ashkenazi 2013). Throughout the entire
sequence, few objects were brought to the site that could not be col-
lected nearby. The relatively large number of Cappadocian obsidian
pieces found in the Final Natufian layer illustrates intensifying ties
with northern groups, probably significantly broadening the social
network in the Near East. From that moment, exchanges were never
severed between the southern and the northern Levant.
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35 Hilazon Tachtit Cave, a Late Natufian Burial Site in the
Western Lower Galilee, Israel

leore grosman and natalie d. munro

35.1 INTRODUCTION

Hilazon Tachtit Cave is one of the earliest specialized burial sites
in the southern Levant. The cave (Fig. 35.1), home to the skeletal
remains of at least 28 people, was utilized exclusively during the
Late Natufian phase (ca. 12,000 cal years BP). In this cave a spe-
cial woman, a shaman, was interred with unique grave inclusions
(Grosman et al. 2008) and is associated with remains of funerary
feasts and other accompanying ritual activities (Munro & Gros-
man 2010; Grosman & Munro 2016). Everyday activities such as
food preparation and consumption, and lithic tool manufacture took
place at the site. However, there is no evidence that people occupied
the cave other than for burying the dead.
Hilazon Tachtit is located in a small karstic cave halfway down

the steep northern embankment of Wadi Hilazon in the Lower
Galilee, northern Israel. It is situated just inland from the bound-
ary of the Mediterranean Hills and the flat coastal plain, about 14
km from the Mediterranean Sea. The cave faces east, but its small
terrace has a clear view up and down the wadi to the coastal plain
(Fig. 35.1). The site is situated in openMediterranean maquis forest
(Zohary 1962) that was home to abundant open woodland species
including acorns, pistachios, wild wheat and barley, gazelle, tor-
toise, hare, and groundbirds among other resources.

35.2 THE BURIAL GROUND

The modern cave was filled with centuries of decomposed sheep
dung and goat dung when excavation began. The Natufian activ-
ities were concentrated in a 30m2 area situated directly on the cave’s
concave bedrock floor. The cultural remains are distributed within
and around three architectural features: two structures (A and B,
situated one metre apart) and one burial pit (Pit I), hewn out of the
bedrock. Two other collective burial pits (Pit II and Pit III) have less
defined boundaries (Fig. 35.2). Structures A and B in the centre of
the cave reach the same depth at their base (3.90 m), suggesting that
they were constructed at the same time. The structures were created

Figure 35.1 Hilazon Tachtit Cave – a view from the inside of cave to Nahal
Hilazon, facing east (photo by Naftali Hilger). (A black and white version of
this figure will appear in some formats. For the colour version, please refer
to the plate section.)
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Figure 35.2 The Natufian burial ground at Hilazon Tachtit Cave and its different features (photo by Naftali Hilger).

by removing bedrock to a depth of over onemetre below the surface.
The resulting cavities were then shaped to create a near-perfect oval
in Structure A and a rounded form in Structure B. Structure A was
completed by plastering the bedrockwalls with sterile clay collected
from outside the cave and then pressing thin flat slabs of limestone
into the floor and walls. In contrast, the round shape of Structure
B was obtained by filling a gap in a sloped bedrock wall with a
five-course unplastered stone wall segment that contained the bro-
ken fragment of a groundstone vessel. Natufian remains were con-
centrated entirely within and directly above these five features. The
cultural remains were associated with a dark brown soil, different in
colour and texture from the more reddish natural sediments cover-
ing the limestone bedrock. No evidence for other human occupation
was identified in the cave until shepherds began overwintering their
flocks sometime in the late historic period.
In general, the lithic tool categories including backed pieces

and notches, among others, are represented in frequencies simi-
lar to other Natufian base-camps indicating that they reflect every-
day activities (Grosman & Munro 2007). A similar pattern is
observed with the groundstone tools, which include small peb-
bles, handstones, grinding slabs, pestles, vessels/mortars, and shaft
straighteners, as well as ad hoc implements such as abraders and
hammerstones (Dubreuil & Grosman 2013). Still, these artefacts
present complex life histories and show evidence of multiple uses,

some after breakage, unlike other Natufian sites and may indicate
an important role in burial activities. The use-wear analysis of a
groundstone tool recovered in one of the burial pits suggests that it
was used to decorate hides for ritual activities (Dubreuil &Grosman
2009).
Human skeletal remains are ubiquitous in all Natufian contexts

within the cave. Only three of the skeletons were undisturbed after
burial: a woman buried at the base of Structure A, an individual
buried on top of the fill in Structure B, and an adult with a new-
born or a fetus buried on the wall between the two structures. All
other burials from the site (n= 25) were interred in three pits, which
together cover an area of 5 m2. The pits probably represent consecu-
tively used, collective burial areas. The distribution and articulation
of human body-parts indicate that although the pits initially held
primary burials, they were disturbed during the Natufian period to
add new individuals and to remove long bones and skulls. The burial
treatment of a particular individual thus comprised at least the fol-
lowing stages: primary burial, re-opening of the grave after flesh
decomposition (ca. one year), removal of skeletal parts, reburial,
and probably secondary deposition of removed parts elsewhere.
Hilazon Tachtit provides evidence that the skull removal tradition,
so prolific in the Pre-Pottery Neolithic, has its roots in the Natu-
fian culture (Belfer-Cohen & Goring-Morris 2013; Kuijt & Goring-
Morris 2002 and references therein).
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The artefacts associated with the human remains provide evi-
dence that a wide range of activities took place in the cave, includ-
ing flint knapping, animal butchery, food preparation and consump-
tion (Grosman & Munro 2007). Evidence for these activities is
closely associatedwith the constructed features and human remains.
Detailed examination of a range of material types in Structure A
indicates that most of the cultural remains were deposited as part
of a funeral ritual for the woman buried at the base of the structure
(Grosman & Munro 2016). Although many of the cultural remains
appearmundane in nature, theywere deposited as part of ameaning-
ful ritual event. This is especially true of the animal remains, such
as tortoises and gazelles, whose large numbers, unique age profiles,
and butchery patterns display strong evidence for feasting (Munro
& Grosman 2010). Likewise, numerous butchered aurochs bones
in Structure B signify the short-term consumption of a very large
quantity of meat. This, along with evidence that garbage accumu-
lated quickly in the structure, and similarities to some deposits in
Structure A, suggests that the fill in Structure B also derived from
a feasting event (Munro & Grosman 2010). Thus, Hilazon Tachtit
Cave functioned as a burial cave, and the vast majority, if not all,
of the cultural remains that accumulated there (including those of
seemingly domestic nature) were used and deposited in association
with rituals related to funerals in the cave.

35.3 THE SHAMAN BURIAL

Although at least 28 individuals were buried at Hilazon Tachtit, the
articulated burial of the woman at the base of Structure A stands
apart from the others. More care and energy was invested in the
formation of Structure A than any other features at the site. The
symmetrical oval shape of the structure, the clay plaster, and the
stone slab lining indicate the special preparation of this structure
as a grave. The woman buried there was old by Natufian standards
(ca. 45–50) and suffered from congenital deformities and osteoarth-
ritis that would have produced visible anomalies when she walked
(Grosman et al. 2008). She is the only individual in the cave to be
accompanied by grave inclusions. The number and types of these
inclusions distinguish this grave from any other of the Natufian.
Grave inclusions include animal body-parts that are remarkable
in their number, completeness, or rarity. For example, the burial
included the tail of an aurochs, the pelvis of a leopard, one and a
half pine marten skulls, the wing tip of a golden eagle, and most
surprisingly, the skeletal remains of at least 90 butchered and con-
sumed tortoises at final count, including several intact carapaces.
Other unusual objects including unique groundstone fragments,

complete Cerastoderma shells, and an articulated human foot were
also recovered from the grave. A detailed taphonomic study of the
depositional history of the grave indicates that these inclusions were
intentionally buried in association with the body and were not sec-
ondarily deposited in the fill (Grosman & Munro 2016). Together,
the high investment in the grave, the rare and unusual combination
of grave inclusions, and evidence for a large communal funerary
feast reflect the high esteem in which the Natufians held this woman
and her special status in their society (Grosman et al. 2008). In
comparison to ethnographic evidence, the woman’s visible defor-
mations, and the eclectic assortment of associated animals suggest
that she was a shaman – a person ascribed healing, medicinal, or
magical abilities by her community, and one of only a few special-
ized roles in egalitarian hunter-gatherer societies. The burial of the
shaman at the base of the first structure may have given the cave
symbolic and ritual values that served as an incentive to bury future
dead alongside her (Grosman & Munro 2016) and thus established
Hilazon Tachtit as one of the first specialized burial and ritual sites
in the region.
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36 The Palaeolithic Cultural Sequence of Dederiyeh Cave, Syria

takeru akazawa and yoshihiro nishiaki

36.1 INTRODUCTION

Dederiyeh Cave is located on the left bank of Wadi Dederiyeh at
the northern edge of the Levant, �60 km north of Aleppo, north-
west Syria (Fig. 36.1). It is a large Palaeolithic cave site, measuring
�60 m by 15–20 m, and is 10 m high (Fig. 36.2). Wadi Dederiyeh
transects the hilly limestone plateau (�450 m above sea level, m
asl) of the Jabaal Samman and leads to the Afrin Valley, which
eventually runs into the Mediterranean Sea. The environment sur-
rounding the cave is sparseMediterranean woodland, currently sup-
ported by annual precipitation of �500 mm. Dederiyeh Cave was
identified as a Palaeolithic site during the Syria–Japan joint mis-
sion survey in 1987 (Abdul-Salam et al. 1988). The survey located
a dozen Palaeolithic caves in the Afrin Valley, among which Ded-
eriyeh was intensively excavated in 1989–2011 (Akazawa & Mu-
hesen 2002; Kondo et al. 2006; Akazawa et al. 2009; Nishiaki et al.

Figure 36.1 General view of Dederiyeh Cave. (A black and white version
of this figure will appear in some formats. For the colour revision, please
refer to the plate section.)

2011a). The excavations revealed a long cultural sequence span-
ning late middle to latest Pleistocene deposits, containing a succes-
sion of Lower, Middle and Epipalaeolithic cultural layers. In add-
ition, well-preservedNeanderthal remains were recovered in associ-
ation with Middle Palaeolithic faunal and lithic assemblages. These
discoveries have established Dederiyeh Cave as a prime locale for
defining Palaeolithic and palaeoanthropologic events in the northern
Levant.
The cave forms a tunnel-like shape with an entrance at both ends,

similarlymeasuring�10m in diameter. Themain entrance faces the
wadi, while the other is a chimney to the plateau surface (Fig. 36.2).
Three major chambers have been defined: the entrance, central, and
chimney areas (Fig. 36.2). The ground surfaces of the entrance and
chimney areas are rather flat. The central area slopes �25° from
the chimney area (Oguchi & Fujimoto 2002). Excavations in these
areas demonstrate close correlation of accumulation of archaeo-
logical deposits and chimney formation. The chimney was probably
absent or very small before Marine Isotope Stage (MIS) 4; the pre-
ceding use of the cave was confined to the entrance area where suffi-
cient sunlight was available. The chimney probably started opening
during MIS 4, and soon enlarged rapidly, allowing the increasingly
intensive occupations in the chimney area (see below). Enlarge-
ment of the chimney resulted in substantial erosion, possibly during
late MIS 3 and after. Occupational traces for this period are absent,
except stone constructions of the late Epipalaeolithic in the entrance
area. Cultural deposits of the three areas are defined in Table 36.1.

36.2 PALAEOLITHIC CULTURAL SEQUENCE

36.2.1 LOWER PALAEOLITHIC

The oldest cultural deposits of Dederiyeh were recovered in Unit F,
a layer more than a metre thick, 7 m below the cave surface in the
entrance area (Fig. 36.2; Table 36.1). At the excavated areas this
layer is laid on bedrock and is heavily tilted, indicating the devel-
opment of a sinkhole at the centre of the entrance area. The layer

307



T. Akazawa and Y. Nishiaki 308

Figure 36.2 Plan and stratigraphy of Dederiyeh Cave. Note that the vertical scale is twice as large as the horizontal one.

comprises homogeneous light grey, coarse-grained matrix sedi-
ments with a small number of animal bones (Nishiaki et al. 2011a).
The lithic assemblages of Unit F are assigned to the Yabrudian

(Fig. 36.3) and part of the Acheulo-Yabrudian complex of the final
Lower Palaeolithic. Blank production is characterized by the com-

mon use of non-Levallois, single- or multi-platform globular cores
for flakes. Evidence of blade production is virtually absent. The
most abundant tools are side-scrapers made on thick cortical flakes,
often displaying the Quina or demi-Quina type of retouch. Bifaces
are very rare, consisting of a few, <10 cm ‘micro-bifaces’ and
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Table 36.1 Summary of the Palaeolithic cultural sequence at
Dederiyeh Cave (Fig. 36.2)

Entrance
area

Central
area

Chimney
area

Post-Palaeolithic Unit A Present Present
Epipalaeolithic Unit B Absent Absent
Upper Palaeolithic Absent Absent Absent
Middle Palaeolithic Units C–E Secondary Layers 1–15
Lower Palaeolithic Unit F Absent Absent

bifacially flaked scrapers. Overall, the industry represents a set of
features quite typical of the Yabrudian, without techno-typological
elements reminiscent of the Amudian or Pre-Aurignacian facies,
which are recovered in similar and coeval stratigraphic contexts at
Yabrud (Rust 1950), Tabun (Ronen, Chapter 24 of this volume), and
Qesem Caves (Gopher and Barkai, Chapter 23 of this volume).

36.2.2 MIDDLE PALAEOLITHIC

Overlying the Yabrudian complex of the entrance area is Unit E
(Nishiaki et al. 2011a; Fig. 36.2). This >1 m thick blackish-brown
unit contained alternating patches of ashes and animal bones as well
as lithic artefacts. The striking contrast in sedimentologic character-
istics of Units F and E indicates a stratigraphic gap between them.
The lithic assemblages in Unit E show the common production of
elongated blanks from single- or opposed-platform Levallois cores
(Fig. 36.4: 16–23). While the proportion of elongated blanks in the
debitage is�20%, it is�40% in the Levallois blanks. The retouched
tools are dominated by side-scrapers, followed by denticulates and
notches. Mousterian points and Upper Palaeolithic type tools are
almost absent. The next cultural deposit, Unit D, is a layer, up to
120 cm thick, of dark brown sediments containing plenty of ash and
organic materials. The lithic artefacts show the frequent use of Le-
vallois cores with broad flake removal scars (Fig. 36.4: 10–15). Core
preparation was principally through centripetal flaking. Elongated
blanks are rare in this unit compared with Unit E. The retouched
tools are again dominated by side-scrapers.

In techno-typological terms, theMiddle Palaeolithic assemblages
of Units E and D are comparable to the Tabun D- and C-types of the
Levantine Mousterian, respectively. Given the chronometric data
for comparable assemblages in the southern Levant, they would be
assigned to the early and middle parts of the Levantine Mouste-
rian, although radiometric ages are unavailable for these two layers.
Preliminary ages obtained through optically stimulated and thermo-
luminescence methods have yet to be processed.

Overlying Unit D is a >2 m thick layer of homogenous reddish
brown sediment, containing plenty of limestone rubble (Nishiaki
et al. 2011a). Anthropogenic remains are virtually absent from this
unit except in its uppermost part. The techno-typological features
assign the assemblage to the Tabun B-type of the Levantine Mous-
terian. However, the lithic artefacts show a heavy pinkish-brown
patina with traces of surface weathering and edge damage, indi-
cating that they are from secondary deposits. The absence of any

traces of fire hearths also supports this view. Animal bones, recov-
ered only from the upper part of the unit, exhibit heavy fragmen-
tation. The accumulation of this unit is most probably the result of
the MIS 4 chimney opening, promoting sediment wash to the main
entrance.
In situ late Levantine Mousterian materials are abundant in the

>80 m2 excavations in the chimney area, of which 24 m2 were dug
to bedrock. All the 3–3.5 m thick deposits in this area, which consist
of 15 geological layers, belong to the Middle Palaeolithic. Radio-
metric ages for this sequence are limited. AMS radiocarbon ages
indicate a minimum age of 53 ka for Layers 2 and 3 (Akazawa et al.
2002: 20), and thermoluminescence ages on burnt flints indicate an
age range of 50–70 ka and 60–90 ka for Layers 4–2 and Layers 9–8,
respectively (Griggo 2004: 150; Muhesen 2004: 43). These ranges
are unsatisfactory for placing the chimney sequence in a precise
chronological position, while the techno-typological features of the
lithic assemblages exhibit typical features of the Tabun B-type of
the late Levantine Mousterian (Fig. 36.4: 1–9).
The lithic assemblages display diachronic changes, making it

possible to define two phases. The earlier ones (Layers 15–8) bet-
ter resemble the classic Tabun B-type known at Tabun and Kebara
Caves (Copeland 1975; Bar-Yosef & Meignen 2000; Meignen et
al., Chapter 27 of this volume), as exemplified by the systematic
use of convergent core reduction to produce short broad-based Le-
vallois points, often with carefully prepared platforms. On the other
hand, the later assemblages (Layers 7–1) increasingly exhibit less
standardized use of convergent flaking; instead, core reduction with
parallel flaking and plain platform preparation increased, result-
ing in the production of more flakes than points. Well-made side-
scrapers and retouched points were common in the earlier phase, but
they became increasingly replaced by amorphous flake tools in the
upper layers. This diagnostic trend has been interpreted as reflecting
changes in occupational intensity of the cave during a period from
the early MIS 3 (Nishiaki et al. 2012). The sedimentology demon-
strates the prevalence of a wetter climate and more vegetation in the
later phase (Oguchi & Fujimoto 2002). Mammal species, mostly
goats, indicative of very dry to dry environments dominated the
lower layers, whereas the bones of temperate taxa, such as deer and
boars, started increasing in Layer 7 onwards (Griggo 2002, 2004).
In response to these environmental changes, occupational intensity
of this cave apparently increased. This resulted in the more frequent
use of less-specialized core reduction strategies and tool manufac-
turing technologies. The occurrence of more fire traces in the later
phase is also in accordance with this view.
Along with the Amud and Kebara Caves of the southern Le-

vant, Dederiyeh is a rare Middle Palaeolithic site with well-
preserved Neanderthal fossil remains (Fig. 36.5). Remains of two
nearly complete infant individuals, recovered in Layer 11 (No.
1) and Layer 3 (No. 2) in the 1990s, have been published in
detail (Akazawa & Muhesen 2002). A 2009 excavation has yielded
another set of well-preserved fossil remains from Layer 3 (No. 3),
also recognized as an infant burial (Kondo et al. 2011a). In addition,
isolated Neanderthal remains, including those of adults, have been
recovered from Layers 13, 5, and 4. Their repeated occurrence and
the absence of any anatomically modern human fossils indicate that
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Figure 36.3 Yabrudian lithic artefacts from Dederiyeh Cave.



Figure 36.4 Levantine Mousterian lithic artefacts from Dederiyeh Cave. 1–9: Chimney area; 10–15: Unit D of the entrance area; 16–23: Unit E of the
entrance area.
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Figure 36.5 Neanderthal infant burial No. 1 from Dederiyeh Cave.

all Middle Palaeolithic deposits of the chimney area are associated
with Neanderthals.

36.2.3 EPIPALAEOLITHIC

Late Epipalaeolithic Natufian cultural deposits following the Mid-
dle Palaeolithic do not necessarily imply abandonment of Ded-
eriyeh Cave during the in-between interval. The survey identi-
fied early Epipalaeolithic Kebaran remains at a cave �150 m
downstream in the Wadi Dederiyeh (Abdul-Salam et al. 1988).
The lack of comparable assemblages at Dederiyeh is most likely
the result of extensive erosion during MIS 3 or 2. Iron Age and
younger layers cover the chimney and central areas. Yet, an exten-
sive distribution of remains from the early to the beginning of
the late Natufian remains in the entrance area is 14.5–13 ka cal
BP (Nishiaki et al. 2011b). This is the first discovery of substan-
tial Natufian remains and evidence for the presence of the early
Natufian in the northern Levant. The artefacts include microlithic
lithic assemblages, including plenty of lunates, bone tools, ground-
stones, Dentalium beads and others (Fig. 36.6). A juvenile human
hemi-mandible has also been recovered (Kondo et al. 2011b).
This discovery offers an invaluable opportunity to investigate the
regional variability of the Natufian cultural entity, which had been
defined mostly using data from the southern Levant (elsewhere

in this volume). Additional important contributions can potentially
be made using the records from Dederiyeh (Nishiaki et al. 2011b):
(a) The analysis of a 13 ka cal BP burnt building points to a half-
circular, semi-subterranean dwelling structure, 4.0 × 2.5 m and
80 cm deep. This was constructed on a downward slope towards
the cave entrance, and the wall on the higher slope was lined with
limestone rubble. The floor of this dwelling is full of organic mate-
rials including charred timbers for roof and posts, as well as lithics
and other artefacts. A series of post-holes and a hearth were also
identified. The distribution pattern of these remains enables recon-
struction of the architecture and its internal occupational organ-
ization. A preliminary study indicates a construction plan similar
to structures at Eynan (Valla et al., Chapter 34 of this volume)
in the Hula basin. (b) The recovery of abundant organic remains
from this burnt building is the largest corpus of such remains, and
allows reconstruction of human subsistence of the Natufian period
(Tanno et al. 2013). Natufian subsistence has long received atten-
tion (e.g. Grosman and Munro, Chapter 77 of this volume), particu-
larly because it directly relates to understanding the emergence of
cereal domestication in the subsequent Neolithic period. Intensive
exploitation of wheat and barley in the Natufian is often postulated.
However, the recovered remains are limited, except from the site of
Abu Hureyra (Hillman 2000) on the middle Euphrates, far from the
Mediterranean woodland where most Natufian sites are distributed.
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Figure 36.6 Natufian assemblage from Dederiyeh Cave. 1–8: lithic artefacts; 9–11: bone tools; 12–15: Dentalium beads; 16: stone bead; 17: nassarius
bead; 18–20: bone pendants; 21: bone sickle; 22: basalt groundstone.
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The large collection from Dederiyeh’s Natufian floor is, therefore,
outstanding. Preliminary research reveals that the exploitation of
food plants focused on a combination of nuts and cereals (Tanno
et al. 2013). These plants must have been available on the limestone
plateau into which the chimney of Dederiyeh Cave opens. This is in
accord with the dietary reconstruction based on faunal records. The
dominant exploitation of woodland species such as aurochs, wild
pigs, and deer is remarkable at Dederiyeh.

36.3 CONCLUSION

The Palaeolithic cultural sequence of the Levant has been defined
based on a small number of key sites, e.g. Tabun, Kebara, Yabrud,
and Ksar ‘Akil, all situated in the south-central Levant. The dis-
coveries at Dederiyeh demonstrate that the cultural entities hitherto
known only in that region existed at the northern edge of the Le-
vant, testifying to the cultural commonality of the Palaeolithic
Levant as well as extending its northern boundary farther north.
Similarly, data from Dederiyeh help deciphering the cultural vari-
ability of the Levantine Palaeolithic in relation to ecological set-
tings further to the north in Anatolia. Dederiyeh yielded the
northernmost terminal Lower Palaeolithic Yabrudian assemblages
but no Amudian/Pre-Aurignacian assemblages, known in the cen-
tral Levant to the south. In contrast, the Dederiyeh early Lev-
antine Mousterian assemblage with elongated blanks (Tabun D-
type) bridges the gap between the central Levant and the south-
ern Caucasus (Mercier et al. 2010). The northern distribution of
the Tabun C- and B-type Levantine Mousterian assemblages are
often associated with different human populations, early modern
humans and the Neanderthals, respectively. Finally, the Natufian
evidence at Dederiyeh is crucial for understanding late Epipalaeo-
lithic subsistence adaptations. The presence of early Natufian lev-
els provides a new dimension to the Natufian cultural emergence
considered to have arisen earlier in the south and dispersed later to
the north. While comparable Anatolian records are limited, future
data will help understanding the Dederiyeh Palaeolithic record in a
broader regional context.
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37 Survey and Excavation of Stone Age Sites in Jordan’s Wadi al-Hasa:
1979–2012

g.a. clark, n.r. coinman, j.b. hill, m.p. neeley, d.i. olszewski,
j.d. peterson, and j. schuldenrein

37.1 INTRODUCTION

Beginning in the late 1970s, Burton MacDonald’s Wadi Hasa Sur-
vey (1979–1983) identified dozens of sites in the highlands of west-
central Jordan ranging from the Lower Palaeolithic to the Aceramic
Neolithic. Although most were deflated surface scatters, Middle,
Upper and Epipalaeolithic open and rockshelter sites in the eastern
end of the drainage associated with palaeo-Lake Hasa preserved
stratigraphy and faunas rare for the region. In 1984–1993, G.A.
Clark initiated a series of surveys and excavations at these and
other, newly discovered sites that led to research on the early Upper
Palaeolithic by Nancy Coinman and Deborah Olszewski (1998–
2000). Work by Zeljko Rezek continues at ‘Ain Difla, a Mous-
terian rockshelter in the Wadi Ali (2010–). Here we summarize
what we have learned from more than 30 years of research on Late
Pleistocene forager adaptations to the highlands of west-central
Jordan.

37.2 PALAEOLANDSCAPE GEOMORPHOLOGY IN
JORDAN

Except where disturbed by modern construction or buried by
Holocene sediments, Jordan is covered with a thin veneer of Palae-
olithic artefacts reflecting >106 years of human use of the envi-
ronment, which probably was a grassland savannah over much of
the Pleistocene. Although deflated Early and Middle Pleistocene
land surfaces are exposed in patches throughout the country, and
are exceptionally well-preserved in the Jafr Basin (Quintero et al.
2004, 2007; Rollefson et al. 2005; Rech et al. 2007), most recog-
nizable palaeolandscapes are late Pleistocene (�130–12 ka). Dot-
ted with shallow, weakly alkaline lakes/wetlands ringed by fresh-
water springs, often with swamps and marshes around their mar-
gins, these landscapes attracted humans throughout prehistory, and
their ancient shorelines are littered with evidence of a human pres-
ence as foragers were drawn to these microenvironments by fresh-

water availability and the gregarious ungulates upon which they
preyed (Olszewski & Coinman 1998; Schuldenrein & Clark 2003).
These lacustrine and paludal ecosystems also were prominent in
the early to middle Holocene when climatically triggered erosion
gave rise to alluvial landscapes that sustained emerging agropastoral
economies of Neolithic and subsequent populations (Hill 2006;
Schuldenrein 2007). The highest concentrations of Stone Age sites
are found in these contexts.

37.3 SURVEYS IN THE WADI AL-HASA

Pleistocene and early Holocene sites were first documented in the
late 1970s and early 1980s in the Wadi al-Hasa, in the first sys-
tematic archaeological survey in the country (MacDonald 1988).
Extending �70 km southeast of the Dead Sea to the Desert High-
way, Wadi Hasa is the only perennial watercourse in west-central
Jordan. It is deeply incised into the eastern escarpment of the Dead
Sea rift with elevations that range from �815 m above sea level
(asl) in the east to ca. 400 m below sea level (bsl) at the Dead Sea.
In the east, it disappears in the Qa el-Jinz, an expanse of mudflats
and lacustrine marls at the edge of the Syrian Desert. Because of
human-caused environmental degradation, the modern landscape is
a bleak Irano-Turanian steppe almost devoid of vegetation except
for isolated pockets of relict Mediterranean woodlands in protected
locales.
Although lithic scatters had been noted in the Hasa since the

1920s by pioneers like Nelson Glueck and William Albright,
Palaeolithic research began only in the early 1980s. The Wadi
Hasa Survey (WHS) directed by the indefatigable Burton MacDon-
ald (Clark 2016) was the first and largest of five west-central Jor-
dan surveys and recorded 1,074 sites. Three field seasons (1979–
1983) were confined to the southern tributaries of the wadi (Biblical
Edom) and sought to compile a preliminary archaeological history
of the area and to establish a chronological framework from earli-
est times until the fall of the Ottoman Empire in AD 1918. About
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Figure 37.1 Distribution of WHS sites by analytical unit along the south bank of the Wadi Hasa, west-central Jordan (redrawn and modified from Mac-
Donald 1988). The numbers indicate major tributary drainages of the Hasa: (1) Wadis Abu er-Riwaq/er-Ruweihi, (2) the Wadi Hasa lowlands, (3) Wadi
Ahmar, (4) Wadi ‘Ali, (5) Wadis Anmayn/Ja’is, (6) Wadi el-La’ban, (7) Wadi eth-Thamad, (8) Wadi ‘Afra.

half the sites (542) yielded relatively credible ‘early’ lithic collec-
tions, defined as extending from the Lower Palaeolithic to the Pre-
Pottery Neolithic. Recognizing that most of the sites were deflated
palimpsests, this long period was divided into 10 units comprising
the commonly recognized Palaeolithic stages and the corresponding
bracketing units. While there was an ephemeral Lower Palaeolithic
component (isolated bifaces), the collections were dominated by
Middle Palaeolithic sites, a pattern that persisted in all but one of
the MacDonald surveys (see Clark 2016 for an overview). Stratified
Middle, Upper, Epipalaeolithic, and Pre-Pottery Neolithic open-air
and rockshelter sites with high contextual integrity and the potential
for excavation were identified for the first time in the Hasa lowlands
at the eastern end of the drainage (Fig. 37.1).
Although MacDonald’s own interests focused on the archaeol-

ogy of classical antiquity, two major programmes of survey and
excavation resulted from the work: (1) the Wadi Hasa Palaeolithic
Project (WHPP, 1984–1994) and North Bank Survey (WHNBS,
1992–1993), and (2) the Eastern Hasa Late Palaeolithic Project
(EHLPP, 1997–2000) (Fig. 37.2).

37.4 THE LOWER PALAEOLITHIC

Evidence of a human presence in the Levant extends as far back
as ca. 1.4 Ma at ‘Ubeidiya, on the western escarpment of the
Jordan Rift south of Lake Tiberias in Israel (Bar-Yosef & Bel-
maker, Chapter 20 of this volume). In Jordan, Lower Palaeolithic
sites are concentrated in six or seven areas in the western third

of the country; practically all these sites are deflated surface scat-
ters originally accumulated on land surfaces now long gone. Strati-
fied Acheulian sites with good preservation of organic material and
high contextual integrity are confined to the Azraq Basin, some 60
km northeast of Amman (e.g. al-Nahar & Clark 2009). The Wadi
Hasa surveys did not locate any credible Lower Palaeolithic sites,
although a few isolated bifaces were recovered in all of them. The
high concentration of later sites along the lakeshores in the east-
ern part of the drainage suggests either that these microenviron-
ments were not present in the middle Pleistocene or, more likely,
that they had been eroded away by the long-term deflation char-
acteristic of the region. There are some concentrations of Acheu-
lian artefacts in west-central and southern Jordan, notably the 20
km long lithic scatter along the Wadi Bustan, �75 km south of
the Hasa. There, foragers (almost certainly Homo erectus) were
practising intercept hunting of gregarious herbivores during their
seasonal migrations from the lowlands to the highlands (Rollefson
1981, 1985). Relatively homogeneous Lower Palaeolithic scatters
are also known from surface contexts in the Jafr Basin in south-
central Jordan (Quintero et al. 2004, 2007); near Jurf ed’Darawish
on the Desert Highway 28 km southwest of Lake Hasa (MacDonald
et al. 2004), and�35 km southwest of the Ash Shawbak north of the
city ofMa’an (Clark 2016). These assemblages are often dominated
by large, heavily patinated blades with plain striking platforms.
Lots of blades supposedly typify the Ahmaarian, an Upper Palaeo-
lithic industry. However, Monigal has argued that blade-dominated
industries come and go throughout the entire Levantine Palaeolithic
(Monigal 2002).
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Figure 37.2 Distribution of WHNBS sites along the north bank of the Wadi Hasa, west-central Jordan. Source map is the al-Hamediya sheet, Royal
Geographical Society, 1989 Series (scale 1:25,000; contour interval 20 m).

37.5 THE MIDDLE PALAEOLITHIC

Middle Palaeolithic (Mousterian) sites in the Hasa occur in both
surface (common) and rockshelter contexts (rare) and are by far
the most frequent Stone Age analytical unit encountered. When
they can be assigned to a Tabūn facies or variant (Ronen, this
volume), practically all of them pertain to the Tabūn D Mouster-
ian, dominated by laminar blanks, elongated Levallois points, and
some Upper Palaeolithic tools (Bar-Yosef 2000). West of the Jor-
dan River, Tabūn D assemblages are dated from 270–170 ka. East
of the river, they appear time-transgressive, apparently extending up
until �100 ka and possibly later. A Tabūn C site (WHS 621) was
reported in the Hasa lowlands in 1987, the first in the drainage and
the only Mousterian site in Jordan associated with a fossil spring
(Clark et al. 1987a, 1987b). Tabūn C has abundant short, oval Le-
vallois points made from radial cores, lots of side-scrapers, and little
in the way of laminar blanks. Tabūn C is dated to ca. 170–90 ka.

37.5.1 WHS SITE 621

WHS 621 is a surface scatter distributed across two marl knolls
adjacent to an ancient shoreline of Pleistocene Lake Hasa (for

re-evaluation of this lacustrine environment, see Rech et al.,
Chapter 14 of this volume). The site (807–810 m asl) is close to
the estimated maximum elevation of the lake (815 m asl). The scat-
ter covers �4,000 m2 and consists almost entirely of fresh, unrolled
artefacts, most of which are concentrated around the eye of a fossil
spring. The site was completely collected using a grid of 991 2 × 2
m squares (Fig. 37.3). Most artefacts are concentrated in the north-
east and southeast quadrants in a long arc that bows out to the east.
Test excavations determined that artefacts occur both on the sur-
face and 20–30 cm below it suggesting that, while nothing at 621
is in situ in the narrow sense of the term, they are not derived from
very far away (probably from the slopes immediately above, adja-
cent to the former lakeshore). The depositional context is import-
ant because the 621 collection (6,100 pieces) appears to be tech-
nologically and typologically consistent with a Tabūn B–C assem-
blage. The 621 collection is essentially unmixed and represents the
lithic component of a slightly derived series of Mousterian camp-
sites. A complete range of morphological types is present, including
cores, primary cortical elements, small flakes, flakes, blades, Leval-
lois elements, tools, and debris. The presence of cores and knapping
debris along with various sizes and types of flakes and a large num-
ber of tools (11%) indicate that a complete reduction sequence took
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Figure 37.3 WHS 621. Plot of the surface collection showing the distribution of Levallois elements and bone.

place on site. The raw material (a fine-grained, homogeneous grey
flint probably from the Amman Silicified Limestone Formation) is
uniform. The high density of artefacts and the presence of a large
number of small flakes and debris fragments coupled with the fresh,
sharp appearance of the edges indicates minimal post-depositional
disturbance. Based on core and debitage characteristics, techno-
logical and typological indices, blank metrics, and palaeolandscape
contexts (Clark 2000), WHS 621 ‘fits’ Tabūn C. However, charac-
terizations of Tabūn B and C-type assemblages are not as ‘crisp’ as
those of Tabūn D.

37.5.2 ‘AIN DIFLA ROCKSHELTER (WHS SITE 634)

This site is the best-known Mousterian site in the Wadi Hasa.
Located at ca. 780 m asl in the Wadi Ali, a southern tributary
of the Hasa, the site consists of a small wedge of sediment pre-
served under the overhang of a large rockshelter mostly emptied
by fluvial action and base level changes along the wadi course,
now some 12 m below it (Fig. 37.4). With a Tabūn D (Bar-Yosef
2000) assemblage throughout its 7 m thick sequence, ‘Ain Difla is
dated radiometrically to 180–90 ka (Clark 2000; Clark & Schulden-
rein 2014). Excavations in the 1980s to 1990s (Clark et al. 1997)
produced 19,132 stone artefacts, one of the largest assemblages
from the region. Excavations resumed in 2010 (Rezek & Jacobs
2013). Statistical descriptions of the lithic assemblage using stand-
ard indices and ratios, a use-wear study of a sample of the Levallois
points, the stratigraphy, sedimentology, landscape geomorphology,

palaeontology, and palynology have been published (Clark et al.
1987a, 1987b, 1997; Lindly & Clark 1987, 2000; Schuldenrein &
Clark, 1994, 2001, 2003; Mustafa & Clark 2007).

‘Ain Difla research supports Jelinek’s arguments for local conti-
nuity in cultural development at Tabūn (e.g. Jelinek 1981, 1982). At
neither site are there any indications of obviously intrusive elem-
ents as would be expected under the replacement scenarios pro-
posed by Stringer (e.g. 2007), Mellars (e.g. 2005, 2006) and
others. The core tenet of thesemodels is that if anatomically modern
Africans immigrated into the Levant around 120–130 ka, replacing
or alternating with indigenous archaic populations there, a distinct-
ive archaeological ‘signature’ should be evident. Such a ‘signature’
should differ from that of the indigenes and should be discernible
by differences in adaptation between archaic and modern popula-
tions. While changes in technological continuity are not necessarily
correlated with changes in human morphology, continuity in adap-
tation as monitored by the archaeology tips the balance in favour
of multiregional continuity as the hypothesis best supported by the
available evidence (Mustafa & Clark 2007).
The ‘Ain Difla research is also noteworthy from an epistemo-

logical point of view. Work there has had important implications
for pattern in the Levantine Mousterian and what it might mean in
terms of human behaviour. The large collection from the site has
been compared to those from 19 other Levantine sites classified by
reference to the 4-facies sequence at Tabūn (Culley et al. 2013).
‘Ain Difla is only a small part of a much larger site, now destroyed.
The research shows that human occupations were ephemeral and
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Figure 37.4 WHS 634 (‘Ain Difla). A schematic NW/SE section through the site showing gross stratigraphy in relation to bedrock and the Middle Terrace
of the Wadi Ali (not drawn to scale).
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episodic, of short duration, by small groups of people, and that
there was little evidence for prolonged individual occupations of
the locale. A dozen small circular or oval hearths attest to visits by
a few individuals, a pattern most consistent with overnight camps
by small groups dispatched from a larger residential base located
elsewhere. There is little evidence for core preparation, primary and
secondary reduction, and almost no retouched pieces. This indicates
provisioning of mobile individuals with a limited number of tools
they could carry, rather than the full repertoire of lithic processing
activities expected at a long-term residential base (Kuhn 1995).

37.6 THE INITIAL AND EARLY UPPER
PALAEOLITHIC

37.6.1 MULTAQA AL-WIDIAN (WHNBS SITES
192–195)

Two sites in the Wadi al-Hasa yielded Initial/Early Upper Palaeo-
lithic occupations. Neither site is dated radiometrically, although
the lithic assemblages strongly indicate this time frame. The open-
air site of Multaqa al-Widian is situated in paludal sediments at the
confluence of theWadis al-Hasa and Khasra,�6 km downstream of
the eastern basin containing Pleistocene marshes/lake (Clark et al.
1994). One of the excavated test sections yielded a band of dark,
organic sediments with overlying artefacts (Olszewski et al. 1998).
The assemblage contains large blades with plain, dihedral, and
multifaceted platforms, several end-scraper on blades, a burin,
and a backed blade. It is similar to lithics from Phase B at Tor
Sadaf.

37.6.2 TOR SADAF ROCKSHELTER (WHNBS SITE 8)

Tor Sadaf is a small rockshelter in the Wadi al-Misq, a tributary
of the Wadi al-Hasa located in its eastern basin. The site yielded
two Initial/Early Upper Palaeolithic occupations and an overlying
Early Ahmarian deposit (Coinman et al. 1999; Fox & Coinman
2004). The lowest sediments contain Phases A and B of the Ini-
tial/Early Upper Palaeolithic. In an effort to minimize bias related
to the traditional emphasis on typological systematics, the EHLPP
research protocols were redirected toward technology. Lithics are
characterized by a late Middle Palaeolithic technology emphasizing
production of large, unidirectionally detached Levallois points and
blades with faceted striking platforms (Phase A), through a tran-
sition to mainly unfaceted platforms (Phase B), culminating in a
bladelet-dominated assemblage with el-Wad points and punctiform
platforms in the upper (Ahmarian) levels. Despite significant, vec-
tored technological change, end-scrapers on blades were the main
retouched tool type in all three phases. Faunal remains include
gazelle, tortoise, and hare, a signature different from the Ahmar-
ian Upper Palaeolithic sites situated in the Wadi al-Hasa proper
(Fig. 37.5).
Tor Sadaf has intriguing implications for the nature of the transi-

tion to the Early Upper Palaeolithic in the Levant. It shows clearly
that there is technological continuity over the transition regardless
of changes in typology. It also underscores the fact that technol-

ogy can vary independently from typology, a radical notion to some
that replicates to a considerable degree the results of Marks’ path-
breaking research at the Middle/Upper Palaeolithic transitional site
of Boker Tachtit in the central Negev Highlands (Marks 1983).

37.7 THE LATER UPPER PALAEOLITHIC

Three open sites and one collapsed rockshelter in theWadi Hasa are
assigned to the later phases of the Ahmarian, although one of them
(Ayn al-Buhayra) is mostly Epipalaeolithic.

37.7.1 AYN AL-BUHAYRA (WHS SITE 618)

This site lies on the southern margins of former Lake Hasa in lacus-
trine and paludal sediments and in fossil springs representing a long
series of sporadic, probably seasonal occupations by small groups
of foragers drawn to the Hasa lowland oases. It is a very large
(�12,000 m2) multicomponent site, running N/S along the margin
of the former lake. Although affected by�40,000 years of deflation,
important but sparse Middle Palaeolithic and Middle Palaeolithic/
Early Upper Palaeolithic occupations are largely in situ. Ayn al-
Buhayra represents repeated visits from the Middle Palaeolithic
to the Epipalaeolithic with densest concentrations from the latter
part of the Upper Palaeolithic. The fossil spring is dated to 28–
22 ka and preserves the remains of a number of small, hearth-
centred campsites with excellent faunal preservation and diverse, if
somewhat redundant, artefact assemblages. Seldom found in open
sites, organic materials included ostrich eggshell, Dentalium beads
of Mediterranean or Red Sea origin; horn cores, boars’ tusks and
worked bone, including awls and points (Fig. 37.6).

37.7.2 THALAB AL-BAHAYRA (EHLPP SITE 2)

This large site (ca. 8,000 m2), discovered in 1998 (Coinman 2005),
is dated to 31–29 ka with its archaeological levels well-preserved
under a sterile sediment mantle. It has a major occupation zone
with a series of informal hearths or burnt areas, dense concentra-
tions of animal bones (esp. equids, suids; a single fragment of a
camel skull), dense concentrations of expediently produced cutting
tools, specialized scraping tools, widespread patches of pigment-
stained sediment, at least two unambiguous pigment grinding slabs,
and lithics with embedded iron oxides. Comparing the two sites, the
lithics at WHS 618 are more generalized and diverse overall than
those at EHLPP 2 but with >350 small projectile points – mostly
proximal fragments – suggesting an emphasis on re-tooling or gear-
ing up, whereas the lithics at EHLPP 2 indicate activities related to
the intensive processing of animal carcasses (esp. heads), and a high
incidence of scraping tools with embedded pigment supports a cer-
tain amount of hide working (Coinman 2004, 2005).

37.7.3 YUTIL AL-HASA (WHS SITE 784)

A Late Ahmarian occupation is also recorded in Area A/B at the
Yutil al-Hasa rockshelter, �4 km downstream of the eastern basin
(Clark et al. 1988, 1994; Olszewski et al. 1994). Radiocarbon
dates place this occupation to �27.4–26.9 ka cal BP. The faunal
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Figure 37.5 WHNBS 8 (Tor Sadaf). Plan and section of Tor Sadaf rockshelter showing two Initial/Early Upper Palaeolithic occupations (TSA, TSB) and
an overlying Early Ahmarian deposit (EUP). The sequence documented technological continuity from a late MP/IUP unit focused on large Levallois points
with faceted platforms (TSA) through a transitional phase emphasizing large points with unfaceted platforms (TSB) to an early UP technology with el-Wad
points and punctiform platforms (EUP) (Coinman & Fox 2014).

assemblage includes gazelle (most numerous), aurochs, equids, an
ovicaprid, and tortoise. The lithic assemblage resembles that from
the spring at Ayn al-Buhayra.

37.7.4 WHS SITE 623X

This is a small (ca. 4 m2) Upper Palaeolithic knapping station erod-
ing out of the top of a marl knoll near the projected +815 m margin
of palaeolake Hasa. Located �425 m NNE of WHS 621, the ‘X’
distinguishes it from nearbyWHS 623, a large, deflated Middle and
Upper Palaeolithic surface scatter (MacDonald et al. 1983). The site
was completely mapped and collected. Excluding shatter, 885 arte-
facts were recovered and 11 separate cores were reconstructed from
196 of them. The refitting indicated approximately equal numbers
of unidirectional (pyramidal) and bidirectional blade cores; almost
the entire collection of obvious blanks consisted of pieces with
blade dimensions. The average number of flakes conjoined on each
core was 18, ranging from 5 to 39 refits. The ‘most complete’ refit-
ted core is a multiple platform bidirectional core with evidence of
several episodes of rejuvenation. In this case, both flakes and blades
were detached, in contrast to the other cores that showed mostly
blade detachments. There are very few cortical pieces (2.6%) and
no primary decortication flakes or blades, suggesting that reduc-
tion in this particular instance took place on cores partially prepared

elsewhere. Core renewal elements are also very rare. There are no
retouched tools, indicating that the objective of reduction was sim-
ply to obtain sharp-edged blades that were used without subsequent
(on-site) modification.
A wide variety of raw material types brings to mind Binford’s

(1979) observation that lithic procurement might often have been
‘embedded’ in more central subsistence activities, which moved
foragers over wide parts of their ranges (in other words, raw mater-
ial procurement was, or could be, incidental to other activities).
Judging from present-day observations, purposive lithic procure-
ment would not have been necessary in the eastern end of the Hasa
where large nodules of high-quality flint are common. The pres-
ence of blades and bladelets along with single and opposed plat-
form cores suggests an Upper Palaeolithic technology similar to the
Ahmarian may have produced the WHS 623X assemblage (Coin-
man 1990, 1993). The site is radiometrically undated, but probably
falls around �26–23 ka BP. Dates from the Ahmarian component
at nearby WHS 618 (Ayn al-Buhayra) range from 25.9 to 20.3 ka
(Coinman 1998a; Lindly et al. 2000; Shott et al. 2011).

37.8 THE EPIPALAEOLITHIC

Excavations at Tor Sageer (WHNBS 242), Yutil al-Hasa (WHS
784), Tor at-Tareeq (WHS 1065), and Tabaqa (WHS 895) yielded
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Figure 37.6 WHS 618 (Ayn al-Buhayra). Topography of the site and the locations of the surface sample units, Tests A–I and the stratigraphic test.

Epipalaeolithic occupations based on lithic typology and radiocar-
bon ages. Some contain more than a single Epipalaeolithic phase as
well as Late Upper Palaeolithic deposits. Following the Epipalaeo-
lithic scheme proposed for Jordan’s Azraq Basin by Byrd and Gar-
rard (2013), the earliest Epipalaeolithic in the Hasa is the Initial
Epipalaeolithic, characterized by a Nebekian lithic industry (Rust
1950; but see Olszewski 2006). Nebekian industries were found in
the upper stratum at Tor Sageer, in Areas C, E, and F at Yutil al-
Hasa, and in the Area A, B, and C (lower) deposits at Tor al-Tareeq
(Clark et al. 1988; Neeley et al. 2000; Olszewski & al-Nahar 2011,
2014; Olszewski, in press). Radiocarbon dates place these Nebekian
occupations at ca. 25.3–18.3 ka cal BP. Tor Sageer and Yutil al-
Hasa are the oldest, with Tor al-Tareeq falling towards the end of the
Nebekian period. Two sites (Tor Sageer, Yutil al-Hasa) are associ-
ated with collapsed rockshelters while Tor al-Tareeq is an open air
site. All are small (�50–225 m2), indicating short-term camps or
task locales where artefacts accumulated owing to repeated visits
by small groups of foragers (Olszewski, Chapter 72 of this vol-
ume). Lithic assemblages are characterized by very narrow non-
geometric microliths, often of the attenuated curved (double-curved
and backed) type. Fauna include gazelle, aurochs, and equids, along
with tortoise. There are occasional finds of marine shells (e.g. Den-
talium), small pieces of red/yellow ochre, and fragments of ground
stone. The overall picture is one of relatively light, low-density
human utilization of the landscape despite the presence of water,
game, and potential plant foods associated with the paludal/wetland
environment.

37.8.1 TOR AL-TAREEQ (WHS SITE 1065)

The only Middle Epipalaeolithic site in the Wadi al-Hasa is Tor al-
Tareeq, where the upper deposits in Area C contain wide geometric
microliths (Clark et al. 1988; Neeley et al. 1998; Olszewski et al.
2001) (Fig. 37.7). Byrd and Garrard (2013) call this lithic industry
the ‘Kharanian’, after Kharaneh IV (Phase D/Area A) in the Azraq
Basin (Muheisen 1988; Richter et al. 2011; Olszewski, Chapter 72
of this volume; Maher, Chapter 75 of this volume). During this
phase of occupation, Tor al-Tareeq was quite small, �50 m2. No
reliable dates are available from the site, but those from Kharaneh
IV Phase D/Area A indicate a range from ca. 18.8 to 18.6 cal BP
(Richter et al. 2013). Gazelle, equids, aurochs, and tortoise continue
to be exploited and suggest only light utilization of animal resources
in the area, a pattern typical of highly mobile, low-density hunter-
gatherer-foragers (Samei et al., in prep.).

37.8.2 TABAQA (WHS SITE 895) AND YUTIL
AL-HASA (WHS SITE 784, AREA D)

The Late Epipalaeolithic in the Hasa drainage is represented by
the large open site of Tabaqa and by the Yutil al-Hasa rockshel-
ter, Area D. Identified by characteristic Helwan lunates and Hel-
wan bladelets, both yielded Early Natufian assemblages (Byrd &
Colledge 1991; Olszewski et al. 1994; Olszewski & Hill 1997).
Discussed also in Olszewski (this volume), one radiocarbon date
from Area D is 14.6–14.0 ka cal BP (Olszewski 2013). The two
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Figure 37.7 WHS 1065 (Tor at-Tareeq). Topography of the site and locations of Steps A–I.

sites differ considerably in context and in surface area. Situated
on a remnant of the Hasa High Terrace at its confluence with the
Wadi Ahmar, Tabaqa is potentially enormous (it may cover 12,000
m2) although it is likely that dispersal of materials has exagger-
ated the site size. Area D at Yutil al-Hasa is quite small and, while
exact dimensions cannot be calculated because of large boulders
that cover this part of the site, the Natufian occupation is unlikely
to have been much larger than about 10 m2. Faunal preservation
at both sites is poor; animals include gazelle and aurochs. Both
ground stone implements (Tabaqa) and some marine shell (Tabaqa
and Yutil al-Hasa) were recovered (Olszewski 2013). Given the size
and location of these two Early Natufian sites, Tabaqa may repre-
sent a residential base occupied by fairly large numbers of people
for longer periods of time, while Yutil al-Hasa Area D was proba-

bly an overnight camp or limited activity locale, possibly related to
monitoring the movement of game in the valley below.

37.9 PALAEOLAKES IN THE WADI QUSAYR

While most of our understanding of the Palaeolithic settlement of
the Wadi Hasa comes from survey, excavation, and geomorpho-
logical studies of the Hasa itself, it is also important to recognize
that there are significant differences in the temporal distribution of
sites between it and some of its tributary drainages. The Hasa head-
waters are fed by numerous smaller wadis, especially those feed-
ing the Qa al-Jinz to the east and the Wadis Jurf and Burma to the
south. Surveys in these regions indicate various Palaeolithic sites in
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Table 37.1 Pre-Pottery Neolithic settlement chronology of the Wadi Hasa.

Phase of PPN Radiocarbon Radiocarbon Sites Primary references
uncal BP cal BP

PPNA 10,700–9,400 11,700–10,500 Wadi Sharara
el-Hemmeh

Sampson 2013
Makarewicz & Rose 2011

Early PPNB 9,500–9,300 10,500–10,100 Abu Hudhud (WHS 1008) Rollefson & MacDonald 1998
Middle PPNB 9,300–8,300 10,100–9,250 Wadi Hamarash 1, 4 Sampson 2013
Late PPNB 8,300–7,900 9,250–8,700 Khirbet al-Hammam

el-Hemmeh
Peterson 2004
Peterson et al. 2010
Makarewicz et al. 2006
Makarewicz & Austin 2006
Makarewicz & Austin 2006

PPNC 7,900–7,500 8,600–8,250 el-Hemmeh Makarewicz et al. 2006

association with these drainage systems (Neeley 2000; MacDonald
et al. 2004). The lacustrine and paludal environments represented
by the Wadi Hasa marls (Schuldenrein and Clark, 1994) also occur
on a smaller scale to the south around the modern town of Jurf ad-
Darawish and in the Wadi Qusayr/Juheira, 18 and 25 km south of
the Hasa respectively (Moumani 1997). Based on differences in ele-
vation, Moumani et al. (2003) have argued that they were separate
bodies of water from Lake Hasa. Numerous Lower Palaeolithic to
latest Epipalaeolithic sites exist in and around these marls (Mac-
Donald et al. 2004; Neeley 2006). Optically stimulated lumines-
cence (OSL) dates associated with the Jurf–Burma marls indicate
wetter intervals at ca. 111, 57, and 39 ka separated by episodes of
drier conditions (Moumani et al. 2003). The most recent archaeo-
logical period around the Jurf–Burma marls is the Early Epipalaeo-
lithic, suggesting that these wetland environments were greatly
reduced after the last glacial maximum (Moumani 1997; Moumani
et al. 2003).
In contrast, the wetlands in the Wadi Qusayr/Juheira appear to

have persisted later in the Pleistocene, as evident from numerous
Late Epipalaeolithic sites along its margins (Neeley 2004, 2006).
Archaeological investigation has yielded two dates (11,170±70 BP
and 11,040±60 BP uncal.) with 2σ calibrated ranges of 13,410–
12,980 BP and 12,940–12,910 BP from a Late Natufian occupa-
tion (Neeley 2010, 2013). These dates are just prior to the Younger
Dryas (12,900–11,600 cal BP), the last major cold snap in the Pleis-
tocene. They indicate that regular occupation occurred during the
Late Natufian, in comparison to the Wadi Hasa where only Early
Natufian sites are found. The question remains as to whether these
Late Natufian occupations continued into the Younger Dryas or
whether its rather marked climatic changes were severe enough that
Late Natufian foragers abandoned the area in search ofmore reliable
resources.
Marsh/wetland environments were thus a common occurrence in

the west-central Jordan steppes (Schuldenrein & Clark 1994, 2001,
2014; Moumani et al. 2003). As in the Wadi Hasa, the wetlands to
the south were a focus of human settlement for a very long time. The
Late Natufian sites in theWadi Qusayr establish an episode of occu-
pation that is absent in the Hasa and extend the temporal persistence

of resource-rich wetlands in the region. They also have important
implications for assessments of the impact of the Younger Dryas on
late Pleistocene settlement in west-central Jordan and whether or
not there is continuity between the Late Natufian and Pre-Pottery
Neolithic.

37.10 THE ACERAMIC NEOLITHIC

Approximately 100 Pre-Pottery Neolithic (PPN) sites exist in the
Wadi al-Hasa, with the majority being small lithic scatters or small
components of multi-period sites. Significant settlement is seen
throughout every phase of the PPN (Table 37.1). As elsewhere on
the Jordanian Plateau, the predominant Neolithic presence is the
PPNB (11–8.9 ka cal BP (Rollefson 2008)) when sites such as Khir-
bet al-Hammam (Peterson et al. 2010) reached several hectares in
extent.
Geoarchaeological studies show that the wadis experienced grad-

ual incision during the early Neolithic but were still broad and
gently sloping (Hill 2006; Schuldenrein 2007). Stratified paludal
deposits suggest that extensive marshlands were a part of this PPN
ecosystem (Contreras & Makarewicz 2014). During the PPN, vil-
lages were established along the watercourses, and subsequently,
village and shorter-term post-PPN sites dispersed across major
interfluves. This geographic distribution reflects a complex subsist-
ence regime not necessarily dictated by immediate proximity to
wadi courses (Schuldenrein 2007).
Plant and animal management strategies included cultivation

practices that resulted in the persistence of a form of transitional,
pre-domesticated barley beginning in the PPNA and lasting until
the LPPNB (White & Makarewicz 2012), as well as differentiated
culling patterns for domestic herds of sheep and goat (Makarewicz
2013). The importance of plant cultivation in local subsistence is
also indicated by the high frequency of ground stone artefacts and
flint blades exhibiting wear patterns consistent with use as sickles
to harvest cereal grasses and other fibrous plant material.
Overall, a mosaic of interaction and influence across a range of

archaeologically visible behaviours is best supported empirically.
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For example, PPN structures of coursed masonry were built using
the local sandstone and limestone. Patterns of rebuilding, recon-
figuring, and repurposing structures are indicative of long, com-
plex histories of site use. The transition from circular to rectilin-
ear domestic buildings, the extensive use of lime plaster, and the
sub-floor channel systems are indicative of pan-Levantine influ-
ence. PPN structures in theWadi Hasa also exhibit the agglutinated,
pueblo-style construction recognized across central and southern
Jordan.

Imported marine shell from the Red Sea and theMediterranean is
consistent with regional trends, and indicates participation in exten-
sive trade networks. Multiscalar influences similarly characterize
what we know of mortuary behaviour. Like villagers throughout
the Levant, PPN Hasa villagers buried their dead under house floors
and practised post-mortem skull removal. At the same time, some
households established novel material and symbolic practices that
do not fit so neatly into the Levantine canon (Rollefson 2008).

37.11 CONCLUDING REMARKS

Research in theWadi al-Hasa and its tributaries opened up regional-
scale Stone Age archaeology in west-central Jordan. This research
was long-lasting, interdisciplinary, and international in scope. It
used both survey and excavated data generated by (1) theWadi Hasa
Survey (1979–1983), (2) theWadi Hasa Palaeolithic Project (1984–
1993), (3) the Wadi Hasa North Bank Survey (1992–1993) and (4)
the Eastern Hasa Late Pleistocene Project (1998–2000), as well as
several minor efforts. Of about 1,650 sites ranging from the Lower
Palaeolithic to the Ottoman Empire,�1,268 (�77%) were assigned
wholly or in part to the conventional and bracketing divisions of
the Stone Age. When additional surveys to the south and west are
taken into account, this total number increases to >3,260. These
numbers are misleading, of course, because they mostly record the
low-density ‘background scatter’ of ancient stone artefacts that lit-
ter the landscapes of highland Jordan and are only noted because
of close proximity to architectural sites. A more realistic approx-
imation of the number of technologically and typologically con-
sistent lithic sites in the Hasa itself is �250, still a respectable
20% of the total. The surveys also allowed for the selection of
the sites most promising for excavation. Work continues at some
sites up until the present (e.g. ‘Ain Difla, Khirbet Hammam, Khir-
bet edh-Dharih (Kafafi 2005), el-Hemmeh). The major publications
on the Wadi al-Hasa surveys, settlement patterns, and palaeoen-
vironmental research from 1979–2000 are assembled in Coinman
(1998b); excavations at Middle, Upper, Epipalaeolithic, and
aceramic Neolithic sites are in Coinman (2000). MacDonald (2007)
summarizes the history of survey research in Jordan.
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Part IV: Palaeoecology

38 Palaeolithic Vegetal Diet in the Southern Levant
The Archaeobotanical Evidence

e. weiss

38.1 INTRODUCTION

Plant remains from archaeological excavations present the most
accurate proxy for reconstructing ancient diet to date. This chap-
ter offers a reconstruction of Palaeolithic vegetal diet attested from
archaeobotanical data of seed and fruit remains provided by three
‘windows’ into the Pleistocene of the southern Levant. The gaps
in our knowledge are far greater than our information on this
period, but three sites –Gesher Benot Ya’aqov (GBY) (Goren-Inbar,
Chapter 21 of this volume), Kebara Cave (Meignen et al., Chapter
27 of this volume), and Ohalo II (Nadel, Chapter 33 of this vol-
ume) – produced rare examples of well-preserved archaeobotan-
ical assemblages already published: GBY (Goren-Inbar et al. 1992,
2002, 2004; Melamed 2003; Alperson-Afil et al. 2009; Melamed
et al. 2011), Ohalo II (Kislev et al. 1992, 2002; Nadel et al. 1994,
2004, 2012; Nadel &Werker 1999; Kislev & Simchoni 2002;Weiss
2002, 2009; Weiss et al. 2004, 2005, 2008; Snir et al. 2015) and
Kebara Cave (Lev 1993; Lev et al. 2005).

This chapter incorporates published reports on plant assem-
blages, producing information at the species level of known ed-
ible plants recorded in ethnographic sources. These datasets directly
relate to seeds, fruits, and plant elements collected by hominins
for consumption. The environments near each site were the prime
sources for their occupants to gather their respective vegetal diet.
All three sites under consideration were close to water sources (lake
or stream), which provided permanent drinking water, plants, and
hunted game. The two lakeshore sites – GBY and Ohalo II – were
apparently abandoned owing to changes in lake level (Goren-Inbar
et al. 1992; Nadel et al. 2004). GBY, which originally had been a
marsh, became submerged following repeated fluvial activity. Like-
wise, lake level rise caused the desertion of Ohalo II and its covering
by a layer of silts and clays (Nadel et al. 2004).

These archaeobotanical assemblages are the environmental prox-
ies for the past Mediterranean environment, despite the long time
intervals separating them. During the occupations of these three
sites, the environment was basically similar to the present-day envir-

onment in the southern Levant. The majority of plant species at
these sites are local and grow today in the region. Only very few
species from each site assemblage (see below) are not identified
near the sites today (e.g. Lev 1993; Kislev & Simchoni 2002; Lev
et al. 2005; van Zeist & Bottema 2009).

38.2 EXTINCTION OF PLANTS

At GBY, several wet-habitat species have since become extinct in
Israel or entirely, owing either to ancient environmental changes or
to the draining of the Hula Valley in the 1950s. Two are tropical-
subtropical (Euryale ferox [prickly water lily] and Najas foveo-
lata), three are from temperate regions (Nymphoides cf. peltata
[yellow floating heart], Potamogeton coloratus/polygonifolius, and
Stratiotes intermedius), and two had a boreal-tropical distribution
(Trapa natans [water chestnut] and apparently Sagittaria sagit-
tifolia [arrowhead]). Among the extinct plants mentioned above,
two species are entirely extinct – S. intermedius and Tectochara
meriani – and three species grow today in the Far East – E.
ferox, N. foveolata, and Potamogeton distinctus (Melamed et al.
2011). No currently extinct plant species were identified at Kebara
Cave.
No totally extinct species were recognized at Ohalo II, but a few

of the flora there do not grow today in Israel or near the site. Puc-
cinellia cf. convolluta became extinct in Israel owing to a less saline
environment; its nearest current location is Lebanon (Weiss et al.
2004). Another saline environment species is Nitraria schoberi,
which is extinct in Israel, and its closest documented habitat is in
eastern Jordan (Nadel et al. 2003). Nevertheless, it was concluded
that the overall environment has remained quite similar (Nadel et al.
2003).
This relatively small number of extinct plants is important envir-

onmental data. However, it does not alter the basic reconstruction
that indicates a similar environment to today’s around the sites dur-
ing habitation.
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38.3 PRESERVATION

Central to our ability to reconstruct daily life at these sites are the
preservation conditions. The finds fromGBYwere preserved owing
to waterlogging at the banks of the Jordan River. At Kebara they
were preserved through charring and their location in the protect-
ive shelter of the cave. Ohalo II’s finds were preserved owing to
charring and frequent inundation by several metres of water.
It is hard to determine whether there is differential preservation

among various plant species that can bias results. Current literature
has only dealt in a limited way with this complex matter; most prob-
ably there will not be any resolution in the near future. However, as
regards the number of species and level of preservation, it is rea-
sonable to consider these assemblages as representative of human
exploitation of the diverse Mediterranean environments.

38.4 RESULTS AND DISCUSSION

The three sites cannot be compared by a simple quantitative
approach, as seasonal availability, differential preservation, and
excavation methods prevent us from adopting this direction. There-
fore, qualitative rather than quantitative comparison of plant species
is presented here. Moreover, we are fully aware that both methods
have certain limitations, as the number of edible taxa is rather lim-
ited (30 in GBY, 35 in Kebara, and 84 in Ohalo II). However, as
in present-day staple food, when we solely consider edible plants,
it is possible to gain a novel view from the comparisons despite
their limitations. As such, the numbers presented in Table 38.1 do
not reflect the number of seeds, but instead the number of differ-
ent species at each site. Therefore, the variability of plant taxa at
each site indicates the inhabitants’ diet, allowing us to understand
the differences between the sites; in some cases, quantities are con-
sidered as well. For example, the number of species providing car-
bohydrates is high at all sites (8–32 species, which equates to 26–
38% of the total species from each site). However, only a few grass
grains were found at Kebara and GBY. Therefore, in these two sites
the relatively high presentation of grass grains probably does not
represent their importance in the inhabitants’ diet, as will be dis-
cussed below. Greens, roots, and tubers were not actually found as
the edible organs themselves, but as their seeds. In this case, we
interpreted the seeds as representing the availability and utilization
of these plants in the diet.

38.4.1 CEREALS

At Kebara and GBY, only a few grass grains were found. Kebara
is high in grass species but low in grain number. Of the nine grains
found, eight different species were identified, including wild bar-
ley and wild oat. GBY has a similarly high variety in grass species
and low quantities of grains from each species. Therefore, it seems
that grasses did not have a central role in providing carbohydrates
at these sites. Ohalo II, the latest of the three sites, shows a different
diet and methods of food preparation. It has a large quantity and
variety of both small-grained grasses and wild cereals (wheat, bar-

ley, and oat), with >16,000 grass grains found (Weiss et al. 2005).
Furthermore, in Ohalo II stone tools were used in both grinding and
baking the grains (Piperno et al. 2004; Nadel et al. 2012).
Several plant taxa eaten as carbohydrates are found at all three

sites. This includes the Aegilops (Ae. geniculata/peregrina from
Kebara and GBY, Ae. peregrina from Ohalo II), Avena (Avena
sp. from GBY, A. barbata/wiestii from Kebara, A. barbata from
Ohalo II), Chenopodium (C. maxima from GBY, C. murale from
Kebara, and C. album from Ohalo II), and Hordeum spontaneum
in all three of them (see Table 38.1 for references). Another
notable occurrence is the presence of Brachypodium distachyon
and Bromus spp. at Kebara and Ohalo II (Bromus sp. from Kebara,
B. alopecuros, B. danthoniae/tectorum, B. diandrus, B. pseudo-
brachystachys/tigridis, and B. scoparius from Ohalo II). Addition-
ally, both GBY and Ohalo II have Stipa spp. in their assemblages (S.
bromoides fromGBY and S. barbata fromOhalo II). These similar-
ities in plant preference strongly indicate the importance of cereals
throughout the Palaeolithic era.

38.4.2 ACORNS

Quercus sp. nuts (acorns) were an important food source in ancient
times (Jorgensen 1977; Vencl 1985, 1999; Mason 1995a, 1995b;
Mason & Nesbitt 2009). Ethnographic and historical evidence
shows that such nuts were eaten by human societies, sometimes
as a major food source (Vencl 1985, 1999; Mason 1995a, 1995b).
Acorns are high in nutritional value and can be eaten as a major
source of energy. Carbohydrates constitute the bulk of acorns’ con-
tents in addition to smaller amounts of protein and fat. Generally,
trees from the Fagaceae family grow best in temperate zone forests
and in southwest Asia (Zohary 1973; Polunin &Walters 1985). It is
well known that one Quercus tree produces many nuts; the number
of acorns produced by a matureQuercus ithaburensis tree is around
1,200–1,400 acorns in rainy years and 50–300 acorns in dry years
(Kaplan 1984).
Therefore, finding acorns at these three sites most probably indi-

cates their use as a foodstuff. The use of acorns requires specific
processing, aimed at leaching off tannins. We do not know which
processing method was undertaken in these sites. However, from a
technical point of view all three sites have evidence of use of fire and
stone tools. These elements are important for removing tannins by
roasting acorns, shelling (‘nut-cracking’, Goren-Inbar et al. 2002),
and possibly grinding and leaching the ground cotyledons.
The earliest of the three sites, GBY, has indications of early

hominin plant processing (Goren-Inbar et al. 2002). According to
the pattern of pitted stones, nut-cracking took place at this site. Fur-
thermore, other Acheulian sites such as Gadeb (Ethiopia) also pro-
duced pitted stones used for nut cracking (Clark&Kurashina 1979),
signifying the acorn’s importance as a source of carbohydrates dur-
ing the Lower Palaeolithic.
Unlike GBY, Kebara Cave, a Middle Palaeolithic site (Meignen

et al., Chapter 27 of this volume) has a distinctly low number of
acorns and no stone implements for processing them. Lev et al.
(2005) offer three possible explanations for the paucity of acorns:
(i) a lack of knowledge on how to deal with tannins, (ii) poor
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Table 38.1 Food plants from three plant assemblages of southern Levantine Palaeolithic sites – Gesher Benot Ya’aqov (GBY), Kebara
Cave, and Ohalo II

Site Nutrient Taxa Organ eaten Source

GBY Carbohydrate Quercus calliprinos Acorn 2, 7
GBY Carbohydrate Quercus ithaburensis Acorn 7
GBY Carbohydrate Aegilops geniculata/peregrina Grain 4
GBY Carbohydrate Avena sp. Grain 4
GBY Carbohydrate Chenopodium maxima Grain 7
GBY Carbohydrate Hordeum spontaneum Grain 4
GBY Carbohydrate Stipa bromoides Grain 4
GBY Carbohydrate Trapa natans Grain 1, 2, 3, 7
GBY Fruits Euryale ferox Fruits 1, 2, 3
GBY Fruits Lycium sp. Fruits 2
GBY Fruits Prosopis sp. Fruits 4
GBY Fruits Prunus sp. Fruits 2
GBY Fruits Vitis sylvestris Fruits 1, 2, 4
GBY Fruits Ziziphus spina-christi Fruits 2
GBY Greens Beta vulgaris Greens 1, 2
GBY Greens Chenopodium maxima Greens 7
GBY Greens Galium sp. Greens 1, 2, 4
GBY Greens Lomelosia sp. Greens 1, 2
GBY Greens Lycium sp. Greens 2
GBY Greens Potamogeton sp. Greens 1, 2
GBY Greens Silybum marianum Greens 1, 2
GBY Oil Amygdalus communis Fruits 3
GBY Oil Olea europaea Fruits 1, 2, 4, 7
GBY Oil Carthamus sp. Seed 1, 2
GBY Oil Pistacia atlantica Seed 2, 3, 7
GBY Oil Pistacia vera Seed 2, 3
GBY Oil Silybum marianum Seed 1, 2
GBY Protein Euryale ferox Seed 1, 2, 3
GBY Roots & tubers Sagittaria sagittifolia Roots & tubers 2
GBY Roots & tubers Typha sp. Roots & tubers 2
Kebara Carbohydrate Quercus sp. Acorn 6
Kebara Carbohydrate Aegilops geniculata/peregrina Grain 6
Kebara Carbohydrate Avena barbata/wiestii Grain 6
Kebara Carbohydrate Brachypodium distachyon Grain 6
Kebara Carbohydrate Bromus sp. Grain 6
Kebara Carbohydrate Chenopodium murale Grain 6
Kebara Carbohydrate Cynodon dactylon Grain 6
Kebara Carbohydrate Hordeum spontaneum Grain 6
Kebara Carbohydrate Raphanus raphanistrum Grain 6
Kebara Fruits Vitis sylvestris Fruits 6
Kebara Greens Chenopodium murale Greens 6
Kebara Greens Galium sect. Kolgyda Greens 6
Kebara Greens Malva sp. Greens 6
Kebara Greens Mercurialis annua Greens 6
Kebara Greens Raphanus raphanistrum Greens 6
Kebara Greens Scorpiurus muricatus Greens 6
Kebara Greens Trifolium sp. Greens 6
Kebara Oil Carthamus tenuis Seed 6
Kebara Oil Pistacia atlantica Seed 6
Kebara Protein Cicer pinnatifidum Seed 6
Kebara Protein Lathyrus hierosolymitanus Seed 6
Kebara Protein Lathyrus inconspicuus Seed 6
Kebara Protein Lens sp. Seed 6
Kebara Protein Pisum fulvum/Vicia narbonensis/

peregrina
Seed 6

(cont.)
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Table 38.1 (cont.)

Site Nutrient Taxa Organ eaten Source

Kebara Protein Pisum fulvum/Vicia palaestina Seed 6
Kebara Protein Vicia cuspidata/lathyroides Seed 6
Kebara Protein Vicia ervilia Seed 6
Kebara Protein Vicia laxiflora/tetrasperma Seed 6
Kebara Protein Vicia lutea/sativa/sericocarpa Seed 6
Kebara Protein Vicia narbonensis Seed 6
Kebara Protein Vicia palaestina/villosa Seed 6
Kebara Protein Vicia peregrina Seed 6
Kebara Protein Vicia pubescens Seed 6
Kebara Roots & tubers Cyperus sp. Roots & tubers 6
Kebara Roots & tubers Raphanus raphanistrum Roots & tubers 6
Ohalo II Carbohydrate Quercus ithaburensis Acorn 8
Ohalo II Carbohydrate Aegilops peregrina Grain 8
Ohalo II Carbohydrate Alopecurus utriculatus/arundinaceus Grain 8, 9, 11
Ohalo II Carbohydrate Alopecurus vaginatus Grain 8
Ohalo II Carbohydrate Avena barbata Grain 5, 8
Ohalo II Carbohydrate Avena sterilis Grain 5, 8
Ohalo II Carbohydrate Brachypodium distachyon Grain 8
Ohalo II Carbohydrate Bromus alopecuros Grain 8
Ohalo II Carbohydrate Bromus danthoniae/tectorum Grain 8
Ohalo II Carbohydrate Bromus diandrus Grain 8
Ohalo II Carbohydrate Bromus pseudobrachystachys/tigridis Grain 8, 9, 10, 11
Ohalo II Carbohydrate Bromus scoparius Grain 8
Ohalo II Carbohydrate Catabrosa aquatica Grain 5, 8
Ohalo II Carbohydrate Chenopodium album Grain 8
Ohalo II Carbohydrate Chrysanthemum sp. Grain 8
Ohalo II Carbohydrate Hordeum bulbosum Grain 5, 8
Ohalo II Carbohydrate Hordeum glaucum Grain 5, 8, 9
Ohalo II Carbohydrate Hordeum marinum/hystrix Grain 8, 9, 10, 11
Ohalo II Carbohydrate Hordeum spontaneum Grain 5, 8, 9, 10, 11
Ohalo II Carbohydrate Lolium perenne Grain 8
Ohalo II Carbohydrate Lolium rigidum/multiflorum Grain 8
Ohalo II Carbohydrate Piptatherum blancheanum Grain 8
Ohalo II Carbohydrate Piptatherum holciformis Grain 8
Ohalo II Carbohydrate Phalaris minor/paradoxa Grain 8
Ohalo II Carbohydrate Piptatherum holciforme Grain 10
Ohalo II Carbohydrate Poa bulbosa Grain 8
Ohalo II Carbohydrate Puccinellia convoluta Grain 9
Ohalo II Carbohydrate Scirpus litoralis Grain 5, 8
Ohalo II Carbohydrate Stipa barbata Grain 8
Ohalo II Carbohydrate Triticum dicoccoides Grain 5, 8, 9, 11
Ohalo II Carbohydrate Vulpia muralis Grain 8
Ohalo II Carbohydrate Vulpia persica Grain 8
Ohalo II Carbohydrate Vulpia unilateralis Grain 8
Ohalo II Fruits Crataegus aronia/azarolus Fruits 8
Ohalo II Fruits Ficus carica Fruits 8, 11
Ohalo II Fruits Juniperus excelsa Fruits 8
Ohalo II Fruits Malva aegyptia Fruits 8
Ohalo II Fruits Nitraria schoberi Fruits 5, 8
Ohalo II Fruits Pyrus syriaca Fruits 5
Ohalo II Fruits Rubus sanguineus/canescens Fruits 8, 10
Ohalo II Fruits Vitis sylvestris Fruits 5, 11
Ohalo II Fruits Ziziphus spina-christi Fruits 5, 11
Ohalo II Greens Allium sp. Greens 8
Ohalo II Greens Anabasis articulata Greens 8
Ohalo II Greens Artemisia sieberi Greens 8
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Table 38.1 (cont.)

Site Nutrient Taxa Organ eaten Source

Ohalo II Greens Atriplex leucoclada Greens 8
Ohalo II Greens Atriplex portulacoides Greens 8
Ohalo II Greens Atriplex rosea Greens 8
Ohalo II Greens Centaurea glomerata Greens 8
Ohalo II Greens Chenopodium album Greens 8
Ohalo II Greens Chrysanthemum sp. Greens 8
Ohalo II Greens Erodium sp. Greens 5, 8
Ohalo II Greens Galium aparine Greens 8
Ohalo II Greens Malva aegyptia Greens 8
Ohalo II Greens Malva parviflora Greens 8, 10
Ohalo II Greens Melilotus indicus Greens 8, 10
Ohalo II Greens Mentha longifolia Greens 8
Ohalo II Greens Mercurialis annua Greens 8
Ohalo II Greens Phragmites sp. Greens 8
Ohalo II Greens Potamogeton filiformis Greens 8
Ohalo II Greens Potamogeton nodosus Greens 8
Ohalo II Greens Potamogeton pectinatus Greens 5, 8
Ohalo II Greens Potamogeton perfoliatus Greens 8
Ohalo II Greens Rumex maritimus Greens 8
Ohalo II Greens Rumex pictus Greens 8
Ohalo II Greens Rumex pulcher Greens 8
Ohalo II Greens Silybum marianum Greens 10
Ohalo II Greens Suaeda aegyptiaca Greens 8
Ohalo II Greens Suaeda fruticosa Greens 8
Ohalo II Greens Suaeda palaestina/fruticosa Greens 5, 8, 10
Ohalo II Greens Trifolium purpureum Greens 8
Ohalo II Oil Amygdalus communis/korschinskii Fruits 8
Ohalo II Oil Olea europaea Fruits 5, 8, 11
Ohalo II Oil Astragalus aleppicus Seed 8
Ohalo II Oil Astragalus asterias Seed 8
Ohalo II Oil Pistacia atlantica Seed 5, 8, 11
Ohalo II Oil Silybum marianum Seed 8, 10
Ohalo II Protein Lathyrus sp. Seed 8
Ohalo II Protein Lens sp. Seed 5, 8, 11
Ohalo II Protein Pisum sativum Seed 11
Ohalo II Protein Pisum sativum sub sp. humile Seed 8
Ohalo II Protein Rumex maritimus Seed 8
Ohalo II Protein Vicieae Seed 5, 8
Ohalo II Roots & tubers Allium sp. Roots & tubers 8
Ohalo II Roots & tubers Myriophyllum spicatum Roots & tubers 8
Ohalo II Roots & tubers Phragmites sp. Roots & tubers 8

Based on (1) Alperson-Afil et al. 2009; (2) Goren-Inbar et al. 2000; (3) Goren-Inbar et al. 2002; (4) Goren-Inbar et al. 2004 (5) Kislev
et al. 1992; (6) Lev et al. 2005; (7) van Zeist & Bottema 2009; (8) Weiss 2002; (9) Weiss et al. 2004; (10) Weiss et al. 2008; (11) Weiss
et al. 2011

preservation, or (iii) the acorns were prepared and/or eaten else-
where. They also noted that the lack of both acorns and grasses
indicates a possibly problematic diet that is high in toxins.

In addition to large amounts of grains, at Ohalo II the acorn was
the secondary carbohydrate provider following the grasses (Weiss
et al. 2004). Furthermore, Ohalo II has a grinding stone that was
used for cereal processing, as indicated by starch granules found
inside its holes and cracks (Piperno et al. 2004).

38.4.3 LEGUMES

Pulses are an important source of protein in current and ancient
diets. Since cereals provide mainly starches, and pulses provide
mainly proteins, their combination is considered a balanced human
diet. Indeed, we find cereal and legumes together in most current
traditional communities across the globe (Zohary et al. 2012).
Therefore, the differences in legume presence at these three sites
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are striking. In GBY, no legume seeds were found. The majority
of the plant assemblage in Kebara consists of legume seeds. Ohalo
II shows a low frequency of four legume taxa. These differences
indicate the importance of legumes in Kebara, especially in com-
parison to the other two sites. There is no certainty whether this
is an issue of preservation, availability, human preference, or other
factors. However, three taxa of legumes are found at both Ohalo II
and Kebara, Lathyrus spp. (L. hierosolymitanus and L. inconspicuus
from Kebara, Lathyrus sp. from Ohalo II), Lens sp., and Vicieae
(Vicia cuspidata/lathyroides, V. ervilia, V. laxiflora/tetrasperma, V.
lutea/sativa/sericocarpa, V. narbonensis, V. palaestina/villosa, V.
peregrina, and V. pubescens from Kebara, and Vicieae from Ohalo
II) (see Table 38.1 for references), pointing to a strong similarity in
diet from the Middle Palaeolithic and Epipalaeolithic sites despite
the larger frequency at Kebara.
In both GBY and Ohalo II, Goren-Inbar et al. (1992) and Kislev

et al. (1992) proposed that the lack of legumes points to meat as the
major source of proteins in their diet. In Kebara, concern was raised
about the dangerous aspects of a diet high in plant proteins, espe-
cially Lathyrus spp. (Lev et al. 2005; Kislev & Simchoni, Chapter
81 of this volume). As previously mentioned, at both GBY and
Kebara grass grains as carbohydrate providers are less prominent
than their relative number of species suggests (Table 38.1) because
only 10 grass grains were found in Kebara, and the situation is simil-
ar at GBY.

38.4.4 FRUITS AND OIL

Fruits are important as a source of sugars; in addition, some fruits
are rich in oils. The variety of oil plants is much higher at GBY
(20% of species) relative to 6% and 7% at Kebara and Ohalo II,
respectively; this pattern is almost identical for the fruits. At GBY,
the fruits are wild grape, water chestnut, prickly water lily, cattail,
oak, wild pistachio, wild olive, plum, and jujube. Unlike GBY, only
one of the fruit species that is not a source of oils, wild grape, is
found at Kebara. Furthermore, wild grape exists in all three sites.
Pistacia atlantica, an important source of oil, also exists in all three
sites. It is important to note the presence of wild almond (Amyg-
dalus communis from GBY, A. communis/korschinskii from Ohalo
II), olive (Olea europaea), and jujube (Ziziphus spina-christi) at
GBY and Ohalo II, and their absence at Kebara. This absence is
notable because of their presence in the Carmel – or the Carmel
Coast in the case of jujube (Danin 2004). Two of these plants, olive
and almond, are used as sources of oils.

38.4.5 GREENS

Greens are not preserved in the state of leafy material. However,
they serve an important role in hominin diet throughout the ages. It
is interesting to note that a relatively high percentage of greens were
found as seeds at all sites, and most of all at Ohalo II. Additionally,
we note repeated use of the same taxa at all three or at least two sites:
Chenopodium and Galium spp. are at all three sites, Mercurialis
annua, Malva, and Trifolium spp. are in Kebara and Ohalo II, and
Potamogeton spp. and Silybum marianum are in GBY and Ohalo II.

38.4.6 ROOTS AND TUBERS

It is suggested that large, starchy tubers served as a major food
source for hunter-gatherers in East Africa (Marlowe & Berbesque
2009). Therefore, their limited presence in the GBY hominins’ diet,
which is one of the earlier ‘out of Africa’ movements of hominin
communities (Bar-Yosef & Belfer-Cohen 2013; Sharon, Chapter 59
of this volume), is surprising. Limited availability of such food in
the local flora in comparison to East Africa (Zohary 1962) may be
the reason. This reason probably also applies to Kebara and Ohalo
II, with only two and three such taxa, respectively (Table 38.1).
Therefore, at the current stage of research, roots and tubers are not
regarded as major food providers in this region.

38.5 CONCLUSION

Comparing food plants from the three plant assemblages of the
Palaeolithic of the southern Levant, only the variety of edible plant
taxa of each site is considered. These plant taxa are proxies for the
relative importance of nutrient groups in past human diets. All three
sites demonstrate the importance of plants as foodstuffs. At GBY,
seeds and fruit are common, as well as water plants. The variety of
the site’s edible plants is evenly split between grass species, sugar-
and oil-rich fruits, and greens. The high number of oil and fruit
plants at GBY indicate their higher importance in the vegetal diet
than in the other sites. InKebara, the diet is largely based on legumes
and therefore also high in toxins. Plants rich in protein constitute
40% of the varieties of edible plants at this site. Additionally, there
are twice as many types of oil-bearing plant seeds in Kebara when
compared with the other two sites. At Ohalo II, a wide variety of
plants was exploited. Unlike the other two sites, it has a large num-
ber of grass grains, which constitute �40% of the varieties of plant
taxa.
The recurring use of the same taxa and even species at all sites is a

strong indication for two major issues throughout the Palaeolithic:
(i) the continuous occurrence (or rather recurrences) of Mediter-
ranean climate and vegetation, and (ii) similarities in plant use.
Owing to the immense time gaps between the sites, further con-
clusions are unwarranted. On the other hand, these sites occupied
the same general ecological niche – the Mediterranean phytogeo-
graphic territory – and gathered the same plants, indicating the sur-
vival of the same plant associations throughout the Pleistocene of
the southern Levant.
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39 Pollen as Palaeoclimate Indicators in the Levant

thomas litt and christian ohlwein

39.1 INTRODUCTION

Pollen analysis is a primary method of reconstructing Quaternary
environments. Plants release an enormous quantity of pollen and
spores to the atmosphere. Before reaching the ground, the pollen
is well mixed by atmospheric turbulence, which results in a more
or less uniform pollen rain over an area. In larger drainage basins,
transportation by water flow may also contribute to the pollen con-
tent. The external membranes of these airborne particles are com-
posed of the extremely resistant sporopollenin and withstand long-
distance transport; on landing on damp surfaces, pollen does not
decay. Thus, it has the chance of being preserved in reduced sedi-
mentary environments (Faegri & Iversen 1989). Since pollen can
now usually be identified down to the genus and frequently to
the species level (Reille 1992), there is great potential for detailed
reconstruction of the vegetation during periods of interest. By
applying statistical methods, pollen assemblages from various geo-
graphical locations can be compared and used for the reconstruc-
tion of regional and global climatic variations through time. Indeed,
palynological studies have led to important achievements in the
reconstruction of palaeoenvironments, and past vegetation, climate,
and land use.

The southern Levant region between the Dead Sea and Mt
Hermon, including the Jordan River catchment area, is an excel-
lent laboratory for the analysis of climate and vegetation history
in the Near East. Several plant-geographical territories converge
in this region owing to the steep precipitation gradient (Zohary
1982). Furthermore, the Levant is part of the region where the
origins of agriculture and the human impact extend back about
11,000 years ago (Bar-Yosef & Belfer-Cohen 1992; Grosman
and Munro, Chapter 77, this volume; Özdoğan, Chapter 80, this
volume).

In this chapter we summarize the state of the art of the vegetation
and climate history in the southern Levant during the Late Pleis-
tocene and Holocene based on palynological data.

39.2 BIOME DISTRIBUTION AND POLLEN
INDICATORS IN THE LEVANT

The vegetation of the southern Levant is mainly related to a
steep climate gradient (Goldreich 2003; Kushnir et al., Chapter
4, this volume) and can be subdivided into four plant geograph-
ical territories/biomes (Fig. 39.1): (A) Mediterranean, around the
Mediterranean Sea (‘Oromed’ is also included as a sub-biome);
(B) Irano-Turanian, which also inhabit Asian steppes of Syria,
Iran, and Anatolia; (C) Saharo-Arabian, with species growing in
the Negev, Sinai, Sahara, and the Arabian deserts; (D) territory of
Sudanian (Sudano-Deccanian) penetration along the Dead Sea rift
valley, with plants typical of the subtropical savannas of eastern
Africa (Zohary 1973, 1982; Danin 1983, 1988; Danin & Plittmann
1987).
Typical trees and shrubs of the Mediterranean maquis and

forests are evergreen oaks (Quercus calliprinos), deciduous oaks
(Q. ithaburensis, Q. boissierii), olive trees (Olea europaea), pines
(Pinus halepensis), pistachios (Pistacia lentiscus, P. palaestina),
and carob trees (Ceratonia siliqua). In between trees or in clearings,
common species are semi-shrubs such as Sarcopoterium spinosum,
Cistus salvifolius, and C. creticus. Based on pollen analysis, indica-
tor taxa of this biome can be identified (i.e. Q. calliprinos type, Q.
ithaburensis type, and other above-listed species, at least as genera
such as Pinus, Pistacia etc.).
Typical steppe elements are Artemisia herba-alba and several

Ephedra species (genus Artemisia and Ephedra as indicator taxa in
pollen records) as well as grasses, e.g.Hordeum spontaneum (wild-
grass type and cereal type in pollen diagrams).
A gradual transition exists between steppe and desert biomes.

Saharo-Arabian desert species are Zygophyllum dumosum, Atriplex
halimus, Retama raetam, and Tamarix nilotica (identification of
these indicator taxa in pollen records based on genera level). In
the oases of the Arava, Dead Sea, and Jordan valleys, Sudanian
elements occur, such as Phoenix dactylifera (date palm), Ziziphus
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Figure 39.1 Plant geographical territories of Israel and Sinai (modified
after Danin 1988).

spina-christi, Acacia radiana, and A. tortilis (also identification
based on genera level in pollen diagrams).

39.3 POLLEN RECORDS IN THE SOUTHERN
LEVANT

39.3.1 LATE PLEISTOCENE

Our knowledge of the vegetation history in the region during the
Late Pleistocene is rather poor. Based on boreholes, pollen diagrams
from the Hula basin, from Lake Kinneret and from Birkat Ram
(Fig. 39.1) had been described by Horowitz (1971) and Weinstein
(1976). However, it must be stressed that only few pollen spectra are
available from each record, which means that the sample/time reso-
lution is very low. In addition, there is almost no independent age
control. Horowitz (1979, 1992) used these available palynological
data in his comprehensive syntheses and hypothesized that during
pluvials in the region, which should correspond to glacial phases,
deciduous oak forest grew in the upper part of the Jordan Valley and

on the Golan Heights. Interpluvials (correlative to interglacials) are
characterized by desert and steppe vegetation, whereas evergreen
oaks and Mediterranean maquis vegetation could be equivalents of
both interstadials within glacials and stadials within interglacials
(Horowitz 1992: 374).
This contradicts the interpretation of a well-dated multi-proxy

palaeoclimate record from a small intra-mountainous karstic Yam-
mouneh basin in the elevated mountainous Lebanon (Gasse et al.
2011). The high-resolution pollen data clearly point to a predom-
inance of arboreal vegetation during interglacial optima (MIS 5e
and MIS 1), reflecting relatively high effective moisture, while a
drying trend took place during MIS 4–2. The driest interval appears
at the end of the Last Glacial Maximum (LGM), possibly linked
to water storage as ice in the surrounding mountains (Gasse et al.
2011). However, it should be mentioned here that in such altitudes
a remarkable temperature drop during the LGM may also have led
to almost treeless vegetation in the Yammouneh basin.
Unpublished data from new cores taken in 2010 at Birkat Ram

also point to almost treeless steppe vegetation during the LGM on
the northern Golan Heights near Mt Hermon, which are physio-
geographically connected to the Lebanon Mountains (Schiebel
2013). These new data are in agreement with the general trend in the
entire eastern Mediterranean (see Tzedakis 2007; Litt et al. 2014).
In addition, the assumption by Horowitz (1979, 1992) that decidu-
ous oak forest would occur in the more arid parts of the south-
ern Levant only during glacial pluvials and not during interglacials
including the Holocene is no longer valid, especially when even
today such environments and assemblages exist (see below).
A general revision of the Middle to Late Pleistocene vegetation

history of the southern Levant is currently in progress. It is based
on a new sedimentary record from the deepest basin of the mod-
ern Dead Sea going back to MIS 7, conducted in 2010–2011 under
the auspices of the International Continental Scientific Drilling Pro-
gram (Neugebauer et al. 2014; Stein et al., Chapter 8, this volume;
Waldmann et al., Chapter 9, this volume).

39.3.2 HOLOCENE

In contrast to the Late Pleistocene, the present knowledge of the
Holocene vegetation and climate history of the Levant is based
on more detailed palynological research, which has been steadily
increasing recently. Sedimentological and initial palynological data
from Birkat Ram (Schwab et al. 2004) are based on a series of
cores. Neumann et al. (2007b) presented the palynology and envir-
onmental history, including human impact, of the last 6,500 years.
In addition, a new botanical-climatological transfer function has
been applied (see also Neumann et al. 2007b) to reconstruct cli-
mate variations in the northern Golan Heights based on this Birkat
Ram pollen dataset (see below).
A very prominent record is available from Lake Hula (Fig. 39.1)

in the northern Jordan Valley (Baruch & Bottema 1999). It begins at
the Early Holocene and not during the Late Glacial as suggested by
the authors (see revision of the chronology by van Zeist et al. 2009).
Farther to the south, Baruch (1986) analysed a 4 m long pollen
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diagram of the later Holocene from Lake Kinneret (Fig. 39.1).
New palynological results are from the unpublished Ph.D. thesis
by Schiebel (2013). It is based on a sediment core from Lake Kin-
neret spanning the past �9,000 years. Although no major changes
of the biome distribution and therefore of the climate history are
documented from this core, because the catchment area has always
been influenced by Mediterranean conditions, several intervals of
varying human impacts can be distinguished.

Pollen diagrams are available from the Dead Sea west shore,
which allow a reliable reconstruction of the vegetation history of
the past 3,500 years (Late Holocene); longer records are discon-
tinuous (Baruch 1990; Heim et al. 1997; Neumann et al. 2007a,
2010; Leroy 2010; Langgut et al. 2014). A 21 m core taken from
the Dead Sea shore near Ein Gedi Spa (Litt et al. 2012; Fig. 39.1)
provides the most continuous and best-dated palynological record
of the entire Holocene period in the southern Levant (Fig. 39.2).
Chronology of the core is based on AMS radiocarbon ages of ter-
restrial organic debris, annual laminae counting, and comparison to
historical earthquakes (Migowski et al. 2004, 2006). It documents
the natural and anthropogenic influence on vegetation changes of
the Holocene from �10 ka cal BP to the present. Owing to the
catchment size of the Dead Sea drainage basin, the pollen sequence
in the sediments is considered to serve as a recorder of the regional
palaeoclimates (see below).

A synopsis of the most important Holocene pollen records in
the southern Levant is given in Fig. 39.3. Because of the excellent
time control, the Dead Sea record from Ein Gedi (Litt et al. 2012)
can serve as a biostratigraphic reference section. The chronolo-
gies of the other records such as Kinneret (Schiebel 2013), Birkat
Ram (Schwab et al. 2004; Neumann et al. 2007b), and Lake Hula
(Baruch & Bottema 1999; van Zeist et al. 2009) are based on
radiocarbon ages; uncertainties in these ages from reservoir effects
should be taken into account (Neumann et al. 2007b; van Zeist et al.
2009). Remarkable palynostratigraphic correlations are the first
Olea increase during the onset of the Chalcolithic period at around
6,500 years ago as well as the prominent Olea phase during the
Hellenistic/Roman/Byzantine period. It is interesting to note that
the maximum percentages of the Mediterranean woodland compo-
nents show a distinct gradient from north to south. The highest val-
ues of trees and shrubs are documented in the Golan Heights and
the Hula basin (up to 80% in phases of less human impact) followed
by Lake Kinneret (up to 50%). This northern region is dominated
by the Mediterranean biome, whereas in the Dead Sea, desert and
semi-desert vegetation play a dominant role.

A striking feature in all records is the predominance of decidu-
ous oak among theMediterranean woodland components during the
Early and Middle Holocene. There is more or less coeval expansion
of evergreen sclerophyllous oak (Q. caliprinos type) and Sarcopo-
terium in Birkat Ram (Schwab et al. 2004; Neumann et al. 2007b),
Lake Hula (Baruch & Bottema 1999; van Zeist et al. 2009), Lake
Kinneret (Baruch 1990; Schiebel 2013), and theDead Sea (Litt et al.
2012; Fig. 39.2). This coeval appearance indicates that the Mediter-
ranean maquis and bathas, as known today, have been developed in
the Levant under human impact since the last ca. 1,000 years.

39.4 PALAEOCLIMATE RECONSTRUCTIONS

39.4.1 BIRKAT RAM (INDICATOR TAXA METHOD)

Numerous quantitative methods have been applied to reconstruct
past climates based on pollen proxy data (Birks 1998). One of the
important remaining questions is how to assess the uncertainties of
these palaeoclimate reconstructions. Themethod used for the Birkat
Ram record can be described as the Bayesian Indicator Taxa model
(Neumann et al. 2007b), which is similar to the probability density
function (PDF) method introduced by Kühl et al. (2002).
The fundamental concept of this approach is to identify prob-

ability distributions of climate variables for each taxon, such as
mean December–February (DJF) temperature, mean June–August
(JJA) summer temperature, or annual precipitation taken from a cli-
mate dataset such as the CRU by New et al. (2000). To compare
botanical and climate data on equivalent spatial scales, the geograp-
hical distribution of the different indicator taxa (Feinbrun-Dothan&
Danin 1998) is digitized (0.5°× 0.5°, Schölzel et al. 2002). Finally,
conditional probability distributions (PDFs) of climate variables
for selected indicator taxa are combined. The PDFs are applied to
pollen samples of the sediment core, where each layer has a spe-
cific set of indicator taxa. In that sense the method can be under-
stood as a probabilistic enhancement of the traditional indicator-
taxa concept. Details, especially on how to estimate the conditional
parametric probability distributions, are discussed by Kühl et al.
(2002), Kumke et al. (2004), Neuman et al. (2007b), and Ohlwein
and Wahl (2012). Kühl and Litt (2003), Kühl et al. (2007), and Litt
et al. (2009) show further successful applications.
The selection of indicator taxa of the Birkat Ram sediment core

is given in Neumann et al. (2007b). The resulting probability distri-
bution of climate is shown in Fig. 39.4, where the maximum indi-
cates the most probable climate, and the spread indicates the inher-
ent uncertainty.
Winter temperature is the parameter with the largest recon-

structed fluctuation over time, which is still small compared with its
variance, i.e. the width of the PDF (Fig. 39.4). Slight changes from
lower to higher winter temperatures occur around approx. 280 cm
core depth, accompanied by smaller variances for the upper part of
the diagram. Nevertheless, several layers with a significantly larger
variance or even bimodal marginal distributions indicate less pre-
cise reconstructions, especially around 130 cm to 80 cm.
Reconstructions of summer temperature are similar to the winter

temperature, but they have smaller variance as well as smaller fluc-
tuations over time. Being always summer-warm, the recent distribu-
tion areas of the indicator taxa are dominated by winter temperature
and precipitation and hence have lower skill in indicating summer
temperature changes.
Annual precipitation reconstruction is similarly uniform with-

out distinct fluctuations over time. Variations can only be identi-
fied in terms of changes in skewness of the distribution. The dis-
tribution maxima are slightly shifted to higher precipitation in the
upper parts of the diagram and to lower values for some layers in
the lower part. The northern Golan Heights was permanently under



Figure 39.2 Simplified pollen diagram obtained from a 21 m long sediment core drilled at the Dead Sea shore near Ein Gedi Spa. The pollen spectra are plotted against the time scale (cal. yr BP).
A ×10 exaggeration is used to show changes in low taxa percentages. PAZ, pollen assemblage zone. Reprinted from Litt et al. (2012), with permission from Elsevier.



Figure 39.3 Correlation of pollen records along a north-to-south-transect along the Dead Sea Rift. (a) Record from the Dead Sea after Litt et al. (2012) plotted against absolute time scale (cal BP)
and correlated to archaeological periods; (b) record from Lake Kinneret, after Schiebel (2013), plotted against depth; (c) record from Birkat Ram, after Schwab et al. (2004), plotted against depth; (d)
record from Lake Hula, after Baruch & Bottema (1999), plotted against depth, and supplemented by a revised chronology after van Zeist et al. (2009); upper grey horizon indicates olive cultivation
during Hellenistic and Roman / Byzantine periods, middle grey horizon indicates olive cultivation during the Chalcolithic period, Early Bronze Age (EBA), and Middle Bronze Age in the Dead Sea
record, and during the Chalcolithic period and EBA in the other records, respectively; lower faded grey conjunctions indicate tentative correlation of patterns. (Modified after Schiebel 2013.)



Figure 39.4 Climate reconstruction in the context of the archaeological periods and selected taxa of the pollen spectrum. The grey shade represents the marginal probability density for the three
components of the climate state vector. Covariances are not shown. Reprinted from: Neumann, F., Schölzel, C., Litt, T., Hense, A. & Stein, M. 2007b. Holocene vegetation and climate history of the
northern Golan heights (Near East). Vegetation History and Archaeobotany 16: 329–46, with permission from Springer.
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Figure 39.5 a: Probability of occur-
rence of biomes, conditional on the
fossil pollen spectra (Fig. 39.2). [1]
indicates ratio relative to 1. b, c:
Climate reconstructions in terms of
marginal probability density (PDF)
for (b) winter temperature T and
(c) annually accumulated precipita-
tion P. The grey colour gradient
maps themarginal probability density,
i.e. darker grey regions indicate time
slices where a climate reconstruction
is less uncertain than for those where
lighter colours are prevalent. The full
lines indicate the interdecile range,
and the hatched area the interquar-
tile range. Thick black lines mark the
mode, thick white lines the expecta-
tion value, and thin white lines partial
linear trends. (d) Lake level elevations
(m below mean sea level, m bmsl)
of the Holocene Dead Sea that were
determined independently (Migowski
et al. 2006; Kushnir & Stein 2010).
Reprinted from Litt et al. (2012), with
permission from Elsevier.
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aMediterranean climate influence and never under arid or semi-arid
conditions, as indicated by the presence of Mediterranean vegeta-
tion components in the entire pollen diagram.
Heavy timbering of natural oak forests is observed at the begin-

ning of the Hellenistic period leaves. The disappearance of these
oaks is coeval with replacement by taxa tolerating the climate at
that time. Specifically, timbering was followed by olive tree culti-
vation, which has a similar distribution toQ. ithaburensis in the cli-
mate phase space (see Neumann et al. 2007b: Fig. 2). Pollen counts
may fluctuate, but combining taxa allows handling of no-modern-
analogue situations; this leads to climate reconstructions that are
quite independent of anthropogenic changes in vegetation.
In order to better detect fluctuations in precipitation based on

pollen proxy data, we expanded to the more arid region of the
Dead Sea. While the vegetation in the Northern Golan was mostly
a Mediterranean type and characterized by relatively high precip-
itation values caused by the influence of Mt Hermon (so-called
Oromediterranean vegetation; see ‘Oromed.’ in Fig. 39.1,), the
Dead Sea is located at the intersection of Mediterranean with steppe
and desert vegetation. Hence, pollen proxies are sensitive to small
changes in precipitation.

39.4.2 DEAD SEA (BIOME METHOD)

Owing to the catchment size of the Dead Sea, the pollen sequence
in the Ein Gedi core is considered as expressing palaeoclimate vari-
ations across a wider region than Birkat Ram (Litt et al. 2012). To
deal with the larger catchment size, the pollen concentrations need
to be assigned to different biomes for the analysis. Three vegeta-
tion zones in the Dead Sea region were characterized: (A) Mediter-
ranean; (B) Irano-Turanian; (C) Saharo-Arabian, and the pollen was
separated accordingly.
The fossil pollen spectra are raw data for quantitative palaeo-

climate reconstructions based on botanical–climatological transfer
functions into which a Bayesian version of the classical concept of
biomization is introduced (Prentice et al. 1996; Prentice & Webb
1998). The novel application of transfer functions provides prob-
abilistic reconstruction of large-scale palaeoclimate variability for
the Levant during the Holocene (Litt et al. 2012). To quantify uncer-
tainty, palaeoclimate reconstructions are given as bivariate prob-
ability distributions of winter temperature and annual precipitation
that are dependent on fossil pollen spectra. The corresponding sta-
tistical model employs an additional vegetation step in terms of
the above biomes containing characteristic combinations of plant
species, linked to the pollen spectrum (Ohlwein & Wahl 2012).
The hypothesis is: climate fluctuations during the Holocene nei-

ther changed the number of participating biomes nor changed their
botanical composition, but resulted in the geographic shift of the
three biomes. Hence, the influence of each of these biomes on the
Dead Sea, as recorded in the fossil pollen spectra of the Ein Gedi
core, changed over the Holocene. There is always a mixture of the
three biomes, as is observed in the fossil pollen spectra. Conse-
quently, the probability density for winter temperature and annual
precipitation is expressed by a mixture model: a weighted sum of
three individual probability density functions characterizing each

biome. The mixture weights are the probabilities that a specific
biome contributes to a reconstructed climate and are derived from
the fossil pollen spectra, similar to affinity scores (Prentice et al.
1996; Prentice & Webb 1998). Most striking is the variability for
the Mediterranean biome, which is almost absent around 7 ka and 3
ka cal BP but strongly determines the pollen spectra in other periods
(Fig. 39.5).
The strongly reduced Mediterranean biome before 7 ka cal BP

leads to a positive winter temperature anomaly with an expected
value of the temperature anomaly relative to base period 1960–1990
of approximately +4 °C. At the same time, an expected annual pre-
cipitation over the watershed is 280 mm yr−1 with a most probable
value of �250 mm yr−1, and an interdecile range between 100–
350 mm yr−1 results from the modelling. This joint reconstructed
climate state of winter temperature and annual precipitation is basi-
cally composed of winter precipitation, at the boundary of the Irano-
Turanian and the Saharo-Arabian biomes. Similar values hold for
the period between 2.7 and 3.2 ka cal BP, the Late Bronze/Iron Age
transition. For the interval between the Chalcolithic (6.5–5.5 ka cal
BP) and Late Bronze Age (3.5–3.2 ka cal BP) the expected winter
temperature anomaly is near zero. This indicates similar absolute
temperature to today, but with a considerable uncertainty. Precip-
itation appears as higher than expected compared with earlier and
later intervals, also with comparably large uncertainty. It is impor-
tant to note that uncertainty estimates do not belong to the estima-
tors of the expected value but to the whole range of possible climate
states. Litt et al. (2012) provide a more detailed interpretation of the
probabilistic climate reconstructions.
The variability in temperature and precipitation derived from

the pollen data are compared with lake level fluctuations of the
Holocene Dead Sea (Fig. 39.5) (Migowski et al. 2006; Kushnir
& Stein 2010). Intervals of proposed high lake stands (e.g. 6.5–
4 ka cal BP) coincide with pollen intervals indicating higher rain
amounts and lower temperature, and low stands (e.g. 9–7 and 3.5–
0.6 ka cal BP) coincide with pollen indicating lower rain amounts
and higher temperatures. This association between lake levels and
pollen-derived climate patterns supports the validity of the two inde-
pendent datasets.
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40 The Archaeozoological Record in a Changing Environment of the Late
Middle to the Late Pleistocene

rivka rabinovich

40.1 INTRODUCTION

Dynamic changes in human behaviour occurred during the �300–
250 ka to 12 ka interval in the Levant, covering the Middle (250–
40 ka) and Upper Palaeolithic (40–18 ka), and Epipalaeolithic (18–
11.5 ka). Lifestyles have been of hunter-gatherers displaying vari-
ous degrees of specialization, the most sophisticated being that of
the Natufians (Goring-Morris & Belfer-Cohen 2008, and Chapter
71 of this volume; Goring-Morris et al. 2009).

Human species associated with this lengthy era are Homo erec-
tus senso lato, early Homo sapiens, Neanderthals, and AMH
(anatomically modern humans) Homo sapiens. All of these hunted
gazelle (Gazella gazella) and fallow deer (Dama mesopotamica).
This exploitation poses questions as to why they all conformed to
that pattern of behaviour, and about their ability to plan hunts and
efficiently butcher and share yields. The Levant is crucial to this
subject, and therefore this chapter examines main trends in archaeo-
zoological research in the southern Levant. It offers insights into
whether ratios of gazelles (associated with dry climate) to fallow
deer (associated with wetter climate) reflect environmental changes
(Bate 1937).

Evidence of faunal exploitation offers information on butch-
ery patterns, modes of sharing, and other behaviour that indicates
the nature of habitations (e.g. aggregation sites, butchery sites)
and occupation modes, seasonal or year-round. We can now query
whether the faunal record is indicative of ethnicity and cultural
boundaries; whether it is sensitive to transitional periods or ‘mute’
on the subject.

40.1.1 EXPANDING KNOWLEDGE THROUGH
FAUNAL EXPLOITATION

Animal bones are generally as numerous as stone artefacts, although
determining their relevance to human culture requires further inter-
pretation (Binford 1981; Brain 1981; Speth 2012). Such interpre-
tations must take into account numerous variables. Examples are

carnivore species that eat, break, and accumulate bones of their
prey in dens, caves, rock fissures and at open-air sites. The inter-
pretation must also determine the activity of sediments that com-
press, break, and colour bones, and of water that smooths their sur-
faces. Insights may also be garnered from recent human activity
which provides knowledge on traditional, contemporary societies of
hunter-gatherers (Binford 1978; Bartram 1993; Kelly 1995; Morin
2007).
The essence of faunal studies includes identifications of species,

body parts, ages, sex, and quantification, followed by taphonomic
observations and comparisons with assemblages from well-defined
archaeological contexts (e.g. Davis 1983; Bar-Oz & Munro 2007;
Munro et al. 2009, 2011, 2012). Quantification almost never yields
definitive data, simply because all such efforts, from straightfor-
ward counting of bones (NISP, number of identified specimens;
Lyman 1994, 2008) up to sophisticated statistical manipulations
(MNE, the minimum number of skeletal elements necessary to
account for the specimens observed; and MAU, the minimum
number of animal units necessary to account for the specimens
observed; Lyman 1994, 2008), have failed to solve the problem of
the incompleteness of the fossil record. Nevertheless, because we
know now more about how bones and teeth break and exfoliate,
and how their surfaces were likely to have been damaged (Binford
1981; Brain 1981; Blumenschine & Selvaggio 1988; Blumenschine
et al. 1996; Outram 2001; Gaudzinski-Windheuser et al. 2010;
Cornette et al. 2015), systematic taphonomic research has allowed
better estimates of when such processes took place and by which
agents.
The archaeozoological record not only includes faunal remains

most probably related to food, but also represents rawmaterials (e.g.
teeth, antlers, and bones), some utilitarian, others not (as defined by
researchers), and objects d’art and ornamentation such as incised
or engraved implements, beads, and various burial offerings, some
probably with spiritual associations (Vandermeersch 1970; Belfer-
Cohen & Hovers 1992; Hovers et al. 2000; Bar-Yosef Mayer 2005;
Grosman & Munro 2007; Grosman et al. 2008; Yeshurun et al.
2013a).
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‘Background species’ shared the same habitats (biocoenosis)
with humans but interacted with them differently from the food and
predator species mentioned above (e.g. molluscs, fish, amphibians,
and rodents). However, some of these species were also included in
human diets (Zohar 2003, and Chapter 43 of this volume;Weissbrod
et al. 2012) making it difficult to distinguish between provender
and ‘background species’ based solely on their presence in assem-
blages. Auxiliary measures of relative abundance, population struc-
tures, and taphonomic observations are diagnostic tools for making
such distinctions (Zohar et al. 2008; Cornette et al. 2015).
It is plausible to assume that additional perishable animal mater-

ials left no recognizable residues in the archaeological record. It is
likely that animal tissues (e.g. internal organs) were used immedi-
ately. Others were reserved for later use by preservation through
agents of sun, wind, and fire, by drying, smoking, curing, and
fumigating (the ‘bacon effect’; Friesen 2001). We also learn about
humans’ and animals’ diets from geochemical analyses that can
recreate the last 10 years of an organism’s diet and refine interpret-
ations constructed solely from the fossil record (Clementz 2012;
Diaz et al. 2012; Bocherens et al. 2014).
The magnitude of climatic fluctuations in the Levant between

�300/250 to 12 ka (Bar-Matthews et al. 2003, and Chapter 17 of
this volume; Enzel et al. 2008; Torfstein et al. 2013; Torfstein &
Enzel, Chapter 13 of this volume) are better reflected in remains
of micro-mammalians (Davis 1981; Tchernov 1988; Weissbrod &
Zaidner 2014). That view, however, contravenes those of others, as
indicated for example by evidence from Amud Cave (Belmaker &
Hovers 2011). Models of faunal survival are dependent upon dis-
tinct ecological conditions (e.g. Roberts et al. 2014) and life histor-
ies of the animal species (e.g. obligatory diet requirements, herd
sizes and compositions, mating seasons) that are possibly more
applicable for measuring change than climatic proxies, especially
when magnitudes of change are not very great (Speth 2012; Devès
et al. 2014).
With two exceptions, Bear’s Cave (Tchernov & Tsoukala 1997)

and Rantis (Marder et al. 2011; Yeshurun 2013), we lack ‘control
assemblages’ obtained from localities devoid of human accumula-
tions of fauna. Thus, the inevitable question is whether archaeo-
logical sites accurately reflect a faunal record or specialized, non-
representative samples.

40.2 THE MIDDLE PALAEOLITHIC PERIOD
(250–40 ka)

The end of the Acheulo-Yabrudian cultural complex preceding
the Mousterian begins the era discussed here. Rich faunal com-
plexes from Qesem Cave including one dated to 300 ka (Blasco
et al. 2014), as well as others (Stiner et al. 2009, 2011), are
ascribed to that cultural complex. Bones, in descending order of
quantity, of fallow deer (Dama mesopotamica), red deer (Cervus
elaphus), roe deer (Capreolus capreolus), aurochs (Bos primi-
genius), horses (Equus ferus), wild ass (Equus hydruntinus), and
wild boar (Sus scrofa), with signs of burning and cut marks, dom-
inated the medium–large fauna in the assemblage. With gazelle
(Gazella gazella) dominating, these species comprise the main

fauna of the Middle Palaeolithic to the onset of domestication
(Neolithic). Rhinoceros (Dicerorhinus sp.), wild goats (Capra
aegagrus) and others also appear in meagre numbers.
The succeeding Levantine Mousterian cultural complex (ca. 250

to ca. 40 ka) presents coeval appearance of AMH Homo sapiens
and Neanderthals (e.g. Hovers & Belfer-Cohen 2013; Hershkovitz
et al. 2015). Not all sites of this period yielded human remains;
thus the correlation of human types and material culture is limi-
ted. The early Mousterian record is quite poor. Therefore, the early
layers of Hayonim Cave (Layer E) from that period, with tortoises
(Testudo graeca) outnumbering other species (Stiner 2005), are of
great interest. The large dimensions that these reptiles attained indi-
cate only ephemeral human occupations there (Stiner et al. 2000;
Stiner 2005). Nevertheless, throughout the earlyMousterian, animal
exploitation activities include butchery, marrow extraction, burning
of bones (Rabinovich & Tchernov 1995; Yeshurun et al. 2007;
Goder-Goldberger et al. 2012), and utilization of shells as beads
at Skhul and Qafzeh (Vanhaeren et al. 2006; Bar-Yosef Mayer et al.
2009).
Recent views regard Neanderthals as hunters and processors of

meat, who decorated themselves with feathers (Finlayson et al.
2012) and utilized raptors’ talons for non-subsistence purposes
(Morin & Laroulandie 2012). Based on lithic use wear and residue
analyses, it is claimed they also exploited fish, birds, mammals,
and starchy plants (Hardy &Moncel 2011). Much of that perceived
change in the Neanderthals’ abilities is due to faunal analyses at
Levantine sites such as Kebara Cave (Speth 2004, 2006, 2013a,
2013b; Speth & Clark 2006; Speth & Tchernov 2007), Hayonim
Cave (Stiner 2005), Dedaryia Cave (Griggo 2002, 2004), Amud
Cave (Rabinovich & Hovers 2004), and Middle Palaeolithic Italian
sites (Stiner 1994). Different Neanderthal behaviour is recorded in
Amud and Kebara Caves, in spite of the fact that they are geograph-
ically near each other and include similar species; the fragmentation
of bones and the burnt fractions of them are very different, prob-
ably related to site functions and/or intensities of occupation
(Rabin-
ovich & Speth, personal communication).
Shapes, sizes, locations and orientations of cut marks and other

modifications on bones indicate levels of access to animals and
associated human behaviour patterns (Qesem Cave, Stiner et al.
2011), although such patterns can lead to different interpretations
(Speth 2012, 2013a; Blasco et al. 2014). At almost all Mousterian
sites, humans seemed to have had access to prey species and to have
been selective in which parts of them they brought back to the loca-
tions where they resided. Mostly, they retrieved complete or nearly
complete small animals (e.g. gazelles) and only parts of large ones
(Speth 2004; Rabinovich & Hovers 2004; Yeshurun et al. 2007).
Broken bones are the most common faunal finds at most sites, and it
is suggested that they are the result of deliberate extraction of mar-
row (Rabinovich 1990; Speth 2012). Exploitation of the fat from
bones requires heating. Burnt bones can indicate the degrees of heat
reached in hearths and the probable role of fire in meat and fat con-
sumption (Stiner et al. 1995; Speth 2012).
Apparently each site is unique and may store crucial informa-

tion, sometimes of entire eras (e.g. Stiner 2005). The best-known



Archaeozoological Record, Late Middle/Late Pleistocene 349

examples of such documentation are from recently reanalysed
(Marín-Arroyo 2013a, 2013b) assemblages from the Mt Carmel
Caves (Bate 1937; Garrard 1980, 1982). A gradual shift from
exploiting adult animals to younger and smaller-bodied specimens
during the Mousterian by occupants of Kebara Cave has been inter-
preted as a result of overhunting in the vicinity of the cave (Speth
& Clark 2006).

The Mousterian period is primarily known from caves (including
the karstic depression at Nesher-Ramla; Zaidner et al. 2014; Weiss-
brod & Zaidner 2014). Discoveries from open-air sites (e.g. Hovers,
Chapter 29 of this volume) have added to our understanding of the
period, although interpretations of their faunal records are, as yet,
under study. ‘Ein Qashish is reconstructed as a palimpsest formed
through deposition and burial events, followed by dispersion (Hov-
ers et al. 2014; Hovers, this volume). Far’ah II is in the northern
Negev (Gilead & Grigson 1984). At Quneitra, of a short occupa-
tion history, bones were processed in situ (Rabinovich 1990; Oron
& Goren-Inbar 2014). Nahal Mahanayeem Outlet (Sharon & Oron
2014) seems to be very different, with its many complete bones
bearing cut marks (pers. obs.). In the majority of the open-air sites,
aurochs are the most common species. That observation should be
examined in light of those sites’ locations near water sources and
their role in a larger geographical inter-site scale.

At many sites, carnivore activity is noticeable in gnawed and
scratched bones, implying that humans and carnivores alternated
in occupying those localities, or that the latter had access to human
refuse (Rabinovich 1990; Speth & Tchernov 2007). Geula Cave,
which has very little sign of human activity, is unique in yielding not
only the presence of carnivores, but also that of porcupines (Mon-
chot 2005).

Most sites have additional faunal components that may also be
cultural indicators. The presence of crabs, ostrich eggs, tortoises,
and other reptiles (e.g.Ophisaurus) is particularly indicative for the
record of the Mousterian period.

40.3 THE UPPER PALAEOLITHIC PERIOD
(40–18 ka cal BP)

The transition from Middle to Upper Palaeolithic is considered to
have encompassed a ‘ . . . true technological and cultural revolution’
(Bar-Yosef 2000: 152). However, based only on a few late Mous-
terian sites, the faunal records of these periods are not very dif-
ferent from those of the Middle Palaeolithic. At Kebara Cave, the
human occupation was intense and prolonged, and no major change
is observed in the fauna between Mousterian and post-Mousterian
(Speth, in press). Nor do available studied faunal assemblages pro-
vide enough characteristics for classifying the two main techno-
complexes or traditions of the Upper Palaeolithic, Ahmarain and
Aurignacian (Rabinovich 2003; Belfer-Cohen & Goring-Morris
2014).

Some sites such as Ksar ‘Akil (Hooijer 1961; Kersten 1989a,
1989b, 1991; Bergman et al., this volume) andManot Cave (Marder
et al. 2011, and Chapter 31 of this volume) have long Upper Palaeo-
lithic sequences in which, in addition to the dominance of gazelle

and fallow deer, small game (birds, tortoises, and snakes) were
also exploited by humans. By contrast, in Layer D at Hayonim
Cave, both the archaeological and faunal evidence indicates that it
was occupied by a group practising collector-type mobility (Belfer-
Cohen & Bar-Yosef 1981; Rabinovich 2003).
Regional differences in faunal assemblages are also apparent.

Northern assemblages comprise more species and more bones, and
mostly derive from cave sites. The dominance of either gazelle
or fallow deer is notable in assemblages from Mediterranean set-
tings. More arid environments are characterized by a mix of gazelle
(Gazella dorcas, or Gazella subgutturosa), wild ass (Equus asinus/
hemionus), caprines, ostrich, and tortoise (Vaufrey 1951). In
Kebara, Manot, and Qafzeh Caves, carnivore activities of spot-
ted hyenas (Crocuta crocuta) intercalate with human occupations
(Dayan 1994; Rabinovich 2002; Speth & Tchernov 2002; Rabin-
ovich et al. 2004; Marder et al. 2013).
Upper Palaeolithic bands were small with high residential mobil-

ity (i.e. foragers). Earlier Epipalaeolithic groups practised logistical
mobility and remained for longer periods at the sites they occupied
(i.e. collectors), as in the site of Urkan e-Rub IIa (Hovers 1989).
At the end of the Upper Palaeolithic to Early Epipalaeolithic, fish-
ing and netting increased, as in Ohalo II (Nadel et al. 2004; Nadel,
Chapter 33 of this volume).

40.4 THE EPIPALAEOLITHIC PERIOD
(18–11.5 ka cal)

Several subsequent techno-complexes are defined in this period:
Kebaran, Geometric Kebaran, and Natufian (Goring-Morris et al.
2009; Goring-Morris & Belfer-Cohen, Chapter 71 of this vol-
ume). Towards the Natufian there is a ‘Broad Spectrum Revolu-
tion’, marked by a greater intensity of occupation and intensification
observable also in the faunal records, indicating longer site occupa-
tion, more permanent installations, the first architecture and accom-
panying burials.
Kebaran site assemblages include Ein Gev I (Marom & Bar-

Oz 2008), Nahal Hadera V (Bar-Oz & Dayan 2002), Hayonim C
(Rabinovich 1998a; Stiner 2005), and Ohalo II (Simmons & Nadel
1998; Rabinovich & Nadel 2005). Sites of the Geometric Kebaran
include Hefzibah, Layers 7–18 and Neve-David (Bar-Oz & Dayan
2003; Bar-Oz 2004). Natufian assemblages include a sample from
Chamber III of el-Wad Cave (Rabinovich 1998b), the late Early
Natufian of el-Wad Terrace (Bar-Oz et al. 2004; Yeshurun et al.
2013b, 2014), Hilazon Tachtit (Munro & Grosman 2010), Hayonim
B (Munro 2009a), Hayonim Terrace (Munro 2012), Meged Cave
(Munro 2009b), and Eynan (Bridault et al. 2008). Species distribu-
tion along the Coastal Plain showed that levels of gazelle exploit-
ation rose since the early Natufian. Notably, increased hunting of
this species does not correlate with climatic changes (Bar-Oz et al.
2013).
Although not numerous, Epipalaeolithic sites in arid regions are

semi-sedentary or seasonal (e.g. Upper Basor 6, Horwitz & Goring-
Morris 2000). Other sites have similar assemblages indicating the
sharing of hunting strategies, primarily of middle–large size prey
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(gazelle, wild goat, equid, and aurochs) but in small percentages
(Horwitz & Goring-Morris 2000).
Natufians exploited more environmental resources than their pre-

decessors and included additional animals in their diet such as
the mole rat (Spalax ehrenbergi) (Weissbrod et al. 2012), red fox
(Vulpes vulpes) (Yeshurun et al. 2009), Mediterranean spur-thighed
tortoise (Testudo graeca), cape hare (Lepus capensis), chukar par-
tridge (Alectoris chukar) and other birds. Fallow deer, red deer, roe
deer, wild boar, wild goat, and aurochs continue to appear in most
assemblages in lower frequency.
The dominance of gazelle increases in most sites (Tchernov

1988; Davis 1982, 1983; Bar-Oz 2004; Munro 2004). As the mid–
late Epipalaeolithic progressed, there was a change from prefer-
ences for prime adult prey (which provide more usable sources
such as meat, fat, marrow, hides, and bone material) and a shift
to presence of greater numbers of juveniles. These elevated num-
bers of juvenilesmay indicate demographic pressure, which, in turn,
caused stress-related, intensified use of resources (Stutz et al. 2009)
exemplified in changes in patterns of human hunting practices. This
shift was an important aspect of the Broad Spectrum Revolution
(Stiner et al. 1999, 2000; Munro 2009a).
Exploitation of birds is observed in the southern Levant at least

from the Aurignacian period, although evidence of earlier exploit-
ation is plausible (Rabinovich 2003, pers. comm.). In the Natu-
fian period, exploitation of the chukar partridge, for food and for
bead production, was common in the Mediterranean zone (Munro
2004). At Eynan (Valla et al., Chapter 34 of this volume), there was
a change in species exploited by humans between the early Natu-
fian and late/final Natufian periods, from water fowl specialization
to include additional resident species and birds of prey (Simmons
2013). Based on body part representation, it has been suggested that
birds of prey were mainly used for their talons for decorative pur-
poses (Tchernov 1994; Simmons 2013).
One of the most characteristic aspects of this period is the pres-

ence of faunal components in burial contexts (Grosman et al. 2008;
Yeshurun et al. 2013a). This aspect is another Natufian hallmark
present even in earlier sites (Maher et al. 2012a, 2012b).
There is a growing record implying fish in the human diet. There

is direct evidence (including fish bones and piscatorial-related para-
phernalia) of this activity at Ohalo II (23 ka cal BP) and later Natu-
fian sites (Bar-Yosef Mayer & Zohar 2010; Zohar, Chapter 43 of
this volume).
A no less important line of inquiry that offers a new challenge in

reading the archaeological record concerns intensity of occupation,
i.e. ‘coping with garbage’. This issue has been studied at several
sites through detailed, spatial taphonomic reconstructions, which
have helped to identify locales of different types of activity, domes-
tic, ritual or waste disposal (Bridault et al. 2008; Yeshurun et al.
2013b).

40.5 DISCUSSION

Our current knowledge of the Middle, Upper Palaeolithic, and Epi-
palaeolithic periods in the Levant allows us to predict which of the

three or four primary species are likely, according to period and
geographic zone, to be present at each site. However, additional,
randomly opened ‘windows’ indicate exceptions. These last are
marked by the presence of certain animal species (such as tortoises
at Hayonim Layer E) or taphonomical conditions (Amud Cave in
comparison to Kebara Cave in the Mousterian). As a result of this
new knowledge, additional challenges to our interpretations of faun-
al assemblages are welcome. They need to query why the choice
of animals preyed upon in the fossil record is so limited and how
we might be able to distinguish between ‘background’ fauna and
exploited species. Could such information, were it gleaned from the
archaeological record, actually allow recognition of human fash-
ions, tastes, costumes, and taboos through analyses of the faunal
record?
Preservation is an aspect we cannot control, but one that can

create the most fortuitous conditions (known in palaeontology as
Lagerstätten) for study which in turn affect our interpretations of
the past. Most Levantine sites within the Mediterranean realm are
indeed very rich, albeit in fragmented faunal elements. Broken teeth
and bones are the most numerous elements in recovered assem-
blages. In the past those components were largely ignored; now,
with the establishment of taphonomic observations as routine pro-
tocol for faunal analyses, they are studied with useful interpretation,
albeit with caution. Unfortunately, coping with such numerous frag-
ments has resulted in reports on only partial assemblages.
Quantifications of animal bones, however calculated (e.g. NISP,

MNE, MAU), are meagre if the occupation time and human group
size are taken into consideration (how many animals per month per
25 members in a human group of hunter-gatherers). Neither is it
obvious that faunal assemblages truly reflect the part of animals in
human diets (Speth, in prep., and pers. com.).
Initially, archaeozoologists adhere to archaeological definitions

by looking for telltale signs of cultural entities in faunal records.
Many faunal remains are interpreted as evidence of sophisti-
cated behaviour patterns such as utilization of shells, or exploit-
ation of birds and fish, indicating increasing complexity in human
behaviour. Observations indicate that such sophistication occurred
earlier than was previously thought. Evidence for it may be dis-
cerned in the presence of rare species (e.g. ostrich eggs at Mouster-
ian sites, rhinoceros teeth in caves) and relatively early manifest-
ations of burial offerings.
One important aspect of the study of fauna is in its contribution

to understanding the role of environment, and how it may dictate
changes in human behaviour. Most medium to large sized mam-
mals common in sites considered in this study were associated with
them as early as 0.5 Ma (Tchernov 1988; Yeshurun 2013). Bones
of these species do not reflect accurately major climatic changes.
They can, however, be informative about subtle changes in envir-
onments. We may extrapolate from evidence of human efforts at
exploiting areas substantially distant from sites by assuming that
the immediate environs of those sites were depleted or had insuffi-
cient resources to supply the needs of its denizens. Such appears to
have been the case in late Mousterian and early Natufian times.
Additional lines of inquiry should emphasize studies of exploit-

ation of water sources, as many sites are situated in their
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vicinities. They suggest such activities as gathering and catching
arrays of species from tidal, pelagic, and benthic zones of the
aquatic realm. Crabs, echinoderms, shellfish, various molluscs, and
fish are all plausible examples of likely human utilization of such
species (Bar-YosefMayer, Chapter 44, and Zohar, Chapter 43 of this
volume).

This review would be incomplete without noting a new and
extraordinarily radical way of interpreting faunal records, lately
proposed by Speth (2010, 2012). It suggests that consumption
of meat was primarily related to masculine behaviour, and that
animal flesh was not an obligatory part of everyone’s diet. This
‘Freudian’ interpretation would, if accepted, make most of the dis-
cussion above redundant, but this lies beyond the scope of this
paper.
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41 Biogeography and Palaeoecology of the Early Pleistocene Large
Mammals in the Levant

miriam belmaker

41.1 INTRODUCTION

The Levant is a unique biogeographic entity within southwestern
Asia. It lies at the crossroads of Africa and Eurasia. This land bridge
emerged during the Miocene as a continuous terrestrial belt that
allowed various plants and animal taxa to migrate through in either
direction (Thomas 1985; Tchernov 1988). Unfortunately, there are
far fewer sites that preserve well-dated faunal assemblages than
lithic localities that can be used for palaeontological and palaeoeco-
logical analysis (Bar-Yosef & Belmaker 2011). The paucity of sites
from the Early Pleistocene means that it is not possible to track both
inter- and intra-variability within the sub-regions of the southern
Levant during this long period.

However, observations of faunal assemblages from sites through-
out the Early Pleistocene allow us to conduct a diachronic study
of the patterns that are typical of the fauna of the southern Levant
at that time: (1) a mixed biogeographic origin from several realms
with a dominance of taxa from the western Palaearctic; (2) continu-
ous dispersal of taxa from Africa into the southern Levant; and (3)
alternating environments from humid and wet to drier and more
open habitats.

This paper focuses primarily on patterns apparent in evidence
from large mammals. Evidence from micromammals and birds is
rare in sites in the early Pleistocene (with the exception of ‘Ubei-
diya) and does not allow for a systematic diachronic study through-
out the early Pleistocene.

The main sites that have produced mammalian fossils are Bethle-
hem, ‘Ubeidiya, Evron, Bizat Ruhama, Latamne, and Gesher Benot
Ya’aqov (Fig. 41.1). Several other sites have producedmuch smaller
assemblages.

The mammalian fauna of Bethlehem, Palestine, is the oldest Plio-
Pleistocene assemblage known from the Levant. A bone cache was
found in a well in the city of Bethlehem (Gardner & Bate 1937).
The original finds suggested that lithics might be present, but they
have since been shown to be natural (Hooijer 1958). Based on the
faunal assemblage, the cache has been assigned to the Middle Vil-
lafranchian (Hooijer 1958; Belmaker 2009).

The site of ‘Ubeidiya, presented in detail in this study, exhibits
human remains (Tobias 1966a, 1966b; Belmaker et al. 2002) and
rich lithic (Bar-Yosef & Goren-Inbar 1993) and faunal assemblages
(Haas 1961, 1966, 1968; Tchernov 1986a). Based on the faun-
al assemblage, three faunal units have been identified (Belmaker
2009). The first pre-dated 1.4 Ma and most probably dates between
1.6 and 1.4 Ma, the second and third date to 1.4–1.2 Ma.
Evron Quarry (Tchernov et al. 1994; Ron et al. 2003) is

located near Kibbutz Evron on the coastal plain of the western
Galilee, Israel. Palaeomagnetic studies have suggested a date ca.
1.0 Ma (below the 0.78 Ma Brunhes–Matuyama boundary) for the
archaeological-bearing strata. The site has yielded in situ Acheu-
lian deposits that include quartz/limestone pebbles and flint arte-
facts. Handaxes collected from the quarry were associated with the
assemblage (Ronen 1991). A small faunal assemblage was retrieved
(n = 36) (Tchernov et al. 1994).
Bizat Ruhama is located in the eastern part of the southern

Coastal Plain of Israel (Ronen et al. 1998). The date of the site
is estimated to be around 1.0 Ma based on magnetostratigraphy
and red thermoluminescence (RTL) dating methods (Ron &Gvirtz-
man 2001). The site exhibits a large and highly variable lithic
assemblage, with no bifaces, dominated by notches and denticu-
lates (Zaidner 2003a, 2003b; Zaidner et al. 2003). There is only a
small faunal assemblage (Ronen et al. 1998; Yeshurun et al. 2010).
Latamne is located ca. 40 km north of the village of Hamma,

Syria, on the Orontes River. It consists of a ‘living floor’ with a
large lithic assemblage and faunal assemblage (Clark & Van Dusen
Eggers 1966; de Heinzelin 1966; Clark 1967, 1968). The date of
the site was estimated as 0.7 Ma based on faunal correlations, but
the presence of the arvicolid Lagurodon aranake (Mein&Besançon
1993) and typo-technological affinities of the lithic assemblage sug-
gest a date of ca. 1.0 Ma (Bar-Yosef & Belmaker 2011).
Gesher Benot Ya’aqov is located in the northern Dead Sea rift,

4 km south of the Hula Valley, Israel. The site exhibits hominin
palaeoanthropological remains, a wealth of lithic remains, a large
faunal assemblage and a unique botanical assemblage (Goren-
Inbar et al. 2002a, 2002b; Rabinovich et al. 2008). The Acheulian
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Figure 41.1 Location of sites mentioned in the text. GBY, Gesher Benot Ya’aqov.
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industrial complex lithic assemblage represents a unique technol-
ogy. It suggests affinities to Africa and has been interpreted as evi-
dence for a second dispersal event. The site has been dated to the
0.78 Ma Brunhes–Matuyama boundary (Goren-Inbar et al. 2000).

41.2 BIOGEOGRAPHIC ORIGIN OF THE TAXA IN
THE EARLY PLEISTOCENE

Fauna can be traced to one of several biogeographic provinces.
The main realms are Palaearctic (western and eastern), Nearc-
tic, Ethiopian, Oriental, Australian, Neotropical and Antarctic. The
IUCN has identified provinces within each realm that correspond to
ecotones (Udvardy & Udvardy 1975).

The fauna in the southern Levant can be traced to a mixture from
several provinces. However, mammals from the western Palaearc-
tic realm dominated the early Pleistocene, for example the cervid
species (Praemegaceros verticornis complex, Pseudodama nestii,
Cervus elaphus, Dama mesopotamica, Capreolous capreolous),
Eurasian Suid (Sus struzzi), Eurasian bovids (Gazellospira torticor-
nis, Leptobos etruscus, Bison sp., Bos sp., Pontoceros/Spiroceros),
Equidae (Equus ex. gr. stenonsis), Rhinocerocerotidae (Stephnorhi-
nus etruscus), Proboscideans (Mammuthus trongontherii), Canidae
(Lycaon lycaonoides, Vulpes cf. V. praeglacialis, Canis auraus),
Felidae (Panthera cf. P. gombaszoegensis, Lynx sp., Felis sp.), Ursi-
dae (Ursus etruscus), Mustelidae (Pannonictis pilgrimi) and Pri-
mates (Macaca sylavna).The eastern Palaearctic fauna includeNyc-
tereutes megamastoide.

Fauna from the Ethiopian realm are of particular interest as
they are indicative of dispersals from Africa and are detailed in
the section below. Their ebb and flow usually point to the shift
in climatic regime between more humid, wetter periods and drier
periods.

Both the micromammal assemblage of ‘Ubeidiya (Tchernov
1986b) and the avian assemblage (Tchernov 1980) mirror the pat-
tern observed in the large mammals. Both assemblages include
fauna from the Palaearctic (western and eastern), Oriental and
Ethiopian provinces.

41.3 DISPERSAL OF FAUNA FROM AFRICA

The dispersals from Africa have been the topic of much discussion
in the literature and have provided the background for much of the
theory about the tempo and mode of dispersal out of Africa (Bar-
Yosef 1999; Aguirre 2006; Belmaker 2010a; Martínez-Navarro
2010).

The African fauna in the late Pliocene site of Bethlehem include
Homotherium sp. and Hipparion sp. The presence of the three-toed
horse suggests that the site pre-dates the famous ‘Equus–Elephas’
event (Azzaroli 1983; Azzaroli et al. 1988). However, the absolute
dating of this event has proved challenging, and while it has been
often dated to 2.5Ma, recent studies suggest that that the appearance
ofEquus should be dated to the base of theMatuyama chron (Agust́i
& Oms 2001), at ca. 2.7 Ma.

The presence of Giraffa sp., uncovered in Bethlehem, poses an
interesting biogeographic problem. While it may represent part
of the Africa dispersal, it may also be evident of an old Mio-
Pliocene relict of Eurasian giraffes (Robinson & Belmaker 2010).
The paucity and fragmentation of the remains does not allow for
definitive conclusions at this time.
The Cercopithecinae cf. Theropithecus sp. (Belmaker 2010b)

appears in the first faunal unit of ‘Ubeidiya. Several other faunal
taxa appear in the second faunal unit: these include Kolpochoerus
olduvaiensis, Oryx sp. Equus tabeti/altidens and the carnivores
Megantereon cf. whitei. Other possible taxa that arrived at this time
are the honey badger, Mustelidae cf. Mellivora sp., and the Viviri-
dae Herpestes sp. No novel African taxa appear in the third faunal
unit of ‘Ubeidiya. The only new taxon is Camel sp., but specimens
derived from these strata are too fragmented to identifywhether they
belong to an African taxon or a Eurasian one.
In addition, for several taxa, it is not easy to identify them as

African, or it is difficult to identify their first time of appearance
as the early Pleistocene. Thus, Giraffe cf. jumae, which appears in
the second faunal unit, may be a part of a novel dispersal during
this time period, or a relict from the giraffid fauna from Bethlehem
(Robinson&Belmaker 2010). Similarly, the question of appearance
ofHippopotamus as a new African taxon has been questioned (Bel-
maker 2010a). In ‘Ubeidiya, two Hippopotamus taxa were uncov-
ered, H. gorgops and H. behemoth (Faure 1986). The latter is an
endemic form. For this form to have evolved, we would require a
rather lengthy amount of time, suggesting dispersal prior to the date
of the ‘Ubeidiya deposits (Belmaker 2010a). However, while the
taxon Hippopotamus amphibius was mentioned in the earlier pub-
lications of Bethlehem (Gardner & Bate 1937), Hooijer suggested
that the original identification was in error and did not include it in
subsequent publications (Hooijer 1958). Since all otherHippopota-
mus in Europe is dated to later than 1.2 Ma (Martínez-Navarro et al.
2003), it is more likely that the ‘UbeidiyaHippopotamuswas indeed
a result of a recent African dispersal which appeared in the first fau-
nal unit.
Several taxa have been suggested to be of African origins but

should be reconsidered. Crocuta crocuta has recently been shown
to be of Asian origin (Sheng et al. 2014 contraRohland et al. 2005).
Gazella gazella had already been present in the Levant since the
Miocene (Savage & Tchernov 1968; Tchernov et al. 1987), so it is
more probable that the Early Pleistocene populations are descended
from those populations and are not a new dispersal.
Following the large inward flux of African taxa in the second

faunal unit in ‘Ubeidiya, African taxa continue to persist in the
Levant. This is evident from Equus tabeti found in Bizat Ruhama
(Yeshurun et al. 2010) and in Latamne (Guérin et al. 1993), as well
as Hippopotamus found in Evron (Tchernov et al. 1994) and in
Latamne (Guérin et al. 1993). However, there is a large decrease
in the appearance of new forms from Africa after 1.2 Ma. New taxa
that do appear fromAfrica and that are identified in sites dating from
ca. 1.2 to 0.78 Ma can be roughly divided into Epivillafranchian
faunas and Galerian faunas.
Epivillafranchian faunas (ca. 1.2–1.0 Ma) are represented by the

sites of Bizat Ruhama (Yeshurun et al. 2010) and Evron Quarry
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(Tchernov et al. 1994) in Israel, Latamne in Lebanon (Guérin et al.
1993), and Dursunlu in Anatolia (Güleç 1996; Louchart et al. 1998;
Güleç et al. 1999, 2009). A dispersal of new taxa from Africa is
attested by the arrival of the suid Kolpochoerus evronensis in Evron
Quarry and by Giraffa camelopardalis at Latamne (Robinson &
Belmaker 2010).
One of the main discussions which has influenced how we view

the out of Africa faunal dispersals has been the taxonomic assign-
ment and biogeographic origin of the genus Bos and the assign-
ment of the family of large Plio-Pleistocene African bovids from the
Levant. Originally, these were assigned to Paleorovis oldowayensis,
and they have been identified in ‘Ubeidiya (Geraads 1986), with a
similar but smaller taxon in Gesher Benot Ya’aqov, P. turkanen-
sis (Martínez-Navarro 2000). Recently, Martínez-Navarro has sug-
gested that the type species should be reassigned as Bos (Martínez-
Navarro et al. 2009) and that the genus should be identified as an
African taxon rather than a Eurasian one. Based on this identifica-
tion, the taxon from ‘Ubeidiya was identified as Bos oldowayen-
sis (Martínez-Navarro et al. 2012), with a smaller Bos buiaensis
identified at the site of Gesher Benot Ya’aqov (Martínez-Navarro &
Rabinovich 2011).
The implications for understanding out of Africa dispersal are

considerable. If we follow the original identification, following the
dispersal out of Africa which was present at ‘Ubeidiya, there was
an additional influx of Eurasian taxa, including Bovini gen. et sp.
indet. (cf. Bison sp.) and during the Epivillafranchian also Bos sp.,
into the region. On the other hand, if we follow the new taxonomic
scheme, continuous influx of Bos taxa fromAfrica has been present,
and these have diversified in the southern Levant. The origin of all
the current Eurasian Bos would have been African.
I have argued elsewhere (Belmaker 2010a) that the ecological

dispersal pattern of large African grazers was unique and was very
short in time, i.e. it did not progress past the Brunhes–Matuyama
reversal, and was not extensive geographically, i.e. it was limited to
the southern Levant. This is due to the dispersal being an expansion
of range, and therefore the Levant reflects the sub-optimal limit of
the dispersal range of the taxon. I have also pointed out that other
genera, such as carnivores and primates, that were generalists could
adapt to new environments and thus had not only a long temporal
range but also a wide geographic one.
It is improbable that larger grazers would have adapted well to a

new climate with new vegetation types, high competition from local
cervids and a rapidly changing climate. It is my opinion that the
identification of the bovids should follow those of Geraads (Ger-
aads 1986) and use the old nomenclature: thus the African taxon
is indeed Paleorovis, which was persistent in the region until the
Galerian and then became locally extinct. The appearance of Bos
in the Epivillafranchian is therefore a Eurasian dispersal and not an
African one.
Thus the pattern that appears in the Levant is a continuous influx

of Africa taxa (Fig. 41.2). While it appears that we have dispersal
pulses, it may only appear to be the case because we have such a
small sample size. The largest influx of taxa is in the second faunal
unit of ‘Ubeidiya which was followed by a continuous flow of new
species, but in smaller numbers.
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Figure 41.2 New African taxa as a percentage of total species from the late
Pliocene to the end of the early Pleistocene.

41.4 PALAEOECOLOGY

Themodern terrestrial ecological signatures of both the flora and the
fauna of the region developed early in the Pleistocene. The exact
composition of species may have changed throughout the last 2.5
million years, but the overall biome structure, as a Mediterranean
region surrounded by a more arid region in the south and east, and a
temperate region in the north, did not alter significantly (Suc 1984).
The fauna from Bethlehem included fauna from a mosaic of

environments. Several taxa represent closed and dense forest envir-
onments, which flourish in humid environments. These include
Nyctereutes megamastoides, Leptobos and Sus strozzi. Two other
species require open habitats but browse vegetation to survive.
Thus, they indicate a high level of precipitation. These include
Stephanorhinus etruscus and Giraffa sp. A grazer taxon is Hippar-
ion sp. Overall, the environment suggested is one that is more humid
than today and has denser woodland coverage.
Similarly, the site of ‘Ubeidiya has been shown to be dominated

by Mediterranean forests (Belmaker 2010a). Compared with Beth-
lehem, the increase in mammalian fauna from Africa and specifi-
cally in the African grazers in faunal unit 2 represent a period of
an increase in open area and availability of grazing for these taxa.
The increased shift towards a more open, arid habitat, compared
with earlier sites dominated by cervids and woodland taxa, is evi-
denced by the increasing dominance of equids (Equus altidens) and
the mammoth (Mammuthus trogoetherii).
Throughout ‘Ubeidiya, there is a general trending toward dry-

ing which is evident in the geology of the site (Mallol 2006). This
is mirrored in the large fauna. This slow climate desiccation is
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evidenced by a decrease in the abundance of cervids between the
first faunal unit, where they comprise more than 60% of the assem-
blage, to the second faunal unit, where cervids comprise 20–40%
and equids comprise up to 30–40% of the assemblage (Belmaker
2006). Another indication for the general drying trend is the appear-
ance of Camelus sp. and the jerboa Allactagea euphratica in the
third faunal unit. Furthermore, a study of the rodents indicates that
the older strata of the second unit (stratum II 24) include a high
proportion of woodland rodents such as Apodemus ssp. while the
younger stratum (II 36) includes a high proportion of open grass-
land rodents such as Lagurodon arankae (Belmaker 2005).

For the Epivillafranchian, the assemblage of small fauna in Bizat
Ruhama (1.0 Ma) has revealed only bovid, equid and hippo remains
(Ronen et al. 1998; Yeshurun et al. 2010). In Evron (1.0 Ma), the
cervid sample comprises only four specimens of a total of 36 (11%)
identified specimens (all taxa), whereas bovids are represented by
11 specimens (30%) (Tchernov et al. 1994). In contrast, in Latamne,
which is in the northern Jordan Valley, cervids form a much higher
proportion of the assemblage (Guérin et al. 1993).

Thus, the absence or low proportion of cervids in Bizat Ruhama
and Evronmay be the result of the small sample size or may indicate
a regional (or chronological) shift from more humid regions, where
the forest cover would have been higher and thus could have sup-
ported a high cervid population, to drier regions with a more open
forest and scrubland habitat represented by a high equid frequency.
Similarly, Dursunlu in the generally central Anatolia (1.0–0.78 Ma)
is characterized by the high frequency ofEquus caballus mosbchen-
sis and E. altidens (Güleç et al. 1999).

In the Galerian of Gesher Benot Ya’aqov, the high proportion
of cervids is again indicative of a dense oak forest. The botanical
remains of Gesher Benot Ya’aqov suggest the presence of Mediter-
ranean wood and plant, and a climate pattern in the Hula Valley at
the time of deposition that resembled the seasonal Mediterranean
pattern seen today (Goren-Inbar et al. 2000). While Mediterranean
vegetation is dominated by evergreen sclerophyllous shrubland of
oaks (Quercus ssp.), olives (olea) and Pistacia, different commu-
nities occur depending on environmental gradients such as mois-
ture, nutrients and temperatures (Allen 2001).

Thus, the large fauna appear to show shifts between periods
of wet/humid conditions and drier conditions, perhaps following
global climatic forcing. Thus we have a Late Pliocene wet period
(2.7–2.5), a gradual drying out throughout the ‘Ubeidiya sequence
(‘Ubeidiya 1.4–1.2), and an increasingly humid period in OIS 18 in
Gesher Benot Ya’aqov (0.78 Ma). The shift between more humid
environments in the Jordan Valley (Latamne) and drier environ-
ments along the Mediterranean coast (Evron, Ruhama) during the
Epipalaeolithic can be attributed to ecotonal differences along the
north–south and east–west gradients of precipitation existing in the
southern Levant.

41.5 CONCLUSIONS

The Levant has been viewed as a biogeographic corridor through
which African taxa, including hominins, dispersed into Eurasia. It

has been a point of contention as to whether we should speak of
dispersal(s) as discrete entities that can track when the biograph-
ical corridor is open and allow for movement of fauna when it is
closed, or whether a different model is more appropriate. Based on
the model of discrete dispersals, there are only a few periods during
the Early Pleistocene in which climate conditions allowed for such
biographic dispersal. However, closer inspection of the data encour-
ages us to look at a different model. This model views the Levant
as a permanently open corridor. As such, fauna will continuously
disperse into Eurasia based on various conditions of the parent
population such as population size and resources.
For fauna to disperse from Africa into the southern Levant, it is

generally accepted that they would need to follow a favourable cli-
matic route. Geological evidence indicates that a well-developed
arid area has been in place throughout North Africa for the past
7 Ma, and the process of aridification accelerated during the past
2.8 Ma (deMenocal 2004). Nonetheless, humid corridors, which
included mega-lakes and river belts, appeared temporarily within
this arid region owing to regional climate changes. While the pres-
ence of a geological humid period is not necessarily confirmed evi-
dence for a dispersal event, it can serve to support it.
Three humid periods have been identified along the Levantine

corridor during the Early Pleistocene, which may have supported
the dispersal of fauna during the Pleistocene: 2.0–1.6 Ma, 1.4–1.2
Ma, and 1.0–0.8 Ma (Abbate & Sagri 2011). The close look at the
fauna presented in this paper suggests that dispersals from Africa
are not concentrated into three discrete pulses. If we do observe the
pattern that identified three pulses of faunal dispersal corresponding
to the above three humid periods, this may really be the result of our
low sample size rather than a true opening and closing of the bio-
geographic corridor between East Africa and the southern Levant
(Bar-Yosef & Belmaker 2011).
A speleothem formation in the Negev suggests a longer Negev

Humid Period (NHP) between ca. 1.7 and 1.25 Ma followed by
shorter, intermittent humid periods (Vaks et al. 2007). This would
suggest that much of the Pleistocene period was humid (compared
with today’s climate), which would have provided an open biogeo-
graphic corridor. This is supported by modelling of the dynamics of
the Green Sahara Periods (GSP), which have been shown to occur
in 400 and 100 kyr clusters between 5 Ma and 0.9 Ma and less fre-
quently thereafter (Larrasoaña et al. 2013).
Thus, we need to consider a model which suggests that during the

early Pleistocene, conditions allowed fauna to move freely between
sub-Saharan Africa and the Levant; that movement of fauna (includ-
ing humans) from that region would have occurred in various time
periods according to various conditions motivated by inter- and
intra-species competition rather than climatic conditions; and that
the presence of African taxa in the southern Levant is not indicative
of an open (or closed) biogeographic corridor.
Today’s climate in the region is dominated by cold winters,

with the precipitation brought by the westerlies. Since the synop-
tic hydrological conditions may affect the whole of southwestern
Asia, the question is whether and how the oscillations from warm
to cold, and humid to dry, have affected the Levant since the early
Pleistocene (Frumkin & Stein 2004).
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The data from the large mammals suggests that the large fauna
mostly track early Pleistocene climatic forcing and shifts in humid–
dry oscillations in the region, as well as depicting the spatial gra-
dient of humidly from north to south and from east to west that
we can track today. Following the Galerian, ancient fauna became
extinct, and modern fauna, which were to remain on the landscape
for the next 800,000 years, became dominant. However, we have
shown that the basic patterns that are apparent in today’s fauna were
present as long ago as the early Pleistocene.
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42 The Kaleidoscope of Mammalian Faunas during the Terminal
Pleistocene and Holocene in the Southern Levant

guy bar-oz and lior weissbrod

42.1 INTRODUCTION

High rates of species extinction and loss of biodiversity due to
human activities make the Holocene a unique period in compari-
son to the entire Quaternary. Major waves of mammalian extinction
of the scale documented in the Americas across the Pleistocene–
Holocene boundary or earlier in Australia (e.g. Martin 1984; Brook
& Bowman 2002; Burney & Flannery 2005) never occurred in the
southern Levant. Nonetheless, local faunal communities were dis-
rupted during the Holocene by the elimination of many species
and addition of others (Tchernov 1982, 1984, 1988). The geo-
graphic pattern, timing, and cultural and environmental contexts
of these critical events remain poorly understood. Thus, the con-
trast between modern and Pleistocene faunas has often provided
a crude baseline in assessing impacts of Holocene palaeoenviron-
mental fluctuations and the history of anthropogenic landscape
transformation.

It is generally thought that during the Holocene (�11,700 cal
BP to present), the growth of human settlement, agricultural and
industrial activities has played amajor role in environmental change
(Blondel 2009). This is especially true in the Levant where such
developments began early. At the same time, the climate became
drier, and amplitudes of its fluctuations appear to have been milder
in comparison to the Pleistocene (Bar-Matthews et al. 1999).Where
mammalian communities are concerned, little is known regarding
the pace of, or which phases in the sequence of cultural develop-
ment had the most influence on the distribution of different species
or their local extinction.

The southern Levant is situated at a unique biogeographic inter-
section of different continents and ecoregions. These circumstances
account for the relatively high diversity of species in the region
and account for the hypersensitivity of its mammalian commu-
nities to human pressure and environmental fluctuations (Tsahar
et al. 2009; Bar-Oz et al. 2015). Many species here are either on
the northern or on the southern edges of their range of distribu-
tion. It is, therefore, likely that the composition of local commu-
nities should react to even minor changes in environmental condi-

tions through either losses or gains of species from different types of
ecoregions.
Data available to examine long-term community dynamics in

mammalian species are obtained from archaeological sites accu-
mulating through human activities and in some cases through non-
anthropogenic processes. The records used in this review are from
areas characterized by mean annual precipitation of > 200 mm in
ecoregions of Mediterranean vegetation community and adjacent
semi-arid environments. Arid environments have so far furnished a
sparse and discontinuous fossil record. Consequently, the spectrum
of species adapted specifically to these arid settings is underrepre-
sented in the available record and not included in this chapter.
The types of archaeological contexts producing the relevant faun-

al assemblages changed with the onset of the Holocene. Dense,
long-term settlement and sites that aremore complex replaced occu-
pation of caves and ephemeral open-air settings. Long-term settle-
ments contain large amounts of faunal remains, mainly of domestic
animals such as sheep, goat, cattle and pig together with smaller
amounts of hunted game. Accumulation of different predators typ-
ical of caves were rare in Holocene sites. Preying birds such as owls
were in many cases responsible for the accumulation of small mam-
mal remains in caves during the Pleistocene.
To assess the existence of trends in biodiversity of mammalian

species at century and millennial scales, a refined framework of the
pace of changes during the Holocene is needed. A critical ques-
tion is whether such changes are mainly a product of recent, severe
impingement on the environment by large-scale population growth,
industrialization and urbanization. Alternatively, we may be look-
ing at a long drawn-out and phased process involving multiple
environmental and anthropogenic factors in contexts of different
cultural developments in historical times.
In this review, we present data on temporal patterns in the

composition and distribution of mammalian species in the southern
Levant compiled from more than 80 years of research. We com-
pare and contrast data on two groups of species with very dif-
ferent life-history traits, ecologies and mode of interaction with
humans: the medium–large and small mammals. In spite of the
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Figure 42.1 Chart of presence/absence of species of ungulates and carnivores between the terminal Pleistocene and present day showing local extinc-
tions and introductions of wild and domesticated species. Chart is based on the Archaeozoological Database of the Southern Levant of the Laboratory of
Archaeozoology, University of Haifa (see also Tsahar et al. 2009). The database includes 382 assemblages from 190 archaeological sites. For comparison,
we include data for the late Pleistocene (taken from Tchernov 1984: Table 24.1).

abovementioned difficulties facing such a synthesis, a coherent
dataset is now available from different terminal Pleistocene and
Holocene archaeological sites in the southern Levant. This large
dataset provides a sufficient basis for determining the patterns of
presence or absence of species with high confidence.

42.2 THE DYNAMICS OF LOCAL EXTINCTIONS

42.2.1 MEDIUM TO LARGE MAMMALS

A high-resolution, temporal portrayal of south Levantine faunal
data (Fig. 42.1) constructed during the 1990s and 2000s (e.g. Hor-
witz & Tchernov 1990; Grigson 1995) is employed here together
with recent meta-analysis of the extensive dataset for medium–
large mammals (Tsahar et al. 2009). The �30 medium to large
wild mammals of the late Pleistocene were halved to �15 by the
early twentieth century. Many of these 30 mammals were observed
in the region until the nineteenth or early twentieth centuries; by
then, most species of both ungulates and carnivores >10 kg had
become extinct locally. In comparison, mammalian communities of

the southern Levant lost nearly 30 species throughout the preceding
million years (Tchernov 1984). The dynamic of local extinction was
far from one fell swoop. Local extinction and displacements of mul-
tiple species affected both the predators (carnivores) and their prey
(ungulates), involving extinctions of 5 species before the Holocene
and 12 species spanning the late Holocene.
High-resolution data show that the Holocene wave of extinc-

tions was in itself non-homogeneous. Rather, it encompassed two
major events and a minor third one. (1) The first event occurred
during the first millennium BC in the later phase of the Iron Age
(IAII) and includes three large ungulates (aurochs, hartebeest and
hippopotamus); (2) a minor event including one medium ungu-
late (red deer) and one large carnivore (lion) occurred during the
early second millennium AD in the Crusader period; and (3) the
second major event involving three medium ungulates (wild goat,
and fallow and roe deer) and at least two carnivores (brown bear
and cheetah) occurred during the beginning of the twentieth cen-
tury and is known largely from historical documents (Yom-Tov &
Mendelssohn 1988; Mendelssohn & Yom-Tov 1999). These events
are linked to major historical developments, including large-scale
human expansion in the Iron Age, and a surge in unregulated
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Figure 42.2 Body mass of ungulates and carnivores that became extinct in the southern Levant between the terminal Pleistocene and the present (extinct
species shown in Fig. 42.1).

hunting of large game using firearms early in the last century
(Tsahar et al. 2009; Bar-Oz et al. 2015). Both towards the end of
the Iron Age and early in the twentieth century, political unrest
and destabilization of local authorities may have contributed to an
increase in hunting pressure on local game populations, for some of
which a critical mass must have been reached at those times.

Among ungulates, species of comparatively large body mass
including hippopotamus, aurochs, and hartebeest were the first to
be extirpated regionally early on in the late Holocene, followed
by medium-sized species in the first millennium AD (Fig. 42.2).
Large-bodied species for which the southern Levant marks either
the northern or the southern edge in the range of distribution were
more vulnerable to combined pressure from human hunting and
rapid habitat loss due to anthropogenic landscape transformation
(Fig. 42.3). Large species are also more susceptible to such pres-
sures than smaller ones owing to their slow rates of reproduction,
which decreases population rebound following substantial losses
in numbers. It is also likely that large ungulates inhabiting fertile
plains came into direct competition for space with humans in some
of the more populated parts of the region. Expansion in human set-
tlement and agricultural activities would have fragmented the habi-
tat of these species.

Similarly, lion, leopard, cheetah and brown bear became locally
extinct in the late Holocene (Fig. 42.1). The leopard persists in the
less populated dry region of the Negev Desert in southern Israel.
The extirpation of large carnivores may have coincided with that of
potential prey such as deer and wild goat. Predator–prey dynamics
need not necessarily be implicated in these extinctions, nonetheless,
as direct hunting of large carnivores by humans (especially royal

hunting; Marom&Bar-Oz 2013a) is a highly probable and possibly
a sufficient cause as well (Dolev & Perevolotsky 2004).
The spread of herding economies and grazing by domestic herbi-

vores would have constituted another source of competition for
wild herbivores of the region. Domesticated mammals occur in the
southern Levant from the ninth to eighth millennia BP. Some, such
as sheep and goats, were most likely introduced from centres of
domestication in the northeast (Zeder 2008), whereas there is some
indication that other species such as cattle and pig were domesti-
cated locally (Marom & Bar-Oz 2013b). Ancient DNA analysis of
pigs also indicates secondary introductions of European lineages
during later periods in history (Meiri et al. 2013).
Species that have persisted and maintained stable populations

through antiquity until modern times seem to be those capable of
tolerating and even benefiting to some degree from human impinge-
ment on natural habitats. Small ungulates such as the gazelle ven-
ture into open fields in agricultural areas. Many species of carni-
vores including the striped hyena, canids, small felids, mongoose
and mustelids tend to feed on refuse in the human environment or
on abundant small prey present in these environments.

42.2.2 SMALL MAMMALS

Data on the occurrence of small mammals throughout the Holocene
are insufficient to evaluate the local community dynamics in time
in any detail. Substantial data are available only for the end of
the terminal Pleistocene (e.g. Tchernov 1988, 1996; Weissbrod et
al. 2005, 2013). The Iron Age is the only interval for which sys-
tematic collection and analysis of the remains of small mammals
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Figure 42.3 Distributions of species from terminal Pleistocene through Holocene intervals. These are based on remains in archaeological sites and com-
pared with present-day ranges in the Levant (insets; species distribution ranges are based on distribution maps in http://www.iucnredlist.org). Bear (a) and
red deer (b) retreated northwards as far as Anatolia, the deer within ca. 800 years and the bear within a single century; such habitat loss most likely proceeded
through fragmentation as demonstrated (c) by the eastern spadefoot toad, Pelobates syriacus, for which the present-day range consists of isolated patches
and the historic range (shaded regions) was more continuous (Delfino et al. 2007).

has been conducted (Weissbrod et al. 2013, 2014). The commu-
nities of small mammals demonstrate a very different sequence
from that of the larger species, involving markedly fewer losses as
well as several gains of species (Fig. 42.4). Two species of rodents
are known to have invaded the Mediterranean ecozone of the Le-
vant from adjacent arid regions just prior to or during the termi-

nal Pleistocene (Tchernov 1988). These include the spiny mouse,
of Saharan origin, and Wagner’s gerbil, of Arabian origin, typically
occupying open vegetation formations such as rocky slopes.
Following Tchernov (1988), it is possible that additional species

of spiny mice, gerbils, jirds and jerboas which today are distributed
in dry environments in Transjordan, the Negev desert and coastal

Figure 42.4 Presence/absence of small mammal species between the terminal Pleistocene and present day, showing local extinctions and introductions of
wild and commensal species (data are from Tchernov 1984: Tables 24.2–3; Weissbrod et al. 2014).

http://www.iucnredlist.org
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sand dunes of the eastern Mediterranean invaded the southern
Levant during the same period and in some cases emerged as the
result of local speciation (e.g. Zahavi & Wahrman 1957). A record
of these faunal events, occurring outside the Mediterranean eco-
zone, is not currently at hand. It is likely that the invasion and ongo-
ing colonization of species adapted to open, arid environments goes
hand in hand with the expansion of open landscapes at the expense
of forested ones withinMediterranean environments of the southern
Levant at least since the terminal Pleistocene.

Four species of small mammals became locally extinct between
the early Holocene and present (Fig. 42.4). In contrast to the larger
mammals, there is only a modest loss of small mammals in the
Holocene. The record of local Holocene extinctions indicates that
they occurred throughout this interval: Persian squirrel is last docu-
mented in the Neolithic, golden hamster in the Early Bronze Age,
Roach’s dormouse in the late Iron Age and water vole in the early
twentieth century. The habitats of these species include woodland,
open vegetation, and marsh or streamside. The ranges of distribu-
tion of all of these species shifted northwards to varying extents.
The squirrel shows the least amount of range loss and continues
to persist today in some high-elevation regions of Lebanon, Syria
and Jordan. It is difficult to assess the role of predator–prey inter-
actions in the community dynamics of small mammals during the
Holocene. Most species of raptors and of small mammalian carni-
vores that feed on small mammals, except for the weasel (Fig. 42.1),
have survived in this region to this day; changes in their population
size and distribution are unknown.

Two additional species seem to have colonized the southern Le-
vant in terminal Pleistocene–Holocene times. The earliest house
mice were documented in sites preceding the Holocene by a few
thousand years, and have invaded the region with the advent of more
sedentary settlements and settled ways of life (Cucchi et al. 2005).
The invasion of house mice may have been made possible through
partitioning of the habitat with indigenous wild mice: within the
area of sympatry in the Mediterranean region, house mice seem to
be largely confined to settled and agricultural areas (Auffray et al.
1990). A second highly commensal species, the black rat (Rattus
rattus), has been identified in several instances in deposits of the ter-
minal Pleistocene (Tchernov 1984; Weissbrod et al. 2005; Edwards
& Martin 2007). Pre-Holocene remains of black rat are rare, how-
ever, and have not been discovered in any Holocene deposits pre-
dating the first century BC (e.g. Bar-Oz et al. 2007). It has been
argued using data from the fossil record that the black rat spread
from its centre of origin in southeastern Asia only after the emer-
gence of urbanism in middle–late Holocene times (Ervynck 2002).
This species seems to have arrived in west Asia and subsequently
in Europe late during the second half of the first millennium BC. A
second species of rat, the brown rat (Rattus norvegicus), is thought
to have been introduced to west Asia and Europe only in recent cen-
turies.

42.3 SYNOPSIS AND FUTURE RESEARCH

Biodiversity of mammalian communities in the southern Levant
today is the product of interacting biotic and anthropogenic factors

during the last ca. 20,000 years. This observation is highlighted by
the seeming contrast between the two groups of medium–large and
small mammals in the dynamics of losses and gains of species. The
medium–large mammals sustained merely a few losses in the latest
Pleistocene or early Holocene, unlike the major extinction events
of such species documented in the Americas (Grayson 2007). Sub-
sequently, further losses occurred through a drawn-out and phased
process during late Holocene to near-modern times involving three
separate local extinctions. The largest species were extirpated early
on in this sequence, probably because of their enhanced ecological
vulnerability. Survivors include mainly those species that are rela-
tively small, and those that have adapted to exploiting the human
environment.
The community of small mammals demonstrates fewer losses as

well as several gains of species. Invasions of new species occurred
during the latest Pleistocene, probably in relation to the expansion
of open vegetation environments at least since post-glacial times.
Additional invasions involving commensal species populating the
human environment occurred between the very end of the Pleis-
tocene and the late Holocene. A few species retreated from the
southern Levant to the north through a sequence widely spread out
across the entire Holocene.
Owing to relatively narrow habitat requirements of small mam-

mals, these species are particularly sensitive to fragmentation and
loss of habitat. However, the apparent inconsistency in patterns of
local extinction between the two groups indicates that direct per-
secution of larger mammals played a critical role in their even-
tual extirpation. Habitat loss and fragmentation due to climatic or
anthropogenic impacts or imbalances in predator–prey interactions
were important in their influence on extinction dynamics within the
region. Nonetheless, it is hunting by humans that may have dealt
the final blow. Intensified and uncontrolled hunting activities seem
to correlate with periods of heightened social and political unrest in
the southern Levant: the end of the Iron Age, the Crusader period
and the nineteenth to early twentieth centuries. Thus, overhunting
may have overwhelmed populations of otherwise resilient species
persisting on the edges of their range of distribution in spite of pres-
sures from landscape transformation and habitat loss.
Future research will combine intensive recovery of relevant

archaeozoological materials with ancient DNA and isotopic studies
to upgrade the existing knowledge base. Sophisticated modelling
approaches to long-term community dynamics such as predator–
prey interactions in the context of foodweb evolution are currently
needed to address critical questions regarding the continued sustain-
ability and conservation status of south Levantine biotas.
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43 Fish Exploitation during the Quaternary
Recent Knowledge

irit zohar

43.1 INTRODUCTION

The role of aquatic habitats in general, and the fish within them
in particular, in the palaeo-diet over the last one million years has
been overlooked by researchers, especially when compared with the
attention given to the role of game. The rarity of studies on fish
remains resulted in the common concept that ‘for early man, water
was a barrier and a danger, not a resource’ (Washburn & Lancaster
1968).

Were the aquatic habitats indeed a barrier and not a dietary
resource that provided diversity and economic stability? Were fish
indeed absent from archaeological sites? Recent studies (Erland-
son 2001; Alperson-Afil et al. 2009; Stewart 2010; Zohar & Biton
2011) exhibit our biased knowledge on the role of fish in the diet of
early hominins. This is due to the absence of comprehensive studies
on fish remains from archaeological sites (regardless of the period
excavated), and the perception that hunting was more important and
started earlier than fishing. Above all, the significance of aquatic
habitats to human evolution, their importance to the broad-spectrum
economy during human spread out of Africa, and the cognitive abil-
ities required for their exploitation are still surprisingly ignored.

In this chapter, I present a diachronic review on the role of fish
to ancient societies, from the Lower Palaeolithic to the agricultural
revolution (Pre-Pottery Neolithic) in the southern Levant based on
published and unpublished data on fish remains recovered from
coastal and inland archaeological sites.

The following questions are examined. (a) What is the earliest
evidence for fish exploitation? (b) Which habitat was the first to
be exploited: marine or freshwater? (c) Does fish exploitation mark
economic stability and prosperity, or economic and dietary stress?
(d) What was the role of fish in technological innovations for long-
term food processing? (e) What was the role of fish in trade?

43.2 FISH DIETARY CONTRIBUTION

The main dietary advantage of fish is the high-quality protein that
contains all of the nine essential amino acids needed by the body

to make new proteins (Nunes et al. 2003). Moreover, fish are low
in saturated fatty acids (2.5–15% total fat) and are high in a wide
variety of unsaturated fatty acids such as omega-3 (Table 43.1). The
latter are considered to play a role in brain development and in pre-
venting several human diseases, including heart disease. In all, a
single serving of fish products (ca. 150 g) provides 50–60% of daily
protein needs for a healthy adult (de Lorgeril et al. 1999).

43.3 ANALYSIS OF FISH REMAINS

Variations in the role of fish through time were examined with
respect to several attributes (Table 43.2): site location (coastal or
inland); aquatic habitats located in the vicinity of the site (coastal,
lake, river); fish identified (to family level); the habitat in which the
fish could have been captured (littoral vs deep water); evidence of
seasonal exploitation; and evidence of fish processing for preserva-
tion and trade.
It should be noted that the data examined vary in the sievingmeth-

ods applied, sample size recovered, sample size analysed, and level
of analyses of fish remains. Sadly, in many of the milestone sites
in the prehistory of Israel (i.e. Bar-Yosef 1981, 1987; Bar-Yosef &
Belfer-Cohen 1992, 2001; Bar-Oz & Dayan 2002; Bar-Oz & Adler
2005), fish remains were not studied. From the Neolithic period
onward, our knowledge on fish exploitation is sharply reduced,
mainly owing to the absence of fine sieving (Van Neer et al. 2005;
Raban-Gerstel et al. 2008).

43.4 FRESHWATER EXPLOITATION

Although freshwater habitats are a crucial resource for our survival,
their importance, and the dietary role of the aquatic animals within,
are rarely discussed. This is surprising considering that the earli-
est records of hominins appear in areas rich in freshwater habitats
(Stewart 1994; Cunnane & Stewart 2010), and the migration route
out of Africa is also rich in such habitats (Bar-Yosef&Belfer-Cohen
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Table 43.1 Dietary contribution of the main families of freshwater and Mediterranean fish mentioned in the text

Family

Intake per 113 g
cooked with dry
heat (cal)

Total fat
(gr)

Cholesterol
(mg)

Sodium
(mg)

Proteins
(gr)

Calcium
(mg)

Potassium
(mg)

Omega-3 per
85 g serving
(mg)

Cyprinidae – Carp 183 8.1 95 71 25.8 58.8 482.5 128
Cichlidae – Tipalia 145 3.0 64 63 29.5 15.8 429.4 200
Clariidae – Catfish 119 3.2 81 57 20.9 12.4 473.5 200
Sparidae –Sea bream 68 1.8 34 27 12.1 25.5 184.0 728
Mugilidae – Mullet 140 4.5 59 66 23.1 28.8 425.9 500
Serranidae – Grouper 133 1.5 53 60 28.1 23.7 536.8 230

Data from: www.calorieking.com/foods/; www.seafish.org/media/Publications/ready_reckoner.pdf; www.health.gov/dietaryguidelines/
dga2005/document/default.htm

2001). In Israel, the earliest record of Homo erectus dispersal out
of Africa was recovered at the Acheulian site of ‘Ubeidiya (Bar-
Yosef & Belmaker, Chapter 20, this volume), dated to ca. 1.4 mil-
lion years ago (Bar-Yosef & Goren-Inbar 1993). The site includes
lacustrine sediments of palaeo-Lake ‘Ubeidiya. Large numbers of
fish remains were recovered at the site, of which only a small sample
was identified as belonging to four families of freshwater fish (Haas
1966). These include Clariidae (catfish), Cyprinidae (carp), Cichli-
dae (St Peter fish) and Cyprinodontidae (pupfish, killifish) (Table
43.2). Some of the cyprinid and catfish remains belonged to fish
more than 2 m long. These fish could have contributed heavily to
the H. erectus diet, but further thorough study will be needed to
identify the fish at the species level and to understand the associ-
ation of fish with the diet of ‘Ubeidiya inhabitants.
Unlike the uncertainty over the role of fish for theH. erectus pop-

ulation of ‘Ubeidiya, the site of Gesher Benot Ya’aqov, dated to
�0.8 million years ago, yields a wealth of novel information on
aquatic exploitation by early hominins (Goren-Inbar et al. 2000,
2014; Alperson-Afil et al. 2009; Zohar & Biton 2011; Zohar et al.
2014). Like ‘Ubeidiya, Gesher Benot Ya’aqov was located on the
shores of a lake along the Jordan rift valley (palaeo-Lake Hula;
Goren-Inbar, Chapter 21 of this volume). Fish remains were highly
abundant and included three families of freshwater fish: Cyprinidae,
Cichlidae, and Clariidae (Zohar & Biton 2011; Goren-Inbar et al.
2014; Zohar et al. 2014). Among these families, Cyprinidae were
highly abundant, and when recovered in anthropogenic layers they
showed, for the first time, that fish were part of the Gesher Benot
Ya’aqov economy (Alperson-Afil et al. 2009; Zohar & Biton 2011).
Recent discoveries (Table 43.2) from the Mousterian site of

Nahal Mahanaim Outlet, and the Epipalaeolithic site of Jordan
River Dureijat, both located on the shores of palaeo-Lake Hula
(Marder et al. 2015), strengthen the assertion that freshwater fish
consistently played an important dietary role in past economies.
This trend of intensive fish exploitation of palaeo-Lake Hula is also
observed at the Natufian site of Eynan (Valla et al., Chapter 34,
this volume). At Eynan, although only a small sample of the recov-
ered fish was analysed, it displayed an increase in the diversity of
exploited fish (Valla et al. 2007; Bar-Yosef Mayer & Zohar 2010).
This increase may be correlated with the composition of the fish

community in the nearby habitat, as well as technological changes
and possibly fishing with fine mesh nets.
The Epipalaeolithic site of Ohalo II (Nadel, Chapter 33, this vol-

ume), dated to 23,000 cal BP, provides the earliest evidence of inten-
sive fish exploitation from palaeo-Lake Kinneret (Nadel 1993a,
1993b). The large number of fish remains recovered inside the huts
attests to a small-scale fishing economy on the shores of Lake Kin-
neret (Nadel et al. 1994; Nadel & Zaidner 2002; Zohar 2002, 2003).
Only two families of freshwater fish were identified at Ohalo II:
Cyprinidae (carp) and Cichlidae (St Peter fish). Within these two
families, the exploited fish included mainly large carp and cichlids
(Zohar 2002, 2003; Zohar et al. 2008, 2014). All species identi-
fied are abundant in the littoral zone and the nearby Jordan River,
and during their season of breeding could have been easily captured
there.
In all, regardless of the period or culture, exploitation of fresh-

water habitats constantly included two native families of fish:
Cyprinidae (carp) and Cichlidae (St Peter fish, tilapinii). Clariidae
(catfish) remains appear in some of the sites (Table 43.2). Although
the relative abundance of each family differs between sites (Zohar
2002, 2003; Van Neer et al. 2005; Valla et al. 2007; Bar-Yosef
Mayer & Zohar 2010; Zohar & Biton 2011; Zohar et al. 2014),
all identified species are abundant in the littoral zone during their
season of breeding. Therefore, fishing could have been carried out
without any sophisticated technologies, and most of the species
could have been easily captured by hand (Zohar 2002, 2003; Zohar
&Biton 2011; Zohar et al. 2014). In all, the sites studied in the Dead
Sea rift valley display a unique and distinctive pattern of small-
scale fishing communities consistently since the Lower Palaeolithic
(Table 43.2).

43.5 MARINE FISH EXPLOITATION

Evidences for marine-based prehistoric economies from the south-
ern Levant are scarce because of changes in sea level, inundation of
the coastal sites, and the paucity of studies (Galili & Weinstein-
Evron 1985; Galili et al. 1988b, 2004; Zohar 1994; Bar-Yosef
Mayer & Zohar 2010). As a result, while mollusc exploitation for

http://www.calorieking.com/foods/
http://www.seafish.org/media/Publications/ready_reckoner.pdf
http://www.health.gov/dietaryguidelines/dga2005/document/default.htm
http://www.health.gov/dietaryguidelines/dga2005/document/default.htm
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Table 43.2 List of archaeological sites with recovered fish remains, showing main families identified and their nearby aquatic habitat

Period Site Site location Families identified Fish habitat Reference

1.5 Ma: Lower
Palaeolithic (Early
Acheulian)

‘Ubeidiya
(Bar-Yosef &
Belmaker, Chapter
20, this volume)

Central Jordan
Valley

Clariidae, Cyprinidae,
Cichlidae,
Cyprinodontidae

Freshwater:
Lake ‘Ubeidiya

Haas 1966; Tchernov
1979. This study.

0.8 Ma: Lower
Palaeolithic
(Middle Acheulian)

Gesher Benot
Ya’aqov
(Goren-Inbar, Chapter
21, this volume)

Northern Jordan
Valley

Cyprinidae, Clariidae,
Cichlidae

Freshwater:
palaeo-Lake
Hula

Zohar & Biton 2011;
Zohar et al. 2014

Late Middle
Palaeolithic
(Mousterian)

Tabun Cave Layer C
(Ronen, Chapter 24,
this volume)

Mt Carmel Diploid fish Hass in Jelinek et al.
1973

Late Middle
Palaeolithic
(Mousterian)

Amud Cave
(Hovers et al.,
Chapter 29, this
volume)

Eastern Galilee Cyprinidae, Cichlidae Freshwater:
Amud stream

This study

Middle Palaeolithic
(Mousterian)

Nahal Mahanaim
Outlet

Northern Jordan
Valley

Cyprinidae, Cichlidae,
Clariidae

Freshwater:
palaeo-Lake
Hula

This study

Middle Palaeolithic
(Mousterian)

Kebara Cave
(Meignen et al.,
Chapter 27, this
volume)

Mt Carmel; ca. 5
km east of
Mediterranean
coast

Mugilidae, Sparidae Estuarine and
Mediterranean
Sea

This study

19 ka: Early
Epipalaeolithic (Early
Kebaran)

Ohalo II
(Nadel, Chapter 33,
this volume)

Sea of Galilee Cyprinidae, Cichlidae Freshwater: Sea
of Galilee

Zohar 2002, 2003

15 ka: Epipalaeolithic Jordan River Dureijat
(JRD)

Lake Hula Cyprinidae, Cichlidae,
Clariidae

Freshwater:
Lake Hula

Marder et al. 2015.
This study

Late Epipalaeolithic
(Natufian)

Hayonim B
(Bar-Yosef et al.,
Chapter 26, this
volume)

Western Galilee;
13 km east of
Mediterranean
coast

Cyprinidae, Cichlidae,
Sparidae, Mugilidae

Freshwater,
estuarine, and
Mediterranean
Sea

This study

Late Epipalaeolithic
(Natufian)

Mallaha (Eynan)
(Valla et al., Chapter
34, this volume)

Upper Jordan
Valley; Hula basin

Cyprinidae, Clariidae,
Cichlidae

Freshwater:
Lake Hula

Desse 1987; Van
Neer et al. 2005. This
study

Late Epipalaeolithic
(Natufian)

Hilazon Tachtit
(Grosman & Munro,
Chapter 35, this
volume)

Western Galilee;
ca. 25 km east of
coast

Cyprinidae, Clariidae,
Cichlidae, Mugilidae,
Sparidae

Freshwater,
estuarine, and
Mediterranean
Sea

This study

Late Epipalaeolithic
(Natufian)

Hatula Judea Mts; ca. 30
km east of
Mediterranean
coast

Serranidae, Sparidae,
Sciaenidae, Muglidae

Mediterranean
Sea

Davis 1985; Lernau
& Lernau 1994

Late Epipalaeolithic
(Late & Early Natufian)

el-Wad Mt Carmel; �5 km
from
Mediterranean
coast

Sparidae, Mullidae,
Muglidae, Serranidae

Mediterranean
Sea

Valla et al. 1986; Van
Neer et al. 2005

PPNA (Khiamian) Hatula Judea Mts Serranidae, Carangidae,
Sparidae, Sciaenidae,
Muglidae, Scombridae

Mediterranean
Sea

Davis 1985; Lernau
& Lernau 1994

(cont.)
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Table 43.2 (cont.)

Period Site Site location Families identified Fish habitat Reference

PPNA (Sultanian) Hatula Judea Mts Serranidae, Sparidae,
Sciaenidae, Muglidae,
Cyprinidae, Cichlidae,
rays and shark

Freshwater and
Mediterranean
Sea

Davis 1985; Lernau
& Lernau 1994

PPNA Netiv-Hagdud Jordan Valley Freshwater Bar-Yosef et al. 1991

9.2–8.5 ka cal BP:
PPNB

Kfar Hahoresh Lower Galilee Unidentified Unidentified Goring-Morris et al.
1994–5

PPNB Yiftah’el Lower Galilee,
near Yiftah’el
River

Sparidae, Serranidae,
Sciaenidae, Mugilidae

Estuarine and
Mediterranean
Sea

Galili et al. 2004;
Horvitz 2003

PPNC Atlit-Yam Currently
submerged by the
Mediterranean

Balistidae, Serranidae,
Carngidae, Sparidae,
Scianidae, Muglidae,
rays and shark

Estuarine and
Mediterranean
Sea

Galili et al. 2004;
Zohar 1994; Zohar
et al. 2001

PPNC Ashkelon Marina Near
Mediterranean
coast

Clariidae, Serranidae,
Carngidae, Sparidae,
Scianidae

Freshwater and
Mediterranean
Sea

Galili et al. 2004;
Van Neer et al. 2005

diet and ornaments has been reported to occur since the Mousterian
(Colonese et al. 2011), marine fish exploitation has been consid-
ered to start only at the Natufian (Van Neer et al. 2005; Bar-Yosef
Mayer & Zohar 2010). Recent analysis (this study) revealed marine
fish exploitation from theMiddle Palaeolithic layers of Kebara Cave
(Meignen et al., Chapter 27 of this volume; Table 43.2). Although
only a small sample was analysed (NISP = 11), two families of
marine fish were identified: Mugilidae (mullet) and Sparidae (sea
bream) (Table 43.2; Zohar, unpublished data). The identified fam-
ilies characterize the shallow littoral zone of theMediterranean Sea.
Some species of Mugilidae are also typical estuarine fish. In spite of
the small sample size, at present this is the first and earliest evidence
for marine fish exploitation from the eastern Mediterranean.
A sharp increase in the number of marine fish remains reported

from archaeological sites is observed from the Early Natufian
onward (Table 43.2; Fig. 43.1). At the site of el-Wad terrace, situ-
ated along the western slopes of Mount Carmel, about 20 km south
of Haifa, four families of fish were identified: Serranidae, Sparidae,
Mullidae and Mugilidae (Table 43.2). While Mugilidae may have
been captured also at the mouth of the river, all other species are
common along the littoral zone (Valla et al. 1986; Van Neer et al.
2005).
The recovery of the Pre-Pottery Neolithic C submerged site of

Atlit-Yam (Table 43.2), 10 km south of Haifa, 400 m off the Israeli
shore at 10–12 m below current sea level, provided the first evi-
dence for the past existence of intensive fishing economies along
the eastern Mediterranean (Galili et al. 1988a, 1988b). At this site,
a large number of fish remains were recovered in several struc-
tures, displaying a high species richness of bony and cartilaginous

fish (Table 43.2; Balistidae, Serranidae, Carangidae, Sparidae, Sci-
aenidae, Mugilidae, shark), together with wide diversity of fish-
ing tools (stone weights, spear, etc.) (Galili et al. 2004). A tapho-
nomic study demonstrated that the Pre-Pottery Neolithic population
of Atlit-Yam applied different butchering methods according to fish
body size. Moreover, one of the structures included triggerfish (B.
capriscus) processed for long-term preservation (Zohar et al. 1997,
2001).
Examination of the frequency of appearance of the fish fami-

lies identified in 10 sites (Table 43.2; Fig. 43.2) from the Middle
Palaeolithic to the Pre-Pottery Neolithic reveals that the littoral
and estuarine fish from two main families Sparidae and Mugilidae
appear in all of the excavated sites. Serranidae (grouper) and Sci-
aenidae (drum) also appear in many of the sites, while the other
fish families are rare. Although some of these families, Sciaenidae,
Scombridae (tuna), and Carangidae (jacks), are regarded as pelagic
fish, they migrate seasonally for breeding into the littoral zone.
Therefore, their rare occurrence at the sites cannot be associated
with pelagic fishing, but rather interpreted as seasonal exploitation
of the littoral zone. This exploitation pattern continues into late his-
toric periods (Van Neer et al. 2005; Raban-Gerstel et al. 2008).

43.6 FISH TRADE

Identification of fish trade is usually based on ichthyologic studies
of fish geographical dispersal and identification of non-native fish
within the bone assemblage (Van Neer et al. 2005; Raban-Gerstel
et al. 2008). Recently, the phosphate oxygen isotope compositions
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Figure 43.1 A schematic presentation of the habitats from which the fish were exploited (freshwater vs marine), through time BP.
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(δ18OP) of tooth enamel in fish remains were tested as an indicator
of the geographical origin of the fish (Elise et al. 2007; Otero et al.
2011; Sisma-Ventura et al. 2015).
Evidence for fish trade appears for the first time in the Early Natu-

fian culture (Table 43.2). This is interesting considering the evi-
dence for trade in other aquatic resources, such as molluscs, as early
as the Middle Palaeolithic (Colonese et al. 2011). Littoral marine
fishes, mainly from two main families: Sparidae and Mugilidae,
appear in sites located more than 15 km east of the Mediterranean
coast. These include the inland sites of Hayonim B, Hilazon Tachtit,
and Hatoula. Among these sites, Hatoula is the farthest, ca. 30 km
east of the coast at the Judea Mountains. These finds demonstrate
that the fish were processed at a coastal site by smoking, drying,
or salting, and then transported inland. It is impossible to decide
whether the inhabitants of these sites were seasonal fishermen or
whether the fish were traded. Clearly, the appearance of local fresh-
water riverine fish in some of the sites may imply that fishing was
indeed part of the population’s daily activity.
Fish trade with the Nile and Red Sea appears later, in the Early

Bronze Age, and continues until the Islamic and Crusader peri-
ods. During these periods, we find remains of the Nile perch (Lates
niloticus), the Nile catfish (Bagrus sp.), and some Red Sea fish
in coastal and inland archaeological sites (Van Neer et al. 2004;
Raban-Gerstel et al. 2008).

43.7 DISCUSSION

What was the role of aquatic resources and fish within the hominin
diet? This intriguing question is discussed based on direct evidence
(fish remains in cultural layers) and indirect evidence (site location
and local ichthyofauna).
It was demonstrated above that the earliest sites with fish remains

and associated with human evolution are also located near rich and
easy-to-use freshwater aquatic habitats. In Israel, the earliest evi-
dence for H. erectus activity out of Africa is on the shore of palaeo-
Lake ‘Ubeidiya and palaeo-Lake Hula (Bar-Yosef & Goren-Inbar
1993; Alperson-Afil et al. 2009). Review of the fish remains recov-
ered from these sites demonstrates consistency and conservatism
through time. Regardless of the habitat (freshwater or Mediter-
ranean), the exploited species were easy-to-catch littoral fish. When
fish regarded as open sea (pelagic) occur, these are always of species
that use the littoral zone during their breeding season.

43.7.1 FRESHWATER VS MARINE FISH
EXPLOITATION

When did exploitation of coastal fish commence? Owing to
methodological and taphonomical biases, at present this question
remains unanswered. The small sample of fish identified from the
Mousterian layers of the Kebara Cave provides the first and earli-
est evidence that Mediterranean fish exploitation started earlier than
previously assumed, and further study is required. Interestingly, the
increased presentation ofmarine fish is followed by a sharp decrease

in presentation of freshwater fish (Fig. 43.2). This pattern is inter-
esting since freshwater fish remains an important source of fish to
the present time.

43.8 SUMMARY

In the review presented here on the current knowledge of fish
exploitation by prehistoric populations in Israel, the following
trends are recognized. (1) Fishing or fish scavenging has been prac-
tised over the last 1 million years. (2) The earliest evidence for
fish exploitation appears in sites located near freshwater habitats,
along the current Jordan River in the Dead Sea rift valley. (3) Evi-
dence for consistent exploitation of freshwater fish appears from
the Lower Palaeolithic until the Natufian. (4) The earliest evidence
of marine exploitation is in the Middle Palaeolithic; exploitation
increases since the Natufian. (5) The increase in marine exploitation
parallels the decrease in freshwater exploitation; these patterns may
be biased by recovery methods and fish analyses. (6) Long-term fish
preservation and trading with inland populations is observed since
the Natufian and increased during the Neolithic. (7) Fishing activity
and technology peaked during the Pre-Pottery Neolithic.
Despite the relatively few studies performed on fish remains

recovered from archaeological sites in Israel, the role of fish and
fishing since the Lower Palaeolithic is clear. Moreover, there is no
doubt that for early populations, aquatic habitats were an important
and diverse economic resource; it provided economic stability. Still,
further study is required for better understanding of the role of fish
in the evolution of ancient populations and civilizations.
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44 The Exploitation of Aquatic Resources during the Quaternary

daniella e. bar-yosef mayer

Aquatic resources may be found in terrestrial freshwater bodies,
including lakes, springs, wetlands, and rivers, and in the marine
environment. In these water bodies, fauna and flora provide food
as well as other resources for humans. The marine food resources
contain vertebrates including fish, marine mammals, marine birds,
and sea turtles. Invertebrates include molluscs (of which gas-
tropods, bivalves, cephalopods, polyplacophorans, and scaphopods
were exploited), crustaceans, and echinoderms (urchins). On top of
the marine fauna, marine flora also served various resources, and
salt has also been extracted. The freshwater environments yielded
mostly fish and molluscs as well as water plants as a source of
food and raw material. Since fish are treated separately (Zohar,
Chapter 43 of this volume) they will only be briefly touched on
here.

In this review Iwill discuss separately the use of aquatic resources
mainly as food and as raw materials.

44.1 MOLLUSCS, FISH, AND OTHER FOOD FROM
AQUATIC RESOURCES

The use of molluscs, especially gastropods and bivalves, as food is
usually documented archaeologically by the presence of shell mid-
dens. These middens vary in size and shape, as well as in the fre-
quency of shells vs other artefacts in them (Claassen 1998). They
exist near water bodies where the animals were collected. Around
the world, various aquatic resources are known from some of the
earliest African sites where human remains were found (Erlandson
2001).

Probably the earliest site where aquatic resources are evident
in the Levant is Gesher Benot Ya’aqov, dated to ca. 780,000 BP
(Goren-Inbar, Chapter 21 of this volume), where fish were con-
sumed (Zohar & Biton 2011). A study of the freshwater turtleMau-
remys caspica fromGesher Benot Ya’aqov indicates that it is part of
a natural-death assemblage (Hartman 2004). Freshwater molluscs
and crabs were also abundant at the site but apparently not con-
sumed (Ashkenazi et al. 2005; Mienis & Ashkenazi 2011).

Aquatic plants are rarely preserved in the archaeological record,
but the water-logged site of Gesher Benot Ya’aqov contains remains
of fox nut,Euryale ferox, a highly nutritious aquatic water-lily of the
family Nymphaeaceae (Melamed et al. 2011). This water-lily and
other plant remains at the site are considered to have served as food
(Goren-Inbar et al. 2014).
In the Levant there is little evidence for shellfish exploitation

as food, but around the Mediterranean Patella sp. and Phorcus
turbinatus, both rock-dwelling gastropods in the littoral zone, were
recorded as food in various Palaeolithic sites (Colonese et al. 2011).
If shell middens existed along the Levantine coast, they are now
submerged owing to higher sea level (Bailey et al. 2008). The pres-
ence of Patella shells in the Upper Palaeolithic sites of Manot, Ksar
‘Akil, and Üçagızlı caves, and in the Natufian site of el-Wad Ter-
race in Mt Carmel, indicates that the inhabitants of these sites knew
this species and probably consumed it (Marder et al. 2013; Stiner
2009; van Regteren Altena 1962). Evidence for a shell midden con-
sisting of hundreds of oyster shells exists at the late Neolithic site
of Ashkelon (Bar-Yosef Mayer 2008). Fish, especially of littoral
species, are evident in the archaeological record since the Natufian.
In the Neolithic, fish were transported from the Red Sea, possibly
to compensate for difficulties in obtaining them along the swampy
Mediterranean coast (Bar-Yosef Mayer & Zohar 2010; Bar-Yosef
Mayer 2013).
The Early Bronze Age layers of Tel Qashish contained hundreds

of bivalves of Potomida littoralis from the nearby Qishon river,
and these were interpreted as supplementary food collected by the
underprivileged residents of the site (Bar-Yosef Mayer 2003). This
phenomenon is supported byUnio shells, which may have served as
offerings at the Early Bronze Age temples of Megiddo (Bar-Yosef
Mayer 2000).
Chambardia rubens, an edible mollusc species from the Nile

River, was used as a food supplement in Egypt, and its presence
in a pre-dynastic pottery vessel off the coast of Megadim (coastal
Israel) may indicate trading with the Levant (Sharvit et al. 2002).
Shells of C. rubens were used as artefacts (see below). The Nile
perch (Lates niloticus) is also an Egyptian import common during
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the Early and Late Bronze Age (Reese et al. 1986) and was recently
also discovered from Roman period contexts in Jerusalem (Bar-Oz
et al. 2007).
A consistent presence of the Mediterranean bivalve Donax trun-

culus in inland sites dating to the Hellenistic and Roman periods
probably suggests their consumption (Bar-Oz et al. 2007).
Crustaceans and sea urchins, known to have served as food in

other parts of the world, are not evident in Israel.

44.2 MOLLUSCS AS RAW MATERIALS FOR
ARTEFACTS

Mollusc shells were used as beads, making them the earliest
known artefacts with a supposed symbolic meaning representing
human identity and abstract thought of modern humans. A few
marine shells from the Middle Palaeolithic burial grounds in Skhul
Cave at Mt Carmel (ca. 110 ka) including Cardium sp., Nassar-
ius gibbosulus, and Pecten jacobaeus (Garrod & Bate 1937) form
the earliest known occurrence of shells in a prehistoric site in
the Levant. Naturally perforated Glycymeris valves from Qafzeh
Cave (Vandenmeersch & Bar-Yosef, Chapter 28 of this volume),
thermoluminescence-dated to ca. 92 ka, are associated with activ-
ities of early modern humans. Worth noting is the absence of shells
in Middle Palaeolithic sites associated with Neanderthals, such
as Tabun or Kebara Caves (Ronen, Chapter 24 of this volume;
Meignen et al., Chapter 27 of this volume). Layer C in Sefunim
Rockshelter and the site of Ras el Kelb in Lebanon also contained
unworked marine shells (Bar-Yosef Mayer et al. 2009).
Upper Palaeolithic (ca. 45–20 ka uncalibrated BP) humans col-

lected shells more systematically, with the most commonly encoun-
tered species including the marine gastropods N. gibbosulus and
Columbella rustica, the freshwater snail Theodoxus, the bivalves
Glycymeris nummaria (previously referred to as G. violacescens or
G. insubrica), Cerastoderma glaucum, and the scaphopod Antalis
spp. Those are present in varying frequencies in the cave sites of
Manot, Hayonim, and Kebara, as well as Üçagızlı, Ksar ‘Akil, and
Meged Rockshelter (van Regeteren Altena 1962; Kuhn et al. 2004;
Marder et al. 2013; Stiner et al. 2013; and own observation). The
increase in shell numbers during the Upper Palaeolithic as com-
pared with the Middle Palaeolithic is attributed to the dispersal of
modern humans, an increase in human population size, and the need
for signalling among and between human groups (Kuhn et al. 2001;
Kuhn, 2014; Bar-Yosef Mayer 2015).
The Epipalaeolithic period continues the exploitation of the same

repertoire of shell beads. Ohalo II (Nadel, Chapter 33 of this vol-
ume) contained Mediterranean Antalis shells cut into thin slices of
1–3 mm, and a similar slice of a crab claw may have also served as
a bead. About a dozen other species increase the diversity of Epi-
palaeolithic shell bead assemblages, including small Indo-Pacific
gastropods found at sites in the Negev (Bar-Yosef Mayer 2005).
Intensification of long-distance exchange activities in the Natu-

fian culture (14.5–11.6 ka cal BP) is manifested by the occurrence
of Red Sea and Nile River shell Chambardia rubens, discovered at
Eynan (Mienis 1987) in the upper Jordan Valley. Large quantities

of scaphopods were collected by Natufian people, mostly from the
Mediterranean but also from the Red Sea and from fossil exposures
(Kurzawska et al. 2013). Scaphopods are found in the hundreds
as opposed to only dozens previously; they are found in Natufian
graves, adorning both crania and post-crania (Davin, in prep.). An
innovation at the end of the Natufian or early Pre-Pottery Neolithic
A period is the production of disk beads made of the Cerastoderma
glaucum bivalve from the Mediterranean (Bar-Yosef Mayer 2005).
Use of marine resources in general, and shells in particular,

intensifies from the Neolithic onwards. Shell bead assemblages
of the Neolithic periods vary both in size and in the dominant
species, reflecting new economic strategies that characterize the
onset of the Neolithic. Populations living in the desert acquired
shells that probably served in exchange for cereals. Thus Red Sea
shell beads are found in small quantities in the Mediterranean
regions, along with Mediterranean shells (Bar-Yosef Mayer 1999;
Spatz et al. 2014).
Pre-Pottery Neolithic B shell assemblages are dominated by

Cardiidae species and Glycymeris, as expressed in Yiftah’el (Bar-
Yosef &Heller 1987), Kefar Ha-Horesh (own observation) and Jeri-
cho (Biggs 1963). More southern sites in the Sinai, Negev, and Jor-
dan exhibit a dominance ofDentalium, Nerita, Conus, and Cypraea
from the Red Sea with few Mediterranean Nassarius gibbosulus.
Sites between the Mediterranean and the Levant’s deserts, such
as Nahal Hemar Cave, manifest a combination of the dominant
Mediterranean and Red Sea species (Mienis 1988). Special shell
artefacts include ‘Cassid lips’, the naturally abraded outer lip of a
Semicassis shell, which were polished and grooved for suspension,
and have been found at Kefar Ha-Horesh, Nahal Zehora, and Hana-
ton (Nativ et al. 2014) as well as Abu Madi III in Sinai. The earliest
mother of pearl pendants of different shapes were found in south
Sinai and in Jordan, especially ‘Ain Ghazal, Basta, and Ayn Abu
Nukheylah (Rollefson 1984; Nissen et al. 1987; Bar-Yosef Mayer
1997; Spatz et al. 2014).
During the Chalcolithic, Bronze and Iron Ages, and later inter-

vals, shells continued to be used as simple beads and amulets. Arte-
fact types made of shell serve as chronological indicators. Those are
reviewed in Bar-Yosef Mayer (2007).

44.3 OTHER AQUATIC RESOURCES

The primary aquatic resource used by humans is water. The occa-
sional presence of unmodified freshwater snails in sites could result
from their unintentional introduction along with drinking water.
Another important resource is clay that served for the production
of mud bricks and pottery.
Salt is one of the means of preserving fish. Because marine

fish were exploited at least since the Natufian (Bar-Yosef Mayer
& Zohar 2010), and from the late Natufian there is evidence for
inland transportation of Mediterranean fish to Hatoula in the Judean
foothills, it is likely that this activity started prior to the occupa-
tion of Hatoula. Rock-cut channels and pools recently discovered in
kurkar bedrock along the Carmel and Galilee coasts in Israel along
with salt are interpreted as salt production installations (Galili &
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Rosen 2014). Their age is presumed to be Roman times or earlier,
but it is suggested that salt harvesting was performed in Neolithic
Cyprus (Ammerman 2010).

In conclusion, marine and freshwater resources were abundant
and diverse in the Quaternary and reflect the use of specific habitats,
food resources, and raw materials by past human populations.
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45 Fossil-Based Reconstructions of Ancient Water Bodies in the
Levantine Deserts

steffen mischke, hanan ginat, bety salem al-saqarat, gala faershtein,
naomi porat, paul braun, and jason a. rech

45.1 INTRODUCTION

Exposures of Quaternary aquatic sediments have been documented
in the arid southern Levant by many researchers. In general, geo-
morphic, sedimentologic, and geochemical evidence has been eval-
uated to infer the depositional environment of sediments from vari-
ous locations. These include Nahal Paran, Zihor, and Hiyyon in the
Negev Desert and the northern Arava/Araba Valley (Livnat &Kron-
feld 1985; Ginat 1997; Avni 1998; Ginat et al. 2003), Al Jafr Basin,
Wadi Hasa, Wadi Burma, and Mudawwara on the Jordan Plateau
(Schuldenrein & Clark 1994; Abed et al. 2000; Moumani et al.
2003; Davies 2005; Petit-Maire et al. 2010), and Wadi Gharandal
and Jabal Hamra Faddan at the eastern margin of the Arava/Araba
valley (Bender 1968). In all cases, researchers interpreted a lacus-
trine origin for the depositional environment. Fossils from these
sediments were reported by Huckriede and Wiesemann (1968),
Bender (1974), Ginat et al. (2003), Moumani et al. (2003), Hunt
et al. (2004), and Petit-Maire et al. (2010), but rarely used for
detailed palaeoenvironmental inferences. Recent studies of Wadi
Hasa and the Al Jafr Basin showed that fossil-based reconstructions
have the potential to greatly improve our knowledge of the nature
of the water bodies in the deserts of the Levant; previous assess-
ments of lacustrine deposits in the region should be critically evalu-
ated (Winer 2010; Mischke et al. 2015). Here we explore the hydro-
logic depositional environments at Nahal Zihor and Wadi Gharan-
dal based on new analyses, and the aquatic setting at Al Jafr Basin
based on a recent re-assessment byMischke et al. (2015; Fig. 45.1).

45.2 FOSSILS OF PLEISTOCENE WATER BODIES:
NAHAL ZIHOR, WADI GHARANDAL, AND THE AL
JAFR BASIN

45.2.1 NAHAL ZIHOR

Fossils from the early Pleistocene aquatic sediments in Nahal Zihor
comprise three major groups: (1) gastropods, (2) ostracods, and (3)

fish (Ginat et al. 2003). The gastropodsMelanopsis sp.,Melanoides
dadiana, Melanoides jordanica, Melanoides tuberculata, Bithynia
phialensis, Valvata saulcyi, Gyraulus piscinarum, Lymnaea natal-
ensis, and Planorbis planorbiswere recorded by Ginat et al. (2003)
and form the most diverse group of fossils from Nahal Zihor. The
ostracod species identified from seven sediment samples include
Cyprideis torosa, Candona angulata, Cypris pubera, and Cyprid-
opsis sp. Fish remains are represented as teeth and bones of cat-
fish and cichlids (Tilapia sp., Sartherdon cf. martini). Based on the
new analysis of 26 samples from four different locations in Nahal
Zihor, we identified 14 species of ostracods and six taxa of gas-
tropods (Fig. 45.1B, Table 45.1). Additionally, charophyte gyrogo-
nites were found in most samples. The smooth form of Cyprideis
torosa (C. torosa forma littoralis), Candona neglecta, Darwinula
stevensoni, and the noded form C. torosa forma torosa dominate
the ostracod assemblage. Nine of the 26 samples did not contain
fossils. On average, 520 ostracod valves were counted per sample
(100 g sediment each).

45.2.2 WADI GHARANDAL

Bender (1968, 1974, and 1975) and Henry et al. (2001) reported
exposed Quaternary fluvial and lacustrine sediments in Wadi Gha-
randal. Artefacts embedded in layers of fine sand and laminated clay
(Henry et al. 2001) were assigned to the Middle and early Upper
Palaeolithic (ca. 150–30 ka; Bar-Yosef 1987). No other age control
was reported. Fossils of reed root casts were described (Henry et al.
2001; Henry, Chapters 64 and 73, this volume), yet no other fos-
sil remains were identified. We investigated a 15 m thick sediment
sequence at the outlet of Wadi Gharandal (30.0849° N, 35.2069°
E, 253 m asl; Fig. 45.1C). Two sediment samples for OSL ages
were processed according to the methods described by Davidovich
et al. (2012; Table 45.2). Charcoal was collected from four layers
for radiocarbon analysis (Table 45.3). The charcoal samples pro-
vided ages ranging from 38 to 25 ka cal BP (Table 45.3). The upper
two radiocarbon ages are confirmed by the optically stimulated
luminescence (OSL) age of 32±4 ka, which is consistent with the
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Figure 45.1 Locations of studied Pleistocene water bodies in the southern Levant. A: Nahal Zihor (1), Wadi Gharandal (2) and the Al Jafr Basin (3). The
100 mm annual precipitation contour defines the hyperarid region in the south and east. B: Sampling locations in Nahal Zihor. C: Sampled exposures in
Wadi Gharandal. The outlet of Wadi Gharandal is framed by Eocene nummulitic limestone (E; Bender 1968). Locations of fossil-bearing samples 1–8
(arrows), and of OSL (optically stimulated luminescence; triangles) and 14C dating (dots) samples shown. Large white arrow shows modern wadi floor and
outlet. Photography by Johannes Kalbe. D: Sampling locations in the Al Jafr Basin. Simplified map based on Huckriede and Wiesemann (1968).

assignment of artefacts to the early Upper Palaeolithic (Henry et al.
2001). The lower two radiocarbon ages are stratigraphically incon-
sistent. In contrast, the lower OSL age of 112±9 ka is consistent
with the occurrence of Middle Palaeolithic artefacts in the lower
sediments (Henry et al. 2001). Thus, two intervals of sediment accu-
mulation are represented by the analysed sediments: one in the early
Marine Isotope Stage (MIS) 5 (possibly MIS 5e) and a younger
interval in late MIS 3.
Only eight samples of the 32 collected in total contain fossils

(Table 45.4). Valves of six ostracod species were recorded, with
the most abundant species being Ilyocypris cf. bradyi, followed
by Scottia pseudobrowniana, C. neglecta, and Heterocypris salina

(Table 45.4). On average, 16 valves were found per sample
(including the unproductive samples). Four samples contain gas-
tropod shell fragments and another four samples recrystallized
allochthonous ostracod valves of marine species, probably origi-
nating from the exposed Eocene nummulitic limestone near the sec-
tion (Bender 1968; Fig. 45.1C). Remains of charophyte algae or fish
were not found.

45.2.3 AL JAFR BASIN

Huckriede and Wiesemann (1968) and Mischke et al. (2015)
recorded fossil-bearing sediments at two and four locations in the
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34.9094° E, 397 m asl



S. Mischke et al. 384

Table 45.2 OSL ages from Wadi Gharandal
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Al Jafr basin, respectively (Fig. 45.1D). In total, 15 gastropod, 11
ostracod, and two bivalve taxa were reported as well as charophyte
gyrogonites (Mischke et al. 2015). Detailed quantitative assem-
blage analysis of sample material from the locations published
by Mischke et al. (2015; locations A, B, C, and D) show that I.
cf. bradyi is the most abundant ostracod species followed by C.
neglecta, Fabaeformiscandona fabaeformis, Pseudocandona sp.,
H. salina, and Herpetocypris brevicaudata (Table 45.5). Bithynia
opercula were the most common gastropod fossil identified, while
shells of Gyraulus and Valvata taxa were also found. On average,
37 ostracod valves were recorded in each sample.

45.3 INDICATOR FOSSILS

45.3.1 INDICATORS OF WATER BODY TYPES AND
HYDROCHEMISTRY

The most abundant gastropod, bivalve, and ostracod taxa recorded
in our study of Nahal Zihor, Wadi Gharandal, and those reported
from Al Jafr Basin by Mischke et al. (2015), are shown in Fig. 45.2.
Among the mollusc remains, concentric opercula probably belong-
ing to Bithynia are the most abundant fossils. Only a few pre-
served Bithynia shells were recorded from Nahal Zihor and Al
Jafr Basin (Tables 45.1 and 45.5). Bithynia and the closely related
species of Pseudobithynia are widely distributed in stagnant and

Table 45.3 Radiocarbon ages of charcoal samples from Wadi
Gharandal

Depth below
top (cm) Lab no. 14C yr BP cal yr BPa

200 Poz-55348 28,540±230 32,490±780
376 Poz-53311 33,830±430 38,020±1,200
554 Poz-55347b 21,060±260 25,250±620
768 Poz-55349 26,620±190 30,830±300

a Calibrated according to Reimer et al. (2013)
b Small sample: 0.4 mg C

flowing small water bodies such as swamps, ponds and streams
in the Levant today (Amr & Abu Baker 2004; Glöer & Bössneck
2007). We found living specimens of Bithynia, or shells of recently
deceased organisms, almost as often in modern ponds in the south-
ern Levant as in streams and springs (own unpubl. data; Fig. 45.3A).
Thus, Bithynia is apparently typical for small stagnant and flowing
water bodies. Similar to Melanopsis, Bithynia was recorded over
a relatively wide conductivity range including freshwater to meso-
haline habitats (Fig. 45.4A). Melanopsis and Theodoxus predom-
inantly occur in modern springs and streams in the Levant (Scates
1968; Amr&AbuBaker 2004; Bößneck 2011; Fig. 45.3A).Modern
specimens of Pisidium and of the Lymnaeidae both inhabit waters
of low conductivity in the southern Levant (Fig. 45.4A). Bößneck
(2011) recorded several species of Pisidium in small springs and
streams in Lebanon. Pisidium cf. amnicum was recorded in aquatic
sediments in Al Jafr Basin (Fig. 45.2A). The species prefers flowing
waters with low conductivity and abundant organic debris (Kuiper
et al. 1989; Sousa et al. 2008). Modern specimens of Valvata were

Table 45.4 Abundance of fossils from Wadi Gharandal
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Table 45.5 Abundance of fossils from Al Jafr Basin
Sa
m
pl
e
lo
ca
tio

n

D
ep
th
a
(c
m
)

To
ta
lo

st
ra
co
d
va
lv
es

pe
r

10
0
g

H
er
pe
to
cy
pr
is
br
ev
ic
au
da
ta

H
et
er
oc
yp
ri
s
sa
li
na

Fa
ba
ef
or
m
is
ca
nd
on
a

fa
ba
ef
or
m
is

Ju
ve
ni
le
L
im

no
cy
th
er
in
ae

P
ri
on
oc
yp
ri
s
ze
nk
er
i

Il
yo
cy
pr
is
cf
.b
ra
dy
i

D
ar
w
in
ul
a
st
ev
en
so
ni

P
se
ud
oc
an
do
na

sp
.

C
an
do
na

ca
nd
id
a

C
yp
ri
de
is
to
ro
sa

fo
rm

a
li
tt
or
al
is

C
an
do
na

ne
gl
ec
ta

C
ha
ro
ph
yt
e
gy
ro
go
ni
te
s

Pu
pi
llo

id
la
nd

sn
ai
l

P
is
id
iu
m

G
yr
au
lu
s

B
it
hy
ni
a

B
it
hy
ni
a
op
er
cu
la

Va
lv
at
a

A 20 165 5 3 3 138 4 3 9 102 93 8
A 50 35 8 8 13 3 3 2 4
A 70 75 3 8 61 3 1 1 1 1
A 90 3 3 1
A 110 80 8 64 8 1
A 130 7 4 3
A 170 32 13 18 1 1
B 30 12 11 1 p p p
B 30 239 2 92 87 6 47 5 p p p p p
C 60 1 1
C 109 2 1 1
D 50 30 1 1 28
D 73 29 1 28
D 90 186 1 30 155 3 2
D 124 8 8
D 140 21 21

a Below surface
p: Shells are present, but sediment too indurated to quantify abundance. Sample locations A: 30.2950° N, 36.2233° E, 852 m asl; B:
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more often found in lakes than were other gastropods and the
bivalve Pisidium, but a clear preference for a specific water body
type cannot be assigned (Amr & Abu Baker 2004; Fig. 45.3A). In
addition to these aquatic molluscs, terrestrial snails were recorded
in Al Jafr basin by Huckriede andWiesemann (1968), and were also
documented byMischke et al. (2015; Fig. 45.2A; Table 45.5). Shells
of land snails probably indicate that these were living at margins
of water bodies, on terrestrial vegetation within the water body, or
could have washed in by streams or during floods. The occurrence
of land snails in the Pleistocene sediments of the Al Jafr basin is
evidence against the presence of a larger water body in the region.
In contrast, the occurrence of aquatic gastropod shells, ostracod
valves, and pupilloid land snail shells in one of our samples from
Al Jafr points to the existence of small water bodies and terrestrial
habitats next to each other (Table 45.5).

All ostracod taxa recorded from Pleistocene aquatic sediments in
the southern Levant are extant in the region today, or have closely
related living representatives (Mischke et al. 2012, 2014). Modern
lake settings are typically characterized by higher numbers of ostra-
cod taxa per site (eight species per site on average) in comparison to
spring and stream sites (five species) and ponds (four species; 178
water body sites examined; Mischke et al. 2014). The highest num-
ber of fossil valves from Pleistocene aquatic sediments in the south-

ern Levant was recorded for C. torosa f. littoralis (Tables 45.1 and
45.5). High abundances are also noted for C. neglecta, Ilyocypris,
D. stevensoni, C. torosa f. torosa, and H. salina. Of these,
C. neglecta, Ilyocypris, and H. salina were recorded at all three
of the Pleistocene water bodies examined. Only a few ostracod
taxa display clear preferences for modern standing or flowing
water ecosystems, small and less stable pond settings, or larger
and more stable lake habitats (Fig. 45.3B). Psychrodromus oli-
vaceus andHumphcypris subterranea, although rare in Nahal Zihor
and Wadi Gharandal sediments, are typical inhabitants of flow-
ing waters (Fig. 45.3B). Candona angulata, only recorded from
Nahal Zihor, shows a preference for permanent water bodies such as
springs, streams or lakes. Prionocypris zenkeri and P. olivaceus are
restricted to freshwater habitats, whereas Herpetocypris chevreuxi,
Hemicypris sp., Cypridopsis elongata, C. angulata, Cypris pubera,
and Pseudocandona sp. frequently occur in freshwater, but also in
waters with oligohaline conditions (Fig. 45.4B). Among the taxa
recorded in more than ten modern water bodies in the southern
Levant, only P. olivaceus and C. pubera seem to be confined to a
narrow, low conductivity range (Mischke et al. 2014). Waters with
highest conductivities are inhabited by H. salina and both forms
of C. torosa. However, these species and Limnocythere inopinata
occur over exceptionally wide conductivity ranges, and therefore
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Figure 45.2 Common fossils from Pleistocene water bodies of the southern Levant: A: Mollusca. 1–3 Gyraulus, 1 apical view, 2 umbilical view, 3 frontal
view; 4–5 Bithynia, 4 frontal view of shell, 5 operculum; 6 pupilloid land snail; 7 Melanopsis; 8 Valvata; 9 Theodoxus; 10 hinge region of right Pisidium
cf. amnicum shell with cardinal c3 tooth (arrow). Specimens 4–6 and 10 from Al Jafr Basin, all other from Nahal Zihor. Different scales for specimens
7 and 10. B: Ostracoda. 1 Candona angulata ♀ carapace (cpx), right valve (RV) in front; 2 Candona neglecta ♂ left valve (LV) internal view (iv); 3–10
Cyprideis torosa, 3 ♀ RV iv, 4 ♀ LV iv, 5 ♀ cpx dorsal view (dv) of smooth form C. torosa forma littoralis, 6 ♀ cpx dv of noded form C. torosa forma
torosa, 7 ♂ RV iv, 8 ♂ LV iv, 9 ♂ cpx dv of C. torosa forma littoralis, 10 ♂ cpx dv of C. torosa forma torosa; 11–12 Heterocypris salina, 11 RV iv, 12 LV
iv; 13–15 Ilyocypris cf. bradyi, 13 RV external view, 14 LV iv; 15 marginal ripplets on posteroventral area of LV iv; 16 Darwinula stevensoni RV iv; 17–19
Hemicypris sp., 17 LV iv, 18 RV iv, 19 cpx dv; 20 Pseudocandona sp. LV iv; 21–22 Scottia pseudobrowniana, 21 RV iv, 22 LV iv; 23–24 Herpetocypris
brevicaudata, 23 RV iv, 24 LV iv. Specimens 1–10 and 16–20 from Nahal Zihor, 15 and 21–22 from Wadi Gharandal, and 13–14 and 23–24 from Al Jafr
Basin. All specimens housed at Institute of Geological Sciences of Freie Universität Berlin, Germany.

conductivity inferences based on fossil ostracods require careful
assessments of the entire fauna and possibly additional abiotic data.
Although I. bradyi was reported from different habitats such as

springs and streams, rivers, ponds, swamps, lakes, and brackish
coastal waters, the species is most abundant in lotic habitats, and
specimens from lakes are usually reported as discharged by nearby
springs (Mezquita et al. 1999;Meisch 2000). Accordingly, the high-
est relative frequencies in modern water bodies in Israel and Jordan

were recorded for I. cf. bradyi in streams (Mischke et al. 2014).
Thus, fossil ostracod assemblages from the southern Levant domin-
ated by I. cf. bradyi or Ilyocypris spp. (species identification based
on marginal ripplets not possible owing to poor preservation; Van
Harten 1979) and characterized by low diversity are likely to rep-
resent lotic settings. Herpetocypris brevicaudata, recorded from
Wadi Gharandal and the Al Jafr Basin, is a typical inhabitant of
springs and streams (Mezquita et al. 1999; Meisch 2000). The large
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Figure 45.3 Occurrence of living gastropods and bivalves or empty mollusc shells, and sub-Recent ostracod valves in modern ponds, lakes, or streams and
springs of the southern Levant: A: Mollusca. Only taxa shown recorded at 10 or more sites, and recorded from Pleistocene sediments of Nahal Zihor and
the Al Jafr Basin; B: Ostracoda. Only taxa shown recorded at 10 or more sites, and recorded as identical or partly as closely related taxon from Pleistocene
sediments of Nahal Zihor, Wadi Gharandal and the Al Jafr Basin.

representatives of the genus, and similar large ostracod taxa, prob-
ably avoid extensive and stable water bodies such as lakes owing
to the potential risk of predation by fish (Mesquita-Joanes et al.
2012). Temporary small water bodies such as ponds or seasonally
drying lake margins are typical for H. salina, C. elongata, and F.
fabaeformis (Meisch 2000). In addition to drying ponds, swampy
habitats and semi-terrestrial settings (wet plant litter, ‘floating fen
soils’) are typically occupied by S. pseudobrowniana. In contrast,
slow-growing species such as D. stevensoni and C. torosa occur in
permanent water bodies (Mesquita-Joanes et al. 2012).

45.4 ANCIENT WATER BODIES OF NAHAL ZIHOR,
WADI GHARANDAL AND THE AL JAFR BASIN

45.4.1 NAHAL ZIHOR

The relatively diverse gastropod and ostracod assemblages within
the early Pleistocene sediments at Nahal Zihor, with 10 and 14
previously and partly newly recorded species (Ginat et al. 2003),
respectively, point to the former existence of a stable water body
with different microhabitats typical for lakes with nearby springs
and streams. The dominance of ostracods with slow life cycles (C.
torosa and D. stevensoni) suggests that a lake persisted during the
full year’s period without intermittent desiccation. This inference of
a permanent and relatively stable lake setting is also supported by
the record of fish remains from the Nahal Zihor sediments (Ginat
et al. 2003). Low abundances for Ilyocypris sp. and Herpetocypris
sp. and the occurrence of Melanopsis and Theodoxus indicate that
flowing water was present close to the stagnant water body, but not

a dominant feature of the local setting. Taxa such as H. salina and
Hemicypris sp. and the presence of charophyte remains in almost
all fossil-bearing samples show that the lake was generally shal-
low and probably associated with wetlands including streams and
springs at the margins. Slightly brackish conditions are indicated
by the dominance of C. torosa, the occurrence of H. salina, and
reported preferences of slightly brackish conditions for C. angulata
and Hemicypris (Meisch 2000; Karanovic 2012).

45.4.2 WADI GHARANDAL

The low number of recorded ostracod species (six in total), the dom-
inance of the rheophilic I. cf. bradyi and H. brevicaudata, and the
occurrence of S. pseudobrowniana and H. salina all point to a set-
ting of streams associated with small ponds and swampy habitats
in Wadi Gharandal. The species assemblage does not support the
inference of an ancient lake. Charophyte remains andmollusc shells
were also not recorded, providing further evidence against a rela-
tively stable aquatic environment. Thus, the previously interpreted
fluvial and lacustrine sediments (Lake Gharandal) in Wadi Ghar-
andal (Bender 1968, 1974, 1975; Henry et al. 2001) have to be
regarded as fluvial with related alluvial environments such as shal-
low ponds and wetlands that were not highly stable.

45.4.3 AL JAFR BASIN

The presence of at least three terrestrial gastropod taxa in the Pleis-
tocene aquatic sediments of Al Jafr Basin, the ostracod assem-
blage dominated by the rheophilic I. cf. bradyi, and the relatively
low ostracod species number per sample (three species on average,
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Figure 45.4 Specific conductivities of modern waters for records of living
gastropods and bivalves or empty shells, and sub-Recent ostracod valves.
Each vertical bar represents a single record. (n – number of records in mod-
ern water bodies.) A: Mollusca. Only taxa shown recorded also as fos-
sils from Pleistocene sediments of Nahal Zihor and the Al Jafr Basin. B:
Ostracoda. The sloping line connects the abundance-weighted conductiv-
ity optima of the taxa (Mischke et al. 2014). Only taxa (or partly closely
related taxa) shown recorded also as fossils from Pleistocene sediments of
Nahal Zihor, Wadi Gharandal, and the Al Jafr Basin.

seven species at maximum) all point to the former existence of a
wetland setting. Most ostracod taxa occur in only one or two sedi-
ment samples (Table 45.5). Ilyocypris cf. bradyi and H. brevicaud-
ata recorded together with H. salina and a pupilloid land snail or F.
fabaeformis show that small freshwater to oligohaline streams and
temporary ponds, or fully dry habitats, existed next to each other.
These results do not support the presence of a large Pleistocene lake
within the basin (Huckriede & Wiesemann 1968; Davies 2005).

45.5 SUMMARY

Pleistocene water bodies in the southern Levant can be character-
ized in terms of water body type and hydrochemistry through an
assessment of the preserved calcareous organism remains, mostly
represented by gastropod shells and ostracod valves. Individual gas-
tropod and ostracod taxa can be used to define specific environmen-
tal settings and to differentiate between lake and wetland deposits.
Lake sediments can be further differentiated from less stable and

smaller aquatic habitats through a higher number of preserved ostra-
cod valves and recorded taxa, and the absence or presence of the
shells of terrestrial snails.
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46 Cosmogenic-Isotope Based Erosion Rates along the Western Margin of
the Dead Sea Fault

ari matmon

46.1 ABSTRACT

This is a compilation of bedrock and basin-wide average erosion
rates determined from in situ cosmogenic isotope concentrations
measured in bedrock and sediment samples collected along the
western margin of the Dead Sea fault. Bedrock erodes at rates
ranging from <1 mm/ka to over 200 mm/ka, with a mean of
�20mm/ka. Chert and quartzolite in arid to hyperarid environments
erode the most slowly. However, carbonate rocks under hyperarid
conditions and subdued topographic relief also erode not faster than
2 mm/ka. In contrast, friable Lower Cretaceous sandstones in the
Hazera erosional crater erode the fastest.

Average basin-wide erosion ranges between 17.3±1.1 and
147±15 mm/ka (with a mean of �56 mm/ka). When consider-
ing a subset of the data including only outlet channels, the range
of average basin erosion rates narrows to 19.4±2.6 to 70.9±2.9
mm/ka. However, five of the seven analysed drainage basins yield
similar average basin erosion rates ranging between 19.4±2.6 and
23.8±1.6 mm/ka. The two basins with higher erosion rates are
Nahal Hazera and Nahal Soreq. They probably reflect, respectively,
the effect of friable poorly cemented rock and the impact of long-
term human activity on erosion rates.

When comparing bedrock and basin-wide erosion along the west-
ern margin of the Dead Sea fault with worldwide erosion, it can
be concluded that: (1) most erosion rates along the western mar-
gin of the Dead Sea fault are within the average erosion rate range
of Earth; and (2) the tectonic, climatic, and lithologic variations
along the Dead Sea fault do not produce extreme (high or low) val-
ues of erosion rates. The only exception is the Paran Plains where
extreme aridity, absence of tectonic activity, and lack of relief result
in extremely low erosion rates that are among the slowest on Earth.

46.2 INTRODUCTION

The rate at which surface processes occur and the environmental
conditions that control them are fundamental to understanding Earth

as a dynamic system (e.g. Milliman & Syvitski 1992; Portenga &
Bierman 2011). In this context, bedrock erosion and the rate at
which the surface is lowered, the rate at which sediment is gen-
erated, and the rate at which sediment is transported to depositional
basins are of major importance. However, themeasurements of such
rates at geological timescales have not been easy to obtain. Since
the early 1990s a growing body of data regarding rates of surface
processes from all over the world has been accumulating thanks
to the development of new measuring techniques. Here I summar-
ize measurements of erosion rates from the western margin of the
Dead Sea fault, the only area in the Levant with enough published
data. I compiled both erosion rates of discrete points (bedrock out-
crop scale) and erosion rates at the drainage-basin scale obtained by
analyses of cosmogenic nuclides (mainly 10Be and 36Cl). Cosmo-
genic nuclides have broadened our understanding of many different
landscapes and provide information where there was none before
(Greensfelder 2002).

46.2.1 COSMOGENIC ISOTOPES

Measurements of cosmogenic nuclides allow new insights into sur-
face processes operating over timescales of 103–106 years. Analysis
of cosmogenic nuclides in outcrop samples are used in estimating
rock erosion and sediment generation rates (e.g. Clapp et al. 2000).
Cosmogenic nuclides in sediments (a) are used to estimate basin-
scale denudation rates, integrated over areas from <1 to >104 km2,
and (b) enable the determination of sediment transport and storage
in drainage systems (Brown et al. 1995; Bierman & Steig 1996;
Granger et al. 1996).
Cosmogenic nuclides are produced in the atmosphere and the

solid Earth by the interaction of cosmic rays, primarily neutrons,
with a variety of target atoms (Lal & Peters 1967). Because
neutrons are rapidly attenuated with depth, cosmogenic nuclides
monitor near-surface residence time in the top several metres
of Earth’s surface. The general equation that describes the con-
centration of cosmogenic nuclides in a sample at the surface is
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(Bierman 1994):
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(46.1)

where Nt,ε = measured concentration (atoms g−1), P = produc-
tion rate (atoms yr−1 g−1 quartz), ρ = rock density (g cm−3), and

 = cosmic ray attenuation length (g cm−2), t = exposure time
(yr), ε = erosion rate (cm yr−1), and λ = decay constant (s−1).
When assuming constant erosion for a sufficiently long time, t �
1/ (λ + (ερ/
)), equation 46.1 is reduced to a form dependent on
the erosion rate:
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Geochemically, equation 46.2 describes a steady state condition in
which the concentration of cosmogenic nuclides is independent of
time (t), a result of a balance between nuclide production (P) and
the sum loss of nuclides by radioactive decay (λ) and removal of
material by erosion (ε). Nuclide measurements enable the calcu-
lation of the average erosion rate over a duration that is required
to erode a metre or two of rock or soil. For rapidly eroding land-
scapes, such as the Himalayas, integration times may be less than a
millennium (Vance et al. 2003). For very stable landscapes, such as
parts of hyperarid Namibia, Antarctica, and the Negev, nuclide con-
centrations may integrate erosion over 106 years (Nishiizumi et al.
1991; Bierman & Caffee 2001; Matmon et al. 2009; Placzek et al.
2010, 2014).

46.2.2 THE WESTERN MARGIN OF THE DEAD SEA
FAULT

The Dead Sea fault extends from the Gulf of Aqaba (Eilat) in the
south to Mt Hermon in the north (Fig. 46.1). The western margin
of the Dead Sea fault is characterized by diverse climatic condi-
tions, various rock types, varying tectonic activity and relief. Cli-
matic conditions vary from hyperarid (�25 mm yr−1) in the south-
ern Negev to sub-humid and sub-alpine in the highest peaks of Mt
Hermon (Kushnir et al., Chapter 4 of this volume). Exposed rocks
cover a wide spectrum of rock types including granite, basalt, meta-
morphic rocks of various composition, and continental and marine
sedimentary rocks. Tectonic activity has played amajor role in shap-
ing the landscape of the region since the Miocene (Avni, Chapter 2,
and Marmon & Zilberman, Chapter 3 of this volume). It is most
pronounced along the Dead Sea fault. This activity is expressed by
impressive overall and local relief that has been developing over the
past 5–10 Ma. Local relief reaches over 1,000 m in some locations.
On the other hand, areas removed from the Dead Sea fault exhibit
mature landscape characteristics, and relief is minimal, sometimes
reduced to nearly zero. Considering this great variation in environ-
mental conditions, it is interesting to explore the data acquired to
date.

46.3 EROSION RATES ALONG THE WESTERN
MARGIN OF THE DEAD SEA FAULT

Although the use of cosmogenic isotope concentration measure-
ments to calculate bedrock and basin-wide mean erosion rates in
the eastern Mediterranean is in its infancy, sufficient data have been
accumulated (summarized in Table 46.1), and insights on various
environmental conditions that impact erosion rates in this region
were gained. The locations of studies used in summarizing these
data are presented in Fig. 46.1.

46.3.1 BEDROCK EROSION RATES

Overall, exposed bedrock along the western margin of the Dead Sea
fault erodes at an average rate of �20 mm/ka (Fig. 46.2), regardless
of lithology, relief, or climate. Most bedrock surfaces in the arid
to hyperarid environment erode at 0–10 mm/ka, whereas under the
wetter, Mediterranean climate they erode at 10–50 mm/ka.

46.3.1.1 BASEMENT ROCKS (GRANITE,
AMPHIBOLITE, SCHIST, QUARTZ VEINS)

Metamorphic and magmatic rocks crop out along the western and
eastern margins of southern end of the Dead Sea fault. The data
presented here are from the Eilat Mts, located along the southern
end of the western margin. Cosmogenic measurements in granite,
amphibolite, and schist samples (n= 8) suggest an average bedrock
erosion rate of 14.2±1.8mm/ka. These rates were recalculated from
the data presented in Clapp et al. (2000), applying updated param-
eters of production and scaling of cosmogenic isotopes. The aver-
age erosion rate calculated for quartz vein (within the Eilat granite)
is 12.2±0.6 mm/ka (n= 8). Overall, the calculated bedrock average
erosion rate in the Eilat Mts fits the trend of global igneous rock ero-
sion rates. Igneous rocks erode under various climatic and tectonic
conditions at rates between 1 and �100 mm/ka (Portenga & Bier-
man 2011). However, the majority of their compiled data suggests
that erosion rates of igneous rocks range between 1 and 10 mm/ka
(average = 8.7±1.0 mm/ka, n = 230).

46.3.1.2 SANDSTONE

Cambrian sandstone of the Amudei Shlomo Formation at Timna
and Shehoret presents insignificant erosion on timescales <5,000
years (Matmon et al. 2005; Rinat et al. 2014). This is based on tra-
cing boulders back to their exact cliff position within <1 cm reso-
lution. In contrast, erosion rates of flat, horizontal bedrock surfaces
range between 7 and 56 mm/ka. Some of the values in these stud-
ies may not represent steady state. However, the lower values of
<20 mm/ka, measured in four out of six samples, seem to represent
steady-state erosion.
Lower Cretaceous sandstones of the Hatira Formation crop out

in many locations along the Dead Sea fault and were specifically
targeted for cosmogenic isotope analysis within the Hazera Crater
(Fruchter et al. 2011). The Lower Cretaceous sandstones, which are
more friable and cemented less than the Cambrian sandstones, erode
faster than Cambrian sandstone at 44–207 mm/ka (n= 4). The high
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Figure 46.1 Location map of studies cited in this paper. Small digital elevation model (DEM) (upper left corner of figure): eastern Mediterranean. Bound-
aries of detailed DEM are marked with black rectangle. Large DEM from Hall (1993).

erosion rates and their large range may indicate that erosion in the
Hazera Crater has not yet reached steady state. Alternatively, they
may be at steady state but reflect the combination of weak rock and
steep relief.

The difference between these two types of sandstones is reflected
in the general landscape of the arid parts of the investigated

region. The landscape formed in the Cambrian sandstones is
characterized by high relief including cliffs and deep canyons.
Lower Cretaceous sandstones form gentle slopes and broad flats.
This difference in erosion rate between the two types of sand-
stone highlights the influence of rock hardness on the rate of
erosion.
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Table 46.1 Bedrock and basin-wide average erosion rates measured with cosmogenic isotopes

Rock type Topography Location Erosion rate (mm/kyr) Source and comments

Granite, schist,
amphibolite

Steep slopes Eilat Mt 14.2±0.9; n = 8 Hyperarid; Clapp et al. 2000

Quartz vein∗∗ Steep slopes Eilat Mt 12.2±0.6; n = 8 Hyperarid; unpublished data
Sandstone Flat surface Timna 13.6±1.8, 17.6±2.3; n = 2 Hyperarid; Matmon et al. 2005
Sandstone∗ �5,000-year-old

boulders
Timna Zero; n = 5 Hyperarid; Matmon et al. 2005

Sandstone Flat surface Nahal Shehoret 7±1, 16±3, 30±5, 56±10;
n = 4

Hyperarid; Rinat et al. 2014

Sandstone∗ �5,000-year-old
boulders

Nahal Shehoret Zero; n = 21 Hyperarid; Rinat et al. 2014

Sandstone Flat surfaces Hazera Crater 44±4, 51±5, 71±8, 207±56;
n = 4

Arid; Fruchter et al. 2011

Quartzolite Flat surfaces Top of Hazera
Crater

1.7±0.2, 2.4±0.3; n = 2 Arid; Fruchter et al. 2011

Chert clasts (desert
pavement)

Flat surfaces Paran Plains 0.2 to 0.3; n = 2 Hyperarid; Matmon et al. 2009

Chert bedrock Flat surfaces Tzuk Tamrur 0.9±0.04; n = 1 Arid; Boroda et al. 2014
Chert bedrock Gentle slope Givat Zeron 11.3±1.3; n = 1 Arid; Boroda et al. 2011
Chert nodules
(embedded in
carbonate rock)

Gentle slope Carmel 9.9±5.6; n = 1 Mediterranean;
Boaretto et al. 2000

Chert nodules∗∗

(embedded in
carbonate rock)

Gentle slope Upper Galilee
(Mt Pua)

16.2±2.1, 17.1±2.2; n = 2 Mediterranean; unpublished
data

Chert nodules
(embedded in
carbonate rock)

Gentle slope Judea Hills 27±4, 29±4, 31±5; n = 3 Mediterranean; Ryb et al.
2014a

Carbonate clasts
(desert pavement)

Flat surfaces Paran Plain 0.7 to 0.8; n = 2 Hyperarid; Matmon et al. 2009

Dolomite Flat surface Upper Galilee 20±2, 35±4; n = 2 Mediterranean;
Gran et al. 2001

Dolomite, limestone Gentle slope Judea Hills 6±0.6 to 51±5.1
Ave. = 26.7±0.7; n = 19

Mediterranean; Ryb et al.
2014a

Dolomite, limestone Flat surfaces Judea Hills 13±1.3 to 54±5.4
Ave. = 21.3±1.2; n = 13

Mediterranean; Ryb et al.
2014a

Dolomite, limestone Gentle slope Judea Desert 7.2±0.5 to 38±2.3
Ave. = 18±0.2; n = 17

Mediterranean to Hyperarid;
Ryb et al. 2014b

Dolomite, limestone Flat surfaces Judea Desert 0.9±0 to 11±0.6
Ave. = 5.1±0.1; n = 17

Mediterranean to Hyperarid;
Ryb et al. 2014b

Dolomite, limestone Flat surfaces Judea Desert 2.6±0.2, 2.8±0.2, 1.4±0.1,
4.7±0.3, 7±0.5, 14.4±1.2,
43.3±4.1
Ave. = 10.9±0.6; n = 7

Mediterranean to Hyperarid;
Haviv et al. 2006

Basin-wide average Nahal Yael Eilat Mt 20.6±2.8, 20.9±2.8
21.7±2.8
Ave. = 21.0±1.6; n = 3

Hyperarid; Clapp et al. 2000

Basin-wide average Nahal Ramon Ramon Crater 19.4±2.6; n = 1 Arid; Guralnik et al. 2010
Basin-wide average Nahal Neqarot Central Negev 20.1±2.8, 20.4±3.1; n = 2 Arid; Guralnik et al. 2010
Basin-wide average Nahal Hazera Hazera Crater 26±2 to 133±11

Ave. = 86.1±4.9; n = 12
Arid; Fruchter et al. 2011
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Table 46.1 (cont.)

Rock type Topography Location Erosion rate (mm/kyr) Source and comments

Basin-wide average Nahal Hazera
(outlet
channel)

Hazera Crater 62±9; n = 1 Arid; Fruchter et al. 2011

Basin-wide average Nahal Hazera Outside Hazera
Crater

19±1; n = 1 Arid; Fruchter et al. 2011

Basin-wide average Nahal Soreq Judea Hills 49±4.9 to 147±15
Ave. = 70.9±2.9; n = 7

Mediterranean; Ryb et al. 2014a

Basin-wide average Nahal Arugot Judea Desert 17.3±1.1 to 25.4±1.5
Ave. = 20.1±0.6; n = 5

Mediterranean to Hyperarid;
Ryb et al. 2014b

Basin-wide average Nahal David Judea Desert 25±1; n = 1 Hyperarid; Ryb et al. 2014b

Basin-wide average Nahal David Judea Desert 22.5±2.1; n = 1 Hyperarid; Haviv 2007

∗ This rate is concluded from the ability to trace the location of boulders back to their cliff position at a <1 cm resolution, indicating
insignificant erosion (Matmon et al. 2005; Rinat et al. 2014).

∗∗ Cosmogenic isotope data for these erosion rates are presented in Table 46.2.

46.3.1.3 CHERT AND QUARTZOLITE

Chert erodes at rates 0 to �20 mm/ka depending on the type of
sample and the environmental conditions (in this case mainly cli-
mate). Chert clasts collected from desert pavements covering allu-
vial surfaces in the hyperarid areas of the central and southern
Negev (as well as covering areas in southern Jordan and Sinai) indi-
cate insignificant erosion over millions of years of exposure (Mat-
mon et al. 2009; Guralnik et al. 2010). The cosmogenic nuclide con-
centrations in such desert pavement chert clasts correspond to max-
imum erosion rates of 0.2–0.3 m/Ma. However, these erosion rates
imply minimum surface exposure ages that exceed 5 Ma, which are
unrealistic when the temporal framework for the morphotectonic

development of the Negev (Avni et al. 2000) is considered. There-
fore, although these maximum erosion rates are extremely slow, the
actual rates must be even slower. This extreme stability is explained
by the reduction of the chert clasts to their minimal size. Their inter-
nal structure does not contain discontinuities (i.e. fractures). Thus,
under the hyperarid conditions (lack of water and vegetation), these
clasts cannot break down any further nor can they be chemically
weathered.
In contrast, chert bedrock yields a larger range of erosion rates.

In the arid conditions of the northeast Negev, the flat surface of
Tzuk Tamrur table mountain is composed of chert and erodes at
�1 mm/ka (Boroda et al. 2014). Similar rates are obtained from

A
B

Figure 46.2 Erosion-rate frequency distribution plots. A: Bedrock erosion. Most of the<10 mm/ka measurements were obtained from the arid to hyperarid
regions of the western margin of the Dead Sea fault. 10–50 mm/ka values were obtained from the Mediterranean region. Most of the >50 mm/ka measure-
ments were obtained from the Hazera Crater in which friable and poorly cemented Lower Cretaceous sandstone is being eroded. B: Basin-wide average
erosion. Most basins erode at 10–20 mm/ka, reflecting bedrock erosion. Higher values were obtained from the Soreq drainage basin in which anthropogenic
activity for the past several thousand years introduced sediment with low cosmogenic isotope concentrations into the channels, and from the Hazera Crater
in which friable and poorly cemented Lower Cretaceous sandstone is being eroded.
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Table 46.2 In situ 10Be data for previously unpublished erosion rates

Name
Geographic
location∗

Sample
type∗∗

Geomorphic
location Quartz (g)

Be carrier
(mg)

10Be/9Be
(10–15)

10Be (106

atoms/g quartz)

10Be erosion
rate (mm/ka)

AMP-1 UG CN Gentle slope 20.13 0.255 288.4±6.4 0.24±0.07 17.1±2.2
AMP-3 UG CN Gentle slope 16.45 0.253 247.7±6.2 0.26±0.008 16.2±2.1
79QzStA EM QV Gentle slope 20 0.203 331±10.3 0.22±0.008 12.1±1.6
79QzStB EM QV Gentle slope 19.995 0.206 342±11 0.24±0.009 11.6±1.5
80QzStA EM QV Gentle slope 19.999 0.219 325±11.5 0.24±0.01 11.4±1.5
80QzStB EM QV Gentle slope 19.999 0.245 271±8.5 0.22±0.008 12.3±1.6
86Qz std EM QV Gentle slope 9.308 0.315 91.1±3.8 0.21±0.01 12.9±1.7
87Qz std EM QV Gentle slope 15.413 0.263 192±5.4 0.22±0.008 12.1±1.6
88Qz std A EM QV Gentle slope 14.927 0.251 197±6.2 0.22±0.008 12.6±1.7
88Qz std B EM QV Gentle slope 14.944 0.282 173±5.5 0.22±0.008 12.8±1.7

Shielding factor for all samples is 1. All locations are in WGS 84.
∗ UG – Upper Galilee samples. Lat/Long – N33.05°/E35.4°. Elevation – 701 m. Samples measured at CAMS, Lawrence Livermore
National Laboratory, California, USA. These samples were normalized to an AMS standard with a 10Be/9Be of 3×10−12 and then
factored by 1.106 following Niishizumi et al. (2007).

∗∗ CN – In situ chert nodules in carbonate rock; QV – In situ quartz vein.
∗EM – Eilat Mountain samples: Lat/Long – N29.56°/E34.9°. Elevation – 220 m.
Samples from batches 79, 80, and 88 were measured at ASTER, CEREGE, Aix en Provence, France. These samples were normalized to
the following AMS standard: 10Be/9Be – NIST SRM-4325 = 2.790×10−11.
Samples from batches 86 and 87 were measured at ANSTO, Sydney, Australia. These samples were normalized to the following AMS
standard: 10Be/9Be – NIST SRM-4325 = 2.790×10−11.

quartzolite bedrock (embedded in carbonate rocks) sampled from
flat surfaces above the Hazera Crater (Fruchter et al. 2011). In con-
trast, on top of the progressively eroding Givat Zeron, chert bedrock
erodes at 11.3±1.3 mm/ka (Boroda et al. 2011). This order of mag-
nitude difference in the rate of erosion of chert points to the influ-
ence of relief on the rate of surface processes (Boroda et al. 2014).
What used to be a flat-top table mountain of the Givat Zeron has
been eroded to a knife-shaped crest. This narrower crest results in
the increase in chert bedrock erosion rate (Boroda et al. 2014).
The concentrations of cosmogenic 10Be in chert nodules (n =

6) embedded in Upper Cretaceous or Eocene carbonate rocks were
measured in the Judea Hills, in the foothills of Mt Carmel, and in
the Upper Galilee (Mt Pua), all within the Mediterranean climate
zone (precipitation 550–650 mm/yr). The measured concentrations
correspond to erosion rates that range between 9.9±5.6 mm/ka
(Carmel; Boaretto et al. 2000) and 31±5 mm/ka (Judea Hills; Ryb
et al. 2014a) with an average of 22.3±1.7 mm/ka. The calculated
erosion rate of chert nodules is similar to the erosion rate of the
surrounding carbonate rock.

46.3.1.4 CARBONATE ROCKS

Most of the area west of the Dead Sea fault is underlain by car-
bonate rocks, mainly limestone and dolomite. Thus, determining
the rate at which these rocks erode has major implications for the
denudation of the region. Ryb et al. (2014b) show that, typically,
the erosion of carbonate rocks is dominated by chemical dissolu-
tion. Only in arid to hyperarid conditions, or under highly active
tectonics, or under the influence of periglacial conditions, do phys-
ical processes become dominant in the erosion of carbonate rocks.

The influence of these variables is clearly seen in the erosion pattern
of carbonate rocks in the investigated region.
Carbonate clasts collected from desert pavements that cover allu-

vial surfaces in the hyperarid southern Negev indicate insignificant
erosion over their millions of years of exposure (Matmon et al.
2009). The cosmogenic nuclide concentrations in these carbonate
samples correspond to maximum erosion rates of 0.7–0.8 m/Ma.
Although these maximum erosion rates are very slow, the actual
rates must be even slower since most clasts are 5–20 cm in diameter
and at such erosion rates they would be completely dissolved during
the 1.5–2Ma since they were exposed at the highest southern Negev
alluvial surfaces. Only slightly higher rates, ranging between 0.9–
2.8±0.2 mm/ka, were determined from flat and horizontal carbon-
ate bedrock surfaces in the arid to hyperarid part of the Judea Desert
(Ryb et al. 2014b; Haviv et al. 2006). Ryb et al. (2014b) show
increase in bedrock erosion to an average rate of 14.1±0.4 mm/ka
(7.2±0.5 to 32.6±2 mm/ka; n = 7) on gentle slopes in slightly less
arid conditions (200–300 mm/yr). Haviv et al. (2006) calculated
somewhat slower rates (4.7±0.3 to 7±0.5 mm/ka) under the same
climatic conditions. However, their samples were collected from flat
horizontal surfaces where erosion is only marginally influenced by
slope.
Measurements of 36Cl concentrations in carbonate rocks under

Mediterranean climate (precipitation >500 mm/yr) indicate that
erosion is independent of slope and is controlled mainly by precip-
itation (Ryb et al. 2014a). Average erosion rate of flat, horizontal
carbonate surfaces in the Judea hills is 21.3±1.2 mm/ka (n = 13)
while on gentle slopes it is 26.7±0.7 mm/ka (n= 19). Bedrock ero-
sion measurements of samples from the upper Galilee (n= 2) yield
rates of 20±2 and 35±4 mm/ka (Gran et al. 2001). The range at
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which carbonate rocks erode under Mediterranean climate west of
the Dead Sea fault is similar to carbonate bedrock erosion ratesmea-
sured throughout the entire Mediterranean region (Bloom 1998).
On a very local scale, the only points that experience significant
bedrock lowering are knickpoints in the Judea Desert canyons that
flow into the Dead Sea rift. Here, 36Cl concentrations correlate to
bedrock erosion of 100 to 900 mm/ka (Haviv 2007).

Under arid to hyperarid conditions, chert and carbonate rocks
erode much more slowly than granular rocks such as sandstone and
granite. This difference highlights the importance of rock texture in
determining rates of bedrock erosion. It is apparent also that under
humid conditions and in the presence of patchy or continuous soil
cover and vegetation, chert and carbonate rocks erode significantly
faster than in the arid and hyperarid conditions. This difference
highlights the influence of climate on bedrock erosion rate.

46.3.2 BASIN-WIDE AVERAGE EROSION RATES

Basin-wide average erosion rates were determined for seven
drainage basins. Nahal Soreq and the upstream reaches of Nahal
Arugot (Fig. 46.1) are under Mediterranean climate. The other
basins with calculated basin-wide average erosion rates based on
cosmogenic isotopes are within the arid to hyperarid environments.
Some basins, such as Nahal David in the Judea Desert and Nahal
Yael in the Eilat Mountains, were sampled only at their outlet.
In other basins, samples were collected from tributaries and the
main outlet. Overall, calculated basin-average erosion rates range
between 17.3±1.1 and 147±15 mm/ka (averaging �56 mm/ka; n
= 31; Figure 46.2). However, when considering only outlet chan-
nels, which reflect the average erosion of the entire basin, the range
narrows, to 19.4±2.6 to 70.9±2.9 mm/ka (n = 7). Furthermore, of
the seven analysed basins, five yielded quite similar rates (19.4±2.6
to 23.8±1.6 mm/ka). The two basins with higher erosion rates are
Nahal Hazera and Nahal Soreq. Nahal Hazera drains the friable,
Lower Cretaceous sandstones within the Hazera Crater. Its basin-
wide erosion rate most likely reflects the influence of weak rock
on the rate of erosion (Fruchter et al. 2011). Nahal Soreq, in the
Judea Hills, drains a basin in the Mediterranean zone and has been
inhabited over the past several thousands of years. Modern activity
of housing and road construction and destruction of ancient agri-
cultural terraces have introduced formerly shielded and, therefore,
poorly dosed sediment into the channels, thus lowering the mea-
sured isotopic concentration and increasing the calculated basin-
wide average erosion rate (Ryb et al. 2014a). A multi-peak distri-
bution of basin-wide erosion rates (Fig. 46.2) reflects these different
effects. The main peak at 20–30 mm/ka reflects the natural rate at
which bedrock and basins erode in the region. The 60–70 mm/ka
and >100 mm/ka peaks reflect areas of weak rock which may not
be in steady state (such as the Hazera Crater) and also reflect anthro-
pogenic intervention.

The five basins that yield similar basin-average erosion rates are
spread from Nahal Yael in the Eilat Mountains (draining basement
rocks) to Nahal David in the Judea Desert (draining mainly Upper
Cretaceous and Senonian carbonate rocks). All five channels drain
into the Dead Sea rift and are located in arid to hyperarid environ-

ments. Yet the differences in lithology, basin size, relief, and pre-
cipitation are not reflected in the basin erosion rate. The very close
proximity to the Dead Sea fault is not reflected either, whereas one
would expect such proximity to an active plate boundary to result in
a noticeable increase in erosion rates. It is possible that the average
basin-wide erosion of �20 mm/ka documented in channels drain-
ing to the Dead Sea rift reflects the cumulative influence of cli-
mate, relief, and rock resistance, and probably most importantly,
that the Dead Sea rift has reached its present morphology in the
early Pleistocene (Matmon&Zilberman, Chapter 3 of this volume).
This allows sufficient time for all channels potentially to reach
equilibrium.

46.4 EROSION RATES OF DEAD SEA FAULT
WESTERN MARGIN IN THE CONTEXT OF THE
ROCK CYCLE AND GLOBAL EROSION

The rock cycle describes recycling of rock material through Earth.
The subsurface half of the rock cycle is powered by heat generated
in the Earth, where metamorphic, magmatic, and tectonic processes
operate. In the subaerial part, erosion, transport, and deposition take
place. All exposed rocks on the Earth’s surface experience erosion.
Integrated surface erosion rates on Earth range over five orders of
magnitude (e.g. Milliman & Syvitski 1992; Matmon et al. 2009;
Fig. 46.3), from less than 1 mm/ka in the most hyperarid regions
of the world (such as in the Atacama Desert, Chile; Placzek et al.
2010, 2014) to over 1,000 mm/ka in the most tectonically active
mountain ranges (such as in Taiwan, New Zealand and the wetter
parts of the Himalaya; Duncan et al. 2001; Vance et al. 2003). These
rates, which are integrated over 103 to 105 years (low 106 years in
the rare cases of extremely slow rates) are controlled by the level
of tectonic activity, relief, climate, and rock strength. In spite of the
large range of erosion rates, over most of the Earth’s land surface
the rates range between 30 and 60 mm/ka (Matmon et al. 2009).
This range reflects the general climatic and tectonic conditions that
exist, and have existed, on Earth over the time integrated by these
measurements.
The rates of some processes in both parts of the rock cycle are

related. Tectonic activity such as rifting and orogenesis, as well as
volcanism, is followed by uplift and increased topographic relief.
These, in turn, support increased erosion and sediment transport
rates. On the other hand, erosion is followed by isostatic uplift. In
spite of the proximity to an active plate boundary, the western mar-
gins of the Dead Sea fault do not exhibit erosion rates typical of
plate boundary margins. These are generally in the range 102–103

mm/ka while here erosion is generally in the low 101 mm/ka.
Several interesting points arise when comparing bedrock and

basin-wide erosion along the western margin of the Dead Sea fault
with erosion in many other locations around the world:

(1) In general, erosion rates along the western margin of the Dead
Sea fault fall within the range of common erosion rates docu-
mented elsewhere on Earth.



A. Matmon 398

Figure 46.3 Compilation of erosion rates calculated from cosmogenic concentrations in bedrock, boulder, and sediment samples from selected studies
around the world. The fastest erosion rates are recorded in the steepest and tectonically most active mountain belts. The slowest rates are from the cold
and warm hyperarid regions of the world. Data from the western margin of the Dead Sea fault are in grey. Apart from the Paran Plains, erosion rate
measurements along the western margin of the Dead Sea fault range between 1 and 100 mm/ka, with an average bedrock erosion rate of �20 mm/ka and
an average basin-wide erosion rate of �56 mm/ka (see text for more detail). Apparently the climatic and tectonic conditions along the western Margin of
the Dead Sea fault are not extreme enough to result in extreme, atypical high or low erosion rates.
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(2) The tectonic, climatic and lithologic variations along the Dead
Sea fault do not produce extreme (high or low) erosion rates.
The only exceptions are the Paran Plains, where extreme aridity,
absence of tectonic activity, very resistant lithology, and zero-
relief result in extremely low erosion rates that are among the
slowest in the world (Matmon et al. 2009; Guralnik et al. 2010).

(3) Only extreme conditions (tectonic and/or climatic) such as in
the Himalayan orogenic mountain belt (and especially along its
humid front) or extreme aridity such as in the Atacama Desert
and Antarctica result in erosion rates that are significantly lower
or higher than the erosional ‘comfort zone’ of Earth.
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Figure 2.1 b: General location map of the Levant.

Figure 3.1 Satellite image of the Middle East, marking the location of the major plate boundaries around the Arabian Plate. The Dead Sea fault (DSF)
transforms motion between the spreading zones in the south (marked with dash-point lines) and the convergence in the north (marked with dashed lines).
EAF – East Anatolian fault. NAF – North Anatolian fault. Location of 5 Ma MORB (mid-ocean ridge basalt) in Red Sea is marked with a circle.



Figure 3.7 Correlation of late Miocene to Pleistocene indicators of major landscape development stages along the DSF and its margins. Pre-DSR indicators
are in blue. Post-arching indicators are in red. (1) Oldest alluvial surfaces within present drainage systems in the southern Negev, only 1–30 m above active
streams. (2) Stable surfaces of Tzuk Tamrur and the Zurim table mountain. (3) Yarmouk and Roqad Basalts. (4) Last stages of incision and stabilization
of the Soreq drainage system in the Judea Hills. Syn-rift relief and topography forming processes are in black. The Cover Basalt Formation (CB in green)
started flowing prior to rift initiation and continued during the initial stages of rifting. Overall, indicators suggest initial rifting and the formation of an
inland base level along the DSF at 4–5 Ma and the establishment of the present topography and drainage systems at 1–2 Ma (these are indicated by grey
bars). Indicators for the uplift history of the Judea Hills are shown in Fig. 3.6.

Figure 4.1 a: Annual precipitation (in mm) based on station observations gridded by the Global Precipitation Climatology Centre (GPCC) Project. The
figure uses the 0.25° 2011 climatology (Schneider et al. 2014). The underlying orography above 400 m is shown in white contours every 500 m. Elevation
data are from the 5-Minute Gridded Global Relief Data Collection (ETOPO5) available from World Data Service for Geophysics, Boulder, CO, USA.



Figure 8.2 Stratigraphy and chronology of the M1 Masada section of the Lisan Formation (after Torfstein et al. 2013a). The figure shows the main
lithological units: sequences of alternating aragonite and detritus (the aad facies described by Machlus et al. 2000; see also Waldmann et al., Chapter 11
of this volume), and gypsum units. The chronology of the sections was achieved by U–Th and radiocarbon (Prasad et al. 2004; Torfstein et al. 2013a). The
ages of the major gypsum units coincide with the ages of the ice-rafting debris event in the north Atlantic (Heinrich events). This was also shown for the
PZ1 section at Perazim Valley (Bartov et al. 2003; Haase-Schramm et al. 2004). The laminated sequence of the aad facies comprising the upper member
of the Lisan Formation (the ‘White Cliff’) was counted in thin sections (Prasad et al. 2004), and the data (thickness of the aragonite and detritus laminas)
were used for time-series analysis that resulted in a correlation to the oxygen isotope peaks in the Greenland ice cores.



Figure 9.1 Three-dimensional representation of environments of deposition of the sub-aerial, littoral, and basinal areas of the lacustrine systems that
evolved in the Dead Sea basin during low and high stands (above and below, respectively). DST, Dead Sea Transform.

Figure 9.4 Event layers as identified in the deep-basin environment of the Dead Sea. a: Intraclast breccias (as inAgnon et al. 2006), radiocarbon-dated to a
seismic event occurring at 1458 AD. b:mtd facies along with Ca, K, Ti, and Sr variations (in counts per second). The unit can be divided into three sub-units
based on the internal geochemical variations. c: A 10 cm sequence of halite deposits showing the htd facies. Upward increase in crystal size indicates the
presence of some internal structuring in the sequence.



Figure 9.2 Exemplary images of the sedimentary facies and structures of sediments retrieved in a deep core as part of the ICDP–DSDDP project (modified
after Neugebauer et al. 2014). a: Alternating aragonite and detrital marl (aad); b: laminated detrital marl containing aragonite and gypsum layers (ld); c:
massive primary gypsum deposit within detrital marl (gd); d: native sulfur concretion, associated with greenish coloured aad; e: layered halite with thin
dark detrital layers, transparent irregular-shaped halite crystal layers, and whitish fine-grained halite layers (lh); f: layered halite with thin dark detrital
layer and thicker white to greyish salt layer couplets (lh); g: consolidated homogeneous halite with irregular-shaped crystals and some fine detrital material
(hh); h: halite crystals and detrital marl (hd); i: brecciated halite within a fine-grained halite-detrital matrix interpreted as transported material (halite and
transported detritus or htd); j: gravel of halite, carbonate, sulfate, and minor quartz (coarse clastic and detritus or ccd); k: graded layer of mud characterized
by fining upward sequence and a dark clayey top (mass transport deposit or mtd); l: same as previous facies description, but intraclast breccia or seismite
characterizes the base (mtd); m: displaced sediment structure of aad (associated with mtd); n: slumped and folded deposits of aad (mtd).



Figure 9.3 Multi-proxy analyses of both shallow and deep water cores (DSEn-A4 and 5017-1, respectively) showing the mineralogy and sedimentology
typical of the ld and aad facies. a: Variations of Sr, S, Ca, Fe, and Ti in counts per second (cps). b: Variation of Ti and Sr (in cps) along with the mineralogical
composition of a homogenitic mtd unit measured in a core from the deep environment. c: Micro-facies analysis of the different lithologies identified as
being associated with the ld and aad facies in the shallow and deep environment. de: detritus, ar: aragonite, and gy: gypsum.
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Figure 10.3 The Arubotaim Cave section of the Amora Fm. exposed on the eastern flank of Mt Sedom. Sediment intervals equivalent to Marine Isotope Stages (MISs) 11–5 are marked. A massive salt unit
corresponding to MIS 11 represents a significant drop in lake level.



Figure 13.2 Lisan sedimentary sections and lake level reconstructions (modified from Torfstein et al. 2013a). The lithology of three representative sections
(M1, NT, and PZ1) is plotted vs age, according to the unified Lisan chronology, and compared to lake level reconstructions. All sites indicate high-stand
conditions during most of MIS 4 and MIS 2, both of which terminated with the deposition of massive gypsum units. Frequent oscillations in the lithology
are observed during warmer and drier MIS 3. The frequency of fluctuations is higher in the marginal sections (e.g. NT, PZ1), while the deeper-lake M1
section is characterized by shifts between alternating aragonite–detritus (aad) couplets and gypsum layers. The gypsum layers correspond to the timing of
Heinrich events in the North Atlantic, marked by vertical grey bars (Wang et al. 2001) timescales. During the Pleistocene–Holocene transition, the lake
receded and all sections were exposed. For clarity, the high-resolution details of the Gypsum Units are not presented. Legend abbreviations: (1) sand, (2)
marl, (3) halite, (4) gypsum, (5) aad, (6) hiatus, (7) convolute unit (see text for details).



Figure 13.3 Compiled lake level indicators and lake level reconstruction (from Torfstein et al. 2013b). Data points represent a combination of absolute and
relative water level markers, and have all been fitted to a unified chronology (see data details in Torfstein et al. 2013a). Sample elevations were corrected
for an average tectonic subsidence of 0.3 m/ka (Bartov et al. 2006). This correction was not applied for elevated samples from caves overhanging the Dead
Sea Basin (Lisker et al. 2009) and from Mount Yizrah (Bartov 2004), which are considered to be tectonically stable. An additional age–elevation data set
of Lake Lisan deposits covering the Mount Sedom halite diapir (Weinberger et al. 2007) was not considered here because of the large uncertainty in initial
sediment elevations due to the ongoing rise of Mount Sedom. Note that some intervals of the curve are dashed, indicating that they are estimates and not
robust curve reconstructions.
The age (ka) of millennial-scale high stands is noted above each event. The lake level curve between �14.5 and 10 ka is from Stein et al. (2010), and
the Holocene Dead Sea level fluctuations were compiled by Kushnir and Stein (2010) from various studies. The shadowed rectangles mark the timing of
Heinrich (H) stadials according to the GICC05 timescale (Wolff et al. 2010).

Figure 13.5 Schematic summary of the main rain systems contributing precipitation to the Levant. The intensity and locus of each of the systems varied
in time. Their dominance over Levant and Dead Sea Basin hydrology, today and during past glacial and interglacial cycles, are discussed in the main text.



Figure 13.4 Lake level compilation and comparison to global climate patterns.
A: Oxygen isotope compositions of the Soreq Cave (Bar-Matthews et al. 2003; Grant et al. 2012) and summer insolation at 35° N; B: Greenland NGRIP
δ18O record plotted on the GICC05 timescale (Wolff et al. 2010), where positive shifts reflect warming. The timing of Heinrich stadials is marked by yellow
rectangles and the numerical event number is noted in red above plot A. C: Compiled lake level (absolute and relative) for the late Quaternary Dead Sea
basin lakes. The past 70 ka are documented by an absolute lake level curve (compiled by Torfstein et al. 2013b). Older time windows are constrained by a
relative lake level curve (Waldmann et al. 2010). D: smoothed running average of the sediment facies record of the DSDDP for the last 200 ka (Torfstein
et al. 2015b); E: absolute sea level curve reconstruction (Rohling et al. 2009). Grey rectangles mark the timing of massive halite deposition in the centre of
the Dead Sea. Pale orange rectangle marks the timing of a hiatus in the deep Dead Sea ICDP drill core (Torfstein et al. 2015b).



Figure 14.3 Deposits associated with Pleistocene water bodies. a: Wadi Hasa wetland deposits (Unit C; Fig. 14.2a); b: in-stream wetland deposits of
reduced mudstones and sandstones within the main channel; c: interfingering of mudstones and conglomerates at side-canyon and main channel junction;
d: perennial Wadi Hasa with riparian and phreatophyte vegetation; e and f: marl and green mudstones exposed on west side of Al Jafr Basin (St. 1); g:
location of Mudawwara coquina (Yasin 2001, St. 11) atop small hill near truck, h: exposed coquina at St. 11 of Yasin (2001).



Figure 18.2 Comparison of the Jeita JeG-stm-1 stalagmite records and
other records (Bar-Matthews et al. 1997; Emeis et al. 2000; Frumkin et al.
2000; Migowski et al. 2006). Based on Verheyden et al. (2008).

Figure 22.2 a: Low undulating hills in the Bizat Ruhama area. b: One of
the erosional channels in which archaeological horizon was exposed, with
main excavation area (BR AT5) and the type-section. c: Artefacts exposed
during the excavations.



Figure 23.2 Blades from Qesem Cave.

Figure 24.1 Tabun Cave. b: Tabun Cave, general view.



Figure 25.2 Misliya Cave. a: A view from the northwest. b: The main excavation area (a view from the south). c: Close-up of the hearth marked in b.

Figure 36.1 General view of Ded-
eriyeh Cave.
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Figure 27.1 A: View of Kebara Cave from the coastal plain to the east; B: view to the northwest of the Kebara excavations; C: Middle Palaeolithic large
hearth in the ‘Deep Sounding’ (Unit XIII) overlain by a series of thinner fireplaces, visible in the western section; D: burial of Kebara 2 hominid, during
excavation.



Figure 29.2 The four prehistoric cave sites in Nahal Amud. a: Emireh Cave; b: Zuttiyeh Cave; c: Amud Cave; d: Shovakh Cave. Photos: Mika Ullman.

Figure 33.2 A: The skeleton of H2 during excavations. B: An incised gazelle bone found under the skull (lower image) and a similar wood implement
found on a brush hut floor (upper image).



Figure 33.3 A: A segment of the grass bedding found on the bottom floor of brush hut 1. B: Dispersal unit of wild wheat (Triticum dicoccoides), ventral
view. Courtesy of Orit Simchoni. C: A fragment of a twisted cord. D: A wood object worked all round.

Figure 35.1 Hilazon Tachtit Cave – a view from the inside of cave to Nahal Hilazon, facing east (photo by Naftali Hilger).



Figure 50.1 Outline of the Coastal Plain landscape and stratigraphy. A: General topography. B: Pedo-geomorphic surface map modified after Dan and
Raz (1975) and precipitation isohyets (mm yr−1). C: Generalized chronology framework (details in the text). D: Suggested geomorphic map for the recent
coastal accretion complexes and relict surfaces vs fluvial landforms. E: Suggested cross-section representing sedimentary units of the coastal complexes in
the Carmel (E1) and the Sharon (E2). F: Location of panels A to D.



Figure 50.3 Summary of numerical chronology of the western Coastal Plain in relationship to the distance from the Mediterranean shoreline (Engelmann
et al. 2001; Frechen et al. 2001; 2002; Godfrey-Smith et al. 2003; Engelmann 2004; Frechen et al. 2004; Porat et al. 2004; Sivan & Porat 2004; Mauz et al.
2013; this study).

Figure 50.4 A model for gradual accretion of the coastal plain together with formation of typical ridge and trough topography, based on the available
chronology of the first and second ridges as discussed.



Figure 52.1 General location map of the Levant and the Negev Highlands, presenting the study area and the main drainage basins and study sites. Black
areas: main settlements; red circles: study sites.
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Figure 52.4 a: A geological map of the upper Arod basin indicating the locations of the Q1 terrace (white arrow) and the Q2 terrace (black arrow) deposited
along the Arod valley. (Geological Map of Israel 1:50,000; Har Loz sheet, Avni 2001.) b: A geological map of the upper Zin basin, 5 km south of Sede
Boqer, indicating the locations of the Q1 terrace (white-tipped arrows) and the Q2 terrace (black arrow) deposited along the lower Zin valley. (Geological
Map of Israel 1:50,000; Sede Boqer sheet, Avni and Weiler 2013.) Note that in both drainage basins, preservation of older alluvial terraces is possible only
at the lower and wider segments of the valleys.



Figure 53.5 The spatial patterns of the coarse silt mode of the PSD of the loess (in µm) (left panels) and dust MAR (in g m−2 yr−1) (right panels) for three
periods throughout the late Pleistocene (120–70 ka, 70–40 ka, and 40–10 ka). For most sequences, we used the carbonate-free PSD and excluded from the
calculation the PSD mode of the sand fraction. The names of the loess sequences and soil profiles appear in Fig. 53.1. Note that contours of equal grain
size and rates are approximate and do not take topography into account.



Figure 54.1 a: Air-mass backward trajectories (calculated for 24 hours) during dust storms of different synoptic systems, from left to right: red – cold
depression, orange – Sharav cyclone, blue – Red Sea trough; after Kalderon 2005. b: Location map showing the sites of sedimentary archives used for this
study. On a north to south transect the sites are: Dead Sea region; the Negev loess sections; Red Sea (cores KL23 and KL11). Also marked are the exposures
of the late Proterozoic Arabian–Nubian Shield (ANS), Cenozoic volcanics and Phanerozoic rocks. c: Main lithological domains in the Sahara–Arabia desert
belt including their isotopic characterization. For details see the map legend. The rest of the map shows various crustal terrains comprising the African
and Middle East continental crust (modified after Stein et al. 2007). Also shown are the main wind directions from the nearby deserts, where the large
arrow represents winds during cold depression and Sharav cyclone synoptic conditions, and the smaller arrow represents winds derived by Indian monsoon
intensities associated with Red Sea trough conditions.



Figure 54.4 Regional 87Sr/86Sr and εNd values of siliciclastic dust sources and the insoluble residue values of Red Sea cores KL23 and KL11 (Palchan
et al. 2013), Negev loess (Netivot loess – NL, Haliva-Cohen et al. 2012; mountain-top loess – MTL, Ben Israel et al. 2014), contemporary dust samples
over Israel (see text), and the Red Sea aerosols (Grousset et al. 1988). The samples fall well within a mixing line of two sources (Blue Nile sediments and
Saharan shield) with an added contributor (Arabian–Nubian shield) (Palchan et al. 2013 and references therein). The samples which plot closer to ANS
values probably indicate more Red Sea trough-like flows of winds. ld Prazim – Dead Sea, Prazim Valley ld; aad Prazim – Dead Sea, Prazim Valley aad;
values are from Haliva-Cohen et al. (2012).

Figure 62.2 a: Stratigraphy and view of the main section at Aïn al Fil.



Figure 55.4 A: Map of Holot Shunera showing the location of sites (mostly Epipalaeolithic) and the deflection of Wadi e-Sid by the incursion of dunes
and adjacent playa-type deposits; B: sites during excavation at Shunera; C: Shunera II during excavation in situ with hearth and work-slab; D: refitted core
and Helwan lunate from Early Natufian Azariq XV.



Figure 56.1 The northwestern Negev dunefield (figure modified from Muhs et al. 2013) is the eastern end of the northern Sinai/northwestern Negev erg
(Sinai–Negev erg), the central aeolian sedimentary body.



Figure 64.3 Plan of Tor Faraj showing the locations of hearths and reconstructed activity areas associated with Floor II (after Henry 2010).

Figure 72.2 Early Epipalaeolithic sites in the Wadi al-Hasa region: A: Tor Sageer; B: KPS-75; C: Yutil al-Hasa (Area C is marked by the person at the
lower right, while Area F is to the left of that person and the intervening boulders); and D: Tor al-Tareeq (note that the opening in the bedrock ledge is not
a rockshelter but the result of enhancement to construct a shelter with a door, which was still in place in 1984). Photographs by the author.



Figure 70.1 Upper Palaeolithic sites in the southern Levant: A, Erq el-Ahmar; B, view north from Sde Divshon to Sde Boker (village in background) and
Boker Tachtit and Boker, respectively on the right and left bank of Nahal Zin; C, Qadesh Barnea 601; D, Lagama VII.



Figure 71.3 Epipalaeolithic sites in the Mediterranean zone. A: Meged rockshelter in western Galilee (view to the northeast); B: Fazael III and X in the
lower Jordan Valley (view to the west); C: Givat HaEsev on the bank of Nahal Soreq in the coastal plain (view to the north); D: Newe David at the foothills
of Mt Carmel (view to the east).



Figure 76.3 View north over Timsah Rock at Moghr el-Ahwal.

Figure 79.2 The excavated Natufian structure and bedrock mortars (inset) at Khallat Anaza.



Figure 77.1 General map indicating location of Natufian sites mentioned in the text.



Figure 82.1 The geographic distribution of the seven Neolithic founder crops in the Fertile Crescent of the Near East. Large map shows the distribution of
wild chickpea (red line) in a Core Area (green line) within the upper reaches of the Tigris and Euphrates rivers (present-day southeastern Turkey/northern
Syria). Neolithic sites are numbered as follows: 1: Çayönü; 2: Cafer Hüyük; 3: Nevali Çori; 4: Göbekli Tepe; 5: Djade; 6: Jerf el-Ahmar; 7: Tell Mureybet;
8: Tell Abu-Hureyra; 9: Hallan Çemi Tepesi; 10: Qermez Dere; 11: Mlefaat; 12: Tell Aswad; 13: Yiftahel; and 14: Jericho. Inset maps show the natural
distributions of the wild progenitors of the founder cereal crops, einkorn wheat (cross indicates the putative site of its domestication), emmer wheat, and
barley, and the founder legumes, lentil, pea, and bitter vetch. The blue lines in the distribution maps indicate the area of the identified wild genetic stocks of
the domesticated forms, while the red lines indicate the distribution of the wild progenitors beyond that of the founder stocks. Reproduced with permission
from Lev-Yadun et al. 2000.



47 Palaeogeography and Palaeohydrology of Fluvial Systems in the Levant,
Southeastern Mediterranean

noam greenbaum and ezra zilberman

47.1 INTRODUCTION

The history of the fluvial systems of the Levant can be traced back
to the Oligocene following the regression of the sea at the end of the
Eocene (Avni, Chapter 2 of this volume). Since then, their develop-
ment has been controlled by three main geological processes: (1)
the uplift of the Arabian plate (Bar 2009; Bar et al. 2013); (2) the
breakup of this plate by the Dead Sea Transform and the forma-
tion of the Dead Sea rift as an inland base level, which also estab-
lished the regional north–south water divides of Israel, Lebanon,
and Jordan (Matmon & Zilberman, Chapter 3 of this volume; Avni,
this volume); and (3) eustatic and other sea-level fluctuations deter-
mining the base level for the west-flowing streams. In addition, the
drainage basins responded to local tectonics, stream piracy along
the water divides, climatic fluctuations, and intrusions of aeolian
sand and dust.

During the Oligocene, the Levant was a part of the Arabian plate,
where a low-relief terrain (peneplain) prevailed (Picard 1943). The
Oligocene drainage systems left no sediments except some within
the Dead Sea Rift Valley (Bender 1968, 1974; Avni et al. 2013).
However, deep submarine canyons in the continental shelf indicate
that the present drainage systems were, in part, active already dur-
ing the Oligocene. The most prominent are: El Arish canyon at
the outlet of Wadi El Arish (Fig. 47.1; Derin 1976; Wolf & Klang
1976; Politi & Croker 1978); the Afiq and Ashdod canyons, the
Oligocene–Miocene outlets of the Be’er Sheva-Besor and Soreq
streams, respectively (Fig. 47.1; Neev 1960; Gvirtzman & Buch-
binder 1969; Buchbinder et al. 1981, 1982, 2000, 2005; Druckman
et al. 1995); and the Kziv canyon (Fig. 47.1) in the Upper Galilee
shelf (Ashkar et al. 2013).

During the Early Miocene, the Arabian plate was drained west-
ward to the coast along the western margins of the Mountainous
Backbone of the southern Levant. This drainage system transported
sediments from the Arabian plate to the Negev, which was covered
by a thick sequence of fluvial sediments (Garfunkel & Horowitz
1966; Zilberman 1992; Calvo 2002; Zilberman & Calvo 2013),
whereas northern Israel was still mostly submerged by sea (Buch-

binder et al. 2005). At the end of the Early Miocene, westward-
flowing fluvial systems initiated in the Lower Galilee and Yizre’el
Valley (Schulman 1962; Shaliv 1991).
The present-day configuration of the drainage systems was estab-

lished during the Plio-Pleistocene as a result of (a) the formation of
the deep elongated valley of the Dead Sea rift; (b) post-Pliocene
uplift of the Mountainous Backbone, which pushed the coastline
westward toward its present position, and established the regional
water divide between the Dead Sea rift and the Mediterranean; and
(c) the formation of the Coastal Plain over a thick Pliocene Nilotic
sedimentary sequence.

47.2 WESTERN FLUVIAL SYSTEMS

The margins of the Mountainous Backbone have been dissected
by west-flowing streams since the Early Miocene, when the coast
was located along the mountains’ foothills. Marine abrasion flat-
tened the JudeaHills during theMiddleMiocene; these abraded flats
were incised later during sea regressions by the larger streams such
as Nahal Beer Sheva, Nahal Ha’Ela and Nahal Soreq (Fig. 47.1;
Sneh & Buchbinder 1984; Bar 2009). These streams, flowing from
the Mountainous Backbone to the Coastal Plain, developed during
the Messinian crisis, when the Mediterranean Sea level dropped
and the shoreline regressed far westward. These stream valleys
were flooded during the early Pliocene transgression (Gvirtzman
1970; Gvirtzman & Buchbinder 1978). The incision of the present
drainage network postdates a later, late-Pliocene regression, trig-
gered by a 200–300 m uplift of the Mountainous Backbone (Gvirtz-
man & Buchbinder 1969; Sneh & Buchbinder 1984; Buchbinder &
Zilberman 1997; Bar 2009). These streams flow across the coastal
plain over up to 200 m thick fluvial–aeolian Pleistocene sediments
overlying the Pliocene Nilotic sediments (Gvirtzman 1970; Gvirtz-
man et al. 1997). The streams’ courses along the Coastal Plain were
occasionally interrupted by sand incursion and build-up of coastal
dunes, in places lithified into aeolianites (Picard 1943; Yaalon 1967;
Issar 1968, Gavish& Freidman 1969; Harel et al., Chapter 50 of this
volume). The wide and shallow shelf, especially in the southern
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Figure 47.1 The drainage systems of the southern Levant, including the Oligo-Miocene sub-marine canyons, extension of Lake Lisan and locations of
stream capture. The numbers of the streams provide data for each basin in Tables 47.1, 47.2.
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Coastal Plain, was exposed during low sea levels, and moderated
the streams’ response to eustatic sea-level drops. The course of the
streams in the Galilee Coastal Plain is controlled by Pleistocene and
Holocene horst and graben structures along east–west striking faults
(Sivan 1996; Sivan & Galili 1999; Ashkar et al. 2013).

47.3 STREAM PIRACY ALONG THE REGIONAL
WATER DIVIDE

The development of the Dead Sea Rift as an elongated deep inland
erosion base level, together with the uplift and arching of theMoun-
tainous Backbone, established the north–south water divide (e.g.
Avni, this volume; Matmon & Zilberman, this volume). This water
divide parallels and nears (up to 30 km) the rift in northern and cen-
tral Israel, but shifts <80 km west of the Dead Sea Rift in southern
Israel owing to Plio-Pleistocene tectonics (Picard 1943, 1951; Gar-
funkel et al. 1981; Garfunkel & Ben-Avraham 1996; Wdowinski &
Zilberman 1996; Matmon et al. 1999; Zilberman 2000). East of the
Mountainous Backbone, the stream valleys are short, narrow, steep,
and deep; therefore, they incised into the water divide and captured
upper parts of the lower-gradient west-flowing streams, in places
shifting the water divide westward.

Streams in the eastern Galilee reversed their Mio-Pliocene west-
flowing direction, draining at present east, towards the Dead Sea
rift. Kafri and Horowitz (2003) indicated that the Hula basin may
have drained northward to the Mediterranean during the Pliocene.
Similarly, Shtober-Zisu (2005) suggested that one of these Pliocene
routes was Wadi Hunin, which drains to the Litany River in
Lebanon. The Amud stream (Fig. 47.1), which drained the basalts
of the Korazim Plateau (located at present within the Dead Sea rift)
and the Dalton Plateau (in the eastern Galilee) to the west through
the Beit Ha’Kerem Valley, reversed its flow during the early Pleis-
tocene, prior to 2 Ma (Kafri & Heimann 1994; Kafri 2002) or post-
1.8 Ma (Matmon et al. 1999). The Zalmon stream, a tributary of the
west-flowing Hilazon stream (Fig. 47.1), reversed its flow direction
after the eruption of the 1.8Ma Dalton Basalt (Matmon et al. 1999).

In the northeastern Negev, a series of streams (Nahal Ze’elim,
Nahal Heimar, Nahal Zafit, Nahal Hatira, Nahal Hatzera) (Fig. 47.1)
drained to the Beer Sheva Valley during the Early–MiddleMiocene.
They reversed their flow direction during the middle Miocene
toward the Dead Sea and are capturing, at present, the upper
drainage basin of the west-flowing Nahal Beer-Sheva (Bar et al.
2016).

The Miocene–Pliocene upper Nahal Besor, in the Central Negev
plateau, was captured by the east-flowing Nahal Zin (Picard 1951;
Nir 1989; Fig. 47.2). This capture occurred late in the early Pleis-
tocene (Enzel et al. 1988; Zilberman 1991) and was triggered
by eastward tilt of the previous water divide area and probably
assisted by tectonic activity along the Zin Fault (Avni & Zilberman
2007).

The Mio-Pliocene pre-capture terraces, as well as the post-
capture early Pleistocene–Holocene remnants, can be traced along
the course of the Nahal Besor channel (Fig. 47.3; Zilberman 1986a,
1986b; Amit et al. 2000; Greenbaum & Ben-David 2001).

The Pliocene palaeo-Paran stream, which had flowed northward
to the Dead Sea through the Neqarot Canyon (Fig. 47.1; Avni 1991;
Zilberman et al. 1996; Avni et al. 2000), changed its direction east-
ward into the subsiding Dead Sea Rift during the early Pleistocene.
The ‘Edom River’ – a Pliocene tributary to the palaeo-Paran that
drained the western slopes of the Edom Mountains (Jordan) west-
ward across the Arava valley rift at the Gav-Ha’Arava water divide
(Fig. 47.1) – reversed its flow direction eastward toward the Arava
Valley during the early Pleistocene (Ginat et al. 2000). In south-
ern Israel and Sinai, a series of east-flowing streams such as Nahal
Raham (Israel), Wadi Taba, and Wadi El-Halifia (Sinai) are captur-
ing the upper drainage basin of the Nahal Paran into the southern
Arava Valley and the Red Sea.

47.4 ENTRENCHED MEANDERS AND WATER GAPS
IN ANTICLINES

Some of the streams cut through theMountainous Backbone, which
has been exposed since the end of the Early Miocene (Sneh &
Buchbinder 1984; Bar 2009; Zilberman et al. 2011; Zilberman &
Calvo 2013), follow older routes of pre-Dead Sea Rift (DSR), early
Miocene regional fluvial systems that drained the Arabian plate. In
the northern Negev, many of the Syrian Arc anticlinal ridges are
transversed by valleys mostly incised in structural saddles (Picard
1951; Gvirtzman 1979b; Zilberman 1991). These valleys are routes
of west-flowingMiocene and Pliocene streams, incised into the low-
relief Oligocene landscape owing to the early Miocene and post-
Pliocene uplift phases of the northern Negev (Zilberman 1991). The
most prominent are the Mamshit-Aroer Valley across the Hatira
and Dimona anticlines (Neev 1960; Fig. 47.2), and the valleys in
Nahal Besor watershed across the Haluqim, Boqer, Shivta, Yero-
ham, Zavoa, and Keren-Rogem anticlines.
East-flowing streams also follow such ancient transversal valleys:

Nahal Zafit and Nahal Hatira cross the Hatzera anticline (Fig. 47.2),
and Nahal Zin incised the northeastern part of the Mahamal anti-
cline. Nir (1989) suggested that the incised meanders of Nahal
Soreq (Fig. 47.1) are inherited from a large ancient river that drained
the Arabian Plateau across the Oligocene peneplain. However, there
is no clear evidence for a corresponding abandoned valley, neither
on the remnants of the Oligocene surface along the present water
divide (Bar 2009), nor on the Jordanian Plateau.

47.5 THE RESPONSE OF THE WEST-FLOWING
STREAMS TO SAND INCURSION

Sand incursion to the Coastal Plain during the late Quaternary
(Gvirtzman et al. 1984; Engelmann et al. 2001; Frechen et al. 2001,
2002; Porat et al. 2004; Cohen-Seffer et al. 2005; Sivan et al. 2011;
Greenbaum et al. 2014; Harel et al., Chapter 50 of this volume)
altered the drainage in this relatively flat mosaic environment (Harel
et al., this volume). Sand incursion continued during the Holocene
(Horowitz 1979), and dunefields covered Roman archaeo-
logical sites (Goldberg 1986). The sand incursions diverted the
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Figure 47.2 The drainage basin of Nahal Besor at the northern Negev, including anticline axis, Pliocene coastline, Beer Sheva and Afiq canyons, transverse
canyons crossing geological structures, locations of stream piracy and capture, sand fields, sand cover, and loess cover.

outlets of the coastal streams to the north and northwest (Nir 1989).
The large and perennial streams kept their outlets open. For ex-
ample, the ephemeral Nahal Ayalon was diverted north to the
perennial Yarkon River (Nir 1989), and Nahal Ada was diverted
to the perennial Nahal Taninim (Fig. 47.1). Other stream out-
lets, such as Nahal Lachish and Nahal Soreq (Fig. 47.1), were
diverted 20 and 15 km, respectively, to the northwest (Nir 1989;
Fig. 47.1). Temporarily, the sands completely blocked the outlets
of low-gradient streams such as the Qishon, Taninim, and Dalya
(Cohen-Seffer et al. 2005; Greenbaum et al. 2014). These sand
blockages formed inland wetlands (Cohen-Seffer et al. 2005; Sivan
et al. 2011; Greenbaum et al. 2014; Sivan & Greenbaum, Chapter
51 of this volume). The oldest wetlands yet identified are at Haifa
Bay (�500–400 ka, Avnaim-Katav et al. 2012).
During the last glacial, incursion of dunes from northern Sinai

into the western Negev established an extensive dunefield of
�1,300 km2 (Fig. 47.2) (Goldberg 1986; Goring-Morris & Gold-
berg 1990; Magaritz & Enzel 1990; Zilberman 1992; Ben-David
2003; Enzel et al. 2008; Roskin et al. 2011a, 2011b; Roskin &

Tsoar, Chapter 56 of this volume). The most recent extensive activ-
ity of this Sinai–Negev dunefield is 18–11.5 ka (e.g. Roskin &
Tsoar, this volume). These dunes blocked streams that drained the
Central Negev plateau to the Mediterranean. The routes of the
northwest-flowing Nahal Nizzana and its largest tributary Nahal
Lavan (Fig. 47.2; Zilberman 1991; Harrison & Yair 1998; Ben-
David 2003) were blocked by dunes and diverted west towards the
Wadi El Arish (Fig. 47.1). Nahal Shunra (Fig. 47.2) was blocked,
to be lost at the Shunra dunefield and west of the Qeren-Rogem
Ridge in the Agur dunefield (Fig. 47.2; Zilberman 1992; Green-
baum & Ben-David 2001). The large Nahal Besor breached local
sand blockages and preserved its original outlet into the Mediter-
ranean (Fig. 47.2).
Intermitted dams formed by dunes across some stream channels

triggered the formation of short-lived water bodies. Remnants of
such water bodies exist along Nahal Sekher (Fig. 47.2; Enzel 1984;
Roskin et al. 2014), Nahal Lavan (Zilberman 1991; Ben-David
2003), and Mt Qeren (Zilberman 1982; Zilberman & Wachs 1983;
Enzel et al. 2010). Owing to the rapid sedimentation behind these
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Figure 47.3 The Mio-Pliocene terraces of Nahal Besor (A–F) are composed of coarse fluvial conglomerate of the Ahuzam Fm., overlying fine marine
conglomerate and sandstone of the Pleshet Fm. The Pleistocene terraces (Q1, Q1a, and Q2) were deposited after the early Pleistocene incision (1.95–1.77
Ma) and are composed of gravel, silt, and sand. (After Greenbaum & Ben-David 2001 (IEC).)

sand barriers, they were occasionally breached, triggering rapid
incision.

47.6 THE IMPACT OF LOESS ON THE DRAINAGE
SYSTEMS

During the last glacial (mainly 70–11 ka; e.g. Crouvi et al. 2008,
2009; Chapter 53 of this volume), loess covered and buried low
topographic sites and pre-existing fluvial systems. It caused intense
fluvial loess fill and formed the wide plains of the northwestern
Negev (Yaalon & Ganor 1966, 1975; Horowitz 1979; Enzel 1984;
Goldberg 1986; Gerson & Amit 1987; Yair & Enzel 1987; Zil-
berman 1992; Amit et al. 2006; Crouvi et al. 2008; Enzel et al.
2008). This cover altered the surface hydrology and generated rela-
tively low-discharge floods that were overloaded with reworked
loess, unable to transport it to the sea, and therefore deposited it
along the floodplains. These thick fluvial loess valley fills are up to
20 m thick and form the wide floodplains of the north and western
Negev (Goldberg 1981; Yair 1987; Yair & Enzel 1987; Zilberman
1992). In Nahal Besor, this fill is 13–20 m thick. The lower 5–6 m
are silts with buried calcic soil horizons (>126–98 ka and 60 ka
at the lower reaches) and the upper 8–14 m are sandier, contain-
ing Epipalaeolithic artefacts (>20–15 ka, Fig. 47.3; Greenbaum &
Ben-David 2001). In Nahal Nizzana, the age of this sequence is
between 70–60 ka and 14–12 ka (Zilberman 1992; Menashe 2003),
which is the age of the main loess accretion in the Negev (Crouvi

et al. 2008). These fills probably began incising during the Younger
Dryas and continued during the Holocene (Goldberg 1981; Maga-
ritz 1986; Yair & Enzel 1987; Zilberman 1992; Greenbaum & Ben-
David 2001). During the early Pleistocene Nahal Beer Sheva was
diverted southwest from its original course to the west and became
themain tributary of Nahal Besor (Fig. 47.2). This change was asso-
ciated by Nir (1989) to the loess incursion (which later provedmuch
younger) and by Gvirtzman (1979a) and Zilberman (1991) to tec-
tonic uplift along the Qeren-Rogem fault.

47.7 HYDROLOGY OF THE COASTAL STREAMS

Thirteen western watersheds have drainage areas >100 km2

(Table 47.1) and �3,420 km2 (Fig. 47.1). The average gradients
of these sub-parallel streams are �1–3%. The northern streams
are perennial and fed by large springs. Their floods are of long
duration (days to weeks) and relatively low magnitudes (specific
peak discharge <1 m3 s−1 km−2), with relatively large volumes
(up to 73 × 106 m3). Maximum annual volume exceeded 178 ×
106 m3 yr−1. The magnitudes increase southward with aridity.
The southern coastal streams are ephemeral and generate flows in
response to Mediterranean cyclones and rainstorms in the winter.
The annual number of floods is 1–20 (�8 floods on average) and
decreases southward. The envelope curve for the peak flood dis-
charges of the western (coastal) streams, in comparison with other
parts of the region, is shown in Fig. 47.4.
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Table 47.1 Western Basins – physical and hydrological characteristics (Fig. 47.1; Israel Hydrological Service 2012; Soil Erosion
Research Station 2014)

Catchment no.
and name

Drainage
area (km2)

Mean annual
rainfall
(mm yr−1)

Mean annual
discharge
(106 m3)

Maximum
measured
discharge
(m3 s−1)

Specific peak
discharge
m3 s−1 km−2

Maximum
measured
volume
(106 m3)

Duration of
systematic
record (years)

(1) Kziv∗ 130 800 1.2 (21.9) 90 0.69 19.7 1967–2014
(2) Hilazon 317 750 5.7 88 0.278
(3) Qishon∗ 1,100 580 30 (144.2) 218 0.198 72.1 1963–2014
(4) Daliya∗ 90 650 2.7 (7.4) 125 1.39
(5) Taninim∗ 190 650 30 [100] 148 0.78 1967–2014
(6) Hadera 580 630 20 227 0.39
(7) Alexander∗ 550 600 12.2 (70) 260 0.472 18.4 1939–2014
(8) Yarkon∗ 1,816 550 49 (178) 740 0.407 1938–2014
(9) Ayalon 815 540 [220] 460 0.564
(10 Soreq 705 530 19.5 154 0.218
(11) Lachish 1,000 520 16 (108.7) 410 0.41 29.8 1982–2007
(12) Shiqma 760 350 9.4 (11.6) 178 0.234 1995–2014
(13) Besor 3,420 350 13.7 (63.2) 1,000 0.293 24.1 1944–2014
(14) Nizzana 650 90 1,400 2.154

∗ Perennial; [ ] prior to 1950; ( ) maximum annual discharge

47.8 EASTERN DRAINAGE BASINS

47.8.1 THE DEAD SEA LACUSTRINE PHASES:
CHANGING REGIONAL BASE LEVELS

The Dead Sea (Fig. 47.1) drainage basin is�43,000 km2, extending
fromMount Hermon in the north to the Gav-Ha’Arava water divide
in the south. It serves as the current base level for two rift axial
streams (Nahal Arava and Jordan River) and numerous side tribu-
taries. Lake Lisan, the late Pleistocene precursor of the Dead Sea
(Begin et al. 1974; Neev & Hall 1979; Stein & Goldstein, Chapter
12 of this volume; Torfstein & Enzel, Chapter 13 of this volume),
was a fluctuating base level between 250 and 165 m below sea
level) between 70–15 ka, with its highest stand between 26 and 24
ka (Neev & Emery 1967; Begin et al. 1974; Bartov et al. 2002;
Enzel et al. 2006; Bookman et al. 2006; Fig. 47.1). During its fall,
Lake Lisan was first split into several sub-basins, such as the one
that occupied the Beit-She’an Valley, south of the Sea of Galilee
(Fig. 47.1), which probably prevailed until the Holocene (Neev &
Emery 1967).
Earlier, pre-Lake Lisan water bodies (Stein, 2001) are the early

to late Pleistocene Lake Amora (740–135 ka; Torfstein et al. 2009,
2015; Torfstein, Chapter 10 of this volume) and Lake Samra (135–
70 ka;Waldman et al. 2009;Waldmann, Chapter 11 of this volume).
The maximum elevation of the eastern side of the Dead Sea Rift

is 1,700 m asl, whereas the water divide on the western side is 600–
1,000 m asl (Garfunkel & Ben-Avraham 1996; Wdowinski & Zil-
berman 1996, 1997; Begin & Zilberman 1997). The water divide of
the larger tributaries from the east, e.g. the Mujib, is up to 100 km
from the Dead Sea Rift Valley. On the western side, this distance is
only 30–40 km. This limits the area of the drainage basins along the

Dead Sea to <250 km2. In the Negev, the water divide is up to 80
km west of the rift valley, and the drainage areas of the basins are
larger (�3,600 km2).
The Dead Sea is fed by: (a) the perennial Jordan River from the

north, (b) the ephemeral Nahal Arava from the south (13,250 km2),
(c) a series of perennial and ephemeral streams from west and east
that drain directly into the Dead Sea, and (d) groundwater.

47.8.2 THE JORDAN RIVER

The Jordan River has its head atMount Hermon at�2,200m asl and
drains through the Hula Valley (Fig. 47.1) to the Sea of Galilee, and
through the lower Jordan River, where it is joined by the Yarmouk
River, to the Dead Sea, to which it is the main water contributor
(Table 47.2; Schattner 1962; Ben-Zvi & Sharoni 1977; Klein 1990).
The present-day channel of the lower Jordan River is a Holocene
feature, postdating the recession of Lake Lisan (Fig. 47.1; Picard
1943; Schattner 1962).
After its formation during the early Pliocene (Horowitz, 1973;

Heimann 1990), the Hula Valley was occupied by lakes andmarshes
(e.g. Goren-Inbar, Chapter 21 of this volume), owing to either the
NW-oriented southern boundary fault of the basin (Heimann et al.
2011) or the blocking of the Jordan River by a basalt flow from
the Golan Heights at 1.8 Ma (Mor 1993). A sequence about 2.5
km thick has accumulated in the Hula Basin since the late Pliocene
(Heimann & Steinitz 1989). The late Pleistocene Hula Lake high
stand was suggested to reach about 200 m asl based on a shoreline
terrace (Karmon 1956). The two alluvial terraces and fans of Nahal
Dishon (Yair 1962) and Nahal Hatzor (Fig. 47.1) correspond to this
altitude at 220 m and 200 m asl, respectively, at the southwestern
Hula Basin (Nir & Yair 1960). However, since the lake level could



Palaeogeography/Hydrology of Fluvial Systems 407

Figure 47.4 Comparison of envelope curves of various regions in the southern Levant. Note that the coastal streams and envelope curve D have significant
smaller peak discharges. The largest floods for the largest coastal basin characterize the southern semi-arid northwestern Negev. Envelope curves B and C
are derived from the semi-arid and arid Negev, Dead Sea region, and Judea Desert. Curve A is a long-term envelope curve; note that this curve is almost
exceeded for smaller basins.

not be higher than the outlet (80–90 m), these are probably older
than the late Pleistocene and elevated terraces. These late Pleis-
tocene alluvial sediments overlie older lacustrine sediments from
earlier phases of the Hula, which interfinger with alluvial units com-
posed of basalt and carbonate gravel (Nir 1989). Along the western
margins of the Hula Basin, a sequence of small and steep alluvial
fans was documented and dated to <1.1 Ma (K–Ar ages of basalt

gravel),>0.56Ma (OSL age), and 122–117 ka (OSL age) (Shtober-
Zisu et al. 2008).
South of the Hula Valley, the Jordan River forms a narrow, rel-

atively steep (2%) bedrock canyon within the elevated structural
Korazim block. The route of this north–south oriented, straight val-
ley follows the trace of the Dead Sea Transform (Harash & Bar
1988; Heimann 1990). Slope failures are most common along this
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canyon and contribute large amounts of sediment to the river and
to the Sea of Galilee (Inbar 1987; Inbar & Even-Nir 1989; Ankori
2014). Large earthquakes along this narrow canyon (Goren-Inbar &
Belitsky 1989; Ellenblum et al. 1998; Marco et al. 2005) initiated
landslides in the canyon walls (Harash & Bar 1988).
The upper Jordan Canyon drains into the Sea of Galilee in the

northern end of the Kinnarot Basin (Belitzky & Ben-Avraham
2004). The lake is about 23 × 13 km and currently up to 40 m
deep. It is underlain by a 6–7 km thick sedimentary sequence (Ben-
Avraham et al. 1996; Hurwitz et al. 2002). The 60 km long Kin-
narot Basin, extending between the Korazim block in the north and
the structural sill of Wadi Malich in the south (Fig. 47.1), started to
develop in the lateMiocene (Picard 1965; Belitzky &Ben-Avraham
2004; Meiler et al. 2008). It was covered by freshwater bodies
such as the late Pliocene to early Pleistocene Erq-el-Ahmar lake
(Heimann & Braun 2000; Horowitz 2001; Davis et al. 2011) and
the 1.4 Ma ‘Ubeidiya lake (Picard & Baida 1966; Bar-Yosef &
Tchernov 1972; Tchernov 1987), but younger water bodies also
existed (Rozenbaum 2009).
The Sea of Galilee is a local base level at �210 m bsl. At this

elevation, it contains �4 × 109 m3 of relatively fresh water. Under
natural conditions, the mean annual discharge of the upper Jordan
River is 520 × 106 m3 yr−1 originating mainly (75%) from large
springs in its headwaters. Annual storm-flow along the upper Jor-
dan River for the period 1971–2013 is 15–400× 106 m3 yr−1 (110×
106 m3 yr−1 on average), which is <25% of the annual dis-
charge to the lake (Greenbaum et al. 2014). The largest peak dis-
charge, 214m3 s−1, occurred in 1969 and transported approximately
106 tons of sediments producing a large delta at the river mouth
(Inbar 1987).
Between 26 and 24 ka, when Lake Lisan reached its highest stand

(�165 m below sea level), it back-flooded all the way to the mouth
of the upper Jordan River, and the Sea of Galilee merged with Lake
Lisan (Begin et al. 1974; Hazan et al. 2005); its sediments overlie
earlier Quaternary lacustrine and alluvial deposits (Stekelis et al.
1960; Tchernov 1985) as well as basalt flows (Michelson 1973;Mor
1993).
The falling of Lake Lisan levels at �14 ka (Bartov et al. 2003;

Torfstein & Enzel, Chapter 13 of this volume), exposed its lake
bottom, and a drainage network developed between the Sea of
Galilee and the Dead Sea (Schattner 1962; Begin et al. 1974, 1985;
Horowitz 1979). Extensive deposition of reworked soils and sedi-
ments from the mountains on both sides covered tributary alluvial
fans, filled the tributary stream channels, and covered the Lisan For-
mation. At the central Jordan Valley, this unit is �9 ka (Garfinkel &
Nadel 1989), coeval with smaller freshwater bodies in other parts of
the central Jordan Valley (Begin et al. 1974; Horowitz 2001), and
was assumed to represent the Pleistocene to Holocene transition.
The incision of the present channel of the Jordan River, at least in
part, postdates this phase, i.e. it is <9 ka.
Nir and Ben-Arie (1965) documented two distinct terrace sur-

faces separated by 30–50 m along the lower Jordan River, related to
two major Dead Sea levels: the upper surface, the ‘Ghor’, and the
floodplain of the Jordan River, the ‘Zor’. An intermediate surface

was documented in the central Jordan Valley south of the Sea of
Galilee (Nir & Ben-Arie 1965).
The lower Jordan River, along its 105 km, developed free mean-

ders within the unconsolidated Lisan deposits in response to the
low gradient of the valley (Schattner 1962; Klein 1985), the low
discharge and the high sediment supply (Fig. 47.1). Active tecton-
ics along the Dead Sea Transform is suggested as controlling the
present route of the Jordan River (Belitzky 1996). Also, there has
been a huge decrease in discharge in the river since the 1965 diver-
sion at the Sea of Galilee outlet (Klein 1998).
Prior to this diversion, the mean annual discharge of �1.1 ×

109 m3 of the lower Jordan River (17,670 km2) (Table 47.2; Schat-
tner 1962; Ben-Arie 1964; Ben-Zvi & Sharoni 1977; Klein 1990;
Yechieli et al. 1993, 1998) was composed of overflow from the Sea
of Galilee (�520 × 106 m3 yr−1) and Yarmouk River discharge
(460 × 106 m3 yr−1; Ben-Zvi & Sharoni 1977). Additional dis-
charge was contributed from tributaries such as the Zarka River (63
× 106 m3 yr−1) from the east. The largest floods measured at the
Nahara’im station (the confluence between the Yarmouk and the
Jordan River) were �1,700 m3 s−1 (1940) and 1,310 m3 s−1 (1954).
The artificial decrease in lower Jordan River discharge to 210 ×
106 m3 yr−1 (<20% of original discharge) caused a marked fall in
lake level, which, in turn, increased the river gradient without sig-
nificant change in sinuosity at the lower segment (�10 km) to the
outlet (Hassan & Klein 2002). Upstream, the decrease in discharge
along the lower Jordan River caused a decrease in meander sinuos-
ity from 2.09 to 1.82 (10%) from the 1920s to the 1970s (Schattner
1962; Klein 1985). Peak discharges at the lower Jordan River are
tied to the peak discharges in the Yarmouk River. The largest mea-
sured peak discharge at the outlet of the Jordan River for the period
1935–2014 was about 1,000 m3 s−1.

47.8.3 THE SOUTHERN DRAINAGE SYSTEM OF
THE DEAD SEA – NAHAL ARAVA

Large portions of the hyperarid Negev and southern Jordan drain
into the southern Dead Sea through flash floods in Nahal Arava
(Wadi Araba; 13,250 km2, Fig. 47.1). The main tributaries of Nahal
Arava are the ephemeral Nahal Hayun (1,100 km2), Nahal Paran
(3,600 km2) and Nahal Neqarot (1,000 km2) (Fig. 47.1, Table 47.2).
These drainage basins were established by the following processes:
(a) Incision during uplift of the Negev in the late Miocene to early
Pliocene (Zilberman 1991; Zilberman et al. 2011). At that period,
the palaeo-Paran system drained the entire southern Negev, west-
ern Jordan and eastern Sinai northward into the Dead Sea Basin.
During the Pliocene, the main channel was incised into the uplift-
ing Neqarot plateau, forming a 20 km long and 250 m deep canyon
(Nir 1989; Avni 1998). (b) Early Pleistocene tectonic activity of a
NNE-oriented fault system and eastward tilting of the eastern Negev
diverted the Pliocene drainage system to the east and formed the
west–east canyon of Nahal Paran (Avni 1998; Guralnik et al. 2010,
2011). Since then, Nahal Paran has been the largest tributary (3,600
km2) of the axial Nahal Arava (Fig. 47.1); most of its area is of the
palaeo-Paran (Table 47.2).
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Table 47.2 Eastern Basins – physical and hydrological characteristics (Fig. 47.1; Service 2012; Soil Erosion Research Station 2014;
Ben-Zvi & Sharoni 1977; Salameh 1990, 1993)

Catchment no. and name
Drainage
area (km2)

Mean annual
rainfall (mm
yr−1)

Mean annual
discharge
(106 m3)

Maximum
measured
discharge
(m3 s−1)

Specific peak
discharge m3

s−1 km−2

Maximum
measured
volume
(106 m3)

Duration of
systematic
record
(years)

Streams from west of the Jordan Valley, Dead Sea, and Negev
(15) Dishon∗ 96 680 34
(16) Amud∗ 378 650 2.0 63 0.167
(17) Zalmon 650 35
(18) Northern Jordan∗ 1,590 700 480 214 0.134 1960–2014
(19) Sea of Galilee – outlet∗ 2,730 800 520 70 0.025 1932–2014
(20) Tavor∗ 208 450 193 0.93
(21) Harod∗ 196 400 7.0 170 0.87
(22) Maliach∗ 110 340 97 0.88
(23) Tirza∗ 330 400 13.5 (42)
(24) Qelt∗ 178 400 311 1.75
(25) Southern Jordan∗ 17,670 1,100 1,700 0.000057 1935–2014
(26) Og 117 300 107 0.91
(27) Darga 239 320 0.09 159 0.67 1.5 1990–2014
(28) Arugot 235 350 1.5 528 2.25 2.4 1979–2014
(29) Ze’elim 250 200 680 2.74
(30) Rahaf 77 50 775 10.06 1.1 1987–2014
(31) Heimar 450 90 0.8 538 1.2 3.0 1966–1976

1987–2014
(32) Ashalim 75 100 420 5.6 1.4 1940–1947

1990–2014
(33) Zin 1,400 80 0.7 1300 0.93 24 1936–1947

1951–2014
(34) Arava 13,250 30–50 4.0 1,000 0.08 1938–1947

?
(35) Neqarot 1,000 60 0.4 708 0.71 3.7 1958–2014
(36) Paran 3,600 50 3.2 1,150 0.32 30 1951–2014
(37) Hayun 1,100 50 500 0.45

Streams east of the Jordan Valley, Dead Sea, and Jordan
(38) Meshushim 160 550 23 260 1.625 1971–2006
(39) Dalyot∗ 109 530 12 223 2.04
(40) Yarmouk∗ 6,800 360 460 1,000

(1,700)
0.150.25

(41) El-Arab 267 470 28
(42) Ziqlab 106 510 10 [5]
(43) Yabis 124 540 3.1
(44) Kufranja 110 490 6.0
(45) Zarqa∗ 3,900 270 63 (183) 1965–1997
(46) Shueib 180 370 5.7 [1.8]
(47) Kafarin 189 400 6.4 [4.8]
(48) Zarqa Ma’in 272 290 23 [20]
(49) Wala el-Hidan∗ 2,000 230 35 (167) 1964–1997
(50) Mujib∗ (ex. Wala el-Hidan) 4,600 146 36 (112) 108 1965–1997
(51) Mujib∗ 6,600 170 71 1,900 0.43 1965–1997
(52) Karak 190 290 18 [15]
(53) Hasa 2,520 124 34 [32] 350 0.18
(54) Fifa 195 195 11
(55) Khanzira 186 200 4.0
(56) North Araba – Jordan 2,622 34

∗ Perennial; [ ] mean annual baseflow; ( ) maximum annual discharge.
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Table 47.3 Palaeoflood data for the southern Judea and Negev

Catchment
Drainage
area (km2)

Maximum
palaeoflood
discharge (m3 s−1)

Palaeo-specific
peak discharge
(m3 s−1 km−2)

Number of
palaeofloods

Duration of
palaeoflood
record (years)

Nahal Paran 3,600 2,500 0.89 28 470
Nahal Neqarot 1,000 2,400 3.43 28 570
Nahal Zin 1,400 1,500 1.3 27 2,000
Nahal Ashalim 75 350 10.93 20 7,600
Nahal Heimar 450 1,100 2.44 22 300

After Greenbaum et al. (2006).

47.9 TRIBUTARIES OF THE DEAD SEA

Several perennial and ephemeral streams drain directly into the
Dead Sea. These are steep (up to 5% and 15% along the west-
ern and eastern margins, respectively), east–west oriented streams
(Nir 1989; Greenbaum et al. 2006). The resistant upper Creta-
ceous carbonate rocks exposed west of the Dead Sea control the
incision of the channels, forming narrow bedrock canyons and
gorges characterized by a series of lithologic-controlled knick-
points (Begin 1975; Nir 1989; Haviv et al. 2006). Cosmo-
genic radionuclides analyses indicate knickpoints retreat rates of
0.8–1.6 m kyr−1, whereas the vertical incision in these carbonate
channels is 1.7–1.8 m kyr−1 (Haviv et al. 2006). The perennial
Mujib River (6,600 km2) (Fig. 47.1; Table 47.2; EXACT 2004;
Salameh 1990, 1993), and the ephemeral Wadi Hasa (2520 km2)
are the largest tributaries to the Dead Sea from the east (Fig. 47.1,
Table 47.2; Greenbaum et al. 2006).
Rising Lake Lisan levels inundated the lower reaches and

canyons of tributaries flowing directly to the Lake (e.g. Bartov
et al. 2006). Lake Lisan deposits filled these tributaries and interfin-
ger with coarser fluvial sediments (Bowman 1974, 1997; Bartov
et al. 2006). Following the post-LGM lake level drop, most of these
canyon fills were evacuated, to renew erosion into bedrock in the
lower reaches (Bowman 1974, 1997; Table 47.2), and redeposited
the sediments downstream in late Pleistocene/early Holocene allu-
vial fans and deltas. This indicates that the transfer of the deposits
downstream can be out of phase with lake level stage and/or climate
(Bartov et al. 2007).
The larger tributaries from the eastern margins, such as the

Mujib and Zarqa Rivers, and Wadi Hasa (Fig. 47.1), are deeply
entrenched into the soft lower Cretaceous sandstone, and developed
large bedrock canyons. These tributaries may have followed pre-rift
streams flowing to the Mediterranean Sea during the Miocene (Zak
& Freund 1981; Matmon & Zilberman, this volume) and re-incised
during and after rifting. Active tectonics along the sinistral Dead
Sea Transform displaced older alluvial fans at the eastern side of
the Arava Valley horizontally southward relative to their feeding
streams (Ginat et al. 1998).
Nahal Zin, the largest (1,400 km2) tributary from the west, has

a generally wide, alluvial channel and moderate gradient (<1%).

The incision of Nahal Zin and other direct tributaries occurred in
response to subsidence of the rift, lowering of Dead Sea levels, or
tectonics in their headwaters. Base-level lowering left series of ter-
races within the wadis near the Dead Sea and sequences of allu-
vial fans at the outlets (Amit & Gerson 1986; Bowman 1974, 1997;
Gluck 2001; Porat et al. 2010). Davis (2007) and Davis et al. (2009)
identified three stages in the incision of the lower Nahal Zin in
response to the late Pleistocene level fall of Lake Lisan: (a) 24–17
ka – lake level fall of about 100 m absorbed by the large elonga-
tion of the channel. (b) 17–14 ka – a fall of 100 m, exhumation of a
major underwater fault step, and incision of>40m 15 km upstream.
(c) 14 ka to present – incision and sediment evacuation of the soft
sediment with a bedrock waterfall (knickpoint) limiting upstream
incision.

47.10 HYDROLOGY AND PALAEOHYDROLOGY OF
TRIBUTARIES INTO LAKE LISAN AND DEAD SEA

A detailed review of the hydrology of the tributaries to the Dead Sea
is provided by Greenbaum et al. (2006) (Table 47.2). The western
tributaries are ephemeral, peak discharges are large and can exceed
775m3 s−1 (specific peak discharge>10m3 s−1 km−2), but volumes
are small, �3 × 106 m3. The duration of the floods is short (hours
to days) and the annual number of floods is up to seven; for between
13% and 17% of the hydrological years, these wadis are completely
dry. Most of the eastern tributaries are perennial, and therefore their
annual discharges are much larger. The baseflow of these streams is
31–94% (�68% on average) of the annual discharge. The largest,
the Mujib River, contributes up to 170 × 106 m3 yr−1 (71 × 106

m3 yr−1 on average) with a maximum peak discharge of 1,900
m3 s−1 (Table 47.2; http://exact-me.org/overview/index; Salameh
1990, 1993). The tributaries of the Nahal Arava in the hyperarid
Negev are ephemeral and may exceed peak discharges of 1,300 m3

s−1 (specific peak discharge<1 m3 s−1 km−2), but annual discharge
is usually small (�4 × 106 m3). The late Holocene upper bound of
flood peak in the entrance of the Paran into the Arava is estimated
at 1,700–1,800 m3 s−1 (Jacoby et al. 2008). Single, extreme events
may yield as much as 30× 106 m3 (Table 47.2). Envelope curves for

http://exact-me.org/overview/index
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measured floods in the Negev and in the Judea Desert are presented
in Fig. 47.4.

Results of palaeoflood hydrology studies of the larger streams
of the Negev and southern Judea Desert (Greenbaum 1996; Green-
baum et al. 2000, 2001, 2006) are shown in Table 47.3. The palae-
oflood records are 300–7,600 years long, the number of floods at
each record ranges between 20 and 28, and the peak discharges
are 1.6–2.4 times larger than the measured peak discharges. These
palaeohydrological data together with other data from the southern
Negev serve as a basis for the envelope curve for the Negev (Green-
baum et al. 2006; Fig. 47.4).

47.11 CONCLUSIONS

(a) Since the Oligocene, the fluvial systems of the eastern Levant
have developed in response to: (1) the uplift of the Arabian
plate; (2) the formation of the Dead Sea Rift, as a new and deep
inland basin and the establishment of the regional water divides;
(3) sea-level fluctuation, which is the base level for the western
drainage systems; (4) climate and climatic fluctuations; (5) late
Quaternary aeolian intrusion of sand and loess in the northern
and central Negev.

(b) The present regional water divide is under ongoing capture of
the upper drainage basins of the west-flowing systems by the
steep, more energetic east-flowing systems.

(c) The intensive loess deposition during the last glacial period and
the thick alluvial fill that accumulated in most of the drainage
systems, especially in southern Israel, are incised and removed
from the valleys by floods.

(d) Sand incursion during late Pleistocene and Holocene blocked
active streams, formed coastal wetlands and diverted the stream
courses along the coast.

(e) The coastal streams are perennial with relatively low-magnitude
floods and large volumes; in the ephemeral streams of the Judea
and Negev deserts, floods have relatively high magnitudes but
small volumes. At the eastern side of the Jordan Valley, the
majority of the annual discharge is contributed by baseflows.
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48 Quaternary Fluvial Environments and Palaeohydrology in Syria

takashi oguchi, yuichi s. hayakawa, and chiaki t. oguchi

48.1 INTRODUCTION

Quaternary environments in Syria have attracted attention in rela-
tion to prehistoric human settlement and activities. Fluvial envir-
onments were especially important in ancient Syria, as in the other
areas of Mesopotamia, because ancient peoples tended to live
along major rivers including the Euphrates, Orontes, and Khabur
(Fig. 48.1), and their life and agriculture strongly depended on
such water resources. However, the number of studies on past flu-
vial environments in Syria is limited because there are few local
researchers dealing with this topic, and foreign researchers have
visited infrequently owing to political and security concerns, even
before the commencement of the Syrian Civil War in 2011. Field
surveys by foreign geoscientists have been limited.

However, before the civil war, archaeological field studies by for-
eign teams were often permitted by the Syrian government (Lawler
2006), and these included geoscientists, among them the author
(T.O.) between 1990 and 2011, aiming to better understand physical
palaeoenvironments in and around excavated archaeological sites
affecting ancient human activities near rivers. This resulted in a cer-
tain amount of study on fluvial landforms and deposits in Syria.

There are marked changes in fluvial environments in response to
late Quaternary climatic changes. This chapter summarizes studies
on Quaternary fluvial environments in Syria based on a review of
literature, including some case studies by the authors.

48.2 REVIEW OF EARLY STUDIES (TO 1980S)

Although some Quaternary fluvial landforms and deposits in Syria
were described during the 1960s (e.g. Van Liere 1961; De Heinzelin
1965), the amount of available information at that time was
small. Chronological information was particularly limited, making
palaeoenvironmental discussion based on the descriptions difficult.

In the late 1970s and early 1980s, studies dealing with Syrian
fluvial palaeoenvironments increased. French and Japanese scien-
tists who collaborated with archaeologists made major contribu-

tions. Besançon and Sanlaville (1981) documented a series of river
terraces along the Euphrates River in two areas of northern Syria: (1)
the eastern area including Ar-Raqqah and Deir ez-Zor (Fig. 48.1),
two major cities along the middle reach of the Euphrates, and
(2) the northwestern area near the Turkish border. They classi-
fied and mapped river terraces with presentation of topographic
cross-sections. Then they analysed the relationship between the ter-
races and archaeological information such as the distribution of
archaeological sites and artefacts on the terrace surfaces, providing
initial chronology. Finally they proposed correlation between the
terrace levels and Quaternary glacials and interglacials. Besançon
and Sanlaville also took similar approaches for areas along the
Orontes River (Besançon et al. 1978) and along the Nahr (River)
al-Kabir (Sanlaville 1979), both in western Syria (Fig. 48.1). Later
they made a broader terrace correlation for Syria, Jordan, Lebanon
and southern Turkey, and inferred that the levels of both coastal
marine terraces and inland fluvial terraces reflect Quaternary sea-
level changes and concurrent climatic changes (Besançon & Sanla-
ville 1984; Besançon et al. 1988).
Endo (1978) investigated alluvial fans in the Douara Basin, about

20 km northwest of Palmyra in central Syria (Fig. 48.1). He iden-
tified two stratigraphic levels in the fan deposits: relatively well-
sorted gravel of the Pre-Pottery Neolithic (8–10.5 ka), and less-
sorted gravel of the latest Middle Palaeolithic (MIS 3–4) that
includes abundant calcareous crusts formed after the deposition.
The ages of the deposits were estimated based on the lithic artefacts,
and the two depositional phases were considered to correspond to
humid conditions. Fan deposition was considered inactive in the
mid- to late Holocene and MIS 2. In the Douara basin, Koizumi
(1978) also surveyed river terraces and deposits and identified two
major depositional surfaces: widespread S3 with several metres of
fluvial deposits accumulated in the late Middle Palaeolithic (MIS
4–3), and smaller S4 formed during the Pleistocene–Holocene tran-
sition. The ages were again based on lithic artefacts included in or
overlying the deposits. The common depositional phases for both
the alluvial fans and river terraces in the Douara Basin indicate the
control of regional climate. For the surrounding area, Sakaguchi
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Figure 48.1 Map of Syria showing location of major cities and sites described. AL: Aleppo; AR: Ar-Raqqah; B: Bouqaia basin, DA: Damascus; DE:
Dederiyeh Cave; DU: Douara basin; DZ: Deir ez-Zor; H: Homs; J: Tell Jerablus Tahtani; K: Tell Kosak Shamali; MA: Ma’aloula; MO: Tell Mozan; P:
Palmyra; Q: Qamishili; S: Tell Seker al-Aheimar. Background: satellite image in May 2003, from NASA’s Visible Earth.

(1978, 1987) inferred enhanced fluvial processes in the late Pleis-
tocene that also formed a large pluvial lake in and around Palmyra.

48.3 REVIEW OF NEWER STUDIES (1990S
ONWARDS)

Many more studies were conducted on fluvial landforms and
deposits in Syria during the 1990s and 2000s. These studies tended
to be more detailed than previous studies in terms of geomorphol-
ogy, sedimentology, and chronology. The studies were conducted
under some restrictions; e.g. the use of the latest surveying appar-
atus was difficult or not allowed (Hayakawa et al. 2007), and field

surveys were permitted only within a small area around an exca-
vation site. Therefore, even during this period, relatively rough
research results were often presented.

48.3.1 KHABUR BASIN, NORTHEASTERN SYRIA

In northeastern Syria, late Pleistocene and Holocene fluvial terraces
and deposits along the upstream area of the Khabur River, a major
tributary of the Euphrates (Fig. 48.1), were reported. Courty (1994)
surveyed Holocene channel and slope deposits along the tributaries
of the Khabur around Qamishili (Fig. 48.1), and inferred that allu-
vial fine sediments were broadly deposited in the earliest Holocene
(>8 ka), and relatively intense fluvial deposition also occurred in
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Figure 48.2 River terraces of the Khabur River, near Tell Seker al-Aheimar.
H: High terrace; M: Middle terrace; L: Low terrace.

the mid-Holocene (7–5 ka). Deckers and Riehl (2007) also studied
Holocene fluvial deposits along the tributaries of the Khabur near
Qamishili and reported radiocarbon and OSL ages. They confirmed
enhanced perennial flow in the mid-Holocene, and also pointed to
flood sedimentation during the last ca. 1,000 years in response to
deforestation in the watersheds.

Oguchi et al. (2008, 2013) surveyed river terraces and their
deposits along the trunk stream of the Khabur near Tell Seker al-
Aheimar and an adjacent area (Fig. 48.1). Three levels of terraces
were identified: Low, 4–5 m above the present river bed, Middle,
ca. 9 m, and High, ca. 15 m (Fig. 48.2). The Low terraces occur
continuously along the Khabur, with a width of less than several
hundred metres. The Middle terraces occupy a much larger area,
whereas the distribution of the High terraces is patchy. From top
to bottom, the Low-terrace deposits consist of weakly bedded silt
loam, more bedded deposits including pebbles, and bedded deposits
including gravel of ‘oncoids’ with diameters of a few tens of cen-
timetres. Oncoids are a type of tufa formed around a core of pebble
in a shallow-water environment. The Middle terraces also consist
of similar deposits, although oncoids occur even in the upper ter-
race deposits. No indication exists of recent oncoid development,
suggesting that all oncoids formed in the past under a certain type
of environment. Abundant oncoids in the Middle-terrace deposits,
including their upper parts, imply that the oncoids and the Mid-
dle terraces were coevally forming. The deposits of the High ter-
races consist of well-bedded thick sandy sediment without reddish
flood loam and oncoids. OSL ages indicate that the sand forming
the High terraces accumulated during MIS 3. An excavated sec-
tion at the foot of the tell shows that tell deposits interfinger with
the deposits of the Low terrace, indicating that the Low terrace
was deposited in the early Holocene. The inferred ages of the Low
and High terraces as well as lithic artefacts found on surfaces indi-
cate that the Middle terraces and associated oncoids were formed
in MIS 2. The above observations indicate the following change in
fluvial processes. DuringMIS 3, the Khabur floodplain was aggrad-
ing with abundant sandy sediment under high water discharge. Dur-

ing MIS 2, fluvial erosion formed the broad Middle terraces, and
stagnant water on them facilitated the formation of oncoids. In
early MIS 1, the relatively narrow Low terraces were produced
under low discharge, and some oncoids, formed in the past, were
redeposited and concentrated as lag deposits in response to river
erosion.

48.3.2 EUPHRATES VALLEY, NORTHERN SYRIA

Oguchi and Oguchi (1998), and Oguchi (2001), investigated fluvial
landforms and deposits in an area surrounding the archaeological
site of Tell Kosak Shamali on the Euphrates River (Fig. 48.1). The
tell deposits are mid Holocene and are overlying colluvial deposits
of MIS 2 including angular gravel and finer fluvial deposits deliv-
ered by the Euphrates during MIS 3 or 4. River terraces, which can
be correlated with the fluvial deposits under the tell based on height
and topographic continuity, widely occur along the Euphrates and
a tributary (Nahar Sarine) around the tell. This observation indi-
cates enhanced river activity in the former half of the last glacial.
Fine, well-bedded deposits are also located between human-related
tell deposits of ca. 6 ka. The deposits, ca. 70 cm in thickness and
more than 12m in width, were exposed through excavation trenches
on the tell. The deposits were accumulated on a small mound
with a very limited catchment area, where local storms could not
result in large discharge and sediment supply from the tell itself.
The deposits seem to have been induced by mid-Holocene large-
magnitude flood(s) of the Euphrates. The relative height of the
bedded deposits is ca. 15 m above the present water level of the
Euphrates, and the riverbed of the Euphrates at ca. 6 ka was located
at least 5–7 m higher than that at present. Therefore, the depth of
the flood water is estimated to be maximum 8–10 m.
Geyer and Besançon (1996) discussed the development of late

Quaternary river terraces along the Syrian Euphrates, mainly in the
eastern part between Deir ez-Zor and the Iraqi border (Fig. 48.1),
and related it to the history of human settlement. Although absolute
ages for discussing the development of these terraces were limited,
archaeological data suggest that the last major phase of river terrace
formation occurred from the earliest Holocene to ca. 9 ka, followed
by relatively stable conditions.
Concerning the Euphrates Valley near the Turkish border,Wilkin-

son et al. (2007) identified three major levels of river terraces: (1)
Middle Pleistocene or older terraces, 20–50 m above the present
river bed of the Euphrates, (2) terraces composed of cemented
gravel located at 5–20 m above the river bed, and (3) low terraces
and floodplains at 0–5 m above the river bed. While they postulated
that the outline of all the terraces was created during the Pleistocene,
they noted that the low terraces are covered with Holocene fluvial
deposits. A tell on the low terrace, Tell Jerablus Tahtani (Fig. 48.1),
has high-level flood deposits showing high-energy floods �5–4
ka, as in Tell Kosak Shamali. Kuzucuoglu et al. (2004) reported
Holocene terraces along the Turkish Euphrates immediately north
of the Syrian–Turkish border (Fig. 48.1). Their results mostly agree
with those from Syria including active fluvial processes in the earl-
iest Holocene and high floods in the mid Holocene.
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48.3.3 WESTERN SYRIA

Along the Orontes River (Fig. 48.1), Bridgland et al. (2003) inves-
tigated a series of river terraces and noted calcareously cemented
fluvial deposits of MIS 2 or earlier. The terrace sequence includes
various surfaces from MIS 2 to possibly MIS 36 (0.02 to 1.2 Ma).
Oguchi and Oguchi (2004) surveyed a small alluvial fan and its
source area in a watershed of the Afrin River (Fig. 48.1), a tribu-
tary of the Orontes. The highest part of the fan consists of debris
flow deposits with large boulders, which are underlain by cemented
fluvial deposits with smaller gravel. Their boundary is very sharp,
indicating that fluvial deposition was followed by a stable period
with carbonate precipitation, and then by abrupt debris flow depos-
ition. The surface of the fan has partly been lowered, owing to ero-
sion. The development pattern of the fan surface and deposits cor-
responds well with that of the floor of the nearby Dederiyeh Cave
(Akazawa & Nishiaki, Chapter 36 of this volume; Fig. 48.1), where
archaeological excavations to investigate the activities of Nean-
derthals were conducted. This correspondence and the observed dis-
tribution of lithic artefacts and flaked pottery on geomorphic sur-
faces suggest that cementation of fan deposits occurred during the
Last Glacial Maximum (LGM), and the debris flow occurred during
the late glacial. Iriarte et al. (2011) investigated late Pleistocene and
Holocene fluvial sediments accumulated in the Bouqaia Basin, a
tectonic depression�30 kmwest of Homs (Fig. 48.1). They pointed
to an overall aridification trend since the late Pleistocene, and indi-
cated that the final phase of strong fluvial processes ended in the
early Holocene.

48.3.4 INLAND SYRIA

In the Palmyra region (Fig. 48.1), Besançon et al. (1997) recon-
structed relatively humid phases based on fluvial deposits includ-
ing carbonates due to cementation. They concluded that MIS 4 was
the most humid late Quaternary interval, although it was not wet
enough to support the pluvial lake proposed by Sakaguchi (1978,
1987). Geomorphologic surveys in the Ma’aloula region near Da-
mascus (Dodonov et al. 2007; Fig. 48.1) suggested that broad flu-
vial sedimentation occurred in the Middle Pleistocene under a wet
climate that also favoured Palaeolithic settlement, whereas a drier
climate since the late Pleistocene led to more limited sedimentation
and settlement.

48.4 DISCUSSION AND FUTURE PERSPECTIVES

Oguchi et al. (2008) proposed a general relationship between late
Quaternary fluvial processes and environmental conditions in Syria
based on a review of previous studies:

– MIS 3 and/or 4: large-scale fluvial deposition; wet climate
– MIS 2 (mainly LGM): relatively stable or fluvial erosionwith cal-
careous cementation; dry climate but relatively abundant surface
water

– Late glacial to early Holocene: fluvial/debris-flow deposition;
wet climate

– MidHolocene: episodic floods and small-scale fluvial deposition;
relatively wet climate

– Late Holocene: limited geomorphic changes; dry climate.

Although some newer studies are reviewed in this article, most of
their results agree with the above interpretation. In addition, as
discussed by Oguchi et al. (2008), the above interpretation is in
line with many previous studies on palaeoenvironments in Syria,
Turkey, and other surrounding areas based on proxies other than
fluvial landforms and deposits, including palynological records.
Newer publications such as Doğan (2010) also support this. How-
ever, it is necessary to investigate the effects of palaeoclimate on flu-
vial processes in more detail, because responses of fluvial systems
to climatic change are often complex and may differ even within a
relatively small region.
There are some more issues to be addressed. For example, not

only the effects of climate but also the impact of human activities
on fluvial processes should be considered, particularly in areas near
ancient settlements. As noted, Deckers and Riehl (2007) pointed to
the impact of human activities in the latest Holocene. Moreover,
Pustovoytov et al. (2011) found that sedimentation in a depres-
sion near an archaeological site (Tell Mozan) in the Khabur Basin
(Fig. 48.1) was enhanced between ca. 4.8 and 3 ka, owing to inten-
sive agricultural use of the landscape. Another issue is related to
the temporal resolution of research. Usually approaches using flu-
vial terraces and associated deposits provide information with only
limited temporal resolution. To solve this problem, analysis of con-
tinuous core deposits from an alluvial plain may be useful. Such
studies have been infrequent in Syria, except for a few cases such
as Kaniewski et al. (2010) who reported late Holocene fluvial and
environmental history based on two cores from a coastal plain in
northwestern Syria.
Although future research is needed, the Syrian Civil War since

2011 has made geoscience and geoarchaeology research in Syria
impossible. Under this situation, some researchers have used remote
sensing images to investigate the distribution of possible archaeo-
logical sites and the characteristics of surrounding landforms
including river terraces (e.g. Hritz 2013). While conducting such
studies is meaningful, field-based studies are indispensable for real-
istic investigation of fluvial processes and palaeoenvironments. We
hope peace comes to Syria soon.
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49 Stable Carbon and Oxygen Isotope Signatures of Pedogenic Carbonates
in Arid and Extremely Arid Environments in the Levant

avner ayalon, rivka amit, yehouda enzel, onn crouvi, and maayan harel

49.1 INTRODUCTION

49.1.1 SOIL CARBONATES

Soil (pedogenic) carbonates form under arid to sub-humid climatic
conditions where mean annual rainfall is �80 to �750 mm, and
rarely in soils receiving >1,000 mm yr−1 (Jenny 1980; Dan &
Yaalon 1982; Cerling 1984). Pedogenic carbonates are thought to
precipitate under equilibrium conditions, thus, their carbon and oxy-
gen isotopic composition may be useful indicators of the palaeocli-
mate conditions.

The oxygen isotopic composition (δ18O) of soil carbonates is
related to climate and controlled by (a) the temperature and (b) iso-
topic composition of soil water, which is related to local meteoric
water (Cerling 1984; Cerling & Quade 1993; Breecker et al. 2009).

Carbon isotope ratios (δ13C) in pedogenic carbonates are con-
trolled by the δ13C values of carbon dioxide in the soil (CO2 soil),
which is a function of mixing of two main isotopic sources: the
Earth’s atmosphere and CO2 derived from root respiration and oxi-
dation of organic matter (e.g. Quade et al. 1989b; Kelly et al. 1991;
Davidson 1995). At high respiration rates, the δ13C value of the
CO2 soil will reflect vegetation root zone respiration. At lower rates,
it will be mostly influenced by a larger atmospheric input (Mook
et al. 1974; Deines 1980; Ode et al. 1980; Cerling et al. 1989, 1991;
Biggs et al. 2002; Wang et al. 2009, 2010).

The CO2 soil is correlated with the proportion of C3 and C4 vege-
tation (Amundson et al. 1988, 1996; Quade et al. 1989a, 1989b;
Alam et al. 1997; Connin et al. 1997). Virtually all trees, most
shrubs, herbs and forbs, and cool-season grasses and sedges use
the C3 pathway. C4 plants, mostly grasses and sedges, are well
adapted to high water stress, particularly when that stress is related
to high temperatures. Lower mean annual temperatures and bet-
ter soil moisture conditions favour C3 vegetation. The δ13C of
C3 plants varies from about −23‰ to −35‰ and averages about
−27‰. The δ13C of C4 plants ranges from about −10‰ to −14‰,
averaging about −13‰ for modern plants (Deines 1980; Cerling
1984; Quade et al. 1989b). The δ13C values of soil air generally

increase with increasing aridity as a result of high distribution of
C4 plants or microbial activity having higher δ13C values (Quade
et al. 2007).
Because of isotope fractionation resulting from equilibrium

between CaCO3 and CO2 and gaseous diffusion in the soil, soil
carbonate formed in the presence of pure C4 (� −13‰) and C3
(� −27‰) has been shown to be enriched in 13C by 14–17‰ com-
pared with local soil-respired CO2. Thus, soil carbonate formed in
the presence of pure C4 and C3 biomass has average δ13C of about
2‰ and −12‰, respectively (Cerling 1984, 1991; Cerling et al.
1989; Wang et al. 1993).
In the light of this understanding, using an exceptionally high

number of δ13C and δ18O values of soil carbonate deposited in a
variety of soil parent materials in the Negev, we will test the limit-
ations and validation of these proxies in extremely arid environ-
ments. In this chapter, we summarize the oxygen and carbon iso-
topic composition of pedogenic carbonates that formed in the soils
of theNegev to reconstruct the climatic and palaeoenvironment con-
ditions that prevailed in the various climatic zones of the Negev
during the Quaternary, and use these proxies for determining the
boundaries of the climatic zones in the past.

49.1.2 THE NEGEV DESERT

The Negev, about 10,000 km2, occupies the southern part of Israel
(Fig. 49.1) and serves as an example of many arid and extremely
arid environments in the southern Levant. In areas where annual
precipitation is below �80 mm, the scarce vegetation occurs along
stream channels where soils usually do not form.
The northern border of the Negev is characterized by a steep

north–south gradient in mean annual rainfall (e.g. Kahana et al.
2002; Enzel et al. 2008). This is attributed to the shape of the
Mediterranean coastline, which determines whether air masses
reaching the area from the west are of continental or maritime origin
(Zangvil & Druian 1990; Enzel et al. 2008). Mean annual precipi-
tation varies from about 350 mm in the northern Negev to 25 mm
at its southern tip (Fig. 49.1 and Kushnir et al., Chapter 4 of this

423
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Figure 49.1 Location map of the study sites (white circles) in the Negev
Desert superimposed on the isohyet contours.

volume). Potential evaporation exceeds 2,000 mm yr−1 over the
entire region, resulting in an extremely arid environment (Meirovich
et al. 1998).
The Negev is divided into three geographical regions (e.g. Dan

et al. 1981):

(1) The mildly arid northern Negev is a �40 km wide belt
with its northern and southern boundaries defined by the
350 mm isohyet (the southern boundary of the Mediterranean
climate zone) and by the �150 mm isohyet, respectively
(Fig. 49.1).Vegetation in this region changes southward from
C3 Mediterranean steppe forest to a mix of C3 and C4 semi-
desert Irano-Turanian vegetation (Vogel et al. 1986; Goodfriend
1990, 1999; Cerling & Quade 1993; Feinbrun-Dothan & Danin
1998).

(2) The arid central Negev or Negev Highlands is located south of
Be’er-Sheva consists of several NE–SW trending ridges with
altitudes of 500–1,033 m above sea level (m asl). Mean annual
rainfall decreases from 150 mm in the north to 50 mm in
the south. The vegetation changes southward from semi-desert
Irano-Turanian to Saharan–Arabian desert type, both compris-
ing mixed C3 and C4 vegetation.

(3) The hyperarid southern Negev with a mean annual rainfall of
�25–50 mm is characterized by Saharan–Arabian desert flora
(C3+C4).

The northern parts of the Negev mainly receive winter rain-
fall associated with mid-latitude Atlantic–Mediterranean (Cyprus)
cyclones; the southern Negev receives its rainfall in the fall to spring
in sporadic short-duration storms, usually accompanied by local
flash floods. This rainfall is primarily associated with an active Red
Sea Trough. Occasionally, tropical plumes (e.g. Rubin et al. 2007)
originating in the tropical Atlantic Ocean and western Africa cross
North Africa and approach the region from the south-southwest
and form longer-duration, lower-intensities widespread rainstorms
(Kahana et al. 2002).

49.2 STABLE CARBON AND OXYGEN ISOTOPE
SIGNATURES OF PEDOGENIC CARBONATES IN
THE NEGEV

49.2.1 SOUTHERN NEGEV

In general, calcic soils are very rare in the southern Negev and either
have developed in specific sites that locally concentrated enough
water to support some vegetation or biogenic activity, or were devel-
oped in the earliest Pleistocene, probably under wetter conditions.
In this extremely arid/hyperarid area, we describe two study sites:
(a) the stable alluvial surfaces of the Paran drainage basin, dated to
�2 Ma, and (b) the hyperarid Nahal Yael drainage basin with its
alluvial surfaces, slopes, and channels.

49.2.1.1 THE PARAN PLAINS

The Paran Plains and Paran terraces, part of the Paran River basin,
are well-preserved, flat alluvial surfaces, located in the hyper-
arid southwest central Negev (<50 mm yr−1 rainfall) (Fig. 49.1).
Calcic–gypsic–salic gravelly Reg soils that began developing on
�2 Ma old (Matmon et al. 2009), relatively flat alluvial surfaces in
the Negev indicate long geomorphic stability under extremely dry
conditions. Over a short interval during their initial stage of devel-
opment sometime during 1–2Ma (Amit et al. 2011), calcic horizons
formed and reached a maximum of stage III (Gile et al. 1981) of
carbonate morphology. This interval of 1–2 Ma is the only interval
in which calcic soil horizons formed on stable abandoned alluvial
surfaces in the hyperarid southern Negev.
The δ18O and δ13C values were measured for 120 pedogenic car-

bonate nodules (Amit et al. 2011). The δ13C values range between
−1.4‰ and 2.8‰ (average +1.2±0.7‰) (Fig. 49.2); this range
indicates hyperarid conditions, relatively low biogenic activity and
low vegetation root zone respiration rates (e.g. Quade et al. 1989a).
The high average δ13C value of +1.2‰ suggests a significant con-
tribution of atmospheric CO2 during the nodule formation. Rapid
loss of CO2, as suggested by Quade et al. (2007), through advec-
tion of soil air near the soil surface is the most plausible explan-
ation for the elevated δ13C values. As shown by Quade et al. (2007)
for the extremely arid Atacama Desert, respiration rates are the
main predictor of the δ13C value of soil carbonate, whereas the
ratio of C3 to C4 biomass has subordinate influences in such arid
environments.
The δ18O values range between −8.8‰ and +3.8‰ (average

−5.9±2.1‰) (Fig. 49.2). These light isotopic values do not match
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Figure 49.2 Plot of δ13C against δ18O values of the pedogenic carbonates in the various study areas in the Negev. The isotopic composition of pedogenic
carbonates from the Israeli Coastal Plain is shown for comparison. Highest δ13C values characterize the extremely arid southern Negev, and lower values
characterize the central and northern Negev. Lowest values characterize the semi-arid Mediterranean coast.

the high δ13C values, probably either as a result of carbonate pre-
cipitating in equilibrium during long-duration rainfall events, or as
a result of more deeply penetrating (and therefore less evaporated
or differentiated) rainfall events. These rainfall properties point to
tropical plumes as the most probable candidate to form these pedo-
genic carbonates.

Amit et al. (2011) suggested that the coupling of very low δ18O
and high δ13C values of these early pedogenic carbonates sup-
port soil formation under arid climatic conditions. In this hyperarid
environment, slightly wetter conditions that allowed sparse vege-
tation cover, as deduced by the actual presence of the calcic hori-

zon, occurred only sporadically between �2 Ma and �1 Ma. Such
an environment was probably characterized by rare (episodic) and
relatively longer-duration rainstorms which occasionally allowed
slightly deeper infiltration of rainwater and longer retention of soil
moisture. This, in turn, enabled the growth of sparse vegetation
that enhanced the deposition of pedogenic carbonate. Enzel et al.
(2008) and Amit et al. (2011) suggested that even if precipitation in
glacial time is estimated to be up to twice modern rainfall, most
of the southern Negev annual rainfall was <100 mm. Therefore
pedogenic calcium carbonate would not have been deposited over
the past 1.2 Ma in the southern Negev. Furthermore, Amit et al.
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(2010) showed that at their edge of formation in hyperarid environ-
ments, soil carbonates are impacted by the rainstorm characteristics,
primarily somewhat longer-duration rains.

49.2.1.2 NAHAL YAEL

Nahal (wadi) Yael is a small (�0.5 km2), hyperarid (�28 mm yr−1),
hyperthermic (mean annual temperature �25 °C), instrumented
watershed located in the southern Negev desert, where temperatures
up to 50 °C are recorded on the hottest summer days and tempera-
tures as low as 5 °C in winter. Along the stream channel of Nahal
Yael, Lekach et al. (1998) and Amit et al. (2007) identified pedo-
genic carbonate formed under the active channel bed deposits. They
suggested that such fluvial-pedogenic carbonate deposition results
from low recurrence of flash floods, which leave relatively lim-
ited moisture content beneath the active layer (�50 cm thick) of
the channel. Under such conditions, unlike regular soil carbonate
deposition, this fluvial-pedogenic carbonate was deposited with
almost no involvement of vegetation, as also indicated by the δ13C
values, but possibly with the involvement of microorganisms as
observed in scanning electron microscope analyses (Amit et al.
2007).
Stable isotopic compositions (δ18O and δ13C) were measured

for these pedogenic carbonate nodules (83 samples) collected from
active channels, terraces, and talus slopes in Nahal Yael. Both δ18O
and δ13C are characterized by high values, the highest obtained for
the entire Negev (Fig. 49.2). The δ13C values range from 3.3‰ to
–1.3‰ (average 1.4‰). The δ18O values have a much larger range,
varying between 8.1‰ and –3.3‰ (average +0.8‰).
The δ13C profile under the active layer of Nahal Yael shows a

clear decrease with depth, varying from approximately +1.8‰ in
the upper part (at a depth of �25 cm) to approximately −1.3‰ at
a depth of 70 cm (Fig. 49.3). Amit et al. (2007) stressed that (a)
the more positive values at the surface are a result of isotopically
heavy atmospheric-derived CO2, and (b) the systematic decrease
with depth reflects a down-profile decrease in the ratio of atmos-
pheric to biogenic-derived CO2. At a depth below 1 m, all soil car-
bonate samples approach isotopic equilibrium with the soil CO2.
Enzel et al. (2012) suggested that the δ13C values obtained for the

secondary carbonates from soils on the slopes of Nahal Yael support
the dominance of atmospheric CO2 with minimal biotic involve-
ment in their formation, with only a minor contribution from sparse
annual plants that may sprout after rare rainstorms.
The high δ13C values of Nahal Yael carbonates probably indi-

cate significant contribution of atmospheric CO2 during their forma-
tion and negligible impact of vegetation. Rapid loss of CO2 through
advection of soil air is the most plausible explanation (e.g. Quade
et al. 2007) for the elevated δ13C values in extreme dry areas. The
very high δ18O values of Nahal Yael fluvio-pedogenic carbonates
can be explained by carbonate deposition in isotopic equilibrium
from flood water. The scarce calcic nodules and their isotopic com-
position are consistent with low-frequency (episodic) storms during
both the last glacial and current interglacial (Enzel et al. 2012).
In soils developed on the slopes in Nahal Yael, the δ18O values

are higher for secondary carbonate samples from slopes than val-
ues obtained for active channels and terraces, showing the effects

Figure 49.3 Variation of δ13C with depth for pedogenic carbonates from
Nahal Yael, showing a clear decreasing trend with depth.

of significant evaporation of soil water on slopes prior to carbon-
ate formation. Enzel et al. (2012) explained this trend as the result
of extreme evaporation due to the hyperaridity of the Nahal Yael
(current potential evaporation >2,600 mm yr−1), indicating that
when these secondary carbonates formed, the southern Negev cli-
matic conditions were very similar to today’s conditions, far drier
than the climate in the northern Negev and farther north. They con-
cluded that the late Pleistocene climate was still hyperarid (i.e. mean
annual precipitation below �75 mm yr−1), and a temporal transi-
tion from semi-arid latest Pleistocene to hyperarid Holocene was
not detected; the southern Negev was under hyperarid conditions
for a long time (Amit et al. 2006). The observed positive correla-
tion between the very high δ18O and δ13C values in the pedogenic
carbonates of Nahal Yael is expected because temperature increases
result in low biogenic activity and low vegetation root zone respir-
ation rates, resulting in 13C enrichment in plants, and because me-
teoric water is enriched in 18O at warmer temperatures.

49.2.2 CENTRAL NEGEV

The Central Negev is characterized mostly by calcic loessial soils
formed in silty/fine sandy parent material. The southern part of the
central Negev is represented here by a loess sequence fromMt Harif
at the Negev Highlands (>1,000 m) (Fig. 49.1). OSL ages of this
sequence reveal that loess was accumulated during the late Quater-
nary. Primary loess deposition started during the late-middle Pleis-
tocene (�180–134 ka), and late Pleistocene Negev loess started
accumulating at �95 ka, and continued accumulating until the earl-
iest Holocene (�14–10 ka) (Crouvi 2009; Crouvi et al., Chapter
53 of this volume). The southern extension of the primary loess
accretion does not reach the hyperarid southern Negev (i.e. there
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are no loess sequences in areas with <80 mm yr−1 as a result of
the location of the loess sources; Crouvi (2009)).The stable iso-
tope composition of pedogenic carbonates were measured for 63
carbonate nodules from Mt Harif sequence. The δ18O values range
between −2.6‰ and 0.3‰ (average −1.4‰), and δ13C values vary
from −6.2‰ to −2.8‰ (average −4.3‰). These values are signi-
ficantly lower than those measured for Nahal Yael from the south-
ern Negev, but are very similar to those measured for Ramat Beqa
(Crouvi 2009) from the northern Negev (Fig. 49.2; see below).

49.2.3 NORTHERN NEGEV

49.2.3.1 NAHAL BESOR

Revivim-Haluza site is located in the Nahal Besor drainage basin,
one of the largest in the Negev (Fig. 49.1). The surfaces and the
soils in the Nahal Besor area, although not numerically dated at
present, are estimated as Pliocene to Early Pleistocene, based on
morphostratigraphic analyses (Zilberman 1986).

Amit et al. (2000) studied two Pliocene surfaces and one late
Pliocene to early Pleistocene surface on which calcic-gypsic and
calcic soils were developed in gravelly parent material. The δ13C
values of pedogenic carbonates measured from these surfaces (127
samples) range from−7.6‰ to+1.1‰ (average−2.8‰), and δ18O
values range between −4.8‰ and +2.1‰ (average −1.3‰). These
values are similar to the δ18O and δ13C values measured for the
much younger pedogenic carbonates from the loess sequences of
the central Negev (Mt Harif) and the northern Negev (Fig. 49.2).
The δ18O values of the late Pliocene to early Pleistocene pedogenic
carbonates in the Nahal Besor area are significantly higher than
those measured for the Pliocene surfaces, indicating more evap-
orative (probably more arid) conditions.

49.2.3.2 TEL-SHARUHEN

Tel-Sharuhen is located on the left bank of the Nahal Besor chan-
nel, northwestern Negev (Fig. 49.1). Incision of Nahal Besor at this
site exposed 50 m thick sequence, the most continuous early (late
Pliocene to middle Pleistocene) sedimentary sequence observed in
the western Negev.

Menashe (2003) measured the isotopic composition of pedogenic
carbonates deposited in sandy-calcic soils in 230 samples along the
stratigraphic sequence (Fig. 49.4). δ13C values vary from −9.2‰
to −2.6‰ (average −6.5‰), δ18O values have a narrower range
from−7.8‰ to−3.8‰ (average−5.4‰). Compared with the other
study areas in the Negev, these δ18O and δ13C values are relatively
low (Fig. 49.2). Though showing some significant high and low
peaks along the �50 m thick sequence, both δ18O and δ13C show
no significant increasing or decreasing trend along the sequence.
Menashe (2003) suggested that the δ18O oscillations reveal climatic
variations ranging between arid and semi-arid (150–350 mm rain
per year), which permitted only the development of calcic soils. The
δ13C values in the calcic nodules reveal the synchronous existence
of both C3 and C4 vegetation in varying ratios.

Interestingly, comparing the δ18O and δ13C trends reveals oppos-
ite trends in some units (Fig. 49.4). Menashe (2003) suggested that

Figure 49.4 Variations of δ13C (× symbols, dashed line) and δ18O
(open circles, continuous line) with depth along the �50 m section of
Tel-Sharuhen.

the coexistence of lighter δ13C values and heavier δ18O values can
be explained by relatively more arid conditions, but still stable sand
that permitted development of soils with enhanced biogenic activ-
ity. A dynamic sand environment with intense winds does not allow
dense vegetation adhesion and soil development. In a humid cli-
mate characterized by intense winds and light oxygen values, heavy
carbon values are expected owing to the vegetation’s inability to
develop. As in the northwestern Negev wind intensity is greater dur-
ing the passage of precipitating easternMediterranean low-pressure
systems, the above coexistence of lighter δ13C values and heavier
δ18O values may indicate a reduced number of such systems.

49.2.3.3 RAMAT BEKA AND HURA VILLAGE

The loess sequences of Ramat Beka and Hura (Fig. 49.1) accumu-
lated during the late Quaternary (Crouvi 2009, Chapter 53 of this
volume).
Pedogenic carbonates from Hura sequence exhibit higher δ18O

values (−2.7‰ to 0.2‰; average −0.8‰) than those measured for
Ramat Beka (−5.6‰ to −1.4‰ average −3.4‰), and are very
similar to those measured for Mt Harif from the Central Negev.
Crouvi (2009) suggested that Ramat Beka is most likely the best
sequence to represent the regional change in the oxygen isotopic
composition of the meteoric water, since it is characterized by
coarser grain size and it is less affected by evaporation (compared
with Hura village) and low temperature (compared with Mt Harif).
Unlike the oxygen isotopic composition, the mean δ13C values of

the calcic nodules vary little between the loess sequences, −2.8‰
to−6.2‰ (average−4.3‰) in Ramat Beka, and−2.3‰ to−5.7‰,
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in Hura village (average−4.4‰). Crouvi (2009) suggested that this
range of δ13C values implies that during the entire time interval rep-
resented in the loess sequences (180–10 ka), the vegetation type was
generally similar to C4 type vegetation (grass) being the majority.
There are no δ13C values below about −6‰, which is usually an
indication of the presence of trees or majority of bushes (C3 vege-
tation; e.g. Cerling et al. 1989; Quade et al. 1989b).
Based on the isotopic composition of the pedogenic carbonates,

Crouvi (2009) claimed that the climatic conditions were not much
wetter than today. During the loess accretion (�180–10 ka), the cli-
mate in the northern-central Negev was not the characteristic sub-
humid Mediterranean climate at any stage, and the data suggest
alternation between arid and semi-arid climates, but the average
rainfall amount probably never exceeded 300–350 mm yr−1. These
findings are in agreement with recent findings of permanent hyper-
aridity of the southern Negev throughout the Pleistocene, with a
steep gradient to the northern Negev and central Israel (Amit et al.
2006; Enzel et al. 2008).

49.2.3.4 RAMAT HOVAV AND NETIVOT

Enzel (1984) and Magaritz (1986) studied the isotopic composition
of pedogenic carbonates from late Pleistocene sediments. In Ramat
Hovav (Fig. 49.1), these carbonates are in part from primary aeo-
lian loess (mainly Fig. 3 of Magaritz 1986) and in part within flu-
vial valley fill. In Netivot (Fig. 49.1), the carbonates are from mid-
Pleistocene buried soil that formedmostly on low-angle catena. The
δ18O values of the majority of the carbonate nodules (30 out of 39)
from Ramat Hovav vary from −2.0‰ to +2.9‰ (average +0.4‰),
and nine carbonate nodules are characterized by significantly lower
values ranging between −6.4‰ and −4.3‰. The δ13C of all the
measured carbonate nodules is characterized by relatively high val-
ues, ranging between −3.3‰ and −0.5‰ (average −1.9‰).
The δ13C and to a lesser extent the δ18O values in Netivot

(−11.5‰ to −3.2‰ and −2.6‰ to −0.8‰, respectively) suggest
that Netivot area experienced wetter conditions than those expected
in a desert boundary region, as characterizes the wetter Mediter-
ranean coastal environment to the north at present (Fig. 49.2).
Whereas the palaeoclimate represented by δ13C and δ18O values

of Netivot is similar to the current climate of the Coastal Plain to
the north, a distinctly drier climate is recorded by Ramat Hovav
section, although the two areas are separated by less than 40 km. The
δ13C values in Netivot samples are significantly depleted relative to
those in the Ramat Hovav, indicating higher biological activity and
a higher proportion of C3 vegetation.

49.3 DISCUSSION

As a whole, the isotopic data of soil carbonates in soils from the
Levant are limited, making this work unique. Although we cannot
obtain a regional view, we will compare the results we obtained
from the hyperarid to arid environments in the Negev desert to those
sampled in soils developed in wetter zones (<400 mm). For direct
and more accurate comparison, we compare the isotopic compos-

ition of the soil carbonate of theNegev to those of theMediterranean
coast of Israel in a south–north transect.
The δ13C values measured for the pedogenic carbonate of Nahal

Yael and the earliest Pleistocene Paran Plains are very similar to
those measured in soil carbonate samples from the hyperarid (<20
mm yr−1) Namib (average +2.8‰; Amit et al. 2010), the eastern
Mojave Desert, Nevada (reaching +4‰, Amundson et al. 1988;
Quade et al. 1989b), and the Atacama in northern Chile (up to
+7.9‰; Quade et al. 2007). These locations are at the extreme limit
of calcic soil formation in regard to rainfall amounts in arid regions
(Yaalon 1971; Birkeland 1999; Amit et al. 2010). Such high values
are indicative of hyperarid conditions, signifying relatively low bio-
logical activity and low respiration rates (e.g. Quade et al. 1989b).
Pedogenic carbonates from the Coastal Plain were studied by

Magaritz et al. (1979, 1981) and M. Harel (unpublished data). Gen-
erally, the δ13C and to a lesser extent the δ18O values of calcic nod-
ules from the coastal plain are lower than those obtained for cal-
cic nodules from the Negev (Fig. 49.2), reaching values as low as
−11.7‰ and −7.0‰ respectively, indicating the dominance of C3
vegetation under wetter climate conditions. Magaritz (1986) sug-
gested that the contrast between the isotopic compositions of the soil
carbonate sampled in the northern Negev and those of the Coastal
Plain indicates that the late Pleistocene rainfall gradient toward the
south was even steeper than the already steep rainfall gradient of
the Holocene in the southern Levant (see also Enzel et al. 2008).
The δ13C values show a decreasing north–south trend in the

Negev (Fig. 49.5A). The highest δ13C values characterize the
extremely arid southern Negev, lower values characterize the cen-
tral Negev, and still lower values characterize the northern Negev.
A similar trend is observed for the δ13C values plotted against mean
annual precipitation (Fig. 49.5B), showing a significant decrease
trend as annual (i.e. winter rains in this Mediterranean climate) pre-
cipitation increases.
For comparison with the Negev, we present below the isotopic

composition of pedogenic carbonates from Syria, Turkey, and Iran.
As expected, these carbonates are characterized by δ18O and δ13C
values (a) similar to or lower than the carbonate samples from the
Coastal Plain of Israel, and (b) significantly lower than the Negev
pedogenic carbonates. The δ13C values of pedogenic carbonate
nodules from several areas in Turkey range between −11.0‰ and
−5.2‰, and the δ18O values of these carbonates range between
−11.0‰ and −5.9‰ (Pustovoytov & Taubald 2003; Alçiçek &
Jiménez-Moreno 2013; Alçiçek & Alçiçek 2014). δ13C values
of pedogenic carbonates from Tell Mozan in Syria range from
−14.6‰ to −8.6‰ (Pustovoytov et al. 2011). The δ13C values
of pedogenic carbonates from northeast Iran range from −8.0‰
to −6.7‰, and their δ18O values range from −12.4‰ to −1.5‰
(Mortazavi et al. 2013).

49.4 CONCLUSIONS

1. This study demonstrates that the oxygen and carbon isotopic
compositions of pedogenic carbonates are (a) climate-related,
(b) in agreement with environmental conditions prevailing
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Figure 49.5 Values of δ13C plotted against (A) coordinates (in a S–N transect) and (B) annual rainfall, showing a significant decreasing trend from south to
north. Highest δ13C values characterize the extremely arid southernNegev, lower values characterize the central Negev, and still lower values characterize the
northern Negev. A similar trend is observed for δ13C values plotted against the annual precipitation, showing a significant decreasing trend as precipitation
increases.

today, and (c) good relative and even absolute indicators of
mean conditions prevailing during past intervals in various cli-
matic zones of the Negev. Interestingly, the isotopic compos-
ition of carbon may serve as a better palaeoclimate proxy than
the isotopic composition of oxygen, and may be used to esti-
mate the relative proportion of C3–C4 vegetation type, as this
ratio is probably sensitive to the diverse types (i.e. frequency,
intensity, and duration) of rainstorm-producing synoptic-scale
patterns.

2. The coupling of very high δ18O and δ13C values in Nahal
Yael indicates that extremely arid conditions prevailed in the
southern Negev during the development of the soil carbonate.
Only minor contribution from vegetation is observed, espe-
cially when compared with carbonate nodules from central and
northern Negev. In these two areas, the δ13C values show a
higher contribution of the vegetation to soil CO2 fromwhich the
carbonates are formed. The isotopic compositions indicate that
episodic wetter climatic conditions prevailed in the area, allow-
ing precipitation of soil carbonates in a very arid regime. These
episodes were probably too short for development of massive
C3 vegetation cover. These results indicate that wetter climatic
conditions in the Negev might have prevailed occasionally in
the semi-arid northern Negev (�150–350 mm yr−1), but not in
the southern hyperarid Negev (<80 mm yr−1).

3. The isotopic composition of pedogenic carbonates of loess
sequences from the central and northern Negev is intermedi-
ate between the very high values in the southern Negev and
the lower values in the northern Negev and along the eastern
Mediterranean coastline. These values indicate that during the

time interval of loess accretion (�180–10 ka), climatic condi-
tions in the Negev were not distinctly wetter than today. Alter-
nation between arid and semi-arid climates is possible, but the
average rainfall amount probably never exceeded 300–350 mm
yr−1.

4. The low δ18O and δ13C values of pedogenic carbonates fromTel
Sharuhen, northwestern Negev, are lower than the other areas in
the Negev, indicating climatic variations ranging between arid
and semi-arid (150–400 mm rain per year). The δ13C values of
the calcic nodules indicate the synchronous existence of both
C3 and C4 vegetation in varying ratios.

REFERENCES

Alam, M.S., Keppens, E. & Paepe, R. 1997. The use of oxygen and car-
bon isotope composition of pedogenic carbonates from Pleistocene
palaeosols in NWBangladesh, as palaeoclimatic indicators.Quater-
nary Science Reviews 16: 161–8.

Alçiçek, H. &Alçiçek, M.C. 2014. Palustrine carbonates and pedogenic cal-
cretes in the Çal basin of SW Anatolia: Implications for the Plio-
Pleistocene regional climatic pattern in the eastern Mediterranean.
Catena 112: 48–55.

Alçiçek, H. & Jiménez-Moreno, G. 2013. Late Miocene to Pliocene fluvio-
lacustrine system in Karacasu Basin (SWAnatolia, Turkey): Deposi-
tional, palaeogeographic and palaeoclimatic implications. Sedimen-
tary Geology 291: 62–83.

Amit, R., Zilberman, E. & Nahamias, Y. 2000. Chronosequence of cal-
cic soils in Nahal Besor area. Geological Survey of Israel Report
GSI/21/2000, 79.

Amit, R., Enzel, Y. & Sharon, D. 2006. Permanent Quaternary hyperarid-
ity in the Negev, Israel, resulting from regional tectonics blocking
Mediterranean frontal systems. Geology 34: 509–12.



A. Ayalon et al. 430

Amit, R., Lekach, J., Ayalon, A., Porat, N. & Grodek, T. 2007. New insight
into pedogenic processes in extremely arid environments and their
paleoclimatic implications – the Negev desert, Israel. Quaternary
International 162–163: 61–75.

Amit, R., Enzel, Y., Grodek, T. et al. 2010. The role of rare rainstorms in
the formation of calcic soil horizons on alluvial surfaces in extreme
deserts. Quaternary Research 74: 177–87.

Amit, R., Simhai, O., Ayalon, A. et al. 2011. Transition from arid to hyper-
arid environment in the southern Levant deserts as recorded by early
Pleistocene cummulic Aridisols. Quaternary Science Reviews 30:
312–23.

Amundson, R.G., Chadwick, O.A., Sowers, J.M. & Doner, H.E. 1988. The
relationship between modern climate and vegetation and the stable
isotope chemistry of Mojave Desert soils. Quaternary Research 29:
245–54.

Amundson, R., Chadwick, O., Kendall, C., Wang, Y. & DeNiro, M. 1996.
Isotopic evidence for shifts in atmospheric circulation patterns
during the late Quaternary in mid-North America. Geology: 24:
23–6.

Biggs, T.H., Quade, J. &Webb, R.H. 2002. δ13C values of soil organic mat-
ter in semiarid grassland with mesquite (Prosopis) encroachment in
southeastern Arizona. Geoderma 110: 109–30.

Birkeland, P.W. 1999. Soils andGeomorphology. Oxford: OxfordUniversity
Press, p. 372.

Breecker, D.O., Sharp, Z.D. &McFadden, L.D. 2009. Seasonality bias in the
formation and stable isotopic composition of pedogenic carbonate in
modern soils from central NewMexico, USA. Geological Society of
America Bulletin 121: 630–40.

Cerling, T.E. 1984. The stable isotopic composition of modern soil carbon-
ate and its relation to climate. Earth Planetary Science Letters 71:
229–40.

Cerling, T.E. 1991. Carbon dioxide in the atmosphere: Evidence fromCeno-
zoic and Mesozoic paleosols. American Journal of Science 291:
377–400.

Cerling, T.E. & Quade, J. 1993. Stable carbon and oxygen isotopes in soil
carbonates. In Climate Change in Continental Isotopic Records, ed.
P.K. Swart, K.C. Lohmann, J. McKenzie, S. Savin, Geophysical
Monograph 78, pp. 217–31.

Cerling, T.E., Quade, J., Wang, Y. & Bowman, J. 1989. Soil and paleosols
as ecologic and paleoecologic indicators. Nature 341: 138–9.

Cerling, T.E., Solomon, D.K., Quade, J. & Bowman, J.R. 1991. On the iso-
topic composition of carbon in soil carbon dioxide. Geochimica et
Cosmochimica Acta 55: 3403–5.

Connin, S.L., Virginia, R.A. & Chamberlain, C.P. 1997. Carbon isotopes
reveal soil organic matter dynamics following arid land shrub expan-
sion. Oecologia 110: 374–86.

Crouvi, O. 2009. Sources and Formation of Loess in the Negev Desert dur-
ing the Late Quaternary, with Implications for Other Worldwide
Deserts. Unpublished Ph.D. thesis, Hebrew University of Jerusalem.

Dan, J. & Yaalon, D.H. 1982. Automorphic saline soils in Israel. Catena
Supplement 1: 103–15.

Dan, J., Gerson, R., Koyumdjisky, H., Yaalon, D. 1981. Aridic Soils of
Israel, Special publication 190. Beit Dagan: Volcani Center, Divi-
sion of Scientific Publications.

Davidson, G. R. 1995. The stable isotopic composition and measurement of
carbon in soil CO2. Geochimica Cosmochimica Acta 59: 2485–9.

Deines, P. 1980. The isotopic composition of reduced organic carbon. In
Handbook of Environmental Isotope Geochemistry, 1A, ed. P. Fritz
and J.Ch. Fontes. Amsterdam: Elsevier, pp. 329–406.

Enzel, Y. 1984. The Geomorphology of the Lower Sekher Valley. Unpub-
lished M.Sc. thesis, Hebrew University of Jerusalem.

Enzel, Y., Amit, R., Dayan, U. et al. 2008. The climatic and physiographic
controls of the eastern Mediterranean over the late Pleistocene cli-
mates in the southern Levant and its neighboring deserts.Global and
Planetary Change 60: 165–92.

Enzel, Y., Amit, R., Grodek, T. et al. 2012. Late Quaternary weathering,
erosion, and deposition in Nahal Yael, Israel: An impact of climatic
change on an aridwatershed?Geological Society of America Bulletin
124: 705–22.

Feinbrun-Dothan, N. & Danin, A. 1998. Analytical Flora of Eretz–Israel.
Jerusalem: CANA Publishing House, pp. 1–1008.

Gile, L.H., Hawley, J.W. & Grossman, R.B. 1981. Soils and Geomorphol-
ogy in the Basin and Range, Southern New Mexico – Guidebook to
the Desert Project. Memoir 39. Socorro: New Mexico Institute of
Mining & Technology, p. 222.

Goodfriend, G.A. 1990. Rainfall in the Negev Desert during the middle
Holocene, based on (super 13) C of organic matter in land snail
shells. Quaternary Research 34: 186–97.

Goodfriend, G.A. 1999. Terrestrial stable isotope records of Late Quater-
nary paleoclimates in the eastern Mediterranean region. Quaternary
Science Reviews 18: 501–13.

Jenny, H. 1980. The Soil Resource: Origin and Behaviour, Ecological Stud-
ies 37. Springer-Verlag.

Kahana, R., Ziv, B., Enzel, Y. & Dayan, U. 2002. Synoptic climatology of
major floods in the Negev Desert, Israel. International Journal Cli-
matology 22: 867–82.

Kelly, E.F., Amundson, R.G., Marino, B.D. & DeNiro, M.J. 1991. Stable
isotope ratios of carbon in phytoliths as a quantitative method of
monitoring vegetation and climate change.Quaternary Research 35:
222–33.

Lekach, J., Amit, R., Grodek, T. & Schick, A.P. 1998. Fluvio-pedogenic pro-
cesses in an ephemeral stream channel, Nahal Yael, southern Negev,
Israel. Geomorphology 23: 353–69.

Magaritz, M. 1986. Environmental changes recorded in the upper Pleis-
tocene along the desert boundary, southern Israel. Paleogeography,
Paleoclimatology, Paleoecology 53: 213–29.

Magaritz, M., Gavish, E., Bakler, N. & Kafri, U. 1979. Carbon and oxy-
gen isotope composition – indicators of cementation environment in
recent, Holocene and Pleistocene sediments along the coast of Israel.
Journal of Sedimentology Petrology 49: 401–12.

Magaritz, M., Kaufman, A. & Yaalon, D.H. 1981. Calcium carbonate nod-
ules in soils: 18O/16O and 13C/12C ratios and 14C contents. Geo-
derma 25: 157–72.

Matmon, A., Simhai, O., Amit, R. et al. 2009. Desert pavement-
coated surfaces in extreme deserts present the longest-lived land-
forms on Earth. Geological Society of America Bulletin 121: 688–
97.

Meirovich, L., Ben-Zvi, A., Shentsis, I. & Yanovich, E. 1998. Frequency
and magnitude of runoff events in the arid Negev of Israel. Journal
of Hydrology 207: 204–19.

Menashe, R. 2003. The Stratigraphy and Paleo-geography of Tel-Sharuhen
Section, North-western Negev, Israel. Unpublished M.Sc. thesis,
Hebrew University of Jerusalem. GSI/35/02, p. 95.

Mook, W.G., Bommerson, J.C. & Staverman, W.H. 1974. Carbon isotope
fractionation between dissolved bicarbonate and gaseous carbon
dioxide. Earth and Planetary Science Letters 22: 169–76.

Mortazavi, M., Moussavi-Harami, R., Brenner, R.L., Mahboubi, A. & Nad-
jafi,M. 2013. Stable isotope record in pedogenic carbonates in north-
east Iran: Implications for Early Cretaceous (Berriasian–Barremian)
paleovegetation and paleoatmospheric P(CO2) levels. Geoderma
211–212: 85–97.

Ode, D.J., Tieszen, L.L. & Lerman, J.C. 1980. The seasonal contribution of
C3 and C4 plant species to primary production in a mixed prairie.
Ecology 61: 1304–11.

Pustovoytov, K. & Taubald, H. 2003. Stable carbon and oxygen isotope
composition of pedogenic carbonate at Göbekli Tepe (Southeastern
Turkey) and its potential for reconstructing late Quaternary Paleoen-
vironments in Upper Mesopotamia. Neo-Lithics 2/03: 25–32.

Pustovoytov, K., Deckers, K. & Goldberg, P. 2011. Genesis, age and
archaeological significance of a pedosediment in the depression



Stable C and O Isotopes of Pedogenic Carbonates 431

around Tell Mozan, Syria. Journal of Archaeological Science 38:
913–24.

Quade, J., Cerling, T.E.&Bowman, J.R. 1989a. Development of Asianmon-
soon revealed by marked ecological shift during the latest Miocene
in northern Pakistan. Nature 342: 163–6.

Quade, J., Cerling, T.E. & Bowman, J.R. 1989b. Systematic variations in
the stable carbon and oxygen isotopic composition of pedogenic car-
bonate along elevation transects in the southern Great Basin, USA,
Geological Society of America Bulletin 101: 464–75.

Quade, J., Rech, J.A., Latorre, C. et al. 2007. Soils at the hyperarid margin:
the isotopic composition of soil carbonate from the Atacama Desert,
northern Chile. Geochimica et Cosmochimica Acta 71: 3772–
95.

Rubin, S., Ziv, B. & Paldor, N. 2007. Tropical plumes over eastern north
Africa as a source of rain in the Middle East. Monthly Weather
Review 135: 4135–48.

Vogel, J.C., Fuls, A. &Danin, A. 1986. Geographical and environmental dis-
tribution of C3 and C4 grasses in Sinai, Negev, and Judean deserts.
Oecologia 70: 258–65.

Wang, Y., Cerling, T.E., Quade, J. et al. 1993. Stable isotopes of paleo-
sols and fossil teeth as paleoecology and paleoclimate indicators: An

example from the St. David formation, Arizona. In Climate Change
in Continental Isotopic Records, ed. P.K. Swart, K.C. Lohmann, J.
McKenzie & S. Savin. Geophysical Monograph 78, pp. 241–8.

Wang, L., Okin, G.S., Caylor, K.K. & Macko, S.A. 2009. Spatial hetero-
geneity and sources of soil carbon in southern African savannas.
Geoderma 149: 402–8.

Wang, L., d’Odorico, P., Ries, L. &Macko, S.A. 2010. Patterns and implica-
tions of plant–soil δ13C and δ15N values in African savanna ecosys-
tems. Quaternary Research 73: 77–83.

Yaalon, D.H. 1971. Soil forming processes in time and space. In Paleo-
pedology: Origin, Nature and Dating of Paleosols, ed. D.H. Yaalon.
Jerusalem: International Society of Soil Science and Israel Univer-
sities Press, pp. 29–39.

Zangvil, A. & Druian, P. 1990. Upper air trough axis orientation and the
spatial distribution of rainfall over Israel. International Journal of
Climatology 10: 57–62.

Zilberman, E. 1986. Pliocene–Early Pleistocene surfaces in the Northwest-
ern Negev paleogeography and tectonic implications, Israel.Geolog-
ical Survey of Israel Report GSI/26/86 [Hebrew, English summary].





50 Evolution of the Southeastern Mediterranean Coastal Plain

maayan harel, rivka amit, naomi porat, and yehouda enzel

50.1 INTRODUCTION

Quaternary research on the southern Levant Mediterranean coastal
plains is based on geology, geomorphology, pedology, and archaeo-
logical records. Below is a comprehensive synthesis supported by
extensive new field data on sequences of sediments and soils that
outlines the evolution of the Israeli Coastal Plain. In addition, we
discuss soil-stratigraphy of buried soils vs sediments, buried sand
dunes, and the formation of the observed topography and terrain
morphology in light of late Quaternary sea-level changes.

50.1.1 GEOGRAPHIC AND GEOLOGIC SETTINGS

The Quaternary coastal sediments of the southeastern Mediter-
ranean extend nearly north–south along the �220 km long coastal
plain. The terrestrial southern edge of this plain faces the north-
ern edge of the Negev, where the width of the Pleshet Coastal
Plain (Fig. 50.1) is �40 km. It narrows northward, and the Sharon
and Carmel coastal plains are �20 and �4 km wide, respectively,
widening to �10 km farther north at the Galilee region, while the
coastal plain of Lebanon is narrower. Bordering the plain from the
east are carbonate bedrock terrains of the central mountain back-
bone of the southern Levant (e.g. Matmon & Zilberman, Chapter
3 of this volume). Elevation of the plain and its related relict mor-
phological surfaces ranges between sea level and�100m above sea
level (m asl). This plain lies along a steep north–south climate gradi-
ent (e.g. Enzel et al. 2008; Kushnir et al., Chapter 4 of this volume).
In the semi-arid south, annual precipitation is �200 mm, and in the
Sharon (Fig. 50.1) the climate is xeric to sub-humid Mediterranean
with precipitation >600 mm yr−1.

The southern Levant continental shelf forms a wide platform
with coastal plain and a shallow submerged shelf (see also Schatt-
ner et al., Chapter 7 of this volume). This coastal environment is
approximately the northeastern end of the Pliocene–Pleistocene sili-
clastic sediments sink of the Nile River littoral cell. The depocentre
is located offshore northeastern Sinai and central Israel, where the

plain is widest (Gvirtzman et al. 1997), and it narrows northward
toward the coasts of the Galilee and southern Lebanon where Nile
deposits are scarcer (Marriner et al. 2012; Fig. 50.1).
This coastal platform evolved following the tectonic uplift of the

mountainous backbone east of it, together with local erosion and the
extensive development of the Nile delta (Rizzini et al. 1978; Gvirtz-
man et al. 1997; Bar 2009; Gvirtzman et al. 2011). The Pliocene
Nile deltaic infill formed the shallow marine Yaffo Formation com-
posed of fine clays and silts. It was followed by a late Pliocene to
early Pleistocene platform of sandy sediments of the Pleshet Forma-
tion (or Kurdane Formation in the Galilee Coast), which interfin-
gers with the calcareous Ahuzam conglomerate deposited by flu-
vial systems that drained the mountainous carbonate terrain (Issar
1961; Gvirtzman et al. 1984). Thick sequences of Plio-Pleistocene
marine filled the former submarine slope; they were followed
by terrestrial to shallow marine cover of the Quaternary Kurkar
Group (Gvirtzman et al. 1984, 1997, 2011; Schattner et al., this
volume).
The Kurkar Group continued to fill the slope to form a wide

coastal platform. Owing to Pleistocene glacial–eustatic sea-level
cycles, the western edge of this platform was usually submerged,
and the coastline migrated across the platform (Issar 1961; Nir
1970; Horowitz 1979 among others). Indications for Pliocene
coastal deposits appear sporadically along the eastern edge of the
platform at Tel Sheruhen, Tel Tzafit, and Kefar Menachem (e.g.
Gvirtzman & Buchbinder 1969; Menashe 2003). To the west, direct
evidence for past coastlines are scarce, and late Quaternary beach
deposits were primarily documented along the western Carmel
Coast (Galili et al. 2007), potentially attributed to Marine Isotope
Stage 5 (MIS 5) coastline; this attribution, however, demands better
chronology. Submerged coastal cliffs were documented west of the
current Galilee coastline (Schattner et al. 2010).
The stratigraphy of the Quaternary Kurkar Group was assembled

from groundwater boreholes (Issar 1961; Itzhaki 1961; Horowitz
1979; Gvirtzman et al. 1984; Ecker 1999; Sivan et al. 1999
among others). Along a north–south axis, this group is a wide
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Figure 50.1 Outline of the Coastal Plain landscape and stratigraphy. A: General topography. B: Pedo-geomorphic surface map modified after Dan and
Raz (1975) and precipitation isohyets (mm yr−1). C: Generalized chronology framework (details in the text). D: Suggested geomorphic map for the recent
coastal accretion complexes and relict surfaces vs fluvial landforms. E: Suggested cross-section representing sedimentary units of the coastal complexes in
the Carmel (E1) and the Sharon (E2). F: Location of panels A to D. (A black and white version of this figure will appear in some formats. For the colour
version, please refer to the plate section.)
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sedimentary unit, thickest (�250 m) in the Sharon, and thinning to
the east toward the foothills 20 km away and toward the Sinai and
northern Negev hills. Tectonic activity in the northern part of the
Israeli coast resulted in a thin (<50 m) sequence in the Carmel and
Galilee coasts, north of the Or Akiva Fault (Gvirtzman et al. 2011).
Various studies document alternations between sand, loam, and clay
sediments. The sand, primarily aeolian sediment, is partly cemented
by carbonate, forming aeolianites (locally termed Kurkar); these
mostly friable rocks constitute most of the sections. A distinction
was made between marine calcareous sand deposits and terrestrial
sandy aeolianites (Sivan et al. 1999); however, this distinction in
drill samples is not always clear. Based on the current interpreta-
tion of borehole data (Gvirtzman et al. 1984; Sivan et al. 1999),
terrestrial aeolianites make up only the top �50 m of the Quater-
nary sequence. The deeper calcareous sands are primarily marine
deposits.

In the eastern parts of the Sharon and Pleshet plains, the Rehovot
facies includes terrestrial unconsolidated sand deposits intercalated
with loamy unit and some calcareous sands (Gvirtzman et al. 1984).
These loam slit-clay Rich reddish units (locally termed Hamra) are
described at the eastern province, as well as intercalating with aeo-
lianites in other areas, and are products of either fluvial or pedo-
genic processes with input of aeolian dust, which is similar to the
regional loess (Harel et al. 2011, 2012; Crouvi et al., Chapter 53 of
this volume) and is subjected to soil formation processes.

Based on the assumption that sedimentary evolution of terrestrial
environments is strongly influenced by pedo-geomorphic processes,
operating at different intensities at different parts of the landscape,
we re-examine the current knowledge on the development of the
Kurkar Group. We (a) describe and discuss the current landscape;
(b) characterize the surfaces of the area and determine their associ-
ation with other landforms; (c) present the chronology of the sedi-
mentary sequence; and (d) discuss palaeo-dune landscapes and eval-
uate their activity and degree of preservation within the sequence.

50.2 THE CURRENT LANDSCAPE

The current Coastal Plain presents a landscape which was devel-
oped under an interglacial, high sea stand. The surface of the plain
is a product of a mosaic of relict glacial and interglacial landforms
and depositional environments together with recent geomorphic and
pedogenic processes.

Based on analysis of the detailed topography and the soil map
of Dan and Raz (1975), we divide the Coastal Plain into three geo-
morphic provinces (Fig. 50.1) and describe the Holocene coastal
complex.

Ridges and troughs terrain. The west is dominated by coast-
parallel ridge topography separated by wide troughs, which form
a coast-parallel, trellis drainage pattern. This province is 3–6 km
wide, adjacent to the present coastline. Ridge lithology varies;
they usually comprise intercalating sand dunes, aeolianites and
various loam units. The troughs are filled with thick, alluvial
reworked soil material and form elongated depressions in which

channels were incised in sands or calcified sands. In the Sharon
area, three parallel and relatively continuous sedimentary com-
plexes with distinct ridge and adjacent trough topography are
identified and numbered from the shoreline eastward (Fig. 50.1).

Relict elevated surfaces. To the east, gentle hilly terrain forms a 3–
6 kmwide area elevating toward the foothills to the east from�40
to�100 m asl. The drainage system is usually dendritic or radial,
although some evidence for coast-parallel trellis and ridges also
exists, particularly in the southern provinces, where the ridges
are mostly composed of aeolianites (e.g. adjacent to Beit Oved,
Giva’at Brener, Niram, and Ruhama among others; Fig. 50.1C).
The hilltops present a relic of a flat surface topped by complexes
of cumulative soil profiles enriched with fine-grained sediments.
In the southern Pleshet province and along the eastern foothills,
fine deposits derived of aeolian or alluvial sources formed thick
loams to clay loams units, which cover the surface. In the Sharon
area the topsoil is composed of sandy loams to sandy clays. These
ancient surfaces underwent and are still undergoing erosion, and
the slopes and valleys are filled with its reworked and alluvial soil
(e.g. the Galilee eastern trough).

The alluvial plains. The abovementioned provinces are crossed by
generally westward-flowing streams forming wide and shallow
fluvial plains. Most streams are headed in the mountains east of
the plain, but several are headed within the flat-topped hilly ter-
rain itself (e.g. Poleg, Evtah; Fig. 50.1A. These alluvial plains
include relict fluvial terraces and alluvial fans where they exit
the mountains and at the margins of the plains; their topsoils are
usually defined as grumosols developed on reworked clay loam.
These loams possibly were generated from reworked soils that
originated as dust on top of the mountainous carbonate terrain.
The alluvial surfaces’ slopes are <2% and the active channels
sometimes meander (e.g. Yarkon and Sorek). Stream direction is
generally westward, but their path frequently shifts north or south
where it interacts with the relict elevated surfaces (e.g. Alexander
and Yarkon) or the coast-parallel ridges (e.g. Ayalon and Hanun)
(see also Greenbaum & Zilberman, Chapter 47 of this volume).
The latter is commonly characterized by long incisions along
troughs.

The Holocene coastal complex. This includes the linear, morpho-
logically pronounced, erosive coastal cliff accompanied by
coastal dunes and sand fields. The coastal cliff is prograding east-
ward cutting into various types of deposits (e.g. Katz &Mushkin
2013). The cliff height is between several metres and 40 m asl,
and it is morphologically absent at stream mouths. The current
dunefield activity followed the early to middle Holocene coastal
transgression (Sivan et al. 2001; Frechen et al. 2002; Neber
2002). The dunes stretch along the coastline, and their inland pen-
etration is usually limited where the coastal cliff is higher (Tsoar
& Blumberg 1991), such as in the Sharon and Ashkelon areas
(Fig. 50.1). Where the cliff is lower, sand penetrates inland and
forms dunefields up to 6 kmwide. The dunefields climb and cover
the topography of the ridges and troughs terrain, and sometimes
overlie the relict elevated surfaces to the east. Sand advance also
occurs at stream mouths, where sand influx partially blocks the
active fluvial system.
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50.3 TYPICAL SURFACES OF THE COASTAL PLAIN
AND THEIR EVOLUTION

Two typical geomorphic developments of landforms are distin-
guished at the Coastal Plain: (a) stable surfaces on which grad-
ual development of pedo-geomorphic units is observed following
dune emplacement; and (b) eroded and fluvial landforms, which are
superimposed on the landscape and are characterized by reworking,
re-deposition, and fluvial incision.

50.3.1 STABLE SURFACES IN THE COASTAL PLAIN

The following synthesis of soil evolution through time following
sand dune stabilization is based on new data and earlier studies (e.g.
Dan & Yaalon 1968; Dan 1983; Harel et al. 2011).
Soils change in their pedogenic characteristics with increasing

duration of their development, the regional dust influx, climate, and
their topographic position.We distinguish and discuss four stages of
soil development based on our new data including numerical dates
and previous published data (Fig. 50.2; Table 50.1).

STAGE 1: ACTIVE DUNES

Recent and Quaternary dune deposits indicate thick deposition of
sand dunes as part of the formation of wide dunefields on top of
diverse topography, morphology, and pre-existing surficial soils.
Dunefield emplacement alters the topography and the hydrology,
and forms new morphology on which pedologic succession is sub-
sequently initiated.
The dunes are composed primarily of well-sorted medium

sand (modes at 150–300 µm) (Harel et al. 2011). Mineralogy
includes quartz, feldspar, and highly variable carbonates, depend-
ing on marine bioclasts content in the sands and their subsequent
dissolution–precipitation. Carbonate content increases northward in
the Carmel and Galilee coasts (Rim 1950; Emery & Neev 1960),
paralleling the siliclastics content decrease away from the Nile.
Within aeolianites in the Sharon and Pleshet, total CaCO3 is 0–
35% (Rim 1950; Yaalon and Dan 1967), whereas in the Galilee and
Carmel sands and aeolianites it is �50% of the grains (Emery &
Neev 1960; Sivan 1999; Neber 2002).
Sand units are 10–20 m thick and dunes form a steep, several-

metre high morphology, which is most emphasized between inter-
dune depression and dune crests. The dunes permeability and
drainage is influenced by the sub-units that in places can be clayey,
forming perched groundwater at the inter-dune depressions (e.g.
Ashdod sands, underlined clay unit; Almog 2011).

STAGE 2: STABILIZED VEGETATED DUNES

With reduced wind intensities, succession of vegetation begins.
As a result, dune morphology changes and, with time, dunefields
undergo stabilization (Tsoar 2000; Tsoar & Blumberg 2002). The
duration of dune activity prior to general stabilization varies; it
is estimated to fall between several hundred years and one or
two millennia (Ritte 1998; Engelmann et al. 2001; Frechen et al.
2002).

Stabilized dunes are the typical parent material for the formation
of sandy pedo-geomorphic units (Dan 1966, 1983; Yaalon & Dan
1967; Dan et al. 1969). Pedogenesis begins on stabilized or even
partly stabilized sand dunes with the formation of incipient soil pro-
files (sandy regosols) (Yaalon & Dan 1967; Danin & Yaalon 1982).
Within several millennia, distinct soil profiles develop following
accumulation of organic matter in the topsoil, extensive distribu-
tion of land snails, and faunal bioturbation (soil krotovina). In addi-
tion, some rubification is observed, and B-horizons are commonly
yellowish brown to dark brown. Within the relatively more devel-
oped profiles, accumulations of aeolian dust particles are notice-
able (Danin & Yaalon 1982). Continuous illuviation and bioturba-
tion in the upper soil horizons form a mixture of sand particles and
dust grains resulting in a sandy to sandy-loam soil texture. During
this early pedogenesis, rapid dissolution and precipitation of pedo-
genic CaCO3 in carbonate-rich sands enhance aeolianite formation
within and below the soil as proposed by Gavish and Friedman
(1969) and by Yaalon (1967). Typical soil profiles contain an Ao
horizon with active vegetation root system. This system produces
humic acids and respired CO2, accelerating CaCO3 dissolution from
upper soil A- and B-horizons that contain bioclasts and influx of
dust; the dissolved carbonates are deposited in lower soil horizons
to form a calcic horizon together with dissolution and precipita-
tion, cementing the sand into aeolianite. With high precipitation and
vegetation, CaCO3 dissolution exceeds its deposition, and dissolu-
tion cavities (pockets) form within the Ck (or K) horizon aeolianite
cement. Such dissolution is high in the Sharon coastal area, where
CaCO3 content is low and precipitation amount is relatively high
(Fig. 50.2).
In the western area of the Coastal Plain, there are two typical

buried surfaces of young stabilized vegetated dunes, which preserve
their pedogenic properties because of burial by younger dunes.
These surfaces are: (a) middle to early Holocene (8–5 ka) stabilized
sands buried under recent dunefields (Ta’arukha and Hadera sands)
of the last two millennia (Gvirtzman et al. 1984; Frechen et al.
2002; Engelman et al. 2004; Porat et al. 2004; Harel et al. 2011); (b)
late Quaternary (MIS 4, 50–60 ka) stabilized sands exposed in the
Sharon coastal cliff (Nahsholim sands; e.g. Gvirtzman et al. 1984;
Neber 2002; Porat et al. 2004; Harel et al. 2011).
A gradual soil development, compaction and slope processes are

associated with some flattening of the dune morphology resulting
in the gentle undulating morphology sloping 3–6%, as estimated in
exposures of the Nahsholim sands.

STAGE 3: UNDULATING TOPOGRAPHY WITH
BROWN SANDY SOILS OR SANDY HAMRA SOIL

Within �20–30 thousand years, well-developed soil complexes are
formed (e.g. Dan&Yaalon 1971; Yaalon &Ganor 1973; Porat et al.
2004; Tsatskin et al. 2009). In these soils, the regional difference
is more pronounced, owing to continuous difference in controlling
soil-forming processes such as dust deposition rate, mean annual
precipitation, vegetation cover and type, and the initial CaCO3 con-
tent in sands (Fig. 50.2).



Table 50.1 Stable and eroded relict surfaces on gentle slopes in the late Quaternary. (Modified after Yaalon & Dan 1967; Dan et al. 1983.) 1: Crouvi et al., this volume, 2: Harel
et al. 2011: 201)
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Figure 50.2 Chronosequence of soils developed on gentle topography in various coastal plain provinces (for details see also Table 50.1, modified after
Yaalon & Dan 1967). The soil profiles were formed under different regional climate, vegetation, dust influx, dune parent material, and CaCO3 content as
described in Table 50.1.

Pedogenesis includes oxidation of organic matter, accumulation
of clay minerals from incoming dust and in-situ alternation of
feldspars particles in the dust and illuviation of iron oxides, which
coat the grains and rubify the soil (Dan & Yaalon 1966). The dust
affects the soil texture, changes the infiltration capacity, and partici-
pates in the oxidation process forming the soil colour and increasing
the soil fertility.
The rubification, dominant in the Sharon and more northern

provinces, results in strong red sandy soils. In the southern Coastal
Plain profiles, however, owing to fine texture formed by high
dust influx (loess) and low precipitation, rubification is suppressed
resulting in formation of brown soils (Dan & Yaalon 1976; Dan
1990; Wieder et al. 2008).
Comparing soil profiles from various regions developed on stable

flat surfaces revealed several characteristic patterns: soils in Pleshet
are defined as Quartzic light brown sand (Xerochrept) and have

loam texture, brown to light brown colour and calcic B-horizons,
with calcic concretions and rhizoliths and sometimes K horizons
as calcrete formed above the sandy-aeolianite C-horizon (Dan &
Yaalon 1976; Wieder et al. 2008).
In the Sharon area, the soils are sandy hamra (typic xeropsam-

ments) with loam to sandy loam texture and characterized by red-
dish colour. The upper soil horizons are well leached, and cal-
cic concretions and rhizoliths are scarce. Dissolution cavities are
observed within the pre-existing C-horizon (or K-horizon) aeolian-
ite cement, indicating that intensive leaching forms thick �10 m
soil profiles; some, in the form of long and relatively narrow cav-
ities, found mainly in the Sharon coastal area, indicate deep tree
roots. Historic records of a natural open oak forest in the area (Eig
1933) support this hypothesis.
The sandy hamra at the Carmel and Galilee Coastal Plains (actu-

ally characterized by loam to sandy loam texture) differs from the
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sandy hamra soil at the SharonCoastal Plainmainly in its increase in
CaCO3 content at the C-horizons and its thinner soil profile (�1–2
m depth). Therefore, dissolution of the aeolianite cement is limited
in these two coastal areas, with CaCO3 deposition mainly in the BC
horizon.

In addition to regional and climatic effects, soil characteristics
(e.g. texture) change because of local topography and slope pro-
cesses (e.g. soil catena at Pleshet area (Dan & Yaalon 1976) and in
the Sharon (Dan et al. 1969)).

The gradual soil development with time through accumulation
of fine dust and loess, and through slope processes, is associated
with the formation of flat morphology and hilly terrain.When dunes
renew their activity, the moving sand buries such surfaces, preserv-
ing the soil profiles within the aeolianite sequence of the first and
second ridges.

STAGE 4: UNDULATING TOPOGRAPHY WITH
RELICT LOESSIAL, HAMRA, AND NAZAZ SOILS

During long intervals of �105 years and more, soils continue to
develop under dust deposition, which strongly influences the upper
A- and B-horizons (Fig. 50.2). In the southern Pleshet area, episodic
high rates of dust can bury the sandy soils under thick loess units
(e.g. Dan & Yaalon 1971; Crouvi et al., this volume). The soil pro-
cess continues with dissolution and deposition of pedogenic CaCO3

within the loess deposits. South of the Pleshet area, sandy soils
are buried by thicker (�12 m) late Quaternary primary and sec-
ondary loess units, for example the Ruhama sequence (e.g. Wieder
et al. 2008; Zaidner, Chapter 22 of this volume) and Tel Sheruhen
(Menashe 2003). Farther north, the dust flux decreases (e.g. Crouvi
et al., this volume) and results in the formation of thinner aeolian
cover; for example, in the northern Pleshet coastal area the loess
cover reaches about 2–3 m thick (Dan & Yaalon 1976).

In the Sharon and the northern provinces, loess deposition
decreased, and the dust/loess was mixed in the top soil horizons of
the originally sandy parent material and therefore did not bury the
soil. As a result, the soil A- and B-horizons are enriched with sig-
nificant amounts of fine materials. They present limited oxidation
resulting in gley forms termed locally ‘Nazzaz’ formation (Yaalon
& Dan 1967; Dan 1983).

50.3.2 ERODED SURFACES IN THE COASTAL PLAIN

REWORKED SURFACES

Following changes in the geomorphic and environmental condi-
tions, relict stable surfaces undergo incision and soil erosion with
time. This has resulted in the formation of truncated, complex, and
cumulic profiles. Relict flat surfaces in the eastern terrains of the
Sharon (Harel et al. 2011), Carmel and Galilee coasts (Tsatskin &
Ronen 1999; Tsatskin et al. 2009, 2013) indicate that in most cases,
they undergo topsoil changes due to mixing, erosion, and burial of
former profile, and initiation of new pedogenic cycles (Fig. 50.2).
In the Pleshet coast, truncation occurs where aeolianites are well
cemented by pedogenic calcrete, which is later exposed at the sur-
face, indicating former soil cover. In the Carmel and Galilee coasts,

erosion is also dominant, leaving bare aeolianites and reworked soil
units (Harel et al. 2011).
Reworking is accelerated during channel incision episodes that

form relatively steep slopes within the former moderate landscape
(e.g. Poleg, Ruhama) and result in soil erosion (Dan 1966; Dan &
Yaalon 1976).
Reworking of soils is accelerated today through intensive indus-

trial agriculture and urbanization, mainly by ploughing and dam-
aging of the soil surface and the local slopes (Yaalon & Dan 1967;
Yaalon 2007).

FLUVIAL SURFACES

Troughs and alluvial plains crossing the dunefield and relict units
form wide flat surfaces on top of which grumosols/vertisols were
developed in dark alluvial clay-loam to loam texture (Dan 1966).
The flat topography facilitates easier blocking of the fluvial system
by moving sand. The characteristic ridge topography also assists
such blocking. This enhanced blocking results in limited drainage
of alluvial plains leading to the formation of swamps and wetlands
(e.g. Cohen-Seffer et al. 2005; Sivan & Greenbaum, this volume).

50.4 INSIGHTS FROM CHRONOLOGY

In the last two decades, a more coherent chronology of the Coastal
Plain has been facilitated by luminescence and magnetostrati-
graphy. Most of the luminescence ages are from the first and second
ridges of the Sharon and the Carmel coastal plains. Only hints to the
age of sediments are available from the central and eastern Coastal
Plain or terrestrial sequences currently submerged (Figs. 50.1 and
50.3).
The majority of luminescence ages were obtained by apply-

ing optically stimulated luminescence (OSL) on quartz or infra-
red stimulated luminescence (IRSL) on feldspar grains. Saturation
limits the ages roughly to the last 200 ka (Wintle 2008); slightly
older results were measured by using thermally transferred OSL
(TT-OSL) (Wang et al. 2006; Porat et al. 2009; this study). Palaeo-
magnetism (Gvirtzman et al. 1999; Ron & Gvirtzman 2001; Ron
et al. 2003; Menashe 2003; Shaar & Ben-Yosef, Chapter 6 of this
volume) and burial ages using in situ cosmogenic radionuclides
(CRN; e.g. Davis et al. 2012) provide additional age constraints for
early to middle Pleistocene deposits, while radiocarbon dating was
used for late Pleistocene and Holocene deposits (e.g. Cohen-Seffer
et al. 2005; Sivan & Greenbaum, Chapter 51 of this volume).

50.4.1 SUMMARY OF AGES

See Fig. 50.1 for locations.
The oldest numerical ages are derived from the eastern edge of

the Coastal Plain. CRN ages for quartz sand dunes at the base of
the Shefela sequence (Fig. 50.1) indicate ages of �1–2 Ma (Ramla)
and �2.5 Ma in Kefar Menahem and Tel Sheruhen (Davis 2012;
Davis et al. 2012), confirming the Plio-Pleistocene ages for the early
Kurkar Group. Davis et al. (2012) also indicated that these sands are
the product of �5 × 105 years of mean residence time in the Nile
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Figure 50.3 Summary of numerical chronology of the western Coastal Plain in relationship to the distance from the Mediterranean shoreline (Engelmann
et al. 2001; Frechen et al. 2001; 2002; Godfrey-Smith et al. 2003; Engelmann 2004; Frechen et al. 2004; Porat et al. 2004; Sivan & Porat 2004; Mauz et al.
2013; this study). (A black and white version of this figure will appear in some formats. For the colour version, please refer to the plate section.)

River and delta before deposition in the base of the Kurkar Group at
the eastern Coastal Plain. At the base of the Ruhama site, near these
eastern early Pleistocene sequences, there is a series of fine aeo-
lian sediments that cover sand deposits and show reverse magnetic
polarity (Wieder et al. 2008; Shaar &Ben-Yosef, this volume), indi-
cating stability for at least 780 ka at the eastern landscapes during
accumulation of the�12m aeolian series. Reverse polarity was also
measured in sands from the Evron site in the Galilee Coast below
erosive trough fill (Porat & Ronen 2002; Ron et al. 2003), indicat-
ing the preservation of ancient (>780 ka) sediments in this narrow
coastal belt.

50.4.2 RELICT RIDGE TOPOGRAPHY WITHIN
HIGHER SURFACES

Ages for the most eastern ridge in northern Pleshet at Beit Oved are
based on the TT-OSL dating method (this study, Table 50.2) indi-
cating dune deposition at �370±54 ka and �446±41 ka. Farther
west, ages of 180–240 ka were determined for sands and aeolian-

ites from ridges in Nordiya, Holon (Porat et al. 1999) and theMount
Carmel foothills (Mauz et al. 2013), together with sand units cov-
ering the relict elevated surface in the Tel Mond area (Fig. 50.1;
Table 50.2). The sands of the distinct aeolianite ridge on the Galilee
Coastal Plain are >250 ka (e.g. at Shomrat; Tsatskin et al. 2013).

50.4.3 WESTERN RIDGE–TROUGH LANDSCAPE

The chronology of late Quaternary dune activity (Fig. 50.3) is well
summarized by Mauz et al. (2013). Coastal dunes of the last inter-
glacial (MIS 5) form the lower parts of the second ridge asmeasured
in the Carmel Coastal Plain and south of Netanya (Engelman et al.
2001; Engelman 2004; Sivan & Porat 2004; Mauz et al. 2013; Porat
et al. 2013). Additional ages indicate sand deposition at approxi-
mately 80–90 ka in the area of the second ridge at the Carmel and
Gaash (Mauz et al. 2013), which can be correlated to MIS 5a. Sand
deposition on top of the MIS 5 units was renewed between 65 and
35 ka (mainly MIS 3), when the Mediterranean shoreline was pos-
itioned �8–10 km west of its current position. This indicates sand
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Table 50.2 Ages from Coastal Plain aeolianites (this study)
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availability and winds operating on the exposed shelf. MIS 3 sands
covered the second ridge and formed the majority of the first ridge
as revealed in the Carmel and the Sharon (Engelmann et al. 2001;
Frechen et al. 2001, 2002, 2004; Godfrey-Smith et al. 2003; Engel-
mann 2004; Porat et al. 2004; Sivan & Porat 2004). These sand
and dune activities were followed by a �30–40 kyr long interval of
stability, pedogenesis and erosion during the late MIS 3 and MIS
2, including during the Last Glacial Maximum (Porat et al. 2003,
2004). The last active sand phase occurred during the early to mid-
dle Holocene and at the present-day coastal area (Engelman 2004;
Porat et al. 2004).

50.4.4 THE CHRONOLOGY OF THE FLUVIAL
SYSTEMS

Our knowledge of the chronology of the fluvial system is limited. At
the northern coastal plain (e.g. the eastern trough at the Carmel area)
within troughs, a thick (�15 m) alluvial section was deposited dur-
ing the early to middle Holocene (Cohen-Seffer et al. 2005; Sivan
& Greenbaum, this volume). This sequence is unconformably over-
lying aeolianite of 101±11 ka (Sivan & Porat 2004). This hiatus
indicates erosion and incision of the fluvial system during the last
glacial.

In the south coastal area, the stratigraphy of the wide fluvial plain
of the Nahal Besor at Tel Sheruhen (Menashe 2003) indicates a
widespread and intense incision of the plain between 334±23 and
62±6, followed by thick fluvial (and aeolian) loess deposition that
subsequently was incised, leaving a wide loess surface �10–20 m
above the active channel.

50.5 THE FORMATION AND PRESERVATION OF
THE QUATERNARY SEQUENCE

50.5.1 THE NATURE AND TIMING OF ACTIVITY OF
RECENT AND PALAEO-DUNEFIELD

Dune activity is responsible for thick deposits within the Quaternary
section (Gvirtzman et al. 1984). Numerical ages from the western

Coastal Plain indicate that the sand dunes that later transformed into
aeolianite were not always fore dunes forming adjacent to the coast,
but occurred at a wide range of distances from respective palaeo-
shorelines (Fig. 50.3).
During the early–middle Holocene high sea stand, dunefields

were deposited to at least 6 km from the shoreline. Farther dune-
fields formed during �60–40 ka (�MIS 3) and extended at least
8–10 km eastward from the Mediterranean shoreline. These dune-
fields make up the majority of the sediments forming the first ridge,
are well exposed and have the best chronology of the coastal cliff
in the Sharon area (Frechen et al. 2002; Porat et al. 2004) or of
the submerged ridge islands off the Carmel Coastal Plain (Frechen
et al. 2004; Sivan & Porat 2004). Such MIS 3 inland dunes covered
the former pedo-geomorphic surface of the second ridge and later
formed its aeolianite cap as documented in the Carmel Coastal Plain
(Frechen et al. 2004; Sivan & Porat 2004).
Past sand dunes covering the Pleistocene Coastal Plain are pre-

served in many cases as aeolianites with internal dune stratification.
This stratification enabled reconstruction of palaeo-wind regime
and estimations of palaeo-dune types. Yaalon and Laronne (1971)
measured inclination and azimuth of a chronosequence of aeo-
lianites and concluded (without well-established chronology) that
Pliocene to Holocene Coastal Plain dunes formed under a wind
regime directed from the west to southwest, resembling the present
wind directions. Additional data collected in the Carmel and the
Sharon (Neber 2002) support this conclusion and indicate that the
calcified dunes of the Sharon and Carmel are transverse, parabolic,
or barchan types; these dunes point to a time of moderate develop-
ment under constant prevailing wind direction similar to the present
Coastal Plain dune.

50.5.2 PALAEO-COASTAL CLIFFS, SAND FIELDS
AND LATE QUATERNARY COASTAL PLATFORM
ACCRETION

Extensive dunefields are suggested to cover the coastal area dur-
ing the Quaternary. However, observations are limited mainly to
exposures of a series of sediment complexes in narrow, elongated
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strips paralleling the current coastline, locally referred to as aeo-
lianite ridges (Fig. 50.1).
Three hypotheses about the nature of the dunes’ spatial distribu-

tion and the ridge topography have been suggested, but none agrees
with the full set of field observations and chronology. The hypoth-
eses are as follows. (a) Elongated seif dunes activity, which formed
the topography of several aeolian ridges simultaneously (Gvirtzman
& Wieder 2001), was a hypothesis ruled out by Tsoar (2000) and
contradicts the presented chronology. (b) Prolonged coastal fore-
dune structures, which formed coast-parallel aeolian sand deposits
of ridge topography (Tsoar 2000), are also not in agreement with the
chronology, considering sea level fluctuation and shoreline location.
(c) The ‘wind-built ridge’ forming elongated aeolian accumulation
inland far from the coastline (Mauz et al. 2013) seems to lack mod-
ern analogue.
Analysing the earlier observations and our new ones, we sug-

gest a mechanism linking between extensive dunefield deposition
and limited preservation of narrow parallel sand deposits as follows

(Fig. 50.4): during interglacial high stands, coastal erosion of for-
mer deposits resulted in formation of a shallow marine plain and a
distinct coastal cliff (as at present).
Following glacial sea-level drop, dunefields propagated over the

exposed shelf and accumulated relatively thick sand that buried the
exposed palaeo-cliff. Sands also climbed and covered the top of the
cliff, possibly emphasizing its ridge morphology. The sands con-
tinued moving further inland and buried the surficial soils there,
accreting and elevating further former surfaces to the east. After
stabilization, the dunes underwent pedogenesis followed by cal-
cification, turning the dune into aeolianite, mainly during glacial
maxima.
Given an additional cycle of transgression, dunefields on the shelf

might be submerged and/or eroded by coastal erosion forming a
coastal cliff in the low-stand sediments leaving either a submerged
eroded section (such as in the northern Carmel and Galilee coasts)
or a narrow relict coast-parallel strip of sediments (e.g. the current
first ridge of the Sharon). Transgression also results in additional

Figure 50.4 A model for gradual accretion of the coastal plain together with formation of typical ridge and trough topography, based on the available
chronology of the first and second ridges as discussed. (A black and white of this figure will appear in some formats. For the colour version, please refer to
the plate section.)
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dunefield emplacement, burying and elevating further former sur-
faces to the east.

The suggested mechanism explains the larger-scale, gradual,
accretion of sedimentary packages with almost the same eleva-
tion east to west, forming the coastal plain platform during marine
eustatic oscillations (Figs. 50.1 and 50.4). That is, the Coastal
Plain was formed by cyclic accretion of younger and younger
sedimentary sequences west of a pre-existing coastal cliff, while
contributing sand to elevating the ridge topography on top of the
cliff.

50.5.3 THE RIDGE AND TROUGH TOPOGRAPHY

Based on the evolution suggested above, we propose that a series
of coast-parallel palaeo-coastal cliffs (coastal erosion lines) exist
and were buried within the coastal Quaternary depositional zone.
Field observations from the second ridge in the Carmel indicate
at least one partly buried cliff attributed to MIS 5 (Neber 2002);
this cliff was formed by erosion of the 153±31 ka aeolianite, cov-
ered only later by glacial-time, younger 46±8 ka dunes. Cavern
formation within the former aeolianite wall supports the existence
of a topographic cliff enabling the observed drainage and dissolu-
tion (Neber 2002). In similar positions across the Carmel Coastal
Plain, observed beachrocks (Galili et al. 2007) strengthen the pos-
sibility for a MIS 5 coastal cliff at the western edge of the sec-
ond ridge. We hypothesize that additional parallel erosion strips are
buried farther east at the Carmel foothills, Sharon and Pleshet region
(Fig. 50.1).

We suggest, however, that the drainage pattern follows for-
mer coastal erosion lines. The general topography of the plain is
high because of the aeolian process that enables climbing dunes,
blocks drainage systems and leads to sediment accumulation; with
time, drainage follows the relatively low base level and incises
along former coastal erosion lines to form troughs (Fig. 50.1
and 50.4).

50.5.4 STABILIZATION AND SOIL FORMATION
PHASES

Stabilization and continuous pedogenesis dominate long intervals
between dune formation and activity episodes. During the Last
Glacial Maximum, dune activity at the current Coastal Plain ceased
and a �30 ka time interval of soil formation together with coeval
soil erosion is marked by the Netanya hamra complex (Neber 2002;
Porat et al. 2003, 2004; Mauz et al. 2013). This stability could
result from (a) sand deposition limited to now-submerged coastal
areas as indicated by the 20–30 ka dune deposition identified within
submerged ‘kurkar’(aeolianite) ridges (Porat 2001; Porat et al.
2003); (b) large distance from the contemporaneous shoreline; or
(c) general decrease of the aeolian process due to climate change
(e.g. Enzel et al. 2008; Stein & Goldstein, Chapter 12, and Torf-
stein & Enzel, Chapter 13 of this volume) which results in enhan-
cing vegetation cover (see below). However, strong winds during
this period still characterize the areas to the south (Enzel et al. 2008;
Crouvi et al. 2008, this volume; Roskin et al. 2011; Roskin & Tsoar,

Chapter 56 of this volume). The increased stability of most of the
coastal plain and the ubiquitous root casts may indicate stabilization
of the area by vegetation under a wetter climate, while at the same
time the northern Negev was under a strong wind regime and was
bare of dense vegetation, as proposed by Enzel et al. (2008).

50.6 CONCLUSIONS

With absolute ages and new, systematic, field-based observations,
fundamental issues regarding the nature of the coastal plain mor-
phology, sediment composition, and soil formation are reassessed.
With the new spatiotemporal framework of this mosaic of processes
and environmental characteristics, we provide here an updated view
of the accretion of the Coastal Plain. Some of the conclusions are
as follows.

The surfaces of the coastal plain undergo gradual development, and
are strongly affected by the sandy parent material, the relative
CaCO3 content, the local climate, and the regional dust nature
and accumulation rates. Significant differences were observed
between the soils of the southern and the central and northern
Coastal Plain.

Fluvial dynamics respond to the Mediterranean Sea level oscil-
lations and the intensity of the aeolian activity. During high
stands, sand blocked the fluvial systems and formedmarshes. The
blocked fluvial systems respond later by incision with respect to
the base level.

Dunes formed adjacent to the coastline or formed dunefields extend-
ing up to about 10 km inland; in both cases the dunes, under suit-
able conditions, can be transformed into aeolianite.

Detailed reconstruction of Late Quaternary dune activity is as fol-
lows. Coastal dunes during MIS 5 formed the lower parts of the
second ridge followed by regression and a �20 ka long stabiliza-
tion, followed by pedogenesis and erosion. Inland, MIS 3 dune
activity covered the second ridge and formed the majority of the
first ridge sediments far from the palaeo-shoreline; this was fol-
lowed by a�30 ka long interval of stabilization, pedogenesis, and
erosion. During the last sand active episode between the early
to middle Holocene and the present, sand climbed and covered
the former topography, thickening the Quaternary sedimentary
sequence and elevating the ridge topography.

Summarizing field observations and chronology available from
the Coastal Plain, we suggest that the stratigraphy and the landscape
formed as follows. (1) Intensive dune accretion occurred during low
stands and high wind intensity and buried the former interglacial
coastlines. This was followed by stabilization, pedogenesis, and
cementation leading to aeolianite formation. (2) Later, with another
phase of sea transgression, partial coastal erosion was associated
with coastal dune deposition. (3) To the east, incision along the for-
mer and buried interglacial cliff coastlines was driven by the relative
low base level relative to the aeolian piling of sediments and resulted
in the characteristic form of coast-parallel, trough–ridge morphol-
ogy. (4) Burial, erosion, and flattening of former ridge trough topog-
raphy occurred within ancient eastern relict surfaces.
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51 Middle–Late Quaternary Wetlands along the Coastal Plain of Israel

dorit sivan and noam greenbaum

51.1 INTRODUCTION

51.1.1 THE WETLANDS AS ENVIRONMENTAL
ARCHIVES

Wetlands are temporary, terrestrial aquatic water bodies which
include typical fauna and flora depending on the environmental
conditions and water properties. Wetlands therefore can be consid-
ered as archives of temporal and spatial environmental, climatic,
and hydrological data. In addition, coastal wetlands are strongly
affected by the sea, and therefore provide data for sea-level changes.
Deciphering the exact signals stored in these coastal wetlands can
be difficult.

In the eastern Mediterranean (EM), coastal wetlands have been
studied in northwestern Greece (Vött et al. 2006a, 2006b), around
the Aegean Sea (Koukousioura et al. 2012), in eastern Turkey
(Brückner et al. 2002; Kraft et al. 2003), and in the Nile Delta,
Egypt (Stanley & Warne 1993). Although the wetland evolution-
ary processes differ in these areas, they were all formed in response
to the sea-level rise.

In contrast, inland wetlands are sensitive indicators of environ-
mental changes: they contain sedimentological, faunal, floral, and
isotopic data (e.g. Mischke et al., Chapter 45 of this volume) that
can serve as excellent proxies for past hydrological and climatic
conditions, such as the precipitation/evaporation ratio (P/E), a good
indicator for temperature and salinity (Sivan et al. 2015).

51.1.2 COAST AND SHALLOW SHELF WETLANDS

51.1.2.1 COASTAL WETLANDS

The pioneering coastal Pleistocene stratigraphy published by
Gvirtzman et al. (1984) and by Gvirtzman and Wieder (2001) did
not recognize wetland deposits in core sequences south of Caesarea
(Fig. 51.1). Mid-Pleistocene wetlands were found only in the shal-
low water of Haifa Bay, where at least three cycles of wetlands
were documented by Avnaim-Katav et al. (2012). The oldest wet-

land clay unit was about 25 m thick, and was dated to about 400 ka
(Marine Isotope Stage (MIS) 12). A younger wetland phase was
dated from 20.3–19.8 to 12.9–12.7 ka cal (Avnaim-Katav et al.
2012).
Detailed studies of the late Pleistocene to Holocene wetlands

were mainly conducted along the northern and north-central coasts
of Israel (Fig. 51.1, Table 51.1): along the Galilee coast (Sivan et al.
1999), in Akko (Inbar & Sivan 1984) (Fig. 51.2a), in the Zevu-
lun plain (Fig. 51.2b; Zviely et al. 2006; Elyashiv 2013; Elyashiv
et al. 2015), and in Haifa Bay (Schattner et al. 2010; Avnaim-Katav
et al. 2012). On the northern Carmel coast (CC) and its shallow
shelf, wetland deposits were studied by Galili and Weinstein-Evron
(1985); on the southern CC at Dor (Figs. 51.1 and 51.2c) by Sneh
and Klein (1984), Sivan et al. (2004) (Fig. 51.2c), and Kadosh
et al. (2004); and in the Ma’agan Michael (MM) area (Fig. 51.1) by
Cohen-Seffer et al. (2005) and Sivan et al. (2011). Offshore, wet-
land deposits were studied at a water depth of 32 m, �2 km west of
Caesarea (Neev et al. 1978), at a water depth of 9.5 m, 0.5 km off
Ashkelon (Avital 2002; Porat et al. 2003), and at a water depth of
20 m, 1.5 km off Hadera (Shtienberg et al. 2015).These wetlands,
located at the western troughs, now submerged or partly submerged,
existed from about 12 to 8 ka (uncalibrated yr BP) (Table 51.1).
At the Zevulun plain, east of Haifa Bay (Fig. 51.2b), the wetlands
are younger and dated to 7.5–5.4 ka (uncalibrated yr BP) (Elyashiv
2013; Elyashiv et al. 2015).
In the coastal shelf, opposite Hadera (Fig. 51.1), an ongoing

research project, based on seismic surveys and core logs, indicates
a wetland unit along W–E transects west of the present coastline
(Fig. 51.5) in the troughs now submerged (Shtienberg et al. 2015).
There are no direct ages for these units so far.

51.1.2.2 INLAND WETLANDS

The documented inlandwetlands are located between 1.7 and 16 km
east of the present coastline. In Holon (Fig. 51.1), a dark clay unit,
interpreted as a wetland deposit, which overlies an Acheulian tool-
bearing unit, was documented and dated to between 198±22 and
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Figure 51.1 Location of themiddle–late Pleistocenewetlands and the study
sites along the Mediterranean coast of Israel.

160±9 ka (OSL ages). The faunal assemblages of this open-air
Acheulian site indicate a closed water body (Porat et al. 1999).
Two phases of late Pleistocene inland wetlands, dated by OSL

to between 66±4 and 63±3 ka, and 50±3 to 41±3 ka, were docu-
mented in Ein Qashish (Fig. 51.1; Greenbaum et al. 2014), a mid-
dle Palaeolithic open-air site (Hovers et al. 2008; Chapter 65 of this
volume) at the inlet to the narrow water gap of the Qishon stream,
16 km east of the present coastline, at the base of Mt Carmel to
the northeast. A later wetland phase in the same area containing
Epipalaeolithic findings (Yaroshevich et al. 2014) was documented
and dated by OSL and radiocarbon to about 30–23 ka (Greenbaum

et al., in prep.). Close to the present coastline (1.7 km), Holocene
inland wetlands are represented at Ma’agan Michael (MM, Core A;
Figs. 51.1 and 51.3) in the eastern trough of the CC (Cohen-Seffer
et al. 2005; Sivan et al. 2015). These wetlands formed between 7.4
and 7.2 ka (calibrated yr BP) and have survived until the present.

51.1.3 PLEISTOCENE SEA-LEVEL CHANGES:
GLOBAL AND LOCAL

Long records of sea level are based on deep-sea temperature recon-
struction (Rohling et al. 2014 and references therein) and on deep-
sea oxygen isotopic data translated into sea levels with varying
uncertainties in both elevation and dating (Waelbroeck et al. 2002;
Siddall et al. 2003; Rohling et al. 2008). For the interval after the
Last Glacial Maximum (LGM), sea-level records are based mainly
on corals (Fairbanks 1989; Bard et al. 1996), and on coastal struc-
tures for high sea stands (Hearty et al. 2007).
The Israeli sea-level curve covers the Holocene and is based

mainly on archaeological data not equally distributed through time.
It is constrained by model prediction (Lambeck & Purcell 2005;
Sivan et al. 2001). Several studies have concluded that the sea
reached its present level along the coast of Israel between 4,000 and
3,600 years ago (Sivan et al. 2001; Porat et al. 2008). During the
last 2,500 years, relative sea level (RSL) fluctuated mainly below
present levels (Sivan et al. 2004; Toker et al. 2011; Sisma-Ventura
2013). The coast of Israel is stable, and the vertical induced rate
of isostatic sea level was negligible (Sivan et al. 2001, 2004, 2011;
Toker et al. 2011), and therefore the observed RSL can be consid-
ered as purely eustatic.
The shallow shelf of Israel is wide and its gradients are low

(Almagor & Hall 1984). Therefore, any change in sea level causes
large changes in coastline location. During glacial intervals, sea
level reached 110–120 m below current mean sea level (msl), and
the coastline was 10–12 km to the west. During the last interglacial,
sea level rose to a maximum of 6–7 m above msl, and the coastline
was located east of the present coastline (Cohen-Seffer et al. 2005;
Sivan et al. 2011, 2016).

51.2 COASTAL WETLANDS – CHARACTERISTICS,
AGE AND ENVIRONMENTAL SIGNIFICANCE

51.2.1 STRATIGRAPHY

The coast and its shallow shelf consist of north–south, longitudi-
nal late Pleistocene calcareous sandstone (locally named kurkar)
ridges (Sivan & Porat 2004 and references therein; Sade et al.
2006). The late Pleistocene–Holocene sequence in the Galilee,
Haifa Bay (including the Zevulun plain), and the CC was deposited
in the longitudinal troughs between these kurkar ridges, overlying
reddish-brown soils (locally named hamra), indicating a terrestrial
phase. This terrestrial phase was followed by an abrupt environ-
mental change, during which wetlands originated, and dark, rela-
tively organic-rich clays were deposited over the kurkar and hamra.
In the CC, these wetlands were relatively short-lived (hundreds of
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Table 51.1 Ages of the coastal and inland wetlands along the coastal plain of Israel

Elevation of unit relative
to ILSD (m) Ages (ka BP)

Bottom of core/section Top of core/section
Cores/trenches/
pits Bottom Top Uncalibrated Calibrated Uncalibrated Calibrated

Coastal wetlands
1 Galilee Several cores −7.2 +6.6 �6.5
2 Zevulun
plain

GD1 (south) � −5.0 � −3.5 6.5±0.07 5.4±0.08

K2 (north) −11.0 −9.7 7.5±0.05 7.61–7.43 6.2±0.07
3 Haifa Bay 39a � −21.0 � −18.0 9.9±0.6∗;

B3 � −18.0 � −16.0 20.3–19.8 13.2–12.9
12.9–12.7

4 North
Carmel

Atlit-Yam � −14.0 � −11.0 �8.14±0.12 �9.4–7.9

5 Dor, south
Carmel

−4.4 −3.8 11.4±0.42 9.41±0.48

6 D-Dor −7.15 −6.35 10.2±0.06 12.04–11.60 8.95±0.1 10.30–9.55
7 Dor-2 −10.5 −5.5 �13.8∗ 8.77±0.06
7 Dor-3 −10.2 −4. 1 9.52±0.13
7 Dor 7 −8.8 −4.8 12.16±0.1 �8.65±0.08

8Caesarea Cb −31.0 8.9±0.27 10.7–9.4
9 Ma’agan-
Michael

Core B −9.3 −6.5 8.5±0.08 9.6 – 9.4 8.1±0.07 9.4–8.9

10Ashkelon Core K38 −24.0 −18. 0 8.25±0.07 9.27±0.15

Inland wetlands
11 Ma’agan-
Michael

Core A −9.2 +4.0 6.4±0.07 7.4–7.2 present

12 Ein
Qashish

Sections +22.7 <+22.0
+23.7

Cycle I – 66±4∗

Cycle II – 50±3∗
Cycle I – 63±3∗

Cycle II – 41±3∗
13 Holon Pits +39.3 +40.8 198±22∗ 160±9∗

∗ OSL ages. Other ages are 14C (total organic carbon, and seeds: see Fig. 51.3). Cal. ages: 1σ .
ILSD – Israel Land Survey Datum.
References:
1 Galilee coast (Sivan 1996; Sivan et al. 1999)
2 Zevulun plain (Elyashiv 2013; Elyashiv et al. 2015)
3 Haifa Bay (Avnaim-Katav et al. 2012)
4 Northern Carmel coast (Galili & Weinstein-Evron 1985)
5 Dor, southern Carmel coast (Sneh & Klein 1984).
6 Dor (Kadosh et al. 2004)
7 Dor (Sivan et al. 2004)
8 Caesarea – offshore (Neev et al. 1978)
9 Ma’agan Michael, Core B (Cohen-Seffer et al. 2005; Sivan et al. 2011)
10 Ashkelon (Porat et al. 2003)
11 Ma’agan Michael, Core A (Cohen-Seffer et al. 2005; Sivan et al. 2015)
12 Ein Qashish, Qishon Stream (Greenbaum et al. 2014)
13 Holon (Porat et al. 1999).

years) (Table 51.1). The wetland deposits are overlain by Holocene
sand about 5.1±0.5 ka (OSL age; Cohen-Seffer et al. 2005; Roskin
et al. 2015; Fig. 51.3c). This stratigraphic sequence of the late Pleis-
tocene–Holocene wetlands characterizes the Galilee coast, Haifa
Bay, the CC, and the shallow shelf west of Hadera (Figs. 51.1 and

51.5) and west of Ashkelon in the south (Table 51.1). Following
the drying phase of the wetlands, humans settled on the dry clay
of the wetland during the Pre-Pottery Neolithic (12–9 ka cal) and
the Chalcolithic (7–5 ka cal) periods along the Galilee coast (Sivan
et al. 1999) and the CC (Galili & Weinstein-Evron 1985; Galili
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Figure 51.2 Distribution of various coastal wetlands located in different topographical set-ups, extensions and ages. Most of the coastal wetlands are dated
to the late Pleistocene to early Holocene. a: The wetlands along the western Galilee coast (modified after Sivan et al. 1999). b: Core B3 in the Haifa Bay,
dated to the middle–late Pleistocene (Avnaim-Katav 2012), and the Zevulun Plain wetlands, dated to theMid-Holocene (modified after Elyashiv et al. 2015).
c: The spatial and vertical extension of the wetland of Dor, Carmel coast (modified after Sivan et al. 2004). In most cases the actual extension of wetlands
is not known; the data are based on a single or a few cores. Additional information is obtained from pre-existing logs of drill-holes (e.g. Cohen-Seffer et al.
2005) or continuous seismic cross-sections (e.g. Sivan et al. 2004; Shtienberg et al. 2015).

et al. 2005; Sivan et al. 2011). The wetland sediments are covered
at present by a thick layer of sand transported by wind during and
after the early Holocene sea-level rise to the coast and then inland
(Cohen-Seffer et al. 2005; Fig. 51.3c).
The wetland deposits are soft, grey-black, silty-sandy or silty

clay with various amounts (1.0–3.2 wt%) of organic matter (OM)
(Sivan et al. 2011). OM content varies from less than 1 wt% in
the Nahariyya clays, northern Galilee coast (Sivan 1996; Sivan
et al. 1999), to 3.1 wt% in MM (Core B) in the CC (Fig. 51.1;
Cohen-Seffer et al. 2005). The thickness of these units varies
between about 0.4 m in MM Core B (Fig. 51.3c) and 13.8 m
in Nahariyya (Figs. 51.1 and 51.2a; Sivan 1996). The clays
were deposited in topographical depressions at various depths
(Table 51.1).
The research of Shtienberg et al. (2016; Figs. 51.1 and 51.5) at

a water depth of about 20 m (about 1.5 km offshore) identified two
silty-clay wetland units, with their tops eroded, probably by the ris-
ing sea, overlying hamra palaeosol.

51.2.2 ENVIRONMENTAL PROXIES AND SOURCES
OF WATER

In Haifa Bay, seven continuous marine cores, each up to 120 m
long, were recovered from shallow water depths. At least three
cycles of wetlands from different intervals were identified in these
cores. The deposits are characterized by organic rich grey-brown
to black silty clay, or sandy-silty clay comprising more than 50%
silt and clay. Brackish/freshwater fauna such as Ammonia tepida,
Aubignyna sp.,Cribroelphidum williamsoni, the ostracodCyprideis
torosa, and plant remains indicate that these layers were wetlands
(Avnaim-Katav et al. 2012).

51.2.2.1 SALINITY

Estimated salinity values are based on palaeontological assem-
blages, pollen (Galili & Weinstein-Evron 1985), and sieve-pore
shapes of the ostracod Cyprideis torosa structure (Cohen-Seffer
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Figure 51.3 a: Location of Ma’agan Michael (MM) Cores A and B (at the
inland Kebara and coastal wetlands, respectively), the aeolianite (kurkar)
ridges, longitudinal troughs, coastal streams, the Timsah Springs, and

et al. 2005; Sivan et al. 2011). Abrupt alternations in salinity ran-
ging from 0.6 and 8.0‰ (oligohaline to meiomesohaline) were
documented in MM (Sivan et al. 2011; Fig. 51.4b). All coastal
wetland waters were defined as fresh to slightly brackish or oligo-
haline, with maximum salinity of 8.7–19.1‰ at the submerged
NeveYam archaeological site (Fig. 51.1) (Galili &Weinstein-Evron
1985).

51.2.2.2 ISOTOPIC COMPOSITION

The most systematic palaeontological and isotopic study was car-
ried out in MM (Core B; Fig. 51.4), at the CC (Sivan et al. 2011).
The assemblages of Core B are characterized by variable abun-
dances and low values of species richness. Values of δ18O and δ13C
measured on the ostracods C. torosa ranged between −1.3 and
4.7‰, and between −6.6 and −10.3‰, respectively (Table 51.2),
indicating close isotopic similarity to the water of the current Pleis-
tocene coastal aquifer (Fig. 51.1). This means that the source of
the water was the late Pleistocene kurkar aquifer (Figs. 51.1, 51.4a,
and 51.4b), and that the residence time of the atmospheric water in
the aquifer was relatively short, an important factor for radiocarbon
dating.

51.2.2.3 PALAEONTOLOGICAL,
PALYNOLOGICAL AND PALAEOBOTANICAL
ASSEMBLAGES

Ostracods are the best palaeo-bioindicators for reconstructing envir-
onmental conditions in the wetlands. The highest abundance of C.
torosa coincides with intervals characterized by high δ18O values
of −1‰ to −2‰, indicating that C. torosa proliferated when con-
ditions were more brackish. In addition, the mollusc Cerastoderma
glaucum is relatively abundant in the two wetlands of Core B. This
occurrence of typical species of brackish habitats supports salin-
ity estimates of 0.6–8‰ based on the sieve-pore of the ostracods
(Sivan et al. 2011). Palynological analysis combined with botan-
ical data was first carried out in submerged archaeological sites off
the northern CC (Galili & Weinstein-Evron 1985). The researchers
concluded that the clay underlying the human occupations was
deposited in a series of freshwater swamps. The mollusc assem-
blages at the Kefar Samir (Fig. 51.1) wetlands indicate slightlymore
brackish conditions than at the Megadim and Atlit-Yam wetlands
to the south (Fig. 51.1). Salinity was explained as a direct result of

Figure 51.3 (continue)

→
location of the cross-section between the two Cores (b). TOC, total organic
carbon; IRSL, infrared stimulated luminescence. b: Topographical and
geological section across the Carmel coastal plain showing the kurkar
ridges, the wetlands, and Cores A and B (Cohen-Seffer et al. 2005). c:
Stratigraphy, sedimentology, and chronology of Core B (Sivan et al. 2011).
d: Stratigraphy, sedimentology, chronology, and wetland cycles in Core
A (after Cohen-Seffer et al. 2005; Sivan et al. 2015). Analysis results in
Table 51.1.
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Figure 51.4 Isotopic composition of
water and ostracods at the Ma’agan
Michael wetlands. a: In relation to
sources of water feeding the wet-
lands. Note the difference between
the two populations and the simi-
larity of Core B (coastal) and Core
A (inland), respectively, to the water
of the Pleistocene coastal aquifer
(Guttman 1998) and the carbonate
Mountain aquifer and to the dischar-
ging Timsah Springs (Almogi-Labin
2004; Cohen-Seffer et al. 2005). The
isotopic composition of the carbonate
Mt Carmel aquifer (Guttman 1998)
and the Taninnim stream (Reinhardt
et al. 2003) are similar to the inland
wetlands. b: Along the cores. Note the
higher isotope values and salinity, and
the fluctuations at the coastal wetlands
in contrast to the lower and constant
values at the inland wetlands.
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Figure 51.5 Offshore stratigraphy (west of Hadera; Fig. 51.1) based on seismic stratigraphy and core logs. Note similarity to the stratigraphy of Core B in
MM (Fig. 51.3c); sand covers the wetland sediments which overlie hamra palaeosol and aeolianite kurkar sandstone (after Shtienberg et al. 2016).

the rising sea (Galili & Weinstein-Evron 1985). Later pollen ana-
lyses of the upper wetlands sequence of Dor, southern CC, revealed
changes in the arboreal and non-arboreal pollen ratios (AP/NAP)
in the upper clay unit, possibly during wetter and cooler climates
(Kadosh et al. 2004). In this site, the origin of the wetlands and
the low salinity variability were related to a wetter climate than
today, and a larger extension of oak maquis both on the mountains
and in the Coastal Plain. Later, the climate became drier, with sev-
eral fluctuations in humidity. In MM (Core B), the coastal wetlands
are described as shallow-water bodies fed by groundwater, with
no evidence of sea-water mixing (Sivan et al. 2011). Their devel-
opment probably resulted from high groundwater levels, landward
transportation of marine sediments, fluvial sediments, and depos-
ition of sand bars at the palaeo-stream outlets – an indirect result
of the rising sea (Sivan et al. 2011). The middle-Holocene wetland
episodes in the northern Zevulun Plain occurred in response to the
sand blockage of the Na’aman stream mouth (Fig. 51.1), and later
in response to the sand blockage of the Qishon estuary (Elyashiv
2013; Elyashiv et al. 2015).

51.3 INLAND WETLANDS – CHARACTERISTICS,
AGE AND ENVIRONMENTAL SIGNIFICANCE

51.3.1 STRATIGRAPHY AND SEDIMENTOLOGY

The Ein Qashish (Fig. 51.1) black clay wetland units are more
than 0.5 m thick, and are separated by a gravel layer, over
which a middle Palaeolithic occupation was documented (Hovers,

Chapter 65 of this volume). Coarse fluvial gravel originating from
the nearby Mt Carmel 15–10 ka (OSL ages) postdates the wetland
sequence, and probably continued episodically up to the Roman–
Byzantine period (Greenbaum et al. 2014). The two Ein Qashish
wetland phases are separated by fluvial gravel contributed from
Mt Carmel (Greenbaum et al. 2014). These wetland phases along
the lower Qishon stream are composed of black, heavy, quartz-rich
(derived from aeolian dust), illitic-smectitic clays derived from the
large (1,100 km2) Qishon basin. Their generation was correlated to
wetter climates, higher Lake Lisan levels (Torfstein et al. 2013),
and possible blocking of the narrow gap by sand, which caused
backward inundation. This inland wetland was drained when stream
flow breached the blocking sand (Greenbaum et al. 2014) during
drier periods with increased flood magnitudes and low Lake Lisan
levels correlated to cold and dry Heinrich events (Torfstein et al.
2013).
In the eastern MM trough (Fig. 51.3a; Core A, Fig. 51.3d) wet-

land sediments are deposited over kurkar covered by hamra soil
(Fig. 51.3d; Harel et al., Chapter 50 of this volume). The sequence
includes six short-duration wetland episodes lasting about 4,000
years (each 600–700 years long on average), 0.4–4 m thick. Each
episode is characterized by silty-sand at the base, clay at the top,
and an upward increase in organic matter from 3.5–4.7 wt% to
10.2–17.9 wt% (Fig. 51.3d; Cohen-Seffer et al. 2005). The high
rate of accumulation of these sediments – about 11 m in about
4,000 years (2.75 m per 1,000 years) – probably occurred when
the outlets of the coastal streams were blocked. The quick drying
of the wetlands is related to the breaching of the sand blockage by
floods.
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51.3.2 ENVIRONMENTAL PROXIES AND SOURCES
OF WATER

51.3.2.1 PALAEONTOLOGICAL,
PALYNOLOGICAL, AND PALAEOBOTANICAL
ASSEMBLAGES

The detailed faunal analysis of the inland wetlands in MM (Core
A) at the CC indicated fresh to oligohaline water (Mischke et al.
2014; Sivan et al. 2015). The ostracods are divided into two assem-
blages: (a) the Cyprideis torosa assemblage, indicating relatively
brackish water, and (b) the Candona neglecta assemblage, typical
of freshwater. Salinity of about 3‰ is considered as the lower limit
of tolerance for most common foraminifera species, indicated also
by the low foraminiferal abundances and diversity values. The low
salinity is relatively constant along the history of the wetland.

51.3.2.2 ISOTOPIC COMPOSITION

The δ18O and δ13C values of Core A ostracods range from −5.18
to −5.68‰, and from −9.31 to −9.81‰, respectively (Fig. 51.4),
and are almost identical to the modern values of the Timsah spring
water discharging from the Mountain aquifer (Fig. 51.1); this indi-
cates that, unlike the coastal wetland, the inland wetlands were fed,
as at present, from the deep carbonate Mountain aquifer (Fig. 51.1).
The narrow range of isotope composition indicates relatively stable
and uniform water sources feeding the wetland. The source of the
water is highly significant for radiocarbon dating, since it provides
information on the residence time of the water within the aquifer,
and therefore on the relative ‘dead’ carbon content in the water (Lev
et al. 2007), which strongly affects the quality and reliability of the
radiocarbon dating of OM (Sivan et al. 2015). The floral assem-
blages in the Kebara wetlands indicate shrinkage and enlargement
of thewetland, probably caused by hydroclimatological fluctuations
(Sivan et al. 2015). The remnants of the Kebara wetlands – the
Timsah ponds (Fig. 51.3a) – were transformed into an artificial
reservoir during the Roman–Byzantine period by damming the gap
through the kurkar ridge (Fig. 51.3a; Peleg 2002; Sivan et al. 2011).
The Kebara wetlands re-established and lasted until the twentieth
century after the reservoir was abandoned and the drainage deteri-
orated (Schumacher 1887; Mulinen 1907; PEF 1918).

51.4 SUMMARY

Wetlands along the coastal plain were common and have existed
from the middle Pleistocene at least since about 400 ka. Recognized
inland wetlands have existed since about 198 ka.
The Ma’agan Michael wetlands at the southern Carmel Coast

were intensively studied and dated. A comparison between the char-
acteristics of the coastal and inland wetlands (Table 51.2) indicates
the following:

(1) The two close wetlands (less than 1.5 km apart) were com-
pletely different in ages, topography, sedimentology, and other
properties, such as OM content, salinity, isotope composition,

Table 51.2 Comparison between various characteristics of the
coastal and inland wetlands in Ma’agan Michael (MM) at the
southern Carmel Coast

Coastal wetland
(Core B)

Inland wetland
(Core A)

Location Western trough Eastern trough
Distance from
coastline (km)

0.2 1.7

Age (cal. ka) 9.5–9.0 7.5–present
Elevation relative to
ILSD (m)

−9.3 to −6.5 −9.2 to +4

Thickness of wetland
section (m)

2.8 13.2

No. of wetland
episodes

2 6

Thickness of units
(m)

0.4–1.7 0.4–4.0

OM content (wt %) <1–3.0 <1–17.9
Salinity (‰) 0.6–8.0 0.4–3.0
Ostracod δ18O (‰)
PDB

−1.3 to −4.7 −5.18 to −5.68

Ostracod δ13C (‰)
PDB

−6.6 to −10.3 −9.31 to −9.81

Fauna – ostracoda Alternations of C.
torosa (brackish
water) and C.
neglecta
(freshwater)

C. torosa and other
ostracoda types
of brackish water

Source of water Pleistocene coastal
aquifer

Mountain
carbonate
aquifer

and fauna. These testify to the different generating mechan-
isms and environmental conditions during which these wet-
lands existed, as well as to the different sources of the feed
water.

(2) Most of the short-lived (several hundred years) late Pleis-
tocene/early Holocene coastal wetlands, located at the west-
ern inter-kurkar ridge trough, or submerged, originated when
sea level was low and the coastline a few kilometres to the
west. Sea-level rise was the indirect trigger for water-table rise,
changes in stream gradients, and deterioration of drainage con-
ditions, together with sand incursion by the rising sea, which
created barriers at the river mouths.

(3) Wetter conditions and increased flows in the coastal streams
supported the origination of inland wetlands. These wetlands
were temporary, and indicate fluctuations in hydroclimatic con-
ditions.

(4) Stable isotope composition indicates higher values at the
coastal wetlands relative to the inland wetlands. The similarity
of the stable isotope composition to the present water sources
at the area, i.e. the Coastal Pleistocene aquifer and Mountain
carbonate aquifer, respectively, testify to the sources of the
water feeding these wetlands. The wider range of stable isotope
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composition in the coastal wetland indicates alternations
between different hydroclimatic periods in relation to the rela-
tively narrow range of the inlandwetland, which is related to the
more stable water discharge from the deep Mountain aquifer.

(5) Higher salinity and lower OM content at the coastal wetlands in
MM testify to a more brackish environment, with less vegeta-
tion, and significant fluctuations in extent and water quality rel-
ative to the inlandwetlands. The ostracodC. torosa assemblage,
together with a few other brackish water species, and the mol-
lusc Cerastoderma glaucum, dominate the coastal wetlands.

(6) The inland wetlands are characterized by fluctuations in fauna
from units dominated by the ostracod C. neglecta assemblage
(Units Aq–Ag), typical of freshwater, to units dominated by the
C. torosa assemblage (Units As, Ae, and Af), which indicates
relatively brackish water and probably high evaporation.

(7) Along the Carmel coast, human settlements were located on the
drywetland clay bottom during the Pre-Pottery Neolithic (PPN)
and Chalcolithic periods, indicating that the wetlands dried up
while sea level was low and the coastline was far to the west.
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52 The Fluvial Systems
Studies of Stream Terraces in the Negev Highlands and their Relationship
with the Levant Alluvial Chronologies

yoav avni, galina faershtein, and naomi porat

52.1 INTRODUCTION

Remnants of fluvial terraces are common along most of the arid
stream channels in the Levant. These terraces developed through
stream incision due to tectonic and/or climatic controls (e.g.
Schumm 1977; Green & McGregor 1987; Bull 1991; Merritts
2007). In the Negev Highlands of the southern Levant (Fig. 52.1),
these terraces have been studied over the past five decades. At first,
studies focused on terrace relationships with prehistoric sites (e.g.
Marks 1983; Goldberg 1986). Horowitz (1979) attempted to recon-
struct the palaeoenvironmental significance of these terraces and
to correlate them with Quaternary climates and other sequences in
the Levant. During the 1980s, studies aimed to clarify the tectonic
forcing underlying the terrace formation (e.g. Gerson et al. 1985;
Zilberman 1991). Most of these earlier studies suffered from weak
chronologic constraints, as materials for radiocarbon analyses are
scarce. Some used the prehistoric finds to provide hints as to the
terrace ages.

The development of thermoluminescence (TL) and optically
stimulated luminescence (OSL) methods opened a new phase
in studying these fluvial terraces and their respective alluvial
sequences. At this stage, alluvial deposits were studied and dated in
the Makhteshim (erosional craters) of southern Israel (Plakht 1996,
2000, 2003), in the Paran Basin (Avni 1998; Avni et al. 2000b),
and in the lower Zin Basin (Plakht 2001; Sheinkman et al. 2001).
This research allowed regional correlations to be proposed and links
to be made between the formation of fluvial terraces and tectonic
events and climatic shifts in the Levant (e.g. Avni 1998; Avni et al.
2000; Guralnik et al. 2011; Matmon & Zilberman, Chapter 3 of this
volume).

Here we evaluate the alluvial terraces in the Negev Highlands
as palaeoenvironmental responders to Quaternary climatic and tec-
tonic history. We first describe the terrace assemblage in character-
istic sites in the Negev Highlands, and then we discuss their genesis
in light of climatic fluctuations that potentially facilitated erosion–
deposition cycles during the late Quaternary. A wider scope follows
with a review of the relations between the tectonic regime and the
major erosion, incision, and creation of fluvial terraces since the ini-

tiation and development of the current drainage system. Finally, we
evaluate the relationship between the stream terraces in the Negev
Highlands and the Levant alluvial chronologies.

52.2 THE NEGEV HIGHLANDS SETTINGS

The Negev Highlands are a rocky terrain at an elevation of 400–
1,000 m above sea level (m asl) (Fig. 52.1). The bedrock exposed
in the region consists of late Cretaceous to Tertiary marine sedi-
ments (Arkin & Braun 1965; Braun 1967; Avni 1991). The stratig-
raphy and tectonics of this region were summarized by Matmon
and Zilberman (this volume). The numerous streams dissecting
the area drain through two main drainage basins to the northwest
and northeast, to the Mediterranean and the Dead Sea, respect-
ively (Fig. 52.1). Most of the valleys are filled with fluvial sedi-
ments deposited in several cycles during theQuaternary (Avni 1991;
Avni et al. 2006). These sediments were repeatedly incised to form
sequences of alluvial terraces (Avni et al. 2006, 2012b).
The region is at the northern edge of the arid Sahara–Arabia

(e.g. Bar-Matthews et al., Chapter 17 of this volume). Mean annual
temperature is 17–19 °C, and mean annual precipitation decreases
from �130 to <80 mm from north to south (e.g. Bruins 2012). The
rainy season is October–April, characterized by low-intensity rain-
storms (<10 mm hr−1), originating from the Mediterranean Sea
(e.g, Sharon & Kutiel 1986; Goldreich 2003; Enzel et al. 2008).
Occasionally, there are small-scale (10–50 km2), short-lived but
intensive rains (30–60 mm hr−1 for several minutes; Sharon and
Kutiel 1986), originating mainly from tropical air masses during
Active Red Sea Trough (e.g. Kushnir et al., Chapter 4 of this vol-
ume). This synoptic system together with tropical plumes yields
occasional larger flash-floods in the small and larger drainage basins
(e.g. Kahana et al. 2002).

52.3 METHODS

In the selected drainage basins, the morphostratigraphy of the ter-
races and their respective internal stratigraphy and sedimentology
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Figure 52.1 General location map of the Levant and the Negev Highlands, presenting the study area and the main drainage basins and study sites. Black
areas: main settlements; red circles: study sites. (A black and white version of this figure will appear in some formats. For the colour version, please refer
to the plate section.)

were determined. OSL ages (Aitken 1998) were determined on
very fine sand grains (88–125 µm) of quartz (e.g. Davidovich
et al. 2012). Grain-size analyses assisted in defining depositional
environments.

52.3.1 STREAM TERRACES IN THE NEGEV
HIGHLANDS

We present here detailed morphostratigraphy of fluvial terraces
from four Negev Highland drainage basins (Table 52.1; results
from the Hagor mine are also shown for comparison). These four
drainage basins were divided into two groups, two draining to the
Dead Sea and the other two to the Mediterranean. In each pair, we
selected the drainage basins to be relatively near to and far from their
respective regional base level (Table 52.1). This aimed at covering a
wider range of geomorphologic factors with potential influence on
the development of terraces within the drainage basins. The chosen
sites are the Sa’ad, Arod, Nizzana, and Loz basins (Figs. 52.2 and
52.3).

THE SA’AD BASIN

Located in the southern part of the Avedat Plateau ca. 10 km north
of Mizpe Ramon (Figs. 52.1, 52.2a and 52.3a), this is a small

tributary (8 km2) of the larger (ca. 1,000 km2) Nahal Zin, which
is one of the larger drainage basins in the Negev. The length of
the Zin channel is 108 km, and the Sa’ad confluence with Zin is
21 km downstream of the Zin headwater, at an altitude of 700–
850 m (Table 52.1). The basin is incised in Eocene chalky lime-
stone (Braun 1967). Figure 52.2a presents the major morphostrati-
graphic units in Sa’ad. Colluvial aprons (Bowman et al. 1986) along
the slope–valley transition (Fig. 52.3a) are composed of aeolian–
fluvial sediments derived in part from desert loess (Bruins &Yaalon
1979, 1992; Crouvi et al. 2008; Enzel et al. 2010). Downslope,
the aprons interfinger with fluvial terrace, 3–5 m higher than the
present channel (Figs. 52.3a and 52.3g). The terraces are composed
of secondary fluvial loess rich in calcareous nodules up to 1–2 cm in
diameter and from locally derived rock fragments (Figs. 52.3a and
52.3g). The terrace is truncated by coarse fluvial gravel and incised
by the present stream channel. OSL ages of the terrace are 71 ka
to 16–12 ka from its base to its top, respectively (Figs. 52.3a and
52.3g, Table 52.2); the base is below the present level of the stream
channel.
First indications of fluvial erosion truncating the loessic fine-

grained section come from gravelly units composed of sandy gravel
and lenses of rock fragments up to 10–20 cm in diameter. Cross-
bedding indicates a construction of bars. A sample from 0.6m above
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Table 52.1 Geomorphic parameters of the studied sites and their respective drainage basins

Study site
Final drainage
basin

Relative
length

Total length
of main
stream
channel

Basin size
(km2)

Distance
from head
water

Name of
main
drainage
basin

Size of main
drainage
basin (in
km2)

Mean
elevation (m)

Sa’ad Dead Sea Short 108 8 21 Zin 1,000 700–850
Arod Dead Sea Long 130 10 5 Paran 4,000 850
Nizzana Mediterranean Short 130 0.73 20 El Arish 20,000 750
Loz Mediterranean Long 150 6 5 El Arish 20,000 900
Biqe’at Zin
(Hagor mine)

Dead Sea 108 73 Zin 1,000 135

Table 52.2 OSL ages for the fluvial terrace sections and the fluvial sediments at the Biqe’at Zin – Hagor phosphate mine

Sample Location Depth (m) Age (ka)

Nahal Sa’ad
HSD-1 Top of the gravelly unit 0.7 12
HSD-3 Middle of the gravelly unit 0.7 16
HSD-7 Base of the gravelly unit 2.7 22
HSD-2 Top of the lower loess unit 2 41±3
HSD-6 Base of the lower loess unit 1 71±5
Nahal Arod
FGA-37 Upper loess unit 0.2 13±1
FGA-38 Top of the gravelly unit 0.15 14±1
FGA-36 Base of the gravelly unit 2.5 13±1
FGA-50 Middle of the gravelly unit 1.4 24±1
FGA-51 Top of the lower loess unit 2.4 52±3
FGA-34 Base of the lower loess unit 5.2 63±5
Side tributary of
Nahal Nizzana
FGA-26 Upper sandy loess unit 0.4 10.7±0.4
FGA-21 Base of the gravelly unit 0.5 8±1
FGA-47 Middle of the gravelly unit 3.2 20±1
FGA-20 Top of the lower loess unit 0.9 29±1
FGA-23 Middle of the lower loess

unit
5 33±1

FGA-22 Base of the lower loess unit 8 67±4
Nahal Loz
FGA-32 Top of sandy loess unit 0.3 6.5±1.9
FGA-30 Middle of the gravelly unit 1.6 10±1
FGA-29 Base of the gravelly unit 3.6 10±1
FGA-1 Top of the lower loess unit 2.5 35±1
FGA-48 Middle of the lower loess

unit
1.4 41±2

Biqe’at Zin –
Hagor mine
ZHG-4 Silty-sandy lens 2.3 10.0±1.4
ZHG-2 Sandy-loessy lens, well

sorted
12 51±5

ZHG-3 Sandy-loessy lens, well
sorted

12 59±7

ZHG-1 Sandy lens 22 69±7
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Figure 52.2 Geomorphological maps of the study basins in the Negev Highlands. a: Sa’ad Basin (modified after Avni et al. 2006); b: Arod Basin; c:
Nizzana Basin; d: Loz Basin.
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a b
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Figure 52.3 a: General view of the Sa’ad terrace sequence at the location of section A in Fig. 52.2a. Note the colluvial aprons that interfinger with the late
Pleistocene fluvial terraces (Q3). b: The Arod Basin. In the foreground is the top of the Late Pleistocene terrace (Q3). Note the elevated older terrace (Q2,
marked by black arrow) in the distance. c: The Nizzana Basin. Black arrow marks the late Pleistocene Q3 terrace. d: The Loz Basin. Note the relations
between the colluvial aprons and the late Pleistocene Q3 terrace. e: View of the lower Zin Basin, 4 km southeast of Sede Boqer, demonstrating the Q2
(middle Pleistocene) and Q3 (late Pleistocene) terrace. f: View of the lower Zin Valley, 12 km southeast of Sede Boqer, showing the Q1 terrace (middle
Pleistocene). g: Correlation chart of four stratigraphic composite sections of the late Pleistocene terrace (Q3) in the Negev Highlands.
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Figure 52.3 (continued)

the base of this unit is 22 ka (Fig. 52.3g, Table 52.2). The gravel
units were deposited in several levels until 12 ka. After this age the
stream incised to its present level, forming the terrace.

NAHAL AROD

Nahal Arod drains the southern part of the Ramon Ridge through
Nahal Paran and Nahal Ha’Arava to the Dead Sea, along a course
of 130 km (Figs. 52.1 and 52.2b, Table 52.1). The study site is
located in the upper Arod drainage basin at an average elevation
of 850 m. The Arod Basin drains 10 km2 to the study site. At the
site, the bedrock is Santonian chalk. In addition, Upper Cretaceous
to Middle Eocene rocks are exposed throughout the drainage basin
(Fig. 52.4a). The height of the main fluvial terrace (Figs. 52.3b and
52.3g) is 6 m; however, its base is not exposed. The exposed lower
sediments of the terrace are fluvial loess with prismatic pedogenic
structures rich in carbonate nodules and gravel horizons. This unit
age is 63–24 ka (Fig. 52.3g and Table 52.2). A 14 ka gravelly unit
truncates this lower unit. An upper sandy loess unit was deposited
at 13–10 ka on top of the gravelly unit (Fig. 52.3g).
On the southern bank of Nahal Arod, a higher (+10 m above

present channel) fluvial terrace was mapped with base unexposed,
marked as Q2 terrace (Fig. 52.3b). It is composed of alternating
coarse pebbles and lenticular loess. The loess unit in the middle of
this exposed section is 148±12 ka (Table 52.2). Lower inset ter-

races, +1 m above the present channel (NAR3, Fig. 52.2b), are ca.
1 ka (Faershtein 2012).

A SIDE TRIBUTARY OF NAHAL NIZZANA

Nahal Nizzana drainage basin is one of the largest in the Negev
Highlands. It drains the northwestern margins of the Ramon Ridge
to the Mediterranean through the northeastern sector of Wadi El
Arish in Sinai. However, the development of a large dunefield
within its lower segment during the late Pleistocene and Holocene
almost blocked its outlet (Fig. 52.1). The distance from the head-
waters of Nahal Nizzana to the Mediterranean is ca. 130 km
(Table 52.1). A small (0.73 km2) side tributary of the main Nahal
Nizzana at �750 m asl, �10 km west of Mitzpe Ramon and 20 km
downstream of the Nizzana headwaters, was analysed (Figs. 52.2c,
52.3c and Table 52.1). Turonian to Eocene hard limestone, chalk,
and chert are exposed along the tributary. The highest fluvial ter-
race in the basin (NZT1 in Figs. 52.2c and 52.3c) is 8–6 m above the
present channel, exposing a lower loess unit (67–29 ka, Fig. 52.3g
and Table 52.2), which is overlain by 20–8 ka gravel (Fig. 52.3g
and Table 52.2). The section is capped by an 11 ka sandy loess
(Fig. 52.3g and Table 52.2). Along the main stream channel there
are two additional fluvial terraces; the higher terrace, ca. 5 m above
the channel (NZT2 in Fig. 52.2c) is 11 ka, and a lower coarse
gravel terrace (NZT3) is only 1 m above the channel and is 0.2 ka
(Faershtein 2012).
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Figure 52.4 a: A geological map of the upper Arod Basin indicating the locations of the Q1 terrace (white arrow) and the Q2 terrace (black arrow) deposited
along the Arod valley. (Geological Map of Israel 1:50,000; Har Loz sheet, Avni 2001.) b: A geological map of the upper Zin Basin, 5 km south of Sede
Boqer, indicating the locations of the Q1 terrace (white-tipped arrows) and the Q2 terrace (black arrow) deposited along the lower Zin Valley. (Geological
Map of Israel 1:50,000; Sede Boqer sheet, Avni and Weiler 2013.) Note that in both drainage basins, preservation of older alluvial terraces is possible only
at the lower and wider segments of the valleys. (A black and white version of this figure will appear in some formats. For the colour version, please refer
to the plate section.)
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NAHAL LOZ

Nahal Loz drains the western flank of the Ramon Ridge to the
Mediterranean viaWadi El Arish along a route of 150 km (Fig. 52.1,
Table 52.1). The study site is at the upper Nahal Loz drainage basin
at an average elevation of 900 m (Fig. 52.1 and Table 52.1). Nahal
Loz drains 6 km2 to the study site. The bedrock exposed is Lower
Cretaceous to Middle Eocene carbonates and cherts. The main flu-
vial terrace (41–35 ka, Fig. 52.3g and Table 52.2) is 6 m above
the channel, with its base unexposed and below channel (NLZ2
in Fig. 52.2d and Fig. 52.3d). The base of this terrace presents
fluvial loess with prismatic structures, rich in carbonate nodules
(Fig. 52.3g). A gravel unit (�10 ka, Fig. 52.3g and Table 52.2) trun-
cates this basal loess by deep channels. This unit is overlain by a
7–6 ka, sandy loess (Table 52.2). In addition, there are remnants
of higher, probably older terraces nearby (NLZ1 in Fig. 52.2d) and
younger (<1 ka) coarse gravel terraces �1 m above the channel
(NLZ3 in Fig. 52.2d) (Faershtein 2012).

52.4 CORRELATION AMONG SITES

The most interesting observation from the four sites is that regard-
less of their final basin (Dead Sea versus Mediterranean) or their
length, they all accumulated a 3–8 m section of fluvial loess-rich
sediments deposited circa 70–24 ka during the last glacial phase,
truncated and overtopped by gravelly units deposited circa 22–
10 ka. This section became a fluvial terrace after the regional inci-
sion during and postdating 11–10 ka. In all basins, these terraces
are labelled as the Q3 terrace (Figs. 52.3a–d). Remains of higher
(and probably older, see below) terrace, labelled Q2 terrace, were
observed in Nahal Arod and Nahal Loz, which are the relatively
longer stream channels and the larger drainage basins among the
study sites (Table 52.1).
The following conclusions can be suggested:

(1) The accumulation of the Q3 terrace in all basins followed a deep
incision in the valleys. As initial ages of the main terraces are
�71 ka, although their respective bases are not exposed, we
assume that the incision to the bedrock occurred during the last
interglacial (MIS 5).

(2) The stratigraphy of the main fluvial terraces in the four basins
can be correlated on the basis of their stratigraphic pos-
ition, sedimentology, and chronology. They are characterized
by: (a) accumulation of fluvial loess during ca. 71–23 ka,
coeval with MIS 4, 3, and 2 and most probably reflecting the
massive incoming coarse-grained dust generated in the Sinai–
Negev dunefield and the fine-grained dust from the distant
Sahara (Crouvi et al. 2008, 2009; Enzel et al. 2008, 2010);
(b) coarse gravel deposited during the Last Glacial Maximum
(LGM) and deglaciation of the latest Pleistocene (ca. 22–10
ka), and truncating the fluvial loess; (c) sandy, gravel-free
loess (13–10 ka) deposited on top of the gravel and, in some
cases, forming the terrace top just before or at the start of
incision.

(3) The deep (3–8 m) incision and abandoning of the main ter-
races occurred during the termination of the Pleistocene and the
earliest Holocene, probably also causing the deep gully forma-
tion observed along the stream channels.

(4) Following the main early Holocene incision, relatively thin
inset fluvial terraces were episodically deposited along the
active channels with the main last phase occurring at 1–0.2 ka.
These terraces are probably temporary storage of sediments
recycled from the main fluvial terraces (Avni et al. 2012b),
rather than reflecting any Holocene climate shifts causing high
sediment production and deposition.

(5) Preservation of older terraces (Q2) occurred in the Arod and
Loz basins. A single age (148±12 ka) was obtained from
the Arod basin (Table 52.2). However, grains with very high
equivalent dose (De) values, indicating ages >100 ka, were
identified in all the late Pleistocene samples. These obser-
vations hint at fluvial sequences older than the main terrace
(i.e. >70 ka) within the drainage basins in the Negev High-
lands. We hypothesize that these older terraces were most
probably largely removed by erosion prevailing during inter-
glacial intervals. This erosion was more efficient in the small
basins.

52.5 THE NEGEV HIGHLANDS DURING THE LATE
PLEISTOCENE

The temporal association between the main fine-grained fluvial sec-
tions and the last glacial indicates that the valley-fill deposition
occurred almost immediately after the climate shift at the initi-
ation of the MIS 4 glacial phase. During this interval, reduced mean
annual temperatures and slight increase in rainfall have been recon-
structed (e.g. Bartov et al. 2003; Avni et al. 2006; Enzel et al.
2008, 2012; Faershtein 2012; Bar-Matthews et al., Chapter 17 of
this volume; Stein et al., Chapter 8 of this volume) under gusty
winds (e.g. Enzel et al. 2008, 2010). These climatic conditions led
to influx of dust (Crouvi et al. 2008, and Chapter 53 of this vol-
ume) and as a result, higher accretion of fine-grained alluvial sedi-
ments (Yair & Enzel 1987; Zilberman 1993; Crouvi et al. 2008,
2009, 2010). The intensification of the erosive processes during
the LGM and afterwards, reflected by the truncation of the loess-
rich sections by coarse gravels (Fig. 52.3g), indicates environmen-
tal change imposed on the Negev Highlands. The deposition of the
aeolian loess unit on top of the fluvial sediments, dated to 13–10 ka,
was probably caused by the re-mobilization of the loessic section
eroded from the drainage basin, although Enzel et al. (2010) indi-
cate renewed gustiness during this interval. This event hints at the
removal of the vegetation protection, probably owing to potentially
dry conditions that prevailed in the region during the termination of
the Pleistocene and the transition to the Holocene. This event is in
accordance with the deposition of the gypsum unit in Nahal Sekher
(Yair & Enzel 1987) and the thick halite layer in the Dead Sea (Torf-
stein et al. 2013; Stein 2014). Shortly afterwards, the stream chan-
nels were incised, forming the Late Pleistocene terraces across the
Negev Highlands.
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52.6 THE SEARCH FOR OLDER TERRACES IN THE
NEGEV HIGHLANDS

Mapping the larger drainage basins in the Negev Highlands (Avni
2001; Avni & Weiler 2013; Fig. 52.4a and 52.4b) identified a
sequence of terraces, labelled Q3, Q2, and Q1 (from lowest to
highest or youngest to oldest, respectively) according to their pos-
ition above the active channels, their pedogenic development, and
in some locations also according to their absolute ages (Avni
et al. 2000b; Plakht 2001; see Figs. 52.3e and 52.3f). The ter-
race labelled as Q3 corresponds to the main terrace accumulated
in most drainage basins of the Negev Highlands during the last
glacial. Q2 and Q1 terraces were deposited along the valleys dur-
ing older intervals. As described above, the higher and older terrace
in Nahal Arod (Q2 terrace, Figs. 52.3b and 52.4a) is 148±12 ka,
i.e. probably deposited during the penultimate glacial of MIS 6.
Therefore, it is reasonable to assume that Q2 and Q1 terraces
in the Negev Highlands are middle Pleistocene terraces, prob-
ably deposited during phases of higher production of alluvial sedi-
ments evolved during previous and older glacials. However, in
most cases these older terraces consist of coarse gravels, while
fine-grained sediments, common among the sediments deposited
during the last glacial, are absent. This can be solved by imply-
ing aggressive erosion during the interglacial phases, eroding the
fine sediments. An alternative view was presented by Crouvi et al.
(2008, this volume) and Amit et al. (2011), claiming that the
grains necessary to form the loess became common in the Negev
only after �180 ka and their rates of accretion became signifi-
cantly higher only during the last glacial (Crouvi et al. 2009, this
volume).

52.7 THE FATE OF THE Q3 TERRACE
DOWNSTREAM

To detect changes in fluvial deposition and terrace formation in the
downstream direction, we compare the Q3 terraces from the Negev
Highlands to the Q3 terraces deposited in the lower Nahal Zin. The
late Pleistocene sediments composing the Q3 terrace in the Sa’ad
Basin (Figs. 52.2a and 52.3a) in the upper Nahal Zin watershed,
were compared with the late Pleistocene sediments exposed in the
Hagor phosphate mine, located 52 km downstream in Biqe’at Zin
(Fig. 52.1 and Table 52.1). Figure 52.5 illustrates these relations and
potential rough correlation. Based on the OSL ages (Table 52.2), we
propose that the two sections are almost coeval last glacial deposits.
In the upper Zin Basin the stratigraphy is almost fully exposed,
forming the prominent 3–5 m Q3 terrace. Downstream, the section
is 22 m thick, but it is totally buried below the present stream chan-
nel of Nahal Zin.

These relationships point to different deposition and preserva-
tion of alluvial sections within the drainage basins. During the last
glacial, the upper basins in the Negev Highlands were primarily
subjected to deposition alternating with minor incision episodes,
reflected by the fine-grained loess interbedded with gravel beds
and lenses integrated in the section. Erosion intensified during the

Figure 52.5 Morphostratigraphic relationships of alluvial sections
deposited during the late Pleistocene along the Nahal Zin watershed
(Fig. 52.1). The Sa’ad Basin and the Hagor phosphate mine are located
in the upper Zin Basin and the downstream Biqe’at Zin, respectively.
Note that the bedrock is exposed below the alluvial section in the
upper basin and is buried 22 m under the current channel bed down-
stream. However, along the 52 km of the stream course between the
two sections the bedrock is occasionally exposed along short segments
resulting from geomorphological and structural features (e.g. Avedat
canyon, Hazera monocline; see Figs. 52.1 and 52.4b). See explanations in
text.

LGM and increased during the Holocene, in most cases reaching
the bedrock (Fig. 52.5). Simultaneously, in the wide valleys of
the lower basins such as in the Biqe’at Zin, a broad and almost
undisturbed sedimentation prevailed, while the post-glacial inci-
sion is minor. This segmentation along the same channel is prob-
ably responsible for the development of prominent fluvial terraces
in the upper basins and their diminishing downstream where they
are almost unrecognizable. However, the fact that the bottom of the
late Pleistocene section in the Biqe’at Zin is resting on the bedrock,
22 m below the present surface, hints that the incision along the
Zin stream during interglacial times such as the MIS 5 can be
aggressive.

52.8 THE LONG-TERM TECTONIC FORCING AND
THE FORMATION OF STREAM TERRACES IN THE
NEGEV HIGHLANDS

Tectonic uplift has been active in the Negev Highlands since
the late Miocene as part of the evolution of the region located
west of the Dead Sea Rift (Zilberman 1991, 1992; Avni et al.
2012a; Matmon & Zilberman, this volume). The uplift of the
Negev Highlands is taking the configuration of a large asymmet-
ric dome, tilted toward the northeast. This was followed by inci-
sion of drainage basins on both sides of the central water divide
established along the crest of the uplifted zone (Avni 1991; 1998;
Fig. 52.6).
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Figure 52.6 A conceptual model for the relationships between tectonics, climate and incision, deposition and the formation of fluvial terraces in the Negev
Highlands through time since the late Miocene. Explanations in text.

The present-day main drainage basins of the Negev Highlands
have evolved in parallel with the regional late Miocene tectonic
uplift. After the initial incision and achieving some geomorpho-
logic stability along the valleys, the Pliocene to early Pleistocene
fluvial Arava and Ahuzam Formations (Zilberman 1991; Avni
1998) were deposited simultaneously, the Arava Formation in
basins that drain to the Dead Sea and the Ahuzam Formation
in basins facing the Mediterranean (Fig. 52.6). They formed
prominent fluvial terraces 100–30 m above the present-day stream
channels. In the early Pleistocene, the deposition of these alluvial
sequences was disturbed by tectonic deformation of the region that
caused deposition of a new syn-tectonic sequence of conglomerate,
lacustrine sediments and red palaeosols. These are integrated in
the Sede Zin and Zehiha Formations (Issar et al. 1984; Ginat 1997;
Avni & Zilberman 2007; Matmon & Zilberman, this volume;
Fig. 52.6). In both formations, early Acheulian tools were found.
These formations form abandoned terraces along the major Negev
drainage basins such as the Paran, Zin and Besor (Fig. 52.1).
The continuation of the early Pleistocene tectonics arched the

Negev Highlands (e.g.Matmon&Zilberman, this volume), enhanc-
ing its late Miocene dome structure. This led to reorganization of
the drainage pattern in the Negev (Avni 1998; Avni et al. 2000),
expressed in the present landscape by the development of the current
drainage basins in which terraces of Q1–Q3 were deposited (Figs.
52.3 and 52.6), reflecting mainly the combined effect of continu-
ous rebound to the tectonic uplift and the influence of middle–late
Pleistocene climatic fluctuations.

52.9 GENERAL PERSPECTIVE ON THE LEVANT
TERRACES

Although the sequence of fluvial terraces in the Negev Highland
reflects the long-term tectonics and the palaeoclimate of that region,
it is similar to the terrace staircase sequence developed in some
other drainage basins in the Levant, such as those draining the west-
ern slopes of the Edom Mountains in southern Jordan. The Plio-
Pleistocene terraces of Wadi Dana (McLaren et al. 2004) start with
a terrace ca. 125 m above the present-day channel that is most prob-
ably correlative to the terraces of the abovementioned Arava For-
mation in the Negev (Avni et al. 2001). The intermediate elevated
terraces in Wadi Dana probably correspond to the Q1–Q2 terrace
sequence of the Negev. In addition, the +10–7 m terrace above the
channel of Wadi Dana also consists of fine-grained sediments of the
last glacial (McLaren et al. 2004). This terrace is in the same pos-
ition, elevation, and age as the Q3 terrace in the Negev Highlands.
Similarly, a terrace ofWadi Sabra, with similar ages (Bertrams et al.
2012), is up to 20 m above the present-day channel. The large dif-
ferences in the relative elevation of terraces originally deposited
during the same time intervals are a reflection of the local site-
specific effects dictating sedimentation and incision processes, trig-
gered by the local geomorphic-environmental conditions at each
site.
On the other hand, no clear correlation should exist between ter-

races of the large northern Levant rivers such as the Orontes and
Euphrates (Bridgland et al. 2012; Demir et al. 2012; Oguchi et al.,
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Chapter 48 of this volume) and the mountain terraces in Negev. In
general, most of the Levant drainage basins reflect continued down-
cutting in response to tectonic uplift acting in most of the Levant
during the Plio-Pleistocene (Trifonov et al. 2014). This response is
non-linear and decreases throughout time. In most regions, the cli-
mate forcing and its influence on the sedimentation–incision cycles
is superimposed on the main tectonic signal. However, correlation
of fluvial terraces based on their relative heights between different
segments in the same drainage basin, or between different drainage
basins, is complex because of local tectonics and incision rates act-
ing in each of the tectonic and fluvial segments (Trifonov et al.
2014).

52.10 SUMMARY AND CONCLUSIONS

The forces underlying the creation of fluvial terraces in the Negev
Highlands are primarily orbital-scale climatic fluctuations, shifting
the region between relatively wetter and drier periods that lead to
high sediment production or to incision, respectively. These phase
shifts are superimposed on the main long-term and much older non-
linear tectonic forcing of doming and arching (Fig. 52.6). When
avoiding the main tectonics forcing the long-term stream incision,
it seems that during the middle–late Pleistocene, stream terraces
reflect mainly climatic fluctuations. The younger regional terrace
(Q3) primarily reflects in the Negev the rapid reworking of loess
(originally deposited on the slopes) within the drainage basins dur-
ing the last glacial phase (Avni et al. 2006). In general, the same
incision and deposition history demonstrated in the Negev High-
lands prevailed in wide regions of the Levant such as southern Jor-
dan and the Sinai Peninsula, leading to similar terrace chronology
in most of the drainage basins.

The older OSL age recovered from Q2 terrace fine-grained sedi-
ments in the Negev Highlands may hint at the accumulation of
older fluvial terraces during earlier glacial intervals. However, as
these sediments are only rarely identified, their absence may hint
at aggressive erosion during interglacial phases or suggest that
the loess accretion in the Negev Highlands is a very recent phe-
nomenon, as claimed by Crouvi et al. (2008, 2009) and Amit et al.
(2011).

This study demonstrates that regardless of the final sink (Dead
Sea or the Mediterranean) and stream channel length, most of the
drainage basins in the Negev Highlands have almost the same ter-
race sequence with some modifications related to local conditions.
This hints at the dominance of climatically controlled process (such
as interacting dust supply and wet–dry cycles) during the middle–
late Pleistocene, rather than the influence of base-level elevation and
basin-scale stream gradient. However, in the smaller and steeper
headwater basins, erosion is more efficient, in some cases causing
the total erosion of formerly existing terraces owing to the higher
gradients and relatively smaller volumes of fluvial sediments ini-
tially stored in them. Therefore, the full history of the previous
fluvial terraces can be reconstructed mainly in the larger drainage
basins that offer better preservation environments.
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53 Loess in the Negev Desert: Sources, Loessial Soils, Palaeosols, and
Palaeoclimatic Implications

onn crouvi, rivka amit, michal ben israel, and yehouda enzel

53.1 INTRODUCTION

Quaternary loess covers vast areas of the Negev desert (Fig. 53.1)
and the Jordanian Plateau (e.g. Ravikovitch 1952; Yaalon & Dan
1974; Crouvi et al. 2008; Cordova & Ames, Chapter 58 of this
volume). The ubiquitous loess deposits in the northern and central
Negev, and the buried soils within the loess sequences, are impor-
tant terrestrial records of windblown dust in the eastern Mediter-
ranean. As such, loess sequences in the Negev have been used in
reconstructing Quaternary variations in source, mode of transport
and depositional areas of dust, and related synoptic-scale palaeocli-
matology (e.g. Bruins & Yaalon 1979; Issar & Bruins 1983; Crouvi
et al. 2008; Enzel et al. 2008; Wieder et al. 2008; Erel et al.,
Chapter 54 of this volume). Our understanding of the formation of
loess, in particular of desert loess, has been greatly improved in the
last decade (e.g. Rousseau et al. 2007; Crouvi et al. 2008, 2010;
Sweeney et al. 2013; Muhs et al. 2015). Therefore, we focus here
on new perspectives on the origin, ages, and palaeoclimatic signifi-
cance of the Negev loess, and how it relates to other worldwide
desert loess regions.

Loess is a terrestrial sediment whose constituents, predominantly
silt-sized grains (2–60 μm diameter), were entrained, transported,
and deposited by wind (e.g. Muhs 2007). To distinguish loess from
dust that may have a subtle presence within soils or sediments,
loess should be recognizable in the field as a distinct sedimentary
body. It commonly mantles the landscapes and can range in thick-
ness from few centimetres to several hundred metres. Formation
of loess includes four main stages: generation of silt grains, trans-
port, deposition, and post-depositional processes. While today the
aeolian nature of loess is accepted by most if not by all scientists,
there is still considerable debate on the processes generating coarse
silt grains (20–60 μm), especially in deserts; this debate intimately
relates to identifying loess sources (e.g. Smalley 1995; Assallay
et al. 1998; Wright 2001a; Smith et al. 2002; Muhs & Bettis 2003)
and has specific implications for the Negev loess (see below).

The traditional view is that silts are generated by glacial grinding
(e.g. Smalley & Krinsley 1978) following the presence of loess in
semi-arid to temperate regions in mid- to high-latitudes (Pye 1987;

Muhs & Bettis 2003). This view has been challenged as loess in
desert margins was documented (e.g. Yaalon 1969; Coude-Gaussen
1987; McTainsh 1987), and the term ‘desert’ loess was introduced.
It describes aeolian silt deposits generated in and derived from non-
glaciated warm arid or semi-arid regions at low latitudes. A num-
ber of non-glacial processes that produce silt grains in deserts have
been proposed and debated (e.g. Smalley 1995; Assallay et al. 1998;
Wright 2001a; Smith et al. 2002; Muhs & Bettis 2003) including
salt weathering, frost weathering, deep (chemical) weathering, flu-
vial comminution, and aeolian abrasion. In this regard, the Negev
loess is one of the best-studied true desert loess in the world; the car-
bonate lithology of the Negev and its physiography provide a unique
opportunity to reveal the sources of the silicate-rich loess and to
shed new light on the formation process of silt grains in deserts.

53.2 EARLY LOESS RESEARCH IN THE NEGEV

The occurrence of loess in the Negev desert was first described by
Bayer (1917) near Gaza (Fig. 53.1). Range (1922) was the first to
recognize the aeolian origin of the loess in the Beer Sheva basin,
later supported by Reifenberg (1926, 1938). Picard and Solomon-
ica (1936) stressed that much of the loess near Beer Sheva has been
fluvially re-deposited and erroneously suggested that the loess ori-
ginated from redistribution of nearby Pliocene deposits. Later,
based on presence of gastropods and pebbles, Picard (1943) was
first to assign a middle Pleistocene to Holocene age to the loess.
Vroman (1944) concluded that the coarse grains in the loess were
deposited by winds from the southwest based on similar heavy min-
eral assemblage in the loess, in terra rossa soils in northern Israel,
and in current deposited dust.
A more systematically regional study of the loess was con-

ducted during the 1940s through the first soil survey of the northern
Negev; this resulted in a comprehensive publication on the physi-
cal and chemical properties of loessial and sandy soils in the region
(Ravikovitch 1952). This seminal, globally pioneering work docu-
mented systematic transitions from sand dunes near the Egyptian–
Israeli border eastward to sandy soils, loess-like soils, and loessial
soils and noted the gradual decrease in grain size accompanying

471
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Figure 53.1 a: Location map showing the digital elevation model of the eastern Mediterranean region and the mean annual rainfall isohyets (mm). b: Map
of Israel and its surroundings, showing the distribution of sand dunes (white and black dots) and loessial (dark grey) and sandy (light grey) soils in the
Negev (Dan & Raz 1970) and Sinai (Bartov 1990) deserts (the soils were mapped only in Israel). Modified after Crouvi et al. (2008). Mean annual rainfall
(mm) in Israel for the period 1961–1990 is marked (Israel Meteorological Service 1990). The inferred westerly winds prevalent during sand incursion are
from Enzel et al. (2008). The locations of studied loess sequences together with the locations of soil profiles that are mentioned in the text are in circles
(BO – Beit Oved; RU – Ruhama; HU – Hura; E – Mt Elazar; RB – Ramat Beka; GZ – Givat Zeron; MH – Mt Harif; P – Paran plains; S – Shehoret alluvial
fan). The bathymetry is after Hall (1980). Throughout the middle–late Pleistocene there were episodes (e.g., MIS 4, 2) when the global sea level was lower
by 100–130 m. This shifted the coast by tens of kilometres and exposed the shelf.

this transition. Ravikovitch (1952) analysed current dust and found
it to be similar to the loessial soils, as both are rich in silt-size quartz
grains, and concluded that the sediment was ‘brought mainly by
southwesterly winds from the deserts of Sinai Peninsula, where it
was formed due to weathering of rocks of various origin’. At the
same time, the first analysis of the particle-size distribution (PSD)
of the loess was published (Aisenstein 1951, 1959), stressing the
two distinct fractions in the loess, and the dominance of quartz in
the coarse fraction. Several years later, it was Dan Yaalon who put
the Negev loess in a broader, global context: in a series of papers

that were published during the 1960s, the loess in the Negev was
presented to the scientific community as an example of a true desert
loess, as no glaciers were involved in its formation (Ginzburg &
Yaalon 1963; Yaalon 1969). These papers initiated the long-lasting
debate on the formation mechanisms of silt grains in warm deserts.

53.3 LOESS DISTRIBUTION AND TYPES

Loess covers an area of �5,500 km2 (Fig. 53.1) in the northern and
central Negev and is the main parent material of soils there. In the
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Figure 53.2 Field photos of types of loess in the Negev. a: General view of Mt Harif area, showing the primary loess mantle and the fluvial/colluvial
terraces at the bottom. The surficial appearances of the three major loess types are (b) bare loess surface on top of Mt Harif, (c) valley-fill fluvial loess in
Wadi Nizzana, showing varying coverage of vegetation and gravels, and (d) closely packed desert pavement covering the colluvial loess terrace near Mt
Harif. The sedimentologic and pedogenic characteristics of the three loess types are (e) varying degrees of calcic soil development in the primary Mt Harif
sequence, without indication of gravels or fluvial structures, (f) fluvial loess deposits in Wadi Lotz showing alternating gravel and loess units in places
without pedogenesis effects, and (g) colluvial loess deposits in Wadi Lotz showing gravel–boulder units alternating with loess deposits.

northern Negev, where mean annual precipitation is 200–350 mm,
loess covers the entire landscape and pre-existing topography (Yair
& Enzel 1987); farther south, in the central Negev highlands (100–
150 mm yr−1), primary loess mantles plateaus and mountain tops,
whereas reworked loess fills depressions and valleys (Yaalon &Dan
1974; Dan et al. 1981; Crouvi et al. 2009; Avni, Chapter 2 of this
volume). Previous studies related the presence of loess between iso-
hyets 100–350 mm to the wet deposition of dust grains by rainfall
and to the trapping efficiency of the increased vegetation coverage
at the transition from arid to semi-arid climate (Pye & Tsoar 1987;
Tsoar & Pye 1987). Yet, recent studies (Crouvi et al. 2008; Enzel
et al. 2008) relate the location of the loess merely to the distance

from the proximal source (see also below). Quartzofeldspathic silt
grains appear also beyond the main loess region of the Negev; they
are identified in soils forming on carbonate rocks located north of
isohyet �350 mm (terra rossa in the mountainous area and brown
soils in the coastal plain), and south and east of isohyet �100 mm
(lithosols). Owing to their increased distance from the source of the
loess, however, these grains are not abundant enough to be termed
distinct loess deposits.
Three main types of loess can be recognized in the field,

more easily identified in the Central Negev (Crouvi et al. 2009)
(Fig. 53.2). (1) Primary, unreworked loess, mostly in local depres-
sions on mountain tops and on high, flat plateaus (Crouvi et al.
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Figure 53.3 Schematic illustrations of the pedo-sedimentary units that
build the primary loess sequences. Colour code is according to the Munsell
colour scheme. Note the similar characteristics of all sequences.

2008), which varies in thickness from a few centimetres to �5 m.
These deposits lack gravel or fluvial structure, whereas pedogen-
esis is common. (2) Secondary valley-fill fluvial loess; these
deposits form the thickest loess sequences in the Negev (<15 m),
mostly composed of layered loess or alternating gravel layers with
‘pure’ loess units. In places, the loess units comprise sediments that
preserve the fluvial structure (such as horizontal stratification) with-
out pedogenesis, and buried soils (e.g. Sneh 1983). (3) Secondary
colluvial/fluvial loess; these deposits appear as terraces or aprons,
composed of alternating gravel layers, gravel mixed with loess and
buried soils (Bowman et al. 1986; Avni 2005; Avni et al. 2006; Avni
et al., this volume) (Fig. 53.2). The different surficial appearance
of these three loess types allowed their spatial distribution to be
mapped using spectral remote sensing (Crouvi et al. 2009).

53.4 LOESS STRATIGRAPHY

In general, loess stratigraphy in the Negev depends on the geomor-
phic nature of the studied sequence (i.e. loess type). Pedosedimen-
tary units of primary loess sequences from hilltops and flat plateaus
are similar and correlative across �100 km: a basal clay loam to
silty clay loam, pale brown to brown loess with well-developed cal-
cic soils, overlain by light yellowish-brown silt loam loess associ-
atedwith less-developed calcic soils (Fig. 53.3) (Crouvi et al. 2009).
This regional stratigraphy was noted by earlier studies that reported
clay-rich (30–40% clay) loess underlying the silt-loam loess (Dan
1966; Dan et al. 1973;Marish et al. 1978; Eisenberg 1980), and thus
it reflects regional changes in wind-driven dust accretion rates (and
in turn, soil formation rates) through the late Pleistocene (Crouvi
et al. 2009) (see below). In contrast to primary loess, the secondary
loess stratigraphy varies in space and time, as each drainage basin
experienced a complex series of fluvial and colluvial processes,

Figure 53.4 Carbonate-free PSD of the three loess units from Mt Harif
sequence showing bimodality. Most samples from other loess sequences
show similar peaks with different amplitudes. The minimum near 20 μm
is marked by a vertical line.

depending on the location of the sequence along the basin and on
the specific geologic history of the basin (Zilberman 1992; Crouvi
et al. 2009). Nevertheless, Avni et al. (this volume) correlate fluvial
terraces composed of secondary loess among different watersheds
based on sedimentology and morphostratigraphy.

53.5 PARTICLE SIZE DISTRIBUTION OF
THE LOESS

PSD is one of the most distinct characteristics of loess in general,
and of the Negev loess in particular; it is a key property in depict-
ing the sources of the Negev loess. Three main observations can be
outlined for the PSD of the Negev loess:

i. All loess PSDs are bimodal, with modes in the coarse silt frac-
tion (coarse mode; 36–65 µm) and in the fine silt to clay frac-
tions (fine mode; 2.5–10 µm). A third, subtle sub-micrometre
mode is also evident in the PSD of the loess (Fig. 53.4;
Crouvi 2009). This observation has been known since the 1950s
(Aisenstein 1951, 1959) but only during the 1960s was it used as
a tool in identifying the sources of the loess (Ginzburg&Yaalon
1963; Yaalon 1969; Yaalon & Ganor 1973), as the coarse mode
must have been transported from an adjacent source (Yaalon &
Ganor 1973; Pye & Tsoar 1987; Tsoar & Pye 1987). The aver-
age of the minimas in between the two modes (i.e. saddle in
distribution) range from 12 to 18 µm (Crouvi 2009; Fig. 53.4),
just below the 20 µm value considered as the grain-size thresh-
old distinguishing long- and short-distance dust transport mech-
anisms (Tsoar & Pye 1987).

ii. The grain size of the loess decreases to the north, east, and south
away from the sand dunes that border the loess to the west.
Ravikovitch (1952) was the first to observe this trend. Here we
show that the gradual transition of the coarse mode appears also
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in soil profiles that are located beyond the loess region, towards
central and southern Israel (Crouvi 2009; Barzilai et al. 2010;
Amit et al. 2011; Boroda et al. 2011; Harel et al., Chapter 50 of
this volume; Fig. 53.5).

iii. The grain size of the loess increases upwards in each individ-
ual primary loess sequence. This observation was also noted by
soil scientists (Ravikovitch 1952; Marish et al. 1978) follow-
ing the observation of buried clay-rich soils at the lower part of
the loess. But only in primary loess sequences can such a trend
be directly related to wind-driven deposits. In such sequences,
the increase in grain size with time is twofold: (a) an increase
in the 20 µm ratio (the ratio between the percentages of the
coarse and fine modes (20–200 μm %)/(5–20 μm %); Crouvi
et al. 2008), and (b) an upsequence increase in the mode of both
the coarse and fine grains. These time-transgressive trends were
key observations in identification of the upwind sand dunes as a
major source for the coarse silts comprising most of the Negev
loess (Fig. 53.6) and a partial source for the finest grain size
mode.

53.6 MINERALOGY AND CHEMISTRY
OF THE LOESS

The abundance of quartz in the Negev loess was noted early in
the research, and was a primary observation for favouring exter-
nal, wind-derived supply of sediments to the carbonate terrain of
the Negev. On average, over half of the mineralogical composition
of primary loess is quartzofeldspathic (quartz, K-feldspars, and pla-
gioclase) (Crouvi et al. 2008; Crouvi 2009). Quartz is the dominant
mineral (20–40%); K-feldspars and plagioclase exhibit relatively
constant contents of 5–10% each, whereas phyllosilicates (mostly
clay minerals) range between 15 and 20%. Calcite, although com-
mon in upwind local environments and in current deposited dust,
appears in the bulk loess primarily as a secondary mineral (i.e.
transformed by pedogenesis) ranging from 16% to 45% and mostly
appears in the fine fraction. In contrast to the loess bulk compos-
ition, the mineralogy of the >20 μm fraction is almost purely
(�90%) quartzofeldspathic (Crouvi et al. 2008; Crouvi 2009). In all
sequences, the most common clay mineral is illite–smectite (aver-
age of 46–64% out of the total <2 µm fraction per sequence) with
kaolinite content relatively constant throughout (average 20–25%).
Illite ranges from 4% to 10%. The average palygorskite content
is 4–18% (Crouvi et al. 2008; Crouvi 2009). The heavy mineral
assemblage (analysed from Beer Sheva basin) includes (in decreas-
ing order) opaque (mostly magnetite), hornblende, epidote, and zir-
con, together constituting 80–90% of the heavy minerals (Ginzburg
& Yaalon 1963).

Following the mineralogical composition, the chemical compos-
itions of the fine and coarse fractions of the loess are distinctly dif-
ferent (Ben Israel et al. 2015; Erel et al., Chapter 54 of this vol-
ume). The ratios of the soluble elements (Na, K, and Ca) to Al
in the fine fraction are lower than in the coarse fraction. Never-
theless, Mg/Al and Fe/Al ratios are higher in the fine fraction.
Trace elements and rare earth element concentrations show higher

ratios of Ni, Cu, Zn, and Co to Pb for the fine fraction. The
major and trace element ratios in both fractions remain rela-
tively constant with depth, (i.e. with increasing age), suggesting
that neither fraction was strongly modified in situ by pedogene-
sis, as expected under the relatively dry climate that existed in
these sites (Ben Israel et al. 2015). The isotopic composition of
Sr and Nd are different for the coarse and fine fractions, indi-
cating different sources (Ben Israel et al. 2015; Erel et al., this
volume).

53.7 LOESS CHRONOLOGY AND DUST
ACCUMULATION RATES

The chronology of primary aeolian loess is related to millennial
changes in dust influx. Based on optically stimulated luminescence
(OSL) ages of three primary loess sequences, the accretion of the
loess occurred �180 to �10 ka (Crouvi et al. 2008; Crouvi et al.
2009). These ages indicate that the oldest loess units are late middle
Pleistocene age (L3 in Mt Harif: 180–134 ka; L3 in Ramat Beka:
>104 ka; L4–L3 in the Hura village: >78 ka). The age of the L2
unit, which forms the lower part of the late Pleistocene loess, is 95–
50 ka at Mt Harif, 64–44 ka at Ramat Beka, and 78–42 at the Hura
village. The coarser, upper unit (L1) is 50–14 ka at Mt Harif, 44–
14 ka at Ramat Beka, and 19–11 ka at the Hura village.
The chronology of fluvial and colluvial loess represents periods

of sediment transport by water, with some addition of direct aeolian
deposition (Bowman et al. 1986; Enzel et al. 2010; Avni et al., this
volume). Earlier research was based on radiocarbon ages, primarily
of inorganic soil carbonate concretions of valley-fill loess sequences
and correlations with archaeological remains. These studies con-
cluded that most secondary loess was deposited during the last
glacial (marine oxygen isotope stages (MIS) 2–4; 70–10 ka) during
at least three distinct episodes: 70–60 ka, 40–22 ka, and 15–10 ka
(PriceWilliams 1975; Bruins &Yaalon 1979; Goldberg 1986;Mag-
aritz 1986; Goodfriend & Magaritz 1988; Zilberman 1992). How-
ever, each study suggested a different age interval for these events.
This discrepancy between studies probably resulted from the par-
ticular watershed characteristics and location of each sequence, and
possibly from the limitations of using radiocarbon analyses on such
material. Recent studies that used OSL ages to estimate the chronol-
ogy of secondary loess refine these ages for the Negev highlands
(Avni et al. 2006; Chapter 52 of this volume) and show that the main
interval of fluvial loess accumulation in terraces occurred at 71–
22 ka, followed by a coarse gravel deposition (22–10 ka). Another
short interval of loess accumulation in terraces occurred at the end
of the Pleistocene (13–10 ka) (Avni et al., this volume).
Accretion rates of primary loess in the Negev are 0.01–0.06 mm

yr−1 to 0.07–0.15 mm yr−1 in the central and northern Negev,
respectively (Gerson & Amit 1987). Obviously, accretion rates of
fluvial loess are much higher (up to 0.2–0.5 mm yr−1 (Gerson &
Amit 1987). Crouvi (2009) used the OSL ages of the primary loess
sequences presented above and calculated spatial and temporal vari-
ations in dust mass accumulation rate (MAR) during the late Pleis-
tocene. To better understand the variability in dust MAR over the
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Figure 53.5 The spatial patterns of the coarse silt mode of the PSD of the loess (in µm) (left panels) and dust MAR (in g m−2 yr−1) (right panels) for three
periods throughout the late Pleistocene (120–70 ka, 70–40 ka, and 40–10 ka). For most sequences, we used the carbonate-free PSD and excluded from the
calculation the PSD mode of the sand fraction. The names of the loess sequences and soil profiles appear in Fig. 53.1. Note that contours of equal grain size
and rates are approximate and do not take topography into account. (A black and white version of this figure will appear in some formats. For the colour
version, please refer to the plate section.)
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Figure 53.6 PSD characteristics (20 µm ratio, coarse and fine modes) for three primary loess sequences: (a) Mt Harif, (b) Ramat Beka, and (c) Hura.

Negev, we calculated the accretion rates of coarse silts in soil pro-
file accretions located south, east, and north of the loess, beyond the
‘classic’ loess region in the Negev, from published and unpublished
data (Wieder et al. 2008; Crouvi 2009; Amit et al. 2011; Boroda
et al. 2011; Harel et al., this volume; Fig. 53.5). The emerging
spatial and temporal patterns show a marked decrease in MARs
towards the north, east, and south, thus supporting a major prox-
imal source for the loess (and for the silt fraction in the adjacent
soils) west of the loess region (see below).

Also, these maps suggest that the minimum threshold for accu-
mulating recognizable loess at the Levant’s desert margins is
approximately 30 g m−2 yr−1 (Crouvi et al. 2009); this threshold is
lower than estimates by Pye (1984), Tsoar&Pye (1987), andYaalon
(1987) which range from 750–1,550 g m−2 yr−1 to 50–60 g m−2

yr−1. Note that most publishedMARs of loess are much higher (50–
11,500 g m−2 yr−1) (Roberts et al. 2003; Mahowald et al. 2008).
This contrast can be explained by the low supply of dust from the
Sinai–Negev sources compared with glaciogenic sources.

53.8 SOURCES OF LOESS AND THE FORMATION
OF SILT GRAINS

The quartz-rich loess was recognized early on as a true aeolian
deposit (Range 1922; Reifenberg 1926, 1938). The evident direc-
tional decrease in grain size in the loess (and beyond) had led to
the hypothesis that the source of the loess must be proximal and
located somewhere west of the loess (Vroman 1944; Ravikovitch
1952). Recognizing the bimodality of the loess, Dan Yaalon was
the first to suggest that the Negev loess had two different sources
that supplied sediments through two different transport mechanisms
(Yaalon 1969; Yaalon & Ganor 1973; Yaalon & Dan 1974; Yaalon
& Ganor 1979): (1) distal sources in the Sahara and Arabia sup-
plying fine silt and clays transported by cyclonic winds (long-term
suspension) over thousands of kilometres; (2) proximal sources in
Sinai, such as Wadi El Arish in northern Sinai (Fig. 53.1), supply-
ing the fine sand and coarse silt, transported by short-term suspen-
sion and modified saltation, and accumulated by both dry and wet
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deposition. An additional proximal source was later suggested, in
the form of the Mediterranean shelf exposed during periods of
eustatically low sea levels (Gerson&Amit 1987; Crouvi et al. 2008;
Enzel et al. 2008). The Wadi El Arish hypothesis was questioned
as this source does not explain the quartzofeldspathic-rich coarse
mode in the loess as it drains mostly carbonate rocks (note however
that this source can supply calcite grains to the loess, especially to
its southern edge) (Crouvi et al. 2008; Crouvi 2009). These authors
outlined a series of observations pointing to the adjacent, upwind
sand dunes that advanced into the Sinai and Negev during the late
Pleistocene as the major source of the coarse silt grains in the Negev
loess:

(1) Increase of the quartzofeldspathic coarse mode upwards in
loess sequences (i.e. with decreasing age), both relative to the
fine mode and absolutely.

(2) Temporal and spatial association of sand dune activity and dust
MAR in the loess. Note that although Roskin et al. (2011)
stressed that sand dune activity and loess formation are not syn-
chronous (and thus ruled out the possibility that sand dunes are
the source of loess), sand incursions into the Negev dated by
Roskin et al. (2011) (23–18 ka, 16–13.7 ka, and 12.4–11.6 ka)
represent only the latest phase when dunes reached east into the
Negev. Sand dunes were active in the Negev and in Sinai before
23 ka, as suggested by dating of sand deposits (100 ka, 67 ka)
(BenDavid 2003) and sand-rich buried soils underneath the 23–
11 ka sand dunes of the Negev (200 ka, 126–87 ka, 68–45 ka)
(Roskin et al. 2013; see also Enzel et al. 2008).

(3) Similarity in mineralogical composition between the sand
dunes and the coarse fraction of the loess. This was later
strengthened by additional mineralogical analyses (Muhs et al.
2013). Ben Israel (2015) further strengthened this conclusion
by showing similar isotopic composition of Sr and Nd for both
the coarse fraction of the loess and the Sinai–Negev sand dunes
(see also Erel et al., Chapter 54 of this volume).

(4) Loess was located downwind of the sand dunes during the
late Pleistocene, as evident from the linear orientation of the
dunes.

Revealing the dust source of the fine mode (<20 μm) is more
challenging, as transport of clay and finest silt grains is not distance-
constrained as is the case with the coarse grains (Tsoar & Pye 1987).
Crouvi (2009) suggested that the fine mode of the loess is not solely
from the Sahara, but is a mixture of proximal and distal sources
including adjacent sand dunes, Wadi El Arish in Sinai, the exposed
shelf, and Sahara. The isotopic composition of Sr and Nd in the fine
fraction of the loess is not explained by sources from the west alone,
and Ben Israel (2015) pointed to Arabia as an additional source of
the fine dust.
Given that the sand dunes were the proximal source for the loess

coarse silt grains and that these dunes lack silt grains, the most
reasonable process for generating silt grains is aeolian abrasion of
sand-sized grains (Crouvi et al. 2008; Crouvi 2009). According to
this model, the sand incursions to Sinai and the Negev were accom-
panied by intensive gusty sandstorms, in which silt grains were gen-
erated through the attrition of sand grains. Thus, the silt grains were
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Figure 53.7 Sketches of the formation of the Negev loess. a: A topographic
cross section from North Africa to Israel showing the main proximal and
distal dust sources for the Negev loess. b: A conceptual model of loess for-
mation from advancing sand dunes. A, formation of sand dunes either from
the Nile sediments or from the Nile delta during low sea levels; B, forma-
tion of the Negev loess from aeolian abrasion of sand grains through the
sand dune incursions eastwards; C, addition of silt grains from the exposed
shelf to the loess, either directly or through aeolian abrasion. Both figures
are from Crouvi (2009). (A black and white version of this figure will
appear in some formats. For the colour version, please refer to the plate
section.)

formed in the dunefields, transported, and deposited downwind,
concurrently with sand advancement. As the sand incursions con-
tinued, the advancing sand dunes covered coarse silt loess deposited
earlier when the dunes were still farther to the west (Fig. 53.7)
(Goring-Morris & Goldberg 1990; Ben David 2003). As this prox-
imal source for the loess advanced eastward, a coarsening upward
trend with time in loess sequences is expected in parallel with an
increase in dustMAR, especially if the sequences are located imme-
diately downwind to the sand dunes (as Ramat Beka) (Fig. 53.6). In
map view, the advancement of the dust source eastwards is demon-
strated by the eastwards movement of the dust MAR and PSD
coarse mode contours with time (Fig. 53.5).
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A complementary observation for this model is the identification
of large quantities of quartzofeldspathic very fine sand (60–100 µm)
grains only 50–250 m away from the sand dunes (Enzel et al. 2010).
These grains were also generated from the dunes through abrasion
and were trapped in small basins to complete the full grain-size con-
tinuous trend from the medium sand of the dunes to fine silt far
downwind.

The Negevmodel of loess formation is applicable for other desert
loess regions. Crouvi et al. (2010) examined five well-known late
Pleistocene loess regions in Africa and Arabia and point out that
all these loess regions are downwind of adjacent sand seas, show
loess–dune mineralogical similarity, and have sand dune activity
that is contemporaneous with loess deposition. They concluded that
sand seas are sources for global desert loess, and that aeolian abra-
sion generates silt grains in warm desert. Similarly, Amit et al.
(2013) provided field-based evidence for silt production from dunes
in Mongolia and associated the Chinese loess with its upwind sand
dunes. Several experimental studies have demonstrated that aeolian
abrasion is capable of reducing sand-sized quartz and feldspars to
both coarse and fine silt size (e.g. Whalley et al. 1982; Dutta et al.
1993; Wright 2001b; Bullard et al. 2004, 2007). This concept has
been generally rejected because field-based evidence of abrasion
from sand grains was scarce. The recent growing field evidence for
abrasion of sand grains (Enzel et al. 2010; Amit et al. 2013) and the
regional association between sand dunes and loess (Crouvi et al.
2008; Crouvi et al. 2010; Amit et al. 2013) contribute to a change
in understanding of loess formation.

53.9 PALAEOCLIMATE FROM LOESS SEQUENCES

Palaeoclimate reconstruction from loess sequences in the Negev can
be divided into three main themes:

(1) Reconstruction of local climate from buried soil character-
istics. Early studies in the Negev concentrated on reconstruc-
tion of rainfall amounts from characteristics of buried soils in
the loess. Based on the stratigraphy of the Netivot sequence
in the northwestern Negev and characteristics of its six cal-
cic soils, Bruins and Yaalon (1979) suggested that during the
late Pleistocene, semi-arid conditions prevailed in that region
with rainfall ranging between 150 and 450 mm yr−1. Assum-
ing (a) constant loess accumulation rate (an assumption that
later was found to be inaccurate) and (b) clay content posi-
tively related to rainfall amount, they suggested that the four
upper clay-rich units in Netivot indicate ‘wet semi-arid’ climate
(i.e. an addition of 100–150 mm yr−1 to the current 350 mm
yr−1 at Netivot). The upper five clay-poor (silt-rich) calcic soil
horizons were interpreted as ‘dry or moist semi-arid’ climate
(Bruins & Yaalon 1979). Based on the same loess sequence,
Issar and Bruins (1983) suggested later that the average rain-
fall during most of the loess deposition period was 50–100%
higher than today, implying northwestern Negev annual rain-
fall of 525–700 mm. A similar ‘double rainfall’ interpretation
was applied for calcic soils developed in loess near Sede Boker
(i.e. 150–250 mm during the late Pleistocene in a region cur-

rently experiencing �90 mm) (Issar et al. 1984; Bowman et al.
1986). In Ruhama, located only 15 km northeast of Netivot,
similar soil stratigraphy was documented with alternating clay-
poor calcic palaeosols together with clay-rich layers. Yet this
sequence was explained by clay translocation during soil for-
mation rather than differences in stratigraphic layers (Wieder &
Gvirtzman 1999;Wieder et al. 2008). This explanation does not
necessarily involve climate change in terms of rainfall as pre-
viously suggested (e.g. Bruins & Yaalon 1979; Issar & Bruins
1983). On the other hand, the explanation must involve varying
accumulation rates to yield distinct calcic horizons throughout
the sequence (Zilberman 1991;Wieder &Gvirtzman 1999) (see
below). Note, however, that separation of fluvial and aeolian
components in these sequences is still warranted.
As in other loess sequences in the world (McDonald &

Busacca 1990; Kemp 2001), the calcic soils that were devel-
oped in primaryNegev loess are cumulic andwelded. Such soils
are expected when dust accretion and soil formation occur con-
currently. In these sequences, an association between calculated
dust MAR and the degree of soil development was identified
(Crouvi 2009): the least developed soils are in loess with high
dust MAR, whereas well-developed soils were mostly devel-
oped in loess characterized by relatively low dust MAR. In
addition, these well-developed soils are not coeval among the
various Negev loess sequences; if regional climatic change is
their cause, a better temporal association of these soil horizons
is expected. Crouvi (2009) concluded that for the Negev loess,
the most important control on the degree of soil formation in
primary loess sequences (and probably also in secondary loess)
is dust MAR rather than climate directly. In cases of lowMAR,
changes in rainfall and vegetation productivity can serve as an
additional control on the degree of soil development (Crouvi
2009).
More direct evidence for changing palaeoenvironments and

possibly regional palaeoclimate is derived from analyses of car-
bon and oxygen stable isotopes of the calcic nodules deposited
within loess (Magaritz 1986; Goodfriend & Magaritz 1988;
Ayalon et al., Chapter 49 of this volume). Based on such data,
Crouvi (2009) claimed that the climate of the northern and cen-
tral Negev during loess accretion (�180–10 ka) was not charac-
teristically sub-humid Mediterranean climate at any stage (i.e.
annual rainfall was <300–350 mm yr−1), but rather alternat-
ing between arid and semi-arid climates (see also Ayalon et al.,
this volume). Only at the northern edge of the loess (Netivot,
Fig. 53.1) is there isotopic evidence for wetter intervals dur-
ing the late Pleistocene (Magaritz 1986; Ayalon et al., this
volume).

(2) Reconstruction of regional rainfall and wind regime from
sediment characteristics. Early studies interpreted the time
period of loess formation as characterized by wetter climate
than today, based on the assumption that loess is accreted by
wet deposition and that dense vegetation is required to trap
the deposited dust (Pye & Tsoar 1987; Tsoar & Pye 1987).
According to this hypothesis, loess formation was limited to
the last glacial interval and not observed during the Holocene
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owing to the wetter climate of the former. But the clear trends
of decreasing dust MAR and grain size away from the source in
different loess regions, regardless of the rainfall isohyets (e.g.
Mason 2001; Mason et al. 2003; Muhs et al. 2004), suggest
that the simplistic linkage between loess formation and rainfall
is not so obvious. These trends are also observed in the Negev:
decreasing dust MAR (and PSD mode) to the north (towards
wetter climate), south, and east (towards drier climate) indicates
that the average annual rainfall pattern, and therefore wet depo-
sition, are not the main controlling factors in loess accretion.
The Negev loess data (Fig. 53.5) indicate that, as in the other
loess regions, wind strength, and distance and direction from
the source (i.e. sand dunes), are the main factors that determine
the location and rates of loess accretion.

The conceptual model for loess formation presented here
links the high dust MARs in the Negev loess to intervals of sand
dune activity and advancement into the Negev. This genetic
relationship demands long-duration, intensive winds to explain
concurrent sand dune activity and the loess deposition (Enzel
et al. 2008). The most effective synoptic-scale feature for pro-
ducing intensive westerly winds over northern Sinai is the
Cyprus Low (e.g. Enzel et al. 2008; Kushnir et al., Chapter 4
of this volume), either a deep low over Cyprus or a frequent
low on a southern Mediterranean route (Crouvi 2009). As in
modern times, such conditions produced intense surface winds
over the northern Sinai sand dunes and the sands exposed off-
shore, potentially causing severe sandstorms, favouring condi-
tions for aeolian abrasion. Accompanying vertical winds poten-
tially uplift the abraded finest sand, silts and probably clays, and
transport them through short-term suspension eastward, later
depositing them adjacent to the sand dunes, forming the loess.
The occurrences of a deep Cyprus Low pressure or a southern
route low were probably more common during the last glacial
(Enzel et al. 2008; Crouvi 2009).

(3) Reconstruction of general environmental changes.The iden-
tification of the sand dunes as the source for loess, and the
recognition that the loess is only 180–10 ka, suggest that the
Negev loess is recent and probably episodic in nature. Accord-
ing to Amit et al. (2011), the late middle Pleistocene initi-
ation of loess accretion resulted from a chain of events starting
with the exposure of shallow offshore Nile delta sands begin-
ning �180 ka, during a period of glacially lowered eustatic
sea level. This exposure allowed the formation of the dunes of
the Sinai–Negev erg and the eastward movement of the dunes
under the gusty glacial-time winds in northern Sinai. Thus, the
absence of earlier Negev loess is not a result of interglacial ero-
sion as previously commonly thought, but is due to the rela-
tively recent convergence of the above conditions necessary for
loess formation. The association between the Nile delta at spe-
cific levels, Sinai sand dunes, and Negev loess was also sup-
ported by mineralogical analyses of sand and loess (Muhs et al.
2013).

These findings also have implications in areas beyond the
loess; Fig. 53.5 suggests that the soils north of the loess, in the
Judean Mountains and the lowlands, have been influenced by

the advancement of the sand dunes mostly during the last stage
of the last glacial period. Thus, the quartz-rich coarse fraction
of these soils (Dan 1968; Barzilai et al. 2010) can be regarded
as the direct continuation of the sand dunes abrasion process
of generating silt grains. As these deposits are farther away
from the source than the classic loess, they are finer and exhibit
lower MAR. Moreover, they were deposited during the latest
Pleistocene, the time interval when the sand dunes were far-
ther inland in the Negev. Our findings also have implications
for the direct aeolian contribution to the Dead Sea, and can
help in identifying the pure aeolian end-member in lake cores;
according to Fig. 53.5, during most of the last glacial interval
the Dead Sea received direct aeolian addition of �30 µm sized
grains (PSD mode), mostly in quartzofeldspathic composition.
The average dust MAR in the area of that lake was �5 g m−2

yr−1. However, this rate is the accumulation rate in soils. For the
Dead Sea we anticipate a higher rate, as most of the deposited
dust on the lake surface is eventually accumulated, as opposed
to in terrestrial environments.

Current erosion rates are much faster than the current dust MAR
in the Negev. Considering that loess accretion in the Negev is pri-
marily a late Pleistocene episode and not repeated in earlier glacials,
the loess can be regarded as an un-replenished, fast-exhausted nat-
ural resource.
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54.1 INTRODUCTION

The Levant area is located at the northern fringe of the vast Sahara–
Arabian desert belt, which is globally an important source of dust
(e.g. Prospero et al. 2002). The dust, blown from the source regions
in the deserts, travels long distances and eventually settles and accu-
mulates in water bodies (e.g. lakes, seas, oceans, river deltas) or
forms widespread loess deposits. Saharan dust has been recovered
from deep-sea cores drilled in the Atlantic Ocean, Red Sea, and
Mediterranean Sea (e.g. Stein et al. 2007; Cole et al. 2009; Revel
et al. 2010; Palchan et al. 2013), lakes (e.g. Singer et al. 2004;
Haliva-Cohen et al. 2012), surficial deposits (Yaalon&Ganor 1973;
Yaalon & Dan 1974; Frumkin & Stein 2004; Crouvi et al. 2008;
Amit et al. 2009; Ben Israel et al. 2014), and soils (Yaalon & Ganor
1973; Yaalon & Dan 1974; Amit et al. 2011; Amit et al., Chapter
58 of this volume). Yaalon and Ganor (1973) distinguished between
dust (<20 µm) and loess (>20 µm). Crouvi et al. (2008) showed
that this size distinction is crucial for understanding loess, and that
primary loess in the Negev (Israel) always presents bimodal dis-
tributions of grain size, in which the mode of the fine fraction is
commonly less than 10 µm and the mode of the coarse fraction
is >20 µm (mode ranges between 30 and 60 µm; Crouvi et al.,
Chapter 53 of this volume).

Yaalon and Ganor (1973) pointed to the fluvial deposits of Wadi
El Arish in Sinai as a potential nearby source for the Negev loess.
However, this source can only provide large amounts of carbon-
ates to the loess (Abu Bakr et al. 2013), and cannot explain the
large proportion of coarse silt quartz (>70% of coarse fraction in
the loess; Crouvi et al. 2008, this volume). Therefore, Crouvi et al.
(2008) proposed another primary source: the northern Sinai sand
field, which is the only large source in the area consisting of quartz.
According to their model, the coarse silt quartz of the loess was
formed by abrasion, and is transported by short-term suspension
and modified saltation from the northern Sinai dunefields (Crouvi
et al., this volume). This dunefield has been exporting dust since
�200 ka (Crouvi et al. 2008, 2009, this volume; Amit et al. 2011).
The fine fraction, on the other hand, is present in much older Qua-

ternary deposits and soils (e.g. Amit et al. 2011). This fine-grain
fraction can arrive from diverse sources in the Sahara and Arabia
and is transported by winds to distances of up to thousands of kilo-
metres (Yaalon & Ganor 1973; Yaalon & Dan 1974; Yaalon 1987;
Ganor 1991; Erel et al. 2006; Kalderon-Asael et al. 2009). Some
of the fine fraction (dust) travels beyond the loess fields and is
deposited by both dry and wet mechanisms in the coastal plain and
in the mountainous regions of the Levant (as in the entire Mediter-
ranean areas), contributing significantly to the development of soils
in these regions (e.g. Yaalon & Ganor 1973; Yaalon 1987; Harel
et al., Chapter 50 of this volume). Inland basins, such as the Dead
Sea, receive both direct input of dust and dust washed from the sur-
rounding regions (Halliva-Cohen et al. 2012).
Numerous studies have used Sr, Pb, and Nd isotopic ratios in

order to determine the sources of atmospheric dust in the Sahara–
Arabia region, deposited in marine (Mediterranean Sea and the
Atlantic and Indian oceans) and terrestrial ecosystems in the Le-
vant, and elsewhere (e.g. Grousset et al. 1988, 1992; Biscaye et al.
1997; Krom et al. 1999; Grousset & Biscaye 2005; Cole et al. 2009;
Revel et al. 2010; Palchan et al. 2013; Scheuvens et al. 2013). Other
studies tried to distinguish between aeolian dust and local (rock-
weathered) contributions (e.g. Rognon et al. 1996). Many of these
studies focused on contemporary dust storms, using Sr, Pb, or Nd
isotopic signatures together with calculations of back-trajectories
and satellite images (e.g. Grousset & Biscaye 1989, 2005; Erel et al.
2006), while others traced changes in the values of Sr and Nd iso-
topes in records of dust deposits and tried to relate them to climate
changes (e.g. Grousset et al. 1998, 2000; Palchan et al. 2013). To
a first approximation, the isotopic compositions of Sr, Pb, and Nd
reflect important characteristics of the source regions, mostly sen-
sitive to mafic versus felsic compositions and ancient versus young
ages (Grousset & Biscaye 2005). Hence, a basic prerequisite for
such studies is the characterization of the Sr, Pb, and Nd isotopic
compositions of potential dust sources. For example, Krom et al.
(1999) reported that 87Sr/86Sr ratios of Saharan dust particles change
systematically from east to west and display a range from 0.7160 to
0.7192. Similarly, Grousset and Biscaye (2005) used a combination
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of 87Sr/86Sr and εNd values in aerosols reported by Grousset et al.
(1998) in order to distinguish between lithological provinces of (1)
young volcanic, (2) Archaean, and (3) post-Archaean (‘Birimian’)
rocks exposed inNorthAfrica (Boher et al. 1992; Potrel et al. 1996).
As the provenance of atmospheric dust should also be reflected

in its mineralogical composition, which in turn reflects the compo-
sitional (mafic versus felsic) makeup of the source regions, several
studies combined mineralogical characterization and isotope ana-
lysis to determine dust provenance (e.g. Biscaye et al. 1997; Svens-
son et al. 2000; Bory et al. 2003; Grousset & Biscaye 2005; Muhs
et al. 2014). In addition, several studies examined the effect of grain
size on the isotopic composition of dust records (Dasch 1969; Gold-
stein et al. 1984; Grousset &Biscaye 2005; Revel et al. 2010;Meyer
et al. 2011; Ben Israel et al. 2014). A few of these studies reported
that the isotopic composition of aerosols is sensitive to differences
in grain size, while others claimed that it is relatively insensitive
to these differences. It was observed that Sr isotopic ratios shift to
more radiogenic values with smaller grain size (e.g. Jin-Liang et al.
2009) while Nd isotopes are less sensitive to grain size. Neverthe-
less, it has been proposed that when the Nd isotope ratio changes
together with the Sr isotope ratio, it indicates source changes rather
than grain size effects (Goldstein et al. 1984; Revel et al. 2010).
Thus, it was proposed by Grousset and Biscaye (2005) to work on
the <5 µm fraction; as discussed above, this fine fraction can travel
very long distances. We claim that different sediment samples con-
sisting of assortments of clastics, with different Sr and Nd isotopic
values should be examined carefully in terms of their internal iso-
topic compositional variability and distribution.
This review presents the link between the isotopic composition

(and chemical composition) of contemporary dust storms, the syn-
optic conditions controlling them, and the lithological and geo-
chemical characteristics of the dust source regions. In modern dust
storms, the extent of anthropogenic pollution should be also consid-
ered. Thenwe summarize the efforts to reconstruct the synoptic con-
ditions controlling past (late Quaternary) dust storms as recorded
by Sr and Nd isotopic systems of fine particles (atmospheric dust)
forming loess deposits, and accumulated in marine and lacustrine
sediments in the east Mediterranean/Red Sea/Levant region. In
particular, the review addresses how the composition of the fine
particles and the inferred dust sources and synoptic conditions cor-
respond to major climate changes such as glacial–interglacial tran-
sitions. The chapter focuses on the last interglacial interval and the
recent glacial–interglacial transition. Here, data from Red Sea sedi-
ments, Dead Sea sediments, and the Negev loess are combined to
present a regional picture of the Sr, Nd, and Pb isotopic systems
of fine clastic material, including the role of grain-size distribution
changes, sources (e.g. weathered continental bedrock), and sinks.

54.2 THE SR, PB, AND ND ISOTOPIC SYSTEMS

Neodymium (Nd) and Sm are rare earth elements (REE) with
similar radii, existing solely in the +3 oxidation state in nat-
ural systems. They display very limited mobility during weather-
ing and are consequently hardly fractionated by sedimentary pro-

cesses. Of the various Nd and Sm isotopes, the long-lived decay
of 147Sm to 143Nd (T1/2 � 106 Ga) allows for tracing the proven-
ance of Nd in a sample. The Nd isotope ratio is expressed as:
εNd = [(143Nd/144Nd)SAMPLE/(

143Nd/144Nd)CHUR – 1] × 104, where
CHUR (‘chondritic uniform reservoir’) represents an estimate of the
average value of chondritic meteorites, and (143Nd/144Nd)CHUR =
0.512638. The continental crust of Earth displays a relatively nar-
row range of Sm/Nd ratios, reflecting similar values in continen-
tal granites and insolubility of REE in water, resulting in negli-
gible fractionation between the two elements during weathering. As
a result, the Nd isotopic composition of surface sediments is primar-
ily sensitive to the average crustal age of the source rocks, rather
than to its composition or its degree of weathering (e.g. Goldstein
et al. 1984).
In contrast, Rb and Sr display very different geochemical

behaviours. Rubidium, an alkali metal, tends to be associatedwith K
and is therefore enriched in K-feldspar and micas, while Sr, an alka-
line earth element, is associated with Ca and is enriched in plagio-
clase and pyroxene (and carbonates). The latter minerals are more
easily weathered than the host minerals of Rb, and Sr is readily sol-
uble in water; therefore, chemical weathering tends to remove Sr
into the aqueous system more efficiently than Rb. Moreover, after
release from the mineral phase, Rb is much less soluble than Sr,
causing further fractionating between the two elements. Thus, the
Rb–Sr isotopic system is a useful tracer of changes in continen-
tal hydrology and chemical weathering regimes (e.g. Dasch 1969;
Starinsky et al. 1980; Blum & Erel 1997, 2003; Hemming 2004).
Of the two naturally occurring Rb isotopes, 87Rb and 85Rb, the for-
mer decays to the stable 87Sr (T1/2 � 48.8 Ga), allowing the use
of the 87Rb/86Sr and 87Sr/86Sr ratios as chronometers of ancient
igneous, metamorphic and sedimentary rocks, provided that the
rocks formed with the same 87Sr/86Sr ratio and that chemical alter-
ation was not excessive or can be accounted for (Faure 1986).
Lead is composed of four stable isotopes, of which only 204Pb is

not the product of radioactive decay, and 206Pb, 207Pb, and 208Pb,
are produced from the decay chains of 238U (T1/2 � 4.47 Ga),
235U (T1/2 � 700 Ma), and 232Th (T1/2 � 14.01 Ga), respectively.
The intermediate members within these decay chains are short-lived
and can be ignored when considering geological timescales of mil-
lions of years or longer. Hence, Pb isotopic compositions depend on
the initial ratios, U and Th concentrations in source rocks, and their
ages. The differences in the half-lives of the initial nuclides, and
particularly the relatively short half-life of 235U, make the Pb iso-
tope system particularly sensitive to the distinction between ancient
(more than �2 Ga) and younger sources (Faure 1986; Hemming
2004; Downing & Hemming 2012).
Radiogenic Pb is found mainly in accessory minerals with very

high U/Pb or Th/Pb ratios (e.g. zircon, epidote, monazite, and
others) that are old enough to have significant radiogenic ingrowth,
compared with more abundant minerals such as K-feldspar or pla-
gioclase that are characterized by low U/Pb and Th/Pb ratios and
hence are dominated by initial (‘common’) Pb. Finally, in contrast
to the Sr and Nd isotopic systems, anthropogenic contamination can
have a significant effect on the Pb isotopic compositions of surface
sediments, particularly those ofmodern dust, which is inherently the
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Figure 54.1 a: Air-mass backward trajectories (calculated for 24 hours) during dust storms of different synoptic systems, from left to right: cold depression,
Sharav cyclone, Red Sea trough; after Kalderon 2005. b: Location map showing the sites of sedimentary archives used for this study. On a north to south
transect the sites are: Dead Sea region; the Negev loess sections; Red Sea (cores KL23 and KL11). Also marked are the exposures of the late Proterozoic
Arabian–Nubian Shield (ANS), Cenozoic volcanics and Phanerozoic rocks. c: Main lithological domains in the Sahara–Arabia desert belt including their
isotopic characterization. For details see the map legend. The rest of the map shows various crustal terrains comprising the African and Middle East
continental crust (modified after Stein et al. 2007). Also shown are the main wind directions from the nearby deserts, where the large arrow represents
winds during cold depression and Sharav cyclone synoptic conditions, and the smaller arrow represents winds derived by Indian monsoon intensities
associated with Red Sea trough conditions. (A black and white version of this figure will appear in some formats. For the colour version, please refer to the
plate section.)

most contaminant-prone sedimentary phase (e.g. Murozumi et al.
1969; Bollhofer & Rosman 2000, 2001).

54.3 CONTEMPORARY DUST STORMS

At present, the dust-carrying synoptic scale systems which influ-
ence the eastMediterranean/Red Sea/Levant region are theMediter-
ranean cyclones in the northwest (the Sharav cyclone and ‘cold
depressions’ – mid-latitude cyclones) and the tropical circulations
in the south (and their extension – the Red Sea trough) (e.g. Yaalon
& Ganor 1973; Dayan 1986; Alpert & Ziv 1989; Ganor & Mamane
1982; Ganor & Foner 1996; Israelevich et al. 2002; Dayan & Levy

2005). Interplay between these three major systems, which are
mainly induced by changes in radiative forcing and oceanic circula-
tion, determines the dust sources and routes of transport (Rabi 2004;
Dayan & Levy 2005; Erel et al. 2006; Kalderon-Asael et al. 2009).
The three major synoptic systems and their back trajectories were
calculated by Kalderon (2005) and are plotted in Fig. 54.1. There
is a fourth system named ‘High to the East’ which is an intermedi-
ate system between the Red Sea trough and Sharav cyclone (Dayan
1986). A detailed description of some of these systems is given by
Kushnir et al. (Chapter 4 of this volume).
Rabi (2004), Erel et al. (2006) and Kalderon-Asael et al. (2009)

conducted the first high-resolution temporal sampling for isotopic
analysis of a dust storm. Lead isotopes were used to identify
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Figure 54.2 Ratio of 87Sr/86Sr of contemporary dust storms plotted against
Ca/Sr ratio. L1 = weak acid dissolved fraction, mostly carbonates, oxides,
and adsorbed metals; L2 = concentrated HNO3–HF dissolved fraction,
mostly Al-silicates. RS = Red Sea trough; EH = High to the East; SC =
Sharav cyclone; CD = cold depression. Data from Rabi (2004). Note the
limited range of the cold depression Al-silicate samples compared with the
Red Sea trough samples. 87Sr/86Sr values of the carbonate fraction lie in a
limited range between �0.7081 and �0.7086 (see text).

the sources of aerosols and to distinguish between natural and
anthropogenic contributions. The results of intense sampling cam-
paigns in Jerusalem showed that before the beginning of the dust
storm, the aerosols were dominated by local pollution sources, but
with the arrival of dust from North Africa, the proportion of foreign
pollutants increased. At the peak of the dust storm, Pb isotopes indi-
cated that the major dust source was of natural origin (Erel et al.
2006). It appeared that easterly winds carried higher proportions of
local pollution and westerly winds carried pollution emitted in the
Cairo basin (Erel et al. 2006).
Several geochemical andmineralogical parameters have been uti-

lized in order to distinguish between the sources of contempor-
ary dust storms. So far, only the Mg/Al ratio in Al-silicates and
Ca/Mg and Ca/Al ratios in carbonates have been recognized as
having significantly different values, distinguishing between North
African sources (carried by either Sharav cyclone or cold depres-
sion systems) versus dust from the regions around the Red Sea, car-
ried by Red Sea trough systems (Kalderon-Asael et al. 2009). This
mainly reflects mineralogical differences of the dust sources (Ganor
1991). To a first approximation, Sr isotope values do not distin-
guish between the different sources of contemporary atmospheric
dust, although it seems that cold depression samples plot around
a well-defined value, whereas the Red Sea samples have a much
wider range (Rabi 2004; Fig. 54.2). Because of the high-temporal-
resolution sampling, we were unable to collect enough material for
Nd isotope analysis of most dust episodes. A cold depression dust
sample that had enough Nd for analysis yielded εNd = −7.2 and
87Sr/86Sr = 0.712 while a sample collected during a spring Sharav
cyclone storm yielded εNd = −9.3 and 87Sr/86Sr = 0.711. In add-

ition, a sample comprising all the suspended dust samples whose
87Sr/86Sr values appeared in Fig. 54.2 (open symbols, 0.709–0.719)
had a εNd value of −15.7, clearly showing a Saharan origin. It
is important to note that dust originating in the Sahara carried by
cold depressions and Sharav cyclones controlled the total mass of
the dust, as these dust storms have higher dust loads than Red Sea
trough storms (Kalderon-Asael et al. 2009).

54.4 ARCHIVES OF LATE QUATERNARY DUST IN
THE LEVANT

All the records presented in this chapter show coherent variations
in Nd–Sr isotope ratios, indicating common regional sources. The
variations, in turn, reflect shifts between sources as determined
by changes in the proportions of the three major synoptic sys-
tems, where the Sharav cyclone and cold depression can be lumped
together, because they transport dust mostly from the Archean to
middle Proterozoic North African shield (Sahara), while the Red
Sea trough brings dust from regions around the Red Sea, where late
Proterozoic Arabian–Nubian Shield granitoids (ANS) are exposed.
All systems also sample weathering products of Neogene basalts
(Fig. 54.1).

54.4.1 THE NEGEV LOESS

Substantial amounts of loess material accumulated in the northern
and central Negev desert over the past two glacial periods (Crouvi
et al. 2008). While the coarse fraction of the loess was derived from
nearby sources, probably sand dunes in the northern Sinai Peninsula
(Crouvi et al. 2008), the fine fraction was mainly transported as
airborne dust from distant sources in the Sahara and Arabian deserts
(Yaalon & Dan 1974).
Here we describe two environments of loess deposition where

Nd–Sr data are available: (1) one loess sequence from northern
Negev (Netivot, in the western Beer Sheba valley), which is mostly
secondary loess, namely affected also by local fluvial processes,
(2) and three well-dated primary loess sequences that accumulated
on mountain-tops (Crouvi et al. 2009) in the central and northern
Negev desert.
The stratigraphy of Netivot loess section was studied by Bruins

(1976) and by Bruins andYaalon (1979). Haliva-Cohen et al. (2012)
measured the mineralogical, chemical, grain-size and Nd–Sr iso-
tope ratios in four loess samples from two stratigraphic units that
show distinct grain size modes (�10 µm and �60 µm). The sili-
cate fraction of these loess samples yielded 87Sr/86Sr ratios between
0.7089 and 0.7103 and εNd � −5.
The three mountain-top Negev loess records were studied exten-

sively and dated byCrouvi et al. (2008, 2009). They have lower tem-
poral resolution than both Red Sea and Dead Sea records (Palchan
et al. 2013; Palchan et al. unpublished data), but the mountain-top
sequences sample directly pure, wind-deposited dust, whereas the
‘high-temporal-resolution’ records contain mixtures of wind and
fluvial deposited dust, which make data interpretation more dif-
ficult. Furthermore, all mountain-top loess samples have bimodal
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grain size distributions and hence contain additional important
information. The two size modes are 4–8 µmand 30–60 µm (Crouvi
et al. 2008), slightly finer than the modes of the Netivot section.
Ben Israel et al. (2014) determined the chemical and the isotopic
compositions of�100 samples from the three locations and showed
that Mg/Al and εNd values of the Al-silicates in the fine fraction of
the mountain-top samples differ significantly from the coarse frac-
tion and record a coordinated behaviour (Figs. 54.3, 54.4). The iso-
topic values and the chemical compositions of the coarse (>20 µm)
modes of the loess point to material derived mostly from Saharan
rocks, such as the Sinai–Negev dune erg (Fig. 54.4). The fine frac-
tion of the loess has a few distinct chemical and isotopic features,
such as distinctly less negative εNd values and higher Mg/Al ratios
in comparison to the coarse fraction of the loess (Fig. 54.3). Hence,
Ben Israel et al. (2014) proposed that the fine and coarse fractions
are both derived from the Nile delta sediments and Saharan rocks
via aeolian abrasion of the sand dunes, following the findings of
Crouvi et al. (2008, 2009) and Amit et al. (2011). However, the fine
fraction receives additional contributions from distal sources; some
of them are derived from ANS rocks. The proportion of the ANS
sources fluctuates over time (Fig. 54.3), pointing to changes in the
frequency of Sharav cyclone and cold depression relative to Red Sea
trough conditions. Similarly to modern dust storms, 87Sr/86Sr values
do not correspond to the addition of ANS-derived dust recorded in
the fine loess fraction. Hence both fractions of the loess have over-
lapping 87Sr/86Sr values that range between 0.7085 and 0.7115 (Ben
Israel et al. 2014). Interestingly, Pb isotopic ratios of both fractions
remain constant throughout the�180 ka recorded by the loess, with
values of 208Pb/204Pb = 38.88±0.03, 207Pb/204Pb = 15.68±0.01,
and 206Pb/204Pb = 18.89±0.03 (n = 22 samples; Erel & Crouvi,
unpublished data). These values are very similar to the values mea-
sured in contemporary dust storms when the level of anthropogenic
pollution was null (Erel et al. 2006).

The Netivot and the three mountain-top loess samples have Sr
and Nd isotopic values that are different from the typical ratios of
modern suspended and settled dust (see above). They both have
87Sr/86Sr and εNd values closer to the Nile River sediments than
modern dust (Fig. 54.4). This requires contributions from sources
with relatively lower 87Sr/86Sr ratios and higher εNd, such as sam-
ples containing weathered basaltic material. Since the isotopic
values of samples deposited during both glacial and interglacial
periods are similar (Fig. 54.3), the conventional explanation of
contributions from the Mediterranean margins and the Nile delta
exposed during glacials is not very likely, although we still do not
have a full explanation for the difference between contemporary
dust and the loess.

In summary, since the beginning of the loess deposition phase
in the Negev at �180 ka, the sources for the fine fraction
altered between the Nile and Sahara end-members, with occasional
increased additions (proportional to the total flux) of dust fromANS
rocks exposed along the Red Sea. These changes in dust sources
are a result of regional climate changes: a relative increase in ANS-
derived dust reflects either a decrease in Saharan dust sources that,
in turn, is likely linked to increased precipitation in the Sahara, or
an enhanced activity of the Red Sea trough system.

54.4.2 JUDEA CAVE SPELEOTHEMS AS
LONG-TERM DESERT DUST RECORDER

The settled dust that accumulated (mostly during glacial periods:
Rasmussen et al. 2008) on the surface of the Judean–Galilee Hills
underwent pedogenic processes, which produced the terra rossa
soils (Yaalon & Dan 1974; Yaalon 1987). These processes include
the dissolution of the carbonate fraction of the dust. The bicarbon-
ate produced by the settled dust dissolution filtered through the soil
and penetrated the underlying carbonate rock mostly via cracks
produced by karst activities. The bicarbonate that entered karst
caves was redeposited as calcitic speleothems. Frumkin and Stein
(2004) measured 87Sr/86Sr ratios in a speleothem near Jerusalem
and used them as recorders of settled dust accumulation above the
cave. This was based on precise high-resolution U–Th chronol-
ogy of the speleothem. They found that during glacial periods the
speleothem had 87Sr/86Sr ratios around 0.7084 that are similar to the
carbonate fraction found in a few samples from Netivot section, the
Negev loess (0.7083–0.7085, Haliva-Cohen et al. 2012), while dur-
ing interglacials the values ranged from 0.7078 to 0.7086, drifting
towards the composition of the Cretaceous dolomite host-rock of
the cave (87Sr/86Sr� 0.7076). They concluded that settled dust with
loess isotope composition was blown from the Sahara desert during
the glacials when the accumulation basins in the Sahara dried down
and contributed large amounts of dust material, while during inter-
glacials the transport of atmospheric dust was substantially lower
(e.g. Rasmussen et al. 2008).

54.4.3 THE DEAD SEA SEDIMENT

The Dead Sea, located at the lowest elevation on continents (cur-
rently its water level is at 428 m belowmean sea level), accumulates
fine detritus material from its large watershed extending from the
Sahara–Arabia desert belt in the south to the Mediterranean zone in
the north, thus encompassing precipitation and dust that are associ-
ated with the various synoptic conditions in the region (Enzel et al.
2003; Dayan et al. 2007; Haliva-Cohen et al. 2012; Palchan et al.
unpublished data).
Fine detritus samples from the lacustrine formations (exposed on

shore) and dated lake sediments (Torfstein et al. 2013, 2015) that
were deposited in the Dead Sea basin during the past �140 kyr
show systematic variations in their mineralogy, grain size, and Nd–
Sr compositions (Haliva-Cohen et al. 2012; Palchan et al. unpub-
lished data). Most of the samples have similar mineralogy and are
composed mainly of quartz and calcite grains with some clay min-
erals. The detritus samples deposited in the high stand periods of
the last glacial Lake Lisan (e.g. during MIS 2, �30–14 ka BP,
Haase-Schramm et al. 2004) are part of the annually deposited lam-
inated sequences of the aad facies, while those from MIS 3 (which
includes stadials and interstadials) contain both ld and aad, and
samples from the last interglacial Samra Formation (MIS 5) com-
prise the ld facies (e.g. Waldmann et al., Chapters 9 and 11 of this
volume). The MIS 2 aad facies fine detritus shows grain size mode
of �8–10 µm, while the mode of the ld facies detritus lies at �50–
60 µm, similar to the fine and coarse loess from the Negev sections
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Figure 54.3 After Ben Israel et al. 2014. Top panel: MgO/Al2O3 and εNd of the fine (full symbols) and coarse (empty symbols) fractions of the carbonate-
free samples versus ages (past �200 kyr) in the three studied mountain-top (primary) loess sequences of Mt Harif, Ramat Beka, and Hura village (Negev,
Israel). The fine fraction has lower ratios of soluble elements (Na/Al, Ca/Al, K/Al – not shown) but higher Mg/Al ratios (similar to contemporary Red Sea
trough storms; Rabi 2004; Ben Israel et al. 2014). This suggests that the Mg/Al ratio reflects changes in sources and not the effect of weathering. Note that
in both plots the fine and the coarse fractions are characterized by distinct values. Bottom panel: The co-variation of Mg/Al and εNd of the fine fraction
from all three sites. The bottom panel marks MIS 1–6.
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Figure 54.4 Regional 87Sr/86Sr and εNd values of siliciclastic dust sources and the insoluble residue values of Red Sea cores KL23 and KL11 (Palchan
et al. 2013), Negev loess (Netivot loess – NL, Haliva-Cohen et al. 2012; mountain-top loess – MTL, Ben Israel et al. 2014), contemporary dust samples
over Israel (see text), and the Red Sea aerosols (Grousset et al. 1988). The samples fall well within a mixing line of two sources (Blue Nile sediments and
Saharan shield) with an added contributor (Arabian–Nubian shield) (Palchan et al. 2013 and references therein). The samples which plot closer to ANS
values probably indicate more Red Sea trough-like flow of winds. ld Prazim – Dead Sea, Prazim valley ld; aad Prazim – Dead Sea, Prazim valley aad;
values are from Haliva-Cohen et al. (2012). (A black and white version of this figure will appear in some formats. For the colour version, please refer to
the plate section.)

(Crouvi et al. 2008, 2009, this volume; Haliva-Cohen et al. 2012;
Ben Israel et al. 2014; DSDDP unpublished data). The aad sam-
ples have 87Sr/86Sr and εNd values in the range of 0.710 to 0.7115
and −7 to −9, respectively, placing them at the edge of the Sahara
field and overlappingwith themountain-top loess (Fig. 54.4). The ld
samples have 87Sr/86Sr and εNd values in the range of 0.709 to 0.710
and�5, overlapping with the four Netivot loess samples (Fig. 54.4).
It has been suggested that the aad detritus represents settled Sahara
dust that was washed from the Judean Hills to the lake by annual
run-off, and the ld detritus was carried to the lake by floods draining
the loess in the northern Negev desert during interglacials (Haliva-
Cohen et al. 2012).

A central observation in the study of the fine detritus of the
Dead Sea sediment is the narrow range of 87Sr/86Sr ratios (0.7080–
0.7081) of the detrital carbonate fraction (mainly calcite grains) and
the fact that it is distinctly different from the composition of the
Cretaceous limestone and dolomites that constitute the Dead Sea
basin margin rocks and carbonate parts of the Dead Sea watershed
(�0.7074–0.7076; Starinsky et al. 1980; Stein et al. 1997; Haliva-
Cohen et al. 2012; Palchan et al. unpublished data). On the other
hand, this range is closer to the 87Sr/86Sr value of carbonate frac-
tion of the loessmaterial (0.7083–0.7085; Haliva-Cohen et al. 2012)

indicating that both were derived from a distinct source located at
the origin of the dust particles in the upwind deserts (Sahara, Sinai,
Saudi Arabia). It also implies that if the carbonate fraction in the
lake sediment is different from the surrounding Cretaceous carbon-
ate rocks, the origin of the silicates in the fine detritus of the lake
sediments cannot be derived from the insoluble residue of the sur-
rounding Cretaceous carbonate rocks (which makes up less than 5%
of the rock), and does indeed reflect aeolian contributions.

54.4.4 THE RED SEA SEDIMENT

The Red Sea sediments provide high-temporal-resolution records of
dust (Stein et al. 2007; Palchan et al. 2013). Palchan et al. (2013)
determined grain size, mineralogy, chemical composition, and Nd
and Sr isotope ratios of fine-grained (<63 µm) Al-silicates, from
two deep-sea cores KL23 and KL11 (northern and central Red Sea,
respectively). They studied the MIS 6/5 and MIS 2/1 transitions.
KL23 samples are closer to the ‘Sahara granitoids’ field and dis-
play significant variations during the MIS 6/5 transition, between
εNd of −7 to −2 and 87Sr/86Sr of 0.7111 to 0.7103. Smaller varia-
tions occurred during the MIS 2/1 transition, between εNd of −6 to
−5 and 87Sr/86Sr of 0.7111 to 0.7109. The KL11 values are closer
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to the ‘Blue Nile’ field, which comprises mixtures of granitoid and
basalt derived particles (Fig. 54.4). During the MIS 6/5 transition,
their εNd varies from −4 to 0 and their 87Sr/86Sr from 0.7071 to
0.7062. During the time intervals of sapropels S5 and S1, both cores
appear to converge to similar isotope ratios of εNd�2 and 87Sr/86Sr
�0.7095, indicating dominance of material derived from the ANS
granitoids exposed near the Red Sea and possibly distributed by run-
off. According to Palchan et al. (2013), during glacials, dust was
blown to the northern Red Sea from the northern Sahara desert prob-
ably with the cold depression-like systems, and to the central Red
Sea from the Ethiopian plateau by southern winds that are associ-
ated with monsoonal circulation. They also claimed that during the
Heinrich events associated with the studied intervals (H11 and H1),
dust frommixed basaltic–granitic terrains was blown from all of the
regional sources in the Red Sea region, reflecting severe regional
aridity and transport of dust by regional winds, when monsoonal
activity and cold depression-like systems were weak (Fig. 54.4).

54.5 SUMMARY AND CONCLUSIONS

We present records of dust sources in the Levant and Red Sea region
between the present day and the last interglacial based on radio-
genic isotope tracers (Pb, Sr, and Nd) and supporting elemental
abundances of fine siliciclastic particles. Combining the analysis
of contemporary dust storms with the Sr–Nd isotopes and Mg/Al of
dust deposits, we were able to relate changes in sources to shifts in
wind patterns and delivery synoptic systems.
Loess deposits from the Negev, fine detritus particles deposited

in the central and northern Red Sea, and lacustrine deposits from
the centre and margins of the Dead Sea lie between the Nd–Sr
fields of (mostly) Proterozoic Sahara shields, the late Proterozoic
Arabian–Nubian shield, and Nile sediments that contain a signifi-
cant Neogene–Quaternary basaltic derived material. The particles
derived from the Sahara shields are characterized by radiogenic
87Sr/86Sr > 0.711 and εNd � 9, the ANS-derived particles lie at
87Sr/86Sr > 0.701 and εNd −4 to 0, and Nile sediments lie at
87Sr/86Sr �0.705–0.707 and εNd �4 to 4 (Palchan et al. 2013 and
references therein).
The relative fraction of each of the source end-members in the

final sinks reflects the configuration of atmospheric–synoptic sys-
tems and their delivery efficiencies, which in turn are related to
regional changes in climate. Sharav cyclones and cold depressions
are the main systems that deliver dust from the Sahara, while the
Red Sea trough is associated with the delivery of fine material from
the Red Sea region. Hence, the latter is responsible for bringing
more material derived from ANS rocks. Therefore, during periods
of higher frequency of Red Sea trough conditions, the isotopic com-
position of the dust shifted accordingly.
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55 Loess, Dunes, and Human Activities

nigel goring-morris

55.1 INTRODUCTION

The Negev and Sinai deserts constitute the single extant land bridge
between Africa and Eurasia during the Pleistocene, representing the
most obvious route formovements by hominids ‘out of Africa’ (and,
conversely, ‘into Africa’). Yet, while research has revealed ample
evidence for prehistoric occupations in the region, the local prehis-
toric record displays similarities primarily with entities elsewhere
in the Levant, rather than in Africa.

Most prehistoric sites in the Negev and Sinai are associated with
aeolian deposits: whether in situ within primary contexts; or in sec-
ondary, deflated, reworked fluvial, colluvial and paludal contexts
(e.g. Avni et al., Chapter 52; Crouvi et al., Chapter 53; Roskin &
Tsoar, Chapter 56 of this volume). Many occupations directly asso-
ciated with aeolian deposits date to the late and, especially, terminal
Pleistocene and early Holocene, with only rare occurrences dating
to the middle Pleistocene.

The Sinai Peninsula (ca. 60,000 km²) with the Negev desert (ca.
13,000 km²) together form a distinct triangular-shaped geographic
region, bounded by two forks of the Red Sea, theGulfs of Aqaba and
Suez and the Dead Sea rift valley and, to the north, by the Mediter-
ranean coast, the southern Hebron hills and the southern end of the
Dead Sea. Aeolian deposits are primarily distributed in the north-
ern and western areas: the dunefields of the Sinai erg in northern
Sinai and the western Negev extend over ca. 12,000 km², while loess
deposits covering ca. 5,500 km² are found mostly to the north, east,
and south of the dunes, where annual precipitation varies at present
between 100 and 350 mm (e.g. Crouvi et al. 2009, and Chapter 53
of this volume; Roskin & Tsoar, this volume).

Current interpretations indicate that the late middle Pleistocene
initiation of loess accretion in the Negev resulted from a period,
beginning ca. 180 ka, of glacially lowered eustatic sea level expos-
ing Nile delta sands and silts, during late MIS 7 to early MIS 6
(Amit et al. 2011; Crouvi et al., this volume). Exposure of the
delta released source material for the formation of the dunes of the
Sinai–Negev erg and their eastward movement under gusty condi-
tions (Amit et al. 2011). This dune incursion occurred by saltation,

generating by mechanical abrasion the coarse silts that accumu-
lated downwind as loess (Crouvi et al., this volume). Potentially
contributing to the loess are sediments derived directly from the
exposed Mediterranean shelf (Ben-David 2003; Enzel et al. 2008;
Crouvi et al. 2009) and through long-distance Saharan and Ara-
bian fine-grain dust (e.g. Erel et al., Chapter 54 of this volume).
Initial dune incursions from the late middle Pleistocene onwards
(ca. 100 ka) into northern Sinai and the western Negev manifested
as pulses of sand sheet veneers, alternating with periods of stabiliza-
tion and the development of palaeosols (Ben-David 2003; Roskin &
Tsoar, this volume).
It was during the terminal Pleistocene, with the onset of the Last

Glacial Maximum (MIS 2), that the scope and tempo increased
markedly, with a massive and rapid incursion of dunefields in
the form of longitudinal dunes. Initial dune encroachment into,
and stabilization in, the northwestern Negev took place during the
LGM at ca. 25–18 ka (Goring-Morris & Goldberg 1990). There
are also indications that since the LGM there were two significant
dune mobilization–stabilization episodes: a main episode at ca. 16–
13.7 ka (Heinrich 1) and a minor one at ca. 12.4–11.6 ka (Younger
Dryas), when the dunes reached their maximum spatial extent and
stabilized. These episodes included rapid dune advances and accu-
mulation during cold events (Magaritz & Enzel 1990; Enzel et al.
2010; Roskin et al. 2011a, b; Roskin & Tsoar, this volume).
Aeolian sediments accumulated from the Lower Palaeolithic

through to the Neolithic from the central Negev highlands north-
wards to the northern Negev. Loess has been accumulating in the
Negev from the middle Pleistocene to the early Holocene. The
thickness of the loess deposits in the northern Negev at Netivot
reaches 12–15 m thickness (Yaalon & Dan 1974; Bruins & Yaalon
1979). More recently the middle and late Pleistocene aeolian loess
record was investigated atop Har Harif plateau in the central Negev
highlands (Crouvi et al. 2009, this volume). The sequence from the
4.5 m thick section indicated pulses of loess accumulation follow-
ing a middle Pleistocene weathered calcrete at the base dated to
326±25 ka. The next OSL ages, from unit L3, postdate the mid-
dle Pleistocene, ca. 180–130 ka. This is followed by a hiatus of
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Figure 55.1 A: Har Harif, showing location of geological trench (Crouvi et al., Chapter 53 of this volume) in relation to Mousterian scatter, Ahmarian Har
Harif IV (foreground), and Ramonian Har Harif I (view to the northeast). B: Har Harif, showing test trench in relation to Harif Harif I (Ramonian), Harif
II (Mushabian) and Ramat Harif (Harifian) (view to the north). C: Map of Har Harif showing location of prehistoric sites. Note that most are equidistant
from Bor Horesha.
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ca. 35,000 years, before loess started accumulating again (L2), ca.
95 ka, during the late Pleistocene (latest MIS 5). This last pulse dis-
plays two distinct sedimentological units, separated at ca. 50 ka.
Middle Palaeolithic Mousterian artefacts were noted on the sur-
face nearby associated with units L2 and L3 (Fig. 55.1A and per-
sonal observation). A currently unexcavated early Upper Palaeo-
lithic Ahmarian site, Har Harif IV, probably dating to ca. 45–30 ka
cal BP, was noted several dozen metres away from the trench sec-
tion, deflating from what appears to be unit L2 (Fig. 55.1A). An
age from the uppermost loess unit L1, ca. 15 cm below the top of
the trench section sequence, is 13.7±0.7 ka. An in situMiddle Epi-
palaeolithicMushabian site, Har Harif I, ca.17.75–16 ka cal BP, was
also excavated ca. 20 cm below the top of the loess on the same knoll
as the trench, overlain by a surface scatter of Middle Epipalaeolithic
Ramonian artefacts, Har Harif II, ca. 16–15 ka cal BP (Figs. 55.1A,
B). Nearby in situ late Epipalaeolithic Harifian sites at Ramat Harif
and Abu Salem furnished multiple radiocarbon ages clustering ca.
12.5–12 ka cal BP (Fig. 55.1B; Goring-Morris 1991). Additionally,
based upon the presence of in situ sites elsewhere atop the plateau,
it seems likely that loess continued to accumulate through to at least
the end of the Late Neolithic, ca. 7–6.5 ka cal BP, based on radiocar-
bon ages from in situ hearths in nearby sites on Har Harif (Foren-
baher 1997; Vardi et al. 2014; personal observations).

55.2 PREHISTORIC ARCHAEOLOGY

Major prehistoric archaeological projects in Sinai and the Negev
associated with aeolian deposits include:

The central Negev Highlands in Nahal Zin near springs at Avdat
and Nahal Aqev and atop Har Harif (Marks 1976, 1977, 1983);

Gebel Maghara (Bar-Yosef & Phillips 1977);
Qadesh Barnea (Gilead 1981; Gilead & Bar-Yosef 1993; Goldberg

1984; Phillips & Saca 2003);
The Emergency Archaeological Survey of the Negev – Har Harif,

Ein Qadis, Ramat Matred, Nizzana (Azariq/Nahals Lavan/
Nizzana/Rut), Holot Shunera; Hamifgash (Nahals Besor/
Beersheva, Nahal Sekher (Goldberg 1986; Goring-Morris 1987;
1997; Goring-Morris & Rosen 1987; Roskin et al. 2014);

Prehistoric surveys and excavations in Nahal Shiqma (Lamdan et al.
1977; Yeshurun et al. 2010; Zaidner, Chapter 22 of this volume).

55.2.1 LOWER PALAEOLITHIC (>250 ka)

The earliest, lower, and middle Pleistocene in situ sites associ-
ated with sands and (reworked?) fine-grained loess are found in
the northern Negev at Bizat Ruhama, attributed to the Matuyama
chron with ‘Oldowan-like’ Lower Palaeolithic artefacts (Zaidner,
Chapter 22 of this volume). The occupations occurred on a season-
ally waterlogged undulating inter-dune depression, under a semi-
arid Mediterranean climate with patchy water sources.

A middle Pleistocene Late Acheulian industry was recovered in
Nahal Hesi, a tributary of Nahal Besor, associated with a clayey
and sandy deposit covered by loess (Yeshurun et al. 2010). The

fauna included equids, cattle, and gazelle. Further south, a small,
deflated Late Acheulian occurrence with Levallois elements over-
lying a weathered calcrete was noted at the southern edge of
the Ramat (plateau) Matred (Goring-Morris 1992, 1993a; Goring-
Morris & Gilead 1981). Near the headwaters of Nahals Zin, Besor,
and Lavan, scatters of Acheulian bifaces were noted; they were also
derived from fluvially reworked silt surfaces and in rolled contexts,
as well as in and on high wadi terraces (Issar et al. 1984; Goring-
Morris & Rosen 1987; personal observations). The possible con-
temporaneity of the more northerly Acheuleo-Yabrudian with the
Late Acheulian in the Negev (where not a single distinctive artefact
of this former entity has been reported) has chronological implica-
tions for possible continuity of the local Late Acheulian into the ear-
lierMiddle Palaeolithic (Bar-Yosef 1998; Sharon, Chapter 59 of this
volume).

55.2.2 MIDDLE PALAEOLITHIC (ca. 250–50 ka)

While characteristic Levallois artefacts are ubiquitous throughout
the Negev wherever Middle Palaeolithic and earlier surfaces are
exposed, relatively few in situ sites are documented, e.g. the exten-
sive Mousterian occupation at Rosh Ein Mor (D15) and Nahal
Aqev (D35). The former is located within overbank silty sediments
adjacent to Nahal Zin, pre-dating extensive down-cutting of the
canyon; the latter occurs within the wadi canyon (Goldberg 1976,
1983; Munday 1977). Their specific attribution within the Mous-
terian (ca. 225–50 ka) remains problematic on techno-typological
and absolute chronology grounds (e.g. Rink et al. 2003), although
local speleothem data in the Negev data indicate favourable con-
ditions ca. 140–110 ka (Vaks et al. 2007). D15, located near past
and present small springs, is interpreted as a central, repeatedly
occupied, and logistically organized base-camp articulating with
smaller task specific localities in the region (Marks & Friedel
1977).
Fara’h II is a shorter-term in situ final Mousterian site, ca. 60 ka,

in Nahal Besor where two archaeological horizons were recov-
ered from within the base of the low energy, fluvially reworked
floodplain silts (Gilead 1988; Schwarcz & Rink 1998; Menashe
2003). Other, probably partially in situ Mousterian sites include
Nahal Eilonim in the Negev Highlands and also in/on a terrace
at Azariq (confluence of Nahals Nizzana/Lavan) in the lowlands,
respectively associated with loess and fluvially reworked silty sands
(personal observation). Extensive surface concentrations of arte-
facts were noted near Har Arod south of Maktesh Ramon, at Ramat
Matred VIII, elsewhere in the Avdat area and near the interfluve
of Nahals Lavan/Havarim/Besor (Boutié & Rosen 1989; Goring-
Morris & Gilead 1981).
At Rosh Ein Mor, the scanty faunal remains included ass and

ostrich eggshell, while pollen spectra included high arboreal pollen
(25%) frequencies including more Mediterranean type species, as
well as Gramineae and Cyperaceae, Chenopodiaceae, and Com-
positae (Horowitz 1976). At Farah II the faunal remains reflect more
of a north African steppe composition than a Levantine association
(Gilead & Grigson 1984).



N. Goring-Morris 496

55.2.3 UPPER PALAEOLITHIC
(ca. 48–25 ka cal BP)

55.2.3.1 INITIAL UPPER PALAEOLITHIC
(ca. 48–45 ka cal BP)

Initial Upper Palaeolithic occupations on the (present) right bank
of the Nahal Zin canyon were investigated at Boker Tachtit near
Avdat. Four discrete levels were recovered from a terrace composed
of fluvially reworked sands, silts, and gravels (Fig. 70.1B in Belfer-
Cohen & Goring-Morris, Chapter 70 of this volume) (Marks 1977,
1983; Goldberg 1983; Goldberg & Brimmer 1983). Extensive refit-
ting documented a development from a Levallois-based technology
to Upper Palaeolithic serial blade production and changes in tool
classes and site organization, indicating a shift to a more mobile
adaptation (Marks & Volkman 1983). Another small Initial Upper
Palaeolithic assemblage with chamfered pieces was collected from
a deflated loess surface at Sde Zin 7 (Goring-Morris &Rosen 1989),
while yet another possible Initial Upper Palaeolithic variant erod-
ing from loess was noted at Nahal Eilonim overlying theMousterian
level (personal observations).
Anthracological and pollen analyses at Boker Tachtit indicate

that, while conditions were not as wet as during the Middle Palae-
olithic, the arboreal pollen frequency was still high (6–17%), as
well as including Gramineae and Cyperaceae, Chenopodiaceae,
and Compositae (Horowitz 1983; Liphschitz 1986, 1996).

55.2.3.2 AHMARIAN (ca. 45–30 ka cal BP)

Early Upper Palaeolithic Ahmarian sites are found throughout Sinai
and the Negev at mostly lower topographical locations, whether in
the lowlands or at the edge of the central Negev Highlands (Belfer-
Cohen and Goring-Morris, this volume). Sites often are clustered
adjacent to principal springs at the highland fringes (contraGladfel-
ter 1997) (i.e. Avdat, Aqev, Qadesh Barnea, Ein Qadis), t’milot (sea-
sonal waterholes – Lagama, Gebel Maghara), or wadi confluences
(Nahals Nizzana/Lavan). Sites are commonly small (<150 m²),
with combustion features in the form of large fire-pits. Regional
variability in the particulars of the techno-typological configuration
of the lithic assemblages has been noted, with most toolkits focused
on hunting and butchery. There is compelling evidence to indicate
that some sites in the central Negev articulated, perhaps seasonally,
with occupations across the rift valley in Jordan, e.g. Wadi Hasa
(Coinman 2003; Fox 2003).
A series of small and quite ephemeral Ahmarian occupations

investigated in the Avdat area include the stratified sequence at
Boker (D100), eroding from fluvially reworked sands and silts
within the Nahal Zin canyon, as well as the deflated site of Sde
Divshon (D27B) on the plateau above that may represent a base-
camp (Fig. 70.1B in Belfer-Cohen & Goring-Morris, this volume)
(Goldberg 1976, 1983; Marks & Ferring 1976; Jones et al. 1983;
Ferring 1988; Monigal 2003).
Another concentration of in situ Ahmarian occupations in analo-

gous topographic settings was found at Qadesh Barnea, by the Ein
Qudeirat spring (Gilead 1981; Gilead & Bar-Yosef 1993; Phillips
& Saca 2003). The Qadesh Barnea sites are found within fluvially

reworked silty sands deriving from the adjacent Negev Highlands
(Fig. 70.1C in Belfer-Cohen & Goring-Morris, this volume) (Glad-
felter 2000; Goldberg 1984). Ein Qadis IV, by contrast, was deflat-
ing from a pocket of loess on the plateau above the eponymous
spring (Goring-Morris 1995a).
The earliest incursion of late Pleistocene Upper Palaeolithic sand

dunes associated with prehistoric occupations is documented in
northern Sinai at Gebel Maghara, as a series of small, in situ Upper
Palaeolithic ‘Lagaman’ Ahmarian occupations at the foot of Gebel
Lagama (Belfer-Cohen & Goring-Morris, this volume: Fig. 70.1D)
(Bar-Yosef & Belfer 1977; Goldberg 1977). Adjacent to the present
coast, Haruvit A302a was found eroded from a low and flat terrace
of consolidated sand with calcareous concretions (Gilead 1984a).
Nahal Nizzana XIII is a small occupation deflating from fluvially
reworked silty sands underlying an LGM dune veneer on the flood-
plain (Goring-Morris & Davidzon 2006).
In the highlands, Har Harif IV (Fig. 55.1A), still untested, is an

ephemeral site eroding from loess ca. 150 m from the Crouvi et al.
(2009) trench, as is nearby Har Harif Site 49 (Vardi et al. 2014).
Other small and probably later Ahmarian occupations (Har Lavan
IV–V) were found atop Ramat Matred deflating from loess (Gilead
1993).
Pollen, charcoal, and faunal evidence fromAhmarian Boqer indi-

cate an extreme but still steppic habitat; arboreal pollen values are
low, with mostly Gramineae, Cyperaceae, Chenopodiaceae, and
Compositae (Davis 1980; Horowitz 1983; Liphschitz 1986).

55.2.3.3 THE ARQOV/DIVSHON INDUSTRY
(ca. 30–25/23? ka cal BP)

This entity is restricted to more marginal areas of the southern
Levant and, although dating is problematic, stratigraphic correl-
ations at Boqer indicate that it postdates the Ahmarian (Belfer-
Cohen & Goring-Morris, this volume). Most sites are located in
the highlands in association with deflated loess surfaces, e.g. Site
D22 (Arqov) above Nahal Zin in the Avdat area (Marks & Ferring
1976); atop Ramat Matred at Har Lavan IV and Ramat Matred I,
IV (Gilead 1993); and at higher elevations at Har Harif G11 and
Har Horesha I (Larson & Marks 1977; Belfer-Cohen & Goring-
Morris 1986; Goring-Morris 1993a). In the lowlands, Shunera XV
was eroding from a sandy terrace adjacent to Wadi es-Sid (Goring-
Morris 1993c). Toolkits feature little obvious hunting equipment,
but appear to focus more on meat and/or plant processing.
The fauna at Ein Aqev (D31) continued to be steppic, while

pollen included 3% arboreal pollen (Tchernov 1976; Horowitz
1983).

55.2.3.4 EPIPALAEOLITHIC
(ca. 25.5–11.65 ka cal BP)

While some scholars group all post-Middle Palaeolithic and pre-
Natufian entities under the single rubric of Upper Palaeolithic (e.g.
Gilead 1984b, 1990), others believe the marked increase in the scale
and tempo of cultural developments and site distribution densities
from ca. 25–11.6 ka cal BP (Fig. 55.2) warrants the use of the term
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Figure 55.2 Site densities per 1,000 years (calibrated scale) in the arid mar-
gins and Mediterranean zone of the southern Levant, approximate chronol-
ogy and climatic events. Key: UP, Upper Palaeolithic; EEPI, Early Epi-
palaeolithic; MEPI, Middle Epipalaeolithic; LEPI, Late Epipalaeolithic;
PPNA, Pre-Pottery Neolithic A; EPPNB, Early Pre-Pottery Neolithic
B; MPPNB, Middle Pre-Pottery Neolithic B; LPPNB, Late Pre-Pottery
Neolithic B; FPPNB, Final Pre-Pottery Neolithic B; LN1, Late Neolithic 1.

Epipalaeolithic (e.g. Bar-Yosef 1981; Goring-Morris 1987, 1995b;
Goring-Morris & Belfer-Cohen 2011).

With the onset of the LGM, a major and rapid influx of sand
dunes penetrated northeastwards into the western Negev lowlands
(Goring-Morris & Goldberg 1990; Ben-David 2003; Roskin et al.
2011a, 2011b). This was caused by combinations of lowered sea
levels (ca. 120 m below sea level, bsl), the extension of the Nile
delta northwards and its down-cutting, in tandemwith high-velocity
winds and slight changes in the direction and frequency of Cyprus
lows (Enzel et al. 2008, 2010; Amit et al. 2011). Deriving from
the Nile delta and Mediterranean coast, dunes rapidly blanketed the
flat, low-lying topography, with the exception of anticlines, com-
monly blocking and damming all drainage systems deriving from
higher areas to the south. This created a series of endorheic seasonal,
local paludal playa or sebkha lakes and ponds at the southern mar-
gins of the erg. These include (west–east): Wadi Mushabi (Gebel
Maghara – see Fig. 55.3), Qadesh Barnea (Wadi Qudeirat), Nahals
Nizzana/Lavan/Rut, Wadi es-Sid (Holot Shunera – see Fig. 55.4),
Nahal Shunera, Nahals Pakuah/Besor, Nahal Sekher, and Har Keren
(Enzel 1984; Goring-Morris & Goldberg 1990; Magaritz & Enzel
1990; Harrison & Yair 1998; Enzel et al. 2010; Roskin et al. 2014).
Subsequent breaching of these dune dams was and still is dependent
upon the rate at which the depressions behind the dunes filled with
waterborne sand and silt from deposits upstream.

Under such circumstances, the microenvironments at the mar-
gins of these seasonal ponds and lakes encouraged local growth
of vegetation (relatively lush in relation to surrounding areas), thus
attracting animals and human groups. Accordingly, it is hardly sur-
prising to find adjacent clusters of Early, Middle, and Late Epi-
palaeolithic as well as later, Pre-Pottery Neolithic B occupations.

In line with ethnographic analogies, the specific locations of sites
are usually slightly removed from the posited lake/pond margins to
enable unfettered access by animals (e.g. Lee 1979; Blurton Jones&
Konner 1998).
The distinctive techno-typological attributes and morpho-types,

especially of the dominant microlithic components of the lithic
assemblages, have specific regional and chronological implications
(Fig. 71.1 in Goring-Morris & Belfer-Cohen, Chapter 71 of this
volume) (Bar-Yosef 1991; Goring-Morris 1995b; Goring-Morris &
Belfer-Cohen 1997, 2002; Goring-Morris et al. 2009). While some
believe that these stylistic differences represent socio-cultural enti-
ties, portraying the increasing territoriality of specific groups based
on ethnographic analogies, others attribute such variability to func-
tional explanations (see debate in Goring-Morris et al. 1996; and
references therein). This variability enables the definition of a series
of distinct socio-cultural entities (Table 55.1).
Some of these entities are found throughout the southern Le-

vant, i.e. Masraqan, Nizzanan, Geometric Kebaran, and Early Natu-
fian, and adaptations probably seasonally encompassed neighbour-
ing regions to the north and east of the rift valley. Others display
distributions restricted to the Sinai and Negev, sometimes including
the Hebron hills, i.e. Mushabian, Ramonian, Terminal Ramonian,
Negev Late Natufian, and Harifian. In these instances there is evi-
dence that annual ranges included seasonally transhumant rounds
between the lowland dune margins in winter and the highlands dur-
ing summer months (Fig. 71.4 in Goring-Morris & Belfer-Cohen,
this volume).
As noted above, sites commonly appear to cluster in what were

apparently ecologically favourable localities in both lowlands and
highlands. Of note is what appears to be an extension westwards
during theMushabian (Debono site 12) towards theNile valley adja-
cent to Cairo (Schmidt 1996).
Most Early and Middle Epipalaeolithic occupations are repre-

sented by ephemeral encampments (10–125 m²), sometimes with
one or, in the case of some Mushabian and Ramonian sites, a few
hearths (Figs. 71.2C, 71.5 in Goring-Morris & Belfer-Cohen, this
volume) (Goring-Morris 1988). This indicates short-term (a few
days/weeks) camps of small (at most a family or two), highlymobile
bands exploiting both highlands and lowlands (Figs. 55.3B, 55.4B,
C). Many sites were rapidly covered by the advancing dunes and,
where not scattered by subsequent deflation, often preserve the
spatial integrity of the material culture remains in pristine con-
dition, enabling detailed spatial analyses and systematic refitting
of the chipped stone artefacts (Fig. 55.4D; Goring-Morris 1987,
1988; Marder 1994, 2002; Goring-Morris et al. 1998). The pro-
duction of lime plaster for hafting microliths is a notable innov-
ation (Fig. 71.5C in Goring-Morris & Belfer-Cohen, this volume)
(Kingery et al. 1988).
During the Late Epipalaeolithic Terminal Ramonian, Late Natu-

fian, and Harifian some settlements in and around the highlands
are significantly larger (>750 m²), in thicker loessial deposits and
high lithic densities. Durable architecture, in the form of stone-
lined semi-subterranean huts and terracing, together with bedrock
mortars are notable innovations (Figs. 55.1B, 55.3C). These
reflect considerable investment in longer-term, albeit still seasonal
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Figure 55.3 A:Wadi Mushabi, Gebel Maghara showing location of Epipalaeolithic occupations in dunes at edge of lacustrine-like deposits; B: Mushabian
Mushabi XIV/level 1 (right) overlying Geometric Kebaran Mushabi XIV/Level 2 (left) in sand dunes; C: Terminal Ramonian and Late Natufian structure
at Upper Besor 6 with loess during excavation.
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Figure 55.4 A: Map of Holot Shunera showing the location of sites (mostly Epipalaeolithic) and the deflection of Wadi e-Sid by the incursion of dunes
and adjacent playa-type deposits; B: sites during excavation at Shunera; C: Shunera II during excavation in situ with hearth and work-slab; D: refitted core
and Helwan lunate from Early Natufian Azariq XV. (A black and white version of this figure will appear in some formats. For the colour version, please
refer to the plate section.)
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Table 55.1 Chronology of cultural entities in the main regions in Cisjordan (modified after Goring-Morris 1987, 1991; Goring-Morris &
Belfer-Cohen 2013, this volume)

Socio-cultural entities

Age (ka cal BP) Time-stratigraphic units Mediterranean Steppe & desert

8.35–6.5 Pottery Neolithic LN1, LN2 LN
8.85–8.35 FPPNB FPPNB – Tuwailan
10.5–8.85 Pre-Pottery Neolithic B EPPNB, MPPNB, LPPNB EPPNB, MPPNB, LPPNB
11.65–10.5 Pre-Pottery Neolithic A PPNA (Khiamian, Sultanian) –
11.65–6.5 NEOLITHIC
12.5–11.65 Final Natufian Harifian
13.5–12.5 Late Natufian Late Natufian
15–13.5 Late Early Natufian Terminal Ramonian/Early Natufian
17.75–15 Mushabian/Early Ramonian
18.5–15 Middle Geometric Kebaran Geometric Kebaran
20–18.5 Early Nizzanan Nizzanan
22–18.5 Kebaran Kebaran
25–22 Nebekian (Transjordan)
25.5–20 Masraqan (Late Ahmarian) Masraqan (Late Ahmarian)
25–11.65 EPIPALAEOLITHIC
27–25? Atlitian
30–23? Arqov/Divshon
37–33 Levantine Aurignacian
45–25 Ahmarian Ahmarian
48–45 Initial Upper Palaeolithic (Emiran) IUP
48–25 UPPER PALAEOLITHIC
>48 MIDDLE PALAEOLITHIC Mousterian Mousterian

occupations. This is also demonstrated by relatively ‘balanced’
toolkits, now also including plant-processing equipment, in the
form of sickles (Goring-Morris & Belfer-Cohen 2013).
Adaptations at this time were likely logistically organized, with

probable winter encampments with architecture at lower elevations
on the south-facing slopes at the base of Maktesh Ramon. Smaller-
scale Terminal Ramonian, Late Natufian, and Harifian occupa-
tions, without preserved architecture at the lowland dune margins,
whether in situ or on deflation surfaces, likely represent shorter-term
hunting encampments.
The highland Late Natufian (and Harifian?) Rosh Horesha-

Saflulim site complex is, by far, the largest prehistoric site docu-
mented in the region, sprawling over >10,000 m². Here, a massive
slab-built structure, a lime-plaster floor, and a huge fire-pit are also
unique in the region (Marks & Larson 1977; Goring-Morris et al.
1999). This complex probably represents a major seasonal aggrega-
tion locality, when animal and plant resourceswere locally abundant
for the entire Negev population.
Anthracological and pollen evidence indicates that arboreal

pollen values were higher than during the Upper Palaeolithic,
with a relatively wide range of species, especially pistachio and
juniper. Arboreal pollen values rose from the Early/Middle (5%)
through Late Natufian (9.5%), to decline during the Harifian (6.5%)
(Horowitz 1976, 1977; Baruch & Goring-Morris 1997; Baruch
1999). Gramineae (including 2% cereals) and Cyperaceae, Com-
positae, and Chenopodiaceae were also identified. Faunal remains

display smaller prey, with gazelle, ibex and, during the Natufian and
Harifian, sheep as well as wild ass, hartebeest, fallow deer, and cat-
tle (Tchernov 1976; Butler et al. 1977; Davis et al. 1982; Davis,
in Goring-Morris 1987; Horwitz & Goring-Morris 2001; Rosen &
Horwitz 2005). Other elements include hare, fox, rodents, lizards,
tortoise, and birds.

55.2.3.5 NEOLITHIC (ca. 11.6–8.35 ka cal BP)

In adjacent regions to the north and east of the Negev, the Neolithic
begins ca. 11.6 ka cal BP coinciding with the end of the Younger
Dryas. By contrast, throughout the Negev and Sinai there is a vir-
tual hiatus in occupation during the early Neolithic (Pre-Pottery
Neolithic A). Indeed, it is only ca. 10.5 ka cal BP that the region
begins to be gradually re-colonized from the Early Pre-Pottery
Neolithic B onwards, whether by residual populations or by groups
from adjacent regions in the Mediterranean zone. Most sites date
to the Middle/Late Pre-Pottery Neolithic B (ca. 10.5–8.85 ka cal
BP). While their contemporaries elsewhere were engaged in estab-
lishing large-scale villages with emergent agricultural practices, in
the Negev they continued an essentially Epipalaeolithic-type for-
aging adaptation, based on small mobile bands. Techno-typological
criteria of the lithics indicate the presence of two provinces: one,
the ‘southwestern province’, centred on the Negev Highlands and
lowlands of northern Sinai; and the other in south Sinai, articulat-
ing with sites in southern Edom (Jordan) by way of the southern
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Negev (Bar-Yosef 1985; Goring-Morris 1993d; Barzilai 2010). In
the former small sites (<150 m²), clusters of a few circular stone
huts are found in and around the highlands and more ephemeral
sites in or, more usually, deflated from loess or dunes (Goring-
Morris & Belfer-Cohen 2014; Goring-Morris & Barzilai, in prep.).
Toolkits indicate an emphasis on hunting and associated activities,
with some evidence for plant processing from occasional sickles
and querns. The local Final Pre-Pottery Neolithic B variant in the
western Negev, the ‘Tuwailan’ (ca. 8.85–8.35 ka cal BP), with fewer
projectile points and large unifacial knives, probably represents
seasonal pastoral incursions from villages in the southern coastal
plain, concurrently exploiting flint sources atop Har Qeren (Goring-
Morris et al. 1994; Sharon & Goring-Morris 2004).

Pollen and charcoal indicate slightly improved conditions (8%
arboreal pollen), while the sparse faunal remains indicate continuity
from the Epipalaeolithic (Horowitz 1976; Tchernov 1976).

55.3 CONCLUDING REMARKS

The Negev and Sinai represent the most obvious connection
between Africa and Eurasia, especially since the Pelusiac branch
of the Nile delta in the Holocene, and perhaps earlier, intruded east-
wards into northern Sinai (Sneh et al. 1986). The vast majority of
prehistoric sites investigated in this region are directly or indirectly
related to aeolian deposits, whether loess or dunes.

Though sparse, the vegetation record in the form of anthraco-
logical and pollen studies indicates an open parkland, savanna envi-
ronment throughout the Pleistocene sequence from the Mousterian
onwards, including elements todaymore commonly associated with
the Mediterranean zone such as Olea, Pinus, and Paliurus (Liph-
schitz 1986, 1996; Baruch & Goring-Morris 1997; and see Danin
1985). Although the faunal record is poor owing to the deleterious
taphonomic processes in sand and loess environments, it too indi-
cates a generally steppic environment; some species such as hippo,
hartebeest, and wild ass are more typically African, while fallow
deer is typical in Mediterranean settings. Overall, the botanical and
faunal evidence indicate aridification in the northwestern Negev
especially during the Upper Palaeolithic, but improving somewhat
during the course of the Epipalaeolithic. The hiatus during the Pre-
Pottery Neolithic A is enigmatic, especially since it postdates the
Younger Dryas.

Yet the material culture evidence (as opposed to genetic linkages)
for connections with adjacent areas is almost exclusively focused
to the north and east in the Levant, rather than with North Africa
and the Nile valley following the Lower Palaeolithic (Zaidner,
this volume; though see Bar-Yosef 1987, 2013). Recent claims
for technological similarities based on the sporadic use of the
‘Nubian’ variant of the Levallois technique during the Mouster-
ian (MIS 6a–5e) are tenuous (Goder-Goldberger 2015). So too is the
evidence concerning the Upper Palaeolithic; the small Initial Upper
Palaeolithic assemblage of distinctive chanfreins at Sde Zin 7 could
reflect connections between the northern Levant and the Nile valley
and Cyrenaica, although more evidence is needed from secure
contexts (Goring-Morris & Rosen 1989). While similar marked

population increases are documented in the Negev/Sinai and Nile
valley during the LGM through to the beginning of the Holocene
(MIS 1–2), a clear border between the two cultural spheres is
indicated (Goring-Morris 1995b; Vermeersch & Van Neer 2015).
The only exceptions are the Mushabian and Terminal Ramon-
ian/Early Natufian (ca. 17.75–13.5 ka cal BP) when connections
with the apex of the Nile Delta near Cairo appear plausible
(Schmidt 1996).
Prior to the LGM, perennial water sources had been largely

restricted to series of springs around the edges of the central Negev
Highlands, while the relatively featureless topography of the north-
ern Sinai and western Negev lowlands had few springs and only a
few, seasonally active, major drainage systems. It was the cold, dry,
and most probably the gusty conditions of the LGM that energized
the massive incursion of the north Sinai erg in the form of longitu-
dinal dunes. Yet, ironically, it was these very same processes that
caused a major realignment and increase of available resources; all
Mediterranean flowing wadis were dammed for shorter or longer
periods. Previously, whatever winter precipitation fell in the high-
lands disappeared rapidly in the form of flash floods; now water
became available, as it was stored in (seasonal, but perhaps some-
times also perennial) ponds and lakes at the (usually southeastern)
edge of the dunes. This encouraged relatively lush local vegetation
growth, attracting animals and hence also hunter-gatherers, even as
the dunes themselves advanced from west to east, and subsequently
once the dunes had stabilized prior to dam breaching.
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56 Late Quaternary Chronologies of the Northern Sinai/Northwestern
Negev Dunefield and their Palaeoclimatic and Palaeoenvironmental
Implications

joel roskin and haim tsoar

56.1 INTRODUCTION

All stabilized dunefields were active during their formation. Stable
dunes are important for studying different past climates that enabled
dune mobilization. This is done by identifying clusters of lumin-
escence ages from dune sand. Advances in dune drilling (Mun-
yikwa et al. 2011) and in optically stimulated luminescence (OSL)
single-aliquot regenerative-dose (SAR) protocols (Murray & Win-
tle 2000) have facilitated and improved OSL-based chronologies of
episodes of dune and dunefield activity. This progress in generating
dune ages questioned the continuity of dune deposits, the mean-
ing of ages and their clusters, and linking chronologies to climate
(Telfer & Hesse 2013 and references within). The geomorphology
of the dunes, >100 ages, dating density and correlations with other
records are considered essential for interpreting controls on dune-
field construction (Telfer & Hesse 2013; Hesse 2014).

The chronology in the northwestern Negev is based on >230
luminescence (thermoluminescence,TL; infrared stimulated lumin-
escence, IRSL; and OSL) and radiocarbon ages retrieved from
dune sands, palaeosols underlying the dunes, dune-bordering and
stratigraphically connected fluvial deposits, and archaeological
sites (Table 56.1) that provide additional age constraints. This
chapter reviews the chronology and relevant dune geomorphol-
ogy, stratigraphy, and sedimentology; the dataset is then used
in palaeoclimatic and palaeoenvironmental interpretations of the
Negev.

56.2 THE NORTHWESTERN NEGEV DUNEFIELD

56.2.1 GEOMORPHOLOGY

The northern Sinai peninsula and the northwestern Negev desert
dunefields comprise the Sinai–Negev erg and cover areas of
�13,000 km2 and �1,300 km2 respectively (Fig. 56.1). In north-
ern Sinai, linear dunes are currently active in most places, prob-
ably because of human impact (Tsoar et al. 2004, 2008; Hermas

et al. 2012). The common dune type in the Negev is the vegetated
linear dune (VLD) that is currently stable (Tsoar et al. 2008). The
dunefield has been classified (Roskin et al. 2011a) into three west–
east dune encroachment corridors following VLD orientations. The
corridors differ in length, dune morphology and spacing, and sand
thickness (Roskin et al. 2011a) (Figs. 56.1 and 56.2; Table 56.2).
Middle to late Pleistocene sandy calcic palaeosol sections border
the dunefield (e.g. Zilberman et al. 2007).Middle to late Pleistocene
primary and secondary loess deposits flank the dunefield (Yaalon
and Dan 1974; Crouvi et al. 2008; Crouvi et al. Chapter 53 of this
volume).
The Negev VLDs exhibit a 10–20% perennial shrub cover (Tsoar

& Møller 1986; Siegal et al. 2013). Microphytic bio-crusts (BSCs)
protecting the dunes from wind erosion are concentrated on the
dune slopes (Danin et al. 1989; Kidron et al. 2009), as for many
other VLDs worldwide (after Tsoar 2013). Some uncrusted dune
crests are slightly active, enabling nebkha accretion (Tsoar et al.
2008).

56.2.2 MINERALOGY AND GRAIN SIZE

The sand of all depositional ages in the northwestern Negev is usu-
ally fine (Enzel et al. 2010; Roskin et al. 2011a, 2014a). The sand
grain coating intensities (Roskin et al. 2012), mineralogy and geo-
chemistry of the Sinai and Negev sands are similar. The quartz-rich
sand contains small amounts of K-feldspar and plagioclase (e.g.
Muhs et al. 2013) (Table 56.3). The quartzo-feldspathic sands are
derived from the late Pleistocene sand deposits of the Nile Delta
(Amit et al. 2011), an observation later confirmed by Roskin et al.
(2012) and Muhs et al. (2013). Thus, the Sinai–Negev dunefield
is part of an aeolian transport system that begins in the Nile Delta
and continues through the Sinai–Negev erg into the northern Negev
loess deposits (Fig. 56.1; Crouvi et al. 2008, Crouvi et al. this vol-
ume; Amit et al. 2011). Along this aeolian transport path, down-
wind fining occurs, with larger fractions of fine sand often found in
parts of the Negev dunes (Roskin et al. 2014a) and very fine sand
downwind (Enzel et al. 2010).
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Table 56.1 Ages available for the northwestern Negev. Radiocarbon ages of secondary carbonates and pedogenic nodules are presented as general estimations.

No. Work Year Research location Methods Dating target and sediment
No. of dated
samples

Upper
palaeosol
(ka)

Initial sand
encroachment
(ka)

Dune build-up
(ka)∗

Last dune
mobilization/
activity (ka) Remarks

0 Roskin et al. Southern dune
incursion corridor

OSL Sand in Epipalaeolithic
sites

7 14.6–10.8 ka In prep. report for
Geological Survey
Israel

1 Roskin et al. 2014b Central Nahal
Sekher, eastern
dunefield edge

OSL Sand and LFFDs in LFFD
sections

8 15.7 ka 15.7–10.8 ka 7.7 ka

2 Roskin et al. 2013a Whole dunefield OSL Upper part of sandy
calcareous palaeosols
underlying dunes

16 �200–30 ka

3 Roskin et al. 2011a Whole dunefield OSL Complete dune and sand
sections

92 100 ka 24–23 ka 16–13.7 ka;
12.4–11.5 ka

�2–0.8 ka
>150 yr

4 Enzel et al. 2010 Gulley in Qeren
Ridge northern
slope

OSL14C Ash of fine-grained mantles
and reworked sand and
loess

9 13 11–10 With minor
Holocene

5 Zilberman
et al.

2007 Qerem Shalom
trench

Sandy soil and palaeosols 19 90–40 �15.1 – 12.2 Palaeosols are of
coastal origin

6 Ben David 2003 SW section of
dunefield

IRSL, TL Fluvial deposits and several
dunes

29 110 (sand) 30/25–12 Unpublished Ph.D.
thesis, Hebrew
University

7 Greenbaum
& Ben David

2001 SE section of
dunefield

IRSL Fluvial sections 14 98 (fine sand) 20 Unpublished report

8 Gladfelter 2000 Wadi Gayifa, NE
Sinai

14C Mainly archaeological
artefacts within
fluvial–aeolian sections

1 28+4.6
(Th/U)

20–14.5/10 15–9.5 In both, sand
accumulated

22–15 ka dry
15–11 ka wet

9 Tsoar &
Goodfriend

1994 Ramat Beqa quarry 14C Hearths, amino acid
epimerization of land
snail-shells of sand deposit

8 6, 1.1–1.4 ka,
200 yr



10 Rendell
et al.;
Harrison &
Yair

1993

1998

Halamish (Nizzana
research site)

14C Dunes, interdune deposits
and LFFDs

7 43–9 10–6
Stable since

Age inversions in
the section

11 Goring-
Morris &
Goldberg

1990 Southern dunefield
margins

14C Carbonate in ostrich shells,
charcoal and nodules
within eroded dunes and
palaeosols

9 22–16
(LGM)

Epipalaeolithic
(14.5–10)

Neolithic,
Chalcolithic,
Byzantine

12 Zilberman 1991,
1993

NW Negev 14C Pedogenic carbonate
nodules and charcoal in
fluvial deposits

2 14–12 30–25
Late
Palaeolithic

16–14
Epipalaeolithic

3–2.2

13 Magaritz &
Enzel

1990 Nahal Mobara and
Nahal Sekher

14C Gypsum, ostrich shells,
laminated carbonate
minerals, charcoal and
nodules in LFFDs.

11 14–12 20–15 17.5 2 Suggested sand
incursion 34–30 ka

14 Goldberg 1977 Gebel Lagama,
central-northern
Sinai

14C Ostrich shells, charcoal and
nodules in sand ramps

9 >15.7–13.2 �40–33 Epipalaeolithic
14.5–10

Lone chronology
of northern Sinai
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Figure 56.1 The northwestern Negev dunefield (figure modified from Muhs et al. 2013) is the eastern end of the northern Sinai/northwestern Negev erg
(Sinai–Negev erg), the central aeolian sedimentary body. (A black and white version of this figure will appear in some formats. For the colour version,
please refer to the plate section.)



Table 56.2 Morphological characteristics of the three dune incursion corridors. Rainfall data and vegetation cover are after Siegal et al. (2013). Biogenic crust thickness is after
Almog and Yair (2007). Dune crest elevations and widths were measured with regard to west (W), east (E), and central (C) parts of the incursion corridors. Identifications of the
spatial pattern of exposed sand are based on tens of fieldwork surveys and a supervised classification of a Landsat (2000) image. Slip face orientations are based on field
measurements and aerial photograph interpretations.

Incursion
corridor

Annual
rainfall (mm)
north–south
gradient

Incursion
corridor
length (km)

Dune crest
elevation (m)

Palaeosol
substrate
age (ka)

Dune cross-section
approximate
widths (m)

Dune
cross-section
sand erodibility

Slip face
orientation

Biogenic crust
thickness (mm)

Estimated
vegetation
cover (%)

Interdune
characteristics

Northern 160–140 25–30 W: 5
E: 12–18

�100 W: 100–150
E: 400–500

Fully encrusted No slip faces 7.6 12–17 1–3 m thick sand

Central 130–100 50–55 W: 20
C: 5
E: 5–10

30 W+C:
150–200
plunging to 30–50

E: Coppice-like
morphologies

Sporadic active
crests

Changes
annually,
mainly
northern

4.2 10–12 5–10 m thick
transverse/barchanoid
dunes, 200–500 m long,
separated by
depressions overlying
sand sequences/
palaeosol

Southern 90–980 30–35 W+C:
10–15
E: 5–10

200–40 W+C:
200 plunging to 50
E: 30–50 m

Active
10–50 m wide
crests

Mainly
northern

2.7 5–10 Fluvial and standing
water deposits
interchanging with sand
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Table 56.3 Geomorphic and sedimentologic characteristics of the northwestern Negev dunefield. Type and age for each studied section.

Theme Data Comments Figure Source

Dunefield area 1,300 km2 56.1 Tsoar et al. 2008
Dunefield depth 25–50 km 56.1 Tsoar et al. 2008
Dunefield substrate Calcic sandy/silty loam palaeosols Palaeosols date to

�200–30 ka
56.2 Roskin et al. 2013a

Dune types Vegetated linear dunes (VLDs)
Crescentic barchan-like slip faces fill
interdunes in centre-west part

Coppice dune morphology in central
eastern end

Two high transverse dunes
are located in
southwestern dunefield

56.3 Tsoar et al. 2008; Roskin
et al. 2011a

Dune crest height/ interdune
corridor width

5–15 m / 100–400 m

Sand texture Sand, loamy sand Roskin et al. 2011a
Grain size mode range 110–250 µm Roskin et al. 2014a
Mineralogy
Geochemistry

83–95% quartz
Sublithic arenite

Carbonate-rich (3–11%)
sands by dunefield
sidelines

Muhs et al. 2013

Grain morphology Sub-rounded to sub-angular Roskin et al. 2014a
Pedogenic development Very weak beneath surface; absent in

dune profiles
Roskin et al. 2011a

Perennial shrub cover 5–17% Main plant association:
Artemisia monosperma,
Convolvulus lanatus,
Pituranthos tortuosus,
and Atractylis carduus

Danin 1989; Tsoar &
Møller 1986; Siegal
et al. 2013

Biogenic soil crust (BSC)
cover

On slopes, crest is often active Kidron et al. 2000

Dune incursion age range �24–11.5 ka Only southeastern dune
bases date to �24 ka

Roskin et al. 2011a

Main dune encroachment
episodes

16–13.7 ka;
12.4–11.5 ka

The episodes correlate to
the Heinrich 1 and
Younger Dryas

Enzel et al. 2010; Roskin
et al. 2011b;
Goring-Morris &
Goldberg 1990

Late Holocene mobilization �2–1.2 ka Roskin et al. 2011a, 2013a
Modern dune mantle
activation

>150 yr Prominent down to 2–3 m
and currently along
crests

Tsoar et al. 2008; Roskin
et al. 2011a

Annual average rainfall
(October–May)

140–80 mm Drought (annual avg. of 50
mm) during 1995–2011

Siegal et al. 2013

Main sand-transporting
wind directions

West; southwest Sharon et al. 2002; Tsoar
et al. 2008;
Enzel et al. 2008, 2010

56.2.3 CLIMATE AND PALAEOCLIMATE

A climate gradient of rainfall (Mohamed 2013) and wind intensities
presents a southwest to northeast direction along the Sinai–Negev
erg. This gradient in part controls the linear dune morphologies,
classes, and activity across the erg (Roskin et al. 2014a). The north-
western Negev dunefield runs sub-parallel to the east–west oriented
desert fringe between the wetter Mediterranean Levant to the north
and the desert to the south. This desert fringe is just south of the
steepest precipitation gradient that is considered a permanent cli-

mate feature (Enzel et al. 2008; Kushnir et al., Chapter 4 of this
volume). The dunefield is situated along the southern part of the
wintertime cyclonic tracks of theMediterranean Cyprus Low (Enzel
et al. 2008) and receives �150 mm of mean annual rainfall in the
north and only 80 mm �30 km to the south (Fig. 56.1b; Tsoar et al.
2008; Siegal et al. 2013).
The current wind power of the Negev does not cause substan-

tial VLD elongation or dune crest reworking beneath depths of
�3 m (Roskin et al. 2011a). Nizzana, in the southwestern dunefield
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Figure 56.2 The three east–west oriented dune incursion corridors of the northwestern Negev dunefield (after Roskin et al. 2011a). Patterns of dunes for
each geomorphic unit were mapped on a 1:5,000 scale.

(Fig. 56.2), has drift potential (DP), directional variability wind
index (RDP/DP), and resultant drift direction (RDD) values (ter-
minology from Fryberger (1979)) varying between 21–108 vector
units, 0.48–0.73, and 241°–289°, respectively (Tsoar et al. 2008).
This indicates that the main winds are from the west, consistent
with modern and past dune orientation (Enzel et al. 2008). The DP
values indicate low-energy winds, explaining current dune stability
(Yizhaq et al. 2007).

Under proposed scenarios of last-glacial synoptic climatology, it
is likely that there were higher-velocity, andmore frequent, west-to-
east winds over the area now occupied by the Sinai–Negev erg, pos-
sibly due to more frequent, deeper and slightly (1–2 degrees) lower
latitudes eastern Mediterranean cyclones funnelled more directly
to the Levant (Enzel et al. 2008). The climate gradient proba-
bly also existed during the last glacial (Enzel et al. 2008; Roskin
et al. 2014a). Situated at the eastern downwind and wetter end
of the Sinai–Negev erg, the northwestern Negev dunefield is an

ideal setting for studying dune accumulation and encroachment
chronologies.

56.2.4 CHRONOLOGICAL STUDIES

Most of the chronologies were centred first in the southwestern and
eastern parts of the Negev dunefield, and targeted dune-bordering
deposits (Table 56.1; Fig. 56.2). The arrival of sand into the north-
western Negev began 100–40 ka (Ben David 2003; Enzel et al.
2008). Dune formation and encroachment began probably 35–
25 ka (Enzel et al. 2008), but this is based on scarce interaction with
Upper Palaeolithic remains and observations at the southeastern
edges of the dunefield (Goldberg 1986; Goring-Morris & Goldberg
1990; Magaritz & Enzel 1990; Enzel et al. 2008; Goring-Morris,
Chapter 55 of this volume). The last major phase of dune activity
was 20–10 ka (Magaritz &Enzel 1990; Zilberman 1991; Ben-David
2003; Enzel et al. 2008) during the Epipalaeolithic, mainly in two
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phases (Goring-Morris and Goldberg 1990) (Table 56.1). A main
dune incursion occurred during the Younger Dryas (YD) (Magaritz
and Enzel, 1990; Enzel et al. 2010) (Table 56.1).
The 92 OSL ages from fully exposed and hand-drilled dune sec-

tions, covering the northwestern Negev dunefield, have strength-
ened and greatly improved these previous assertions (Table 56.1)
concerning dune mobilization times and identified the recorded
latest Pleistocene mobilization episodes in much better resolution
(Roskin et al. 2011a). Additional OSL ages of the dune substrate
and dune-bordering standing water deposits (Roskin et al. 2013a,
2014b) allow better review of the natural and anthropogenic con-
trols on dune mobilization.

56.3 VLD MORPHOLOGY AND
CHRONOSTRATIGRAPHY

Classifying VLD as a different dune type than an active unvege-
tated linear dune and as an accumulating landform (Pye and Tsoar

1990) has been supported by the morphology, internal structure,
and chronology of well-exposed VLDs in the Negev (Roskin et al.
2011a; 2014c). VLDs are controlled by unidirectional winds and
shrubs that form nebkhas. The lee dunes behind the nebkhas co-
alesce to a straight linear dune (Tsoar 1989; Roskin et al. 2011b;
Tsoar 2013). Recently, a 16% vegetation canopy, similar to the
cover in the northwestern Negev, has been empirically shown to
cause parallel and linear coalescences of sand blown in one direc-
tion (Suter-Burri et al. 2013).
VLDs can be widened by cross winds (Roskin et al. 2014c),

although they mostly elongate. During VLD growth episodes, i.e.
dune widening and elongation, sand units will accumulate in the
dune axis and drape the dune cross-section as an overlying mantle
(e.g. Roskin et al. 2014c).
The ‘core’ of VLDs beneath the linear dune axis records and pre-

serves the main stages of episodic sand accumulation (Fig. 56.3).
The assumption is that such stages are partly preserved during later
dunemobilization. Relatively thin units from small events of growth
will eventually be fully eroded by later and larger events (Roskin

Figure 56.3 The Haluzit 1 dune section. a: A thick chronostratigraphic section with a relatively thick active VLD crest exhibiting cross-bedding and
interdune deposits overlaying late Pleistocene sediments with calcic loam buried soil. b: A combined chronostratigraphy of all sand units defined in the
northwestern Negev dunes. Unit boundaries are horizontal and diffusive. The two units with OSL age of �13.7 ka are examples for existing unconformities
in linear dunes that do not indicate a chronological gap (Leighton et al. 2013). Sand colour is nearly identical and indicates that reddening of the sand grain
coatings is not always correlated with sand age in the Negev (Roskin et al. 2012).
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Figure 56.4 A plot of the northwestern Negev luminescence ages vs their respective error (in years and in percent; n = 192). The linear relationship
between age and its error exists as nearly all ages have similar error (in percent). Detailed age data are in http://inquadunesatlas.dri.edu/.

et al. 2011b). The Negev VLD structure and morphology are suit-
able for determining ages of incursion episodes by sampling the
core of the dune axis (Roskin et al. 2011b, 2014c).

Active unvegetated linear dunes indicate a very different dune
structure with rapid sand turnover and time-transgressive transport
characteristics (Bristow et al. 2005; Yu et al. 2014a). The episodic
accumulation of the Negev VLDs differs from the Australian dunes
(now also known as VLDs) that have undergone slow and episodic
accumulation (Hesse 2014).

56.4 CHRONOLOGY DETAILS

56.4.1 OSL PRECISION AND RELIABILITY

The high quality of OSL ages, comprising 72% of all northwestern
Negev luminescence ages, are discussed in Roskin et al. (2011a). A
distinct sample group is as recent as 150–8 years old, indicating that
aeolian transport and deposition have the potential to bleach effi-
ciently any remnant doses in the quartz grains (Roskin et al. 2011a,
2013b).

OSL ages are, within errors, in stratigraphic order. Cases of age
reversals can mostly be attributed to reworking of sediment without
sufficient solar resetting. The errors of sand ages, in the range of
5–15%, are consistent throughout the age range (Fig. 56.4).

56.4.2 CHRONOLOGICAL COMPATIBILITY

Comparisons have been conducted between OSL dune ages, inter-
dune and dune-bordering sediments, and archaeological sites,
mainly along the southern northwestern Negev dunefield fringe,
where charcoal and ostrich egg shells yielded radiocarbon ages
(Roskin et al. 2011a). Uncalibrated radiocarbon ages (e.g. Gold-
berg 1977) were calibrated using Calib 6.0. Previous TL (Rendell
et al. 1993; Ben-David 2003) and IRSL (Ben-David 2003) ages
sampled at identical or similar stratigraphic settings to OSL sam-
ples were also compared. Most ages agree, despite not being sam-
pled at the same time or at the exact same location or stratigraphic
section (Roskin et al. 2011a). This agreement supports the gene-
ration of a single dunefield chronology.

56.5 FOUR STAGES OF SAND AND DUNE
MOBILIZATION/ACTIVATION

Four main stages of aeolian sand accumulation are identified in
the northwestern Negev dunefield (Figs. 56.3 and 56.5). The first
and longest stage involves intermittent incursion of sand sheets
into the northwestern Negev. The earliest ages determined are from
the late middle Pleistocene (MIS 7). Throughout the northwestern
Negev the entire thickness of dunes accumulated at 23–11.5 ka,
similar to the Epipalaeolithic dune activity interval proposed by

http://inquadunesatlas.dri.edu/
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Figure 56.5 Histograms of luminescence ages in the northwesternNegev dunefield. a: All dune and dune bordering ages (0–25 ka) and ages from underlying
buried soils (200–30 ka) (bin = 5,000 years). b: Distribution of the dune sand and dune bordering sediment ages (bin = 500 years). For age errors see
Fig. 56.4.

Goring-Morris (1990). Additional dune remobilizations in this area
are late Holocene (�2−1.1 ka) and modern (150−8 years) (Roskin
et al. 2011a). One, densely dated, 10 m high and 1 km long VLD
along the southwestern fringe of the central incursion corridor has
undergone accumulation and partial elongation around 1.2, 0.8, and
0.5 ka (Roskin et al. 2014c). Additional VLDs in the western part
of this corridor may be of similar ages.

56.5.1 LATE MIDDLE PLEISTOCENE/LATE
PLEISTOCENE SAND SHEETS AND PALAEOSOLS

Intermittent aeolian incursions of sand sheets (see also Enzel et al.
2008; Crouvi et al., Chapter 53 of this volume) between predom-
inantly stable intervals are marked by sparse sand input and low
wind power range between �200 ka and �30 ka (MIS 7 to MIS
2) (Figs. 56.3 and 56.6). These deposits developed into calcare-
ous silty sand palaeosol sequences with diagnostic Bk horizons
that form the substrate of the dunes (Magaritz 1986; Roskin et al.
2013a).
The thickness of several metres and age range of the palaeosol

sequences are not similar throughout the northwestern Negev. The
spatiotemporal pattern of the palaeosol age ranges mimics the pat-
tern of the overlying dune ages along the incursion corridors. In
the northern and southern corridors, the youngest palaeosol ages
are �100 ka, whereas the thicker dune sand of the central corridor

overlies a much younger buried soil (�30 ka). This may imply that
the sand sheets had similar transport pattern as the overlying dunes
and probably the same source, the Nile Delta (Roskin et al. 2013a).
It is unlikely that the sand sheets formed from older degraded

dunes (Roskin et al. 2013a) although small-scale erosion by run-off
of dune flanks has been identified in the Negev dunes encrusted by
BSCs (Kidron et al. 2009) and in Australia (Hesse 2011). It has been
suggested that dunes in the Kalahari were degraded following late
Pleistocene deposition (McFarlane et al. 2005). However, there is
no global evidence for substantial degradation of vegetated dunes,
probably owing to their characteristic vegetation (Hesse 2011) and
BSCs.

56.5.2 LATE PLEISTOCENE MOBILIZATION
EPISODES

The earliest evidence (�23 ka) for dunes is at the southwestern cor-
ner of this dunefield (Ben-David 2003; Roskin et al. 2011a). Thick
sand deposits and dunes encroached along the three corridors at 18–
11.5 ka (Figs. 56.2, 56.3, and 56.5). An initial stage of basal sand
cover occurred at �18 ka in the western parts of the central and
southern corridor.
Spatial and statistical analyses of the sections and OSL ages

of the 18−11.5 ka encroachment, along with separate analyses
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Figure 56.6 Compiled stratigraphic logs for the western transect of the northern and central dune incursion corridors east of the Israel–Egypt border
(Fig. 56.2, modified from Roskin et al. 2013a). All the logs are at the same scale. Ages are in ka. Note similar ages of dune bases and varying ages of the
top of the buried soils. The topographic cross-section is from a digital terrain model of 10 m per pixel. ID, interdune.

of dune base ages, divide the dunefield into two late Pleistocene
dune encroachment episodes: �16−13.7 ka and �12.4−11.6 ka
(Fig. 56.5b) (Roskin et al. 2011b). The first episode accumulated
rapidly and covered the northern and western parts of the dunefield
(Fig. 56.3). The second episode can be identified mainly in the east-
ern part of the dunefield (Fig. 56.2). These two OSL age clusters fit
well with the radiocarbon-based dune activity during theMushabian
Geometric Kebaran (�15−13 ka) and the Harifian (�12.8−11.8
ka) (Goring-Morris & Goldberg 1990).

56.5.3 HISTORICAL MOBILIZATION AND
ACTIVITY

At 2–1.1 ka, the northwestern Negev dunes were partly active and
mobilized but did not elongate beyond the late Pleistocene dune-
field boundaries. In particular, intermittent dune mobilization was
at �1.8 ka and mostly 1.4–1.1 ka. VLD formation and interdune
transverse slip faces developed in the western part of the central
corridor while other parts accreted a 1–2 m thick sand, probably
a reworking of locally available sand (Figs. 56.3, 56.6, and 56.7)
(Roskin et al. 2011a).

A connection between this dune mobilization, widespread
Roman–Byzantine agricultural and pastoral activity, and windiness
has been proposed to explain this episode (Roskin et al. 2013b).
Historic grazing and uprooting shrubs for fuel by nomads and

sedentary populations led to declining BSCs, sparser vegetation
and reduced dune stability. Short-term gusty wind episodes during
anthropogenic activity triggered dunemobilization (elongation) and
accretion.

56.5.4 MODERN ACTIVITY

Nineteen OSL ages from the upper 3 m of the Negev dunes are
150–8 years old. They document short reactivation episodes without
VLD elongation (Roskin et al. 2011a). Most of these ages are from
the VLD crest. Anthropogenic trampling of BSCs by livestock and
uprooting of shrubs by Bedouins enabled sand erodibility (Tsoar
& Møller 1986; Tsoar 2008) when political configurations allowed
access to the dunefield. The last interval of human pressure and dune
activity (mostly at dune crests) occurred during 1970–1982 (Tsoar
2008).
To summarize, no dune ages>23 ka have yet been identified any-

where in the northwestern Negev dunefield. There is no evidence of
substantial spatial cover of dunes in the early and middle Holocene.
All three ages clusters attributed to dune mobilization and activity,
the late Pleistocene, late Holocene/historic and the last 100 years,
had different relations with human activity. Altogether, the inter-
val of dune incursion in the northwestern Negev is shorter than for
the larger VLD ergs of the Kalahari (Thomas 2010) or Australia
(Fitzsimmons et al. 2007; Lomax et al. 2011).
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Figure 56.7 Late Pleistocene evolution of the northwestern Negev dunefield (after Roskin et al. 2011b) and estimated dune sand transport rates for each
dune incursion corridor (see text). The southern corridor sand is redder and may be of several sources (Roskin et al. 2012), which may explain its slower
transport rates.

56.6 DUNE DAMS, SHALLOW EPHEMERAL WATER
BODIES AND HUMANS

The elongation of the VLDs during the late Pleistocene dis-
integrated drainage systems and dammed wadi courses along the
advancing fringe of the southeastern part of the dunefield (Enzel
1984; Goldberg 1986; Magaritz & Enzel 1990; Ben-David 2003;
Blumberg et al. 2004; Enzel et al. 2010; Roskin et al. 2011a). Such
‘dune-damming’ (Magaritz & Enzel 1990) is associated with light-
coloured, fine-grained fluvial deposits (LFFDs) upstream of dams
(Roskin et al. 2014b). The LFFDs are 18 to 9–8 ka (Roskin et al.
2011a). In middle Nahal Sekher (Fig. 56.2), LFFDs are 15.7±0.7 to
7.6±0.4 ka correlated with Epipalaeolithic sites and show the con-
nection between sand, LFFD and humans (Roskin et al. 2014b).
The lag between substantial dune mobilization cessation at the end
of the YD (Enzel et al. 2010; Roskin et al. 2011a) and continuous
but episodic LFFD sedimentation until the early Holocene points
to the potential for dune activity not yet identified in the dunefield
chronology (Roskin et al. 2014b).
The standing water behind the dams was shallow and ephemeral,

probably not longer than seasonal, but their formation was prob-
ably repeated across several winters (Roskin et al. 2014b). The

large number of Epipalaeolithic campsites near the LFFDs indicates
that these water bodies attracted wildlife and prehistoric hunters
(Goring-Morris & Goldberg 1990).
Dune damming exemplifies the extent of the environmental

impact of a massive dune incursion driven by events of more fre-
quent and higher wind speeds than we see today. However, these
locally paludal palaeoenvironments do not necessarily represent
increased precipitation or reduced temperature/evaporation as often
was attributed to playa deposits in arid environments (Roskin et al.
2014b). Enzel et al. (2010) suggest that this dune damming occurred
when northern Israel experienced wetter conditions.

56.7 DISCUSSION

56.7.1 LATE PLEISTOCENE SAND TRANSPORT
RATES

Attempts to calculate linear dune elongation and sand transport rates
have usually been unsuccessful (Fitzsimmons et al. 2007). Recently,
Yu et al. (2014b) reported a downwind trend in late Holocene OSL
ages of linear dunes in China. Owing to the changing morpholo-
gies in the northwestern Negev, single VLDs cannot be traced for
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more than several kilometres (Fig. 56.2). Therefore, it is difficult to
identify advancing trends for single dunes. OSL ages of dunes from
the western and eastern ends of the dunefield were used to estimate
dune sand transport rates (Fig. 56.7).

The estimated mean sand transport rates along 25–40 km in the
northwestern Negev are 4–40m yr−1. These rates do not account for
episodic or instantaneous sand mobilization inferred from the 10 m
thick Tzidkiyahu section (Fig. 56.6) with three OSL ages indicat-
ing a rapid accumulation during the latest Pleistocene (�15 ka) and
higher sand supply in the central corridor.

Different sand transport rates are estimated for the three dune
corridors. The southern corridor basal sand ages are 23.5±1.4 ka
(Ben-David 2003) and 23.3±3.4 ka (Roskin et al. 2011a) (Fig. 56.7)
in its west and south-central parts, and 12.3±0.9 ka at its east-
ern end along Nahal Besor where Harifian artefacts top the dunes
(Figs. 56.2 and 56.7). These ages indicate a rate of 4 m yr−1. The
west and east dune sections of the northern corridor produced simi-
lar ages (15 and 13.7 ka, respectively) indicating transport rates of
13–25 m yr−1, slightly higher than for the western Sinai linear (seif)
dunes (3.8–19.4 m yr−1, Tsoar et al. 2004; Hermas et al. 2012).
Assuming episodic west to east dune elongation, the rates during the
late Pleistocene were higher than modern rates. In the central corri-
dor, basal sand OSL ages were 18 ka and 12 ka in the west, and 55
km downwind to the east in Nahal Sekher (Roskin et al. 2014b);
i.e. a minimal across-corridor encroachment rate of �9 m yr−1

with episodes characterized by higher rates of 20–40 m yr−1

(Fig. 56.7). The different rates may be due to greater sand supply in
the central corridor and less sand supply in the north.

56.7.2 PALAEOCLIMATES

The northwestern Negev sand mobilization episodes at �16−13.7
ka and �12.4−11.6 ka are temporally associated with Heinrich
1 (H1) (Vidal et al. 1999; Hemming 2004) and YD cold events,
respectively (Roskin et al. 2011b). These two episodes of mobiliza-
tion indicate H1 windiness (wind power) greater than YD windi-
ness (Roskin et al. 2011b) in the southern Levant. Such gusty con-
ditions in the latitudes of the dunefield are more commonly related
to deep easternMediterranean cyclones, inflicting much wetter con-
ditions in the northern Dead Sea basin (Enzel et al. 2008). There-
fore, increasing frequency of such climate patterns was proposed to
cause coeval dune migration and wetter conditions in the Dead Sea
basin (Enzel et al. 2010). There, the exact timing of lake level fall
and rise during the YD is debated (Stein et al. 2010). During the
H1 event, the Dead Sea level dropped and rose again immediately
after during the Bølling–Allerød (Bartov et al. 2003; Torfstein et
al. 2013). The dune migration began just after H1, again possibly
coeval with relatively higher Dead Sea level.

Distinct increases in dustiness and interpreted wind speed at
times of Heinrich events agree with regional proxy evidence from
the Mediterranean (Calvert & Fontugne 2001), Nile Delta (Revel
et al. 2010), Red Sea (Palchan et al. 2013), North Africa (McGee
et al. 2013), and off the northwestern coast of Africa (Moreno et al.
2002; Mulitza et al. 2010). A global compilation of 3,278 lumi-
nescence and 535 radiocarbon ages of aeolian sand deposition from

1,200 inland dune locations identifies widespread dune activity dur-
ing both the H1 and YD, particularly in North Africa and theMiddle
East (Lancaster et al. 2015 and references within).

56.8 CONCLUSIONS

The chronology of the northwestern Negev aeolian sands and
vegetated linear dunes forms an archive of diverse palaeoclimatic
(windiness) and palaeoenvironmental conditions and responses to
climate and environmental changes. As proposed before (e.g. Amit
et al. 2011), the Nile Delta has been the source for the Sinai–Negev
sand, and the sand supply was strongly linked to glacio-eustatic
Mediterranean Sea levels. The Negev dune construction occurred
during the late last glacial with a distinct episode during the LGM
and two subsequent episodes during deglaciation, during the Hein-
rich 1 and Younger Dryas events.
The Negev VLDs responded in different intensities to late Pleis-

tocene and Holocene environmental changes and point to different
relationships between humans and aeolian activity over time. In the
late Pleistocene, Epipalaeolithic humans benefited from ephemeral
water bodies that developed upstream of dune-dammed wadis. In
the late Holocene, intense human decimation of vegetation and
dune-stabilizing BSCs during tens to hundreds of years enabled
mobilization under enhanced occasional windiness. Modern short
intervals of overgrazing decimated BSCs and vegetation but did not
lead to detectable dune elongation and encroachment.

REFERENCES

Almog, R. & Yair, A. 2007. Negative and positive effects of topsoil biolog-
ical crusts on water availability along a rainfall gradient in a sandy
arid area. Catena 70: 437–42.

Amit, R., Enzel, Y., Crouvi, O. et al. 2011. The role of the Nile in initiating
a massive dust influx to the Negev late in the middle Pleistocene.
Geological Society of America Bulletin 123: 873–89.

Bartov, Y., Goldstein, S.L., Stein, M. & Enzel, Y. 2003. Catastrophic arid
episodes in the eastern Mediterranean linked with the North Atlantic
Heinrich events. Geology 31: 439–42.

Ben-David, R. 2003. Changes in Desert Margin Environments during the
Climate Changes of the Upper Quaternary. Unpublished Ph.D. the-
sis, Hebrew University of Jerusalem [Hebrew].

Blumberg, D.G., Neta, T., Margalit, N., Lazar, M. & Freilikher, V. 2004.
Mapping exposed and buried drainage systems using remote sensing
in the Negev Desert, Israel. Geomorphology 61: 239–50.

Bristow, C.S., Lancaster, N. & Duller, G.A.T. 2005. Combining ground
penetrating radar surveys and optical dating to determine dune
migration in Namibia. Journal of the Geological Society 162: 315–
21.

Calvert, S.E. & Fontugne, M.R. 2001. On the Late Pleistocene–Holocene
sapropel record of climatic and oceanographic variability in the east-
ern Mediterranean. Paleoceanography 16: 78–94.

Crouvi, O., Amit, R., Enzel, Y., Porat, N. & Sandler, A. 2008. Sand dunes as
a major proximal dust source for Late Pleistocene loess in the Negev
Desert, Israel. Quaternary Research 70: 275–82.

Danin, A., Bar-Or, Y., Dor, I. & Yisraeli, T. 1989. The role of cyanobacteria
in stabilization of sand dunes in southern Israel. Ecologica Mediter-
ranea 15: 55–64.



J. Roskin and H. Tsoar 518

Enzel, Y. 1984. The Geomorphology of the Lower Nahal Sekher
Wadi. Unpublished M.Sc. thesis, Hebrew University of Jerusalem
[Hebrew].

Enzel, Y., Amit, R., Dayan, U. et al. 2008. The climatic and physiographic
controls of the eastern Mediterranean over the Late Pleistocene cli-
mates in the southern Levant and its neighboring deserts.Global and
Planetary Change 60: 165–9.

Enzel, Y., Amit, R., Crouvi, O. & Porat, N. 2010. Abrasion-derived sedi-
ments under intensified winds at the latest Pleistocene leading edge
of the advancing Sinai–Negev erg. Quaternary Research 74: 121–
31.

Fitzsimmons, K.E., Rhodes, E.J., Magee, J.W. & Barrows, T.T. 2007. The
timing of linear dune activity in the Strzelecki and Tirari Deserts,
Australia. Quaternary Science Reviews 26: 2598–616.

Frihy, O.E. & Stanley, D.J. 1987. Texture and coarse fraction composition
of Nile Delta deposits: Facies analysis and stratigraphic correlation.
Journal of African Earth Sciences 71: 237–55.

Fryberger, S.G. 1979. Dune forms and wind regime. In A Study of Global
Sand Seas, ed. E.D. McKee, USGS Professional Paper 1052. Wash-
ington, pp. 137–69.

Gladfelter, B.G. 2000. The geomorphic context of the Upper Paleolithic in
Wadi Gayifa, northeastern Sinai. Zeitschrift fur Geomorphologie 44:
1–31.

Goldberg, P. 1977. Late Quaternary stratigraphy of Gebel Maghara. In Pre-
historic Investigations in Gebel Maghara, Northern Sinai, ed. O.
Bar-Yosef & C.J. Phillips, Qedem 7, Monographs of the Institute
of Archaeology. Jerusalem: Hebrew University, pp. 11–31.

Goldberg, P. 1986. Late Quaternary environmental history of the southern
Levant. Geoarchaeology 1: 225–4.

Goring-Morris, A.N. & Goldberg, P. 1990. Late Quaternary dune incursions
in the southern Levant: Archaeology, chronology and palaeoenviron-
ments. Quaternary International 5: 115–37.

Greenbaum, N. & Ben-David, R. 2001. Geological – Geomorphological
Mapping in the Shivta-Rogem Site Area Basic Data Report no. 3
for the Shivta-Rogem Site Investigation. Israel Electric Company.

Hamann, Y., Ehrmann, W., Schmiedl, G. et al. Sedimentation processes in
the eastern Mediterranean Sea during the Late Glacial and Holocene
revealed by end-member modeling of the terrigenous fraction in
marine sediments. Marine Geology 258: 97–114.

Harrison, J.B.J. & Yair, A. 1998. Late Pleistocene aeolian and fluvial inter-
actions in the development of the Nizzana dune field, Negev desert,
Israel. Sedimentology 45: 507–18.

Hemming, S.R. 2004. Heinrich events: Massive late Pleistocene detritus
layers of the North Atlantic and their global climate imprint.Reviews
of Geophysics 42:1–43.

Hermas, E., Leprince, S. & El-Magd, I.A. 2012. Retrieving sand dunemove-
ments using sub-pixel correlation of multi-temporal optical remote
sensing imagery, northwest Sinai peninsula, Egypt. Remote Sensing
of Environment 121: 51–60.

Hesse, P. 2011. Sticky dunes in a wet desert: Formation, stabilisation and
modification of the Australian desert dunefields. Geomorphology
134: 309–25.

Hesse, P.P. 2014. How do longitudinal dunes respond to climate forcing?
Insights from 25 years of luminescence dating of the Australian
desert dunefields. Quaternary International.

Kidron, G.J. 2001. Runoff-induced sediment yield from dune slopes in the
Negev Desert. 2: Texture, carbonate and organic matter. Earth Sur-
face Processes and Landforms 26: 583–99.

Kidron, G.J. & Benenson, I. 2014. Biocrusts serve as biomarkers for the
upper 30 cm soil water content. Journal of Hydrology 509: 398–405.

Kidron G.J. & Tal, S.Y. 2012. The effect of biocrusts on evaporation from
sand dunes in the Negev Desert. Geoderma 179–180: 104–12.

Kidron, G.J. & Yair, A. 1997. Rainfall–runoff relationships over encrusted
dune surfaces, Nizzana, western Negev, Israel. Earth Surface Pro-
cesses and Landforms 22: 1169–84.

Kidron, G.J. & Yair, A. 2001. Runoff-induced sediment yield from dune
slopes in theNegevDesert, 1: Quantity and variability.Earth Surface
Processes and Landforms 26: 461–74.

Kidron, G.J., Barzilay, E. & Sachs, E. 2000.Microclimate control upon sand
microbiotic crust, western Negev Desert, Israel.Geomorphology 36:
1–18.

Kidron, G.J., Herrnstadt, I. & Barzilay, E. 2002. The role of dew as a mois-
ture source for sand microbiotic crusts in the Negev Desert, Israel.
Journal of Arid Environments 52: 517–33.

Kidron, G.J., Yair, A., Vonshak, A. & Abeliovich A. 2003. Microbiotic crust
control of runoff generation on sand dunes in the Negev Desert.
Water Resources Research 39: 1108.

Kidron, G.J., Vonshak, A., Abeliovich, A. 2008. Recovery rates of micro-
biotic crusts within a dune ecosystem in the Negev Desert. Geo-
morphology 100: 444–52.

Kidron, G.J., Voshak, A. & Abeliovich, A. 2009. Microbiotic crusts
as biomarkers for surface stability and wetness duration in the
Negev Desert. Earth Surface Processes and Landforms 34: 1594–
604.

Kidron, G.J., Vonshak, A., Dor, I., Barinova, S. & Abeliovich, A. 2010.
Properties and spatial distribution of microbiotic crusts in the Negev
Desert. Catena 82: 92–101.

Lancaster, N., Bristow, C., Bubenzer, O. et al. 2015. An introduction to
the INQUA Dunes Atlas Chronologic Database. In EGU General
Assembly Conference Abstracts Vol. 17, p. 5558.

Lange, O.L., Kidron, G.J., Büdel, B. et al. 1992. Taxonomic composition
and photosynthetic characteristics of the ‘biological soil crusts’ cov-
ering sand dunes in the western Negev Desert. Functional Ecology
6: 519–27.

Leighton, C.L., Thomas, D.S. & Bailey, R.M. 2013. Allostratigraphy and
Quaternary dune sediments: Not all bounding surfaces are the same.
Aeolian Research 11: 55–60.

Lomax, J., Hilgers, A. & Radtke, U. 2011. Palaeoenvironmental change
recorded in the palaeodunefields of the westernMurray Basin, South
Australia. New data from single grain OSL-dating. Quaternary Sci-
ence Reviews 30: 723–36.

Magaritz, M. 1986. Environmental changes recorded in the Upper Pleis-
tocene along the desert boundary, southern Israel. Palaeogeography,
Palaeoclimatology, Palaeoecology 53: 213–29.

Magaritz, M. & Enzel, Y. 1990. Standing-water deposits as indicators of
Late Quaternary dune migration in the northwestern Negev, Israel.
Climatic Change 16: 307–18.

McGee, D., deMenocal, P.B., Winckler, G., Stuut, J.B.W. & Bradtmiller,
L.I. 2013. Themagnitude, timing and abruptness of changes in North
African dust deposition over the last 20,000 yr. Earth and Planetary
Science Letters 371: 163–76.

McFarlane, M.J., Eckardt, F.D., Ringrose, S., Coetzee, S.H. & Kuhn,
J.R. 2005. Degradation of linear dunes in northwest Ngamiland,
Botswana and the implications for luminescence dating of periods
of aridity. Quaternary International 135: 83–90.

Mohamed, E.S. 2013. Spatial assessment of desertification in north Sinai
using modified MEDLAUS model. Arabian Journal of Geosciences
6: 4647–59.

Moreno, A., Cacho, I., Canals, M. et al. 2002. Saharan dust transport and
high latitude glacial climatic variability: The Alboren Sea record.
Quaternary Research 58: 38–328.

Muhs, D.R., Roskin, J., Tsoar, T. et al. 2013. Origin of the Sinai–Negev erg,
Egypt and Israel: Geochemical evidence for the importance of the
Nile and sea level history. Quaternary Science Reviews 69: 28–48.

Mulitza, S., Heslop, D., Pittauerova, D. et al. 2010. Increase in African
dust flux at the onset of commercial agriculture in the Sahel region.
Nature 466: 226–8.

Munyikwa, K., Telfer, M.W., Baker, I. & Knight, C. 2011. Core drilling
of Quaternary sediments for luminescence dating using the Dormer
Drillmite. Ancient TL 29: 15–23.



Late Quaternary Dune Chronologies, Sinai Negev 519

Murray, A.S. &Wintle, A.G. 2000. Luminescence dating of quartz using an
improved single-aliquot regenerative-dose protocol. Radial Meas-
urements 32: 57–73.

Palchan, D., Stein, M., Almogi-Labin, A., Erel, Y. & Goldstein, S.L.
2013. Dust transport and synoptic conditions over the Sahara–Arabia
deserts during theMIS 6/5 and 2/1 transitions from grain-size, chem-
ical and isotopic properties of Red Sea cores. Earth and Planetary
Science Letters 382: 125–39.

Pye, K. & Tsoar, H. 1990. Aeolian Sand and Sand Dunes. Vol. 396. London:
Unwin Hyman.

Rendell, H.M., Yair, A. & Tsoar, H. 1993. Thermoluminescence dating
of sand movement in northern Negev, Israel. In The Dynamics and
Environmental Context of Aeolian Sedimentary Systems, ed. K. Pye.
London: Geological Society, pp. 69–74.

Revel,M., Ducassou, E., Grousset, F. E. et al. 2010. 100,000 years of African
monsoon variability recorded in sediments of the Nile margin. Qua-
ternary Science Reviews 29: 1342–62.

Roskin, J., Porat, N., Tsoar, H., Blumberg, D.G. & Zander, A.M. 2011a.
Age, origin and climatic controls on vegetated linear dunes (VLDs)
in the northwestern Negev desert (Israel). Quaternary Science
Reviews 30: 1649–74.

Roskin, J., Tsoar, H., Porat, N. & Blumberg, D.G. 2011b. Late Pleistocene
regional and global palaeoclimate of dune mobilization and stabil-
ization; evidence from the vegetated linear dunes of the northwest-
ern Negev Desert, Israel. Quaternary Science Reviews 30: 3364–
80.

Roskin, J., Rozenstein, O., Blumberg, D.G., Tsoar, H. & Porat, N. 2012. Do
dune sands redden with age? The case of the northwestern Negev
dunefield, Israel. Aeolian Research 5: 63–75.

Roskin, J., Katra, I., Porat, N.&Zilberman, E. 2013a. Evolution ofMiddle to
Late Pleistocene sandy calcareous palaeosols underlying the north-
western Negev Desert Dunefield (Israel). Palaeogeography, Palaeo-
climatology, Palaeoecology 387: 134–52.

Roskin, J., Katra, I. & Blumberg, D.G. 2013b. Late Holocene dune mobil-
izations in the northwestern Negev dunefield, Israel: A response to
combined anthropogenic activity and short-term intensified windi-
ness. Quaternary International 303: 10–23.

Roskin, J., Katra, I. & Blumberg, D.G. 2014a. Particle-size fractionation
of eolian sand along the Sinai–Negev erg of Egypt and Israel. Geo-
logical Society of America Bulletin 126: 47–65.

Roskin, J., Katra, I., Agha, N. et al. 2014b. Rapid anthropogenic response
to short-term local aeolian and fluvial palaeoenvironmental changes
during the late Pleistocene–Holocene transition.Quaternary Science
Reviews 99: 176–92.

Roskin, J., Blumberg, D.G. & Katra, I. 2014c. Last millennium develop-
ment and dynamics of vegetated linear dunes inferred from ground
penetrating radar and optically stimulated luminescence ages. Sedi-
mentology 61: 1240–60.

Sharon, D., Margalit, A. & Berkowicz, S.M. 2002. Locally modified surface
winds on linear dunes as derived from directional rain gauges. Earth
Surface Processes and Landforms 27: 867–89.

Siegal, Z., Tsoar, H. & Karnieli, A. 2013. The effect of a prolonged drought
on vegetation density on sand dunes of the northwestern Negev
Desert – field survey and conceptual modeling. Aeolian Research
9: 161–73.

Suter-Burri, K., Gromke, C., Leonard, K.C. &Graf, F. 2013. Spatial patterns
of aeolian sediment deposition in vegetation canopies: Observations
from wind tunnel experiments using colored sand. Aeolian Research
8: 65–73.

Stanley, D.J. & Warne, A.G. 1993. Nile Delta: Recent geological evolution
and human impact. Science 260: 628–34.

Stanley, D.J., McRea Jr., J.E. & Waldron, J.C. 1996. Nile Delta Drill
Core and Sample Database for 1985–1994: Mediterranean Basin
(MEDIBA) Program. Washington, DC: Smithsonian Institution
Press.

Stein, M., Torfstein, A., Gavrieli, I. & Yechieli, Y. 2010. Abrupt aridities and
salt deposition in the post-glacial Dead Sea and their North Atlantic
connection. Quaternary Science Reviews 29: 567–75.

Telfer, M.W. 2014. Luminescence, desert dunes. In Encyclopedia of Sci-
entific Dating Methods, ed. Rink, W.J. & Thompson, J.W. Springer
Netherlands.

Telfer, M.W. & Hesse, P.P. 2013. Palaeoenvironmental reconstructions from
linear dunefields: Recent progress, current challenges and future
directions. Quaternary Science Reviews 78: 1–21.

Thomas, D.S. ed., 2011. Arid Zone Geomorphology: Process, Form and
Change in Drylands. John Wiley & Sons.

Torfstein, A., Goldstein, S.L., Stein, M. & Enzel, Y. 2013. Impacts of abrupt
climate changes in the Levant from Last Glacial Dead Sea levels.
Quaternary Science Reviews 69: 1–7.

Tsoar, H. 1989. Linear dunes – forms and formation. Progress in Physical
Geography 13: 507–28.

Tsoar, H. 1995. Desertification in northern Sinai in the eighteenth century.
Climatic Change 29: 429–38.

Tsoar, H. 2008. Land use and its effect on the mobilization and stabiliza-
tion of the northwestern Negev sand dunes. In Arid Dune Ecosys-
tems, ed. S.W. Breckle, A. Yair &M. Veste. Berlin: Springer, pp. 79–
89.

Tsoar, H. 2013. Critical environments: Sand dunes and climate change. In
Treatise on Geomorphology, ed. J. Shroder, N. Lancaster, D.J. Sher-
man & A.C.W. Baas, Aeolian Geomorphology 11. San Diego: Aca-
demic Press, pp. 414–27.

Tsoar, H. & Goodfriend, A.G. 1994. Chronology and palaeoenvironment
interpretation of Holocene aeolian sands at the inland edge of the
Sinai–Negev erg. The Holocene 4: 244–50.

Tsoar, H. & Møller, J.T. 1986. The role of vegetation in the formation of
linear sand dunes. In Aeolian Geomorphology, ed. W.G. Nickling.
Boston: Allen & Unwin, pp. 75–95.

Tsoar, H., Blumberg, D.G. & Stoler, Y. 2004. Elongation and migration of
sand dunes. Geomorphology 57: 293–302.

Tsoar, H., Blumberg, D.G.&Wenkart, R. 2008. Formation and geomorphol-
ogy of the northwestern Negev sand dunes. In Arid Dune Ecosystems
– The Nizzana Sands in the Negev Desert, ed. S.W. Breckle, A. Yair
& M. Veste. Berlin: Springer, pp. 25–48.

Vidal, L., Schneider, R.R., Marchal, O. et al. 1999. Link between the North
and South Atlantic during the Heinrich events of the last glacial
period. Climate Dynamics 15: 909–19.

Yaalon, D.H. & Dan, J. 1974. Accumulation and distribution of loess-
derived deposits in the semi-desert fringe areas of Israel. Zeitschrift
für Geomorphologie N.F., Supplementbände 20: 91–105.

Yizhaq, H., Ashkenazy, Y. & Tsoar, H. 2007. Why do active and stabilized
dunes coexist under the same climatic conditions? Physical Review
Letters 98: 188011–14.

Yu, L. & Lai, Z. 2014. Holocene climate change inferred from stratig-
raphy and OSL chronology of aeolian sediments in the Qaidam
Basin, northeastern Qinghai–Tibetan Plateau. Quaternary Research
81: 488–99.

Yu, L., Dong, Z., Lai, Z., Qian, G. & Pan, T. 2014a. Origin and lateral
migration of linear dunes in the QaidamBasin of northwestern China
revealed by dune sediments, internal structures, and optically stimu-
lated luminescence ages, with implications for linear dunes on Titan:
Comment and discussion. Geological Society of America Bulletin
B31041.1.

Yu, L., Dong, Z., Lai, Z. & Qian, G. 2014b. Using luminescence dating to
reveal the origin and depositional processes of young linear dunes
in the Qaidam Basin, Qinghai-Tibetan Plateau. ICAR-8 meeting,
Lanzhou, China, poster abstract.

Zilberman, E. 1991. Landscape evolution in the central, northern and
northwestern Negev during the Neogene and the Quaternary.
Geological Survey of Israel Report GSI/45/90 [Hebrew, English
abstract].



J. Roskin and H. Tsoar 520

Zilberman, E. 1993. The Late Pleistocene sequence of the northwestern
Negev flood plains – a key to reconstructing the paleoclimate of
southern Israel in the last glacial. Israel Journal of Earth Sciences
41: 155–67.

Zilberman, E., Porat, N. & Roskin, J. 2007. The Middle to Late-Pleistocene
sand sheet sequence of Kerem Shalom, western Negev – an archive
of coastal sand incursion. Geological Survey of Israel Report
GSI/13/2007.



57 Aridisols in the Southern Levant Deserts and their Palaeoclimate
Implications

rivka amit, yehouda enzel, onn crouvi, and avner ayalon

57.1 INTRODUCTION

Soil formation is a mass balance between inputs to and losses
from the surface, integrated over geological timescales (Brimhall
et al. 1992; Amundson 2004). In humid environments, long-
term soil development is, among other processes, a net mass loss
through chemical weathering of parent material; the dissolved
losses are greater than losses through mechanical weathering under
the impacts of biota and vegetation (e.g. Chadwick & Goldstein
2004). In contrast, additions to the parent material (rocks or sedi-
ments) to form arid soils are in the form of limited amounts of
water and/or organic matter, with pronounced addition of atmos-
pheric dust and salts. The limited chemical weathering, vegetation,
and solute transport down the profile are the primary controls in
arid and hyperarid soil formation; these result from low precipi-
tation and high evaporation that limit available water. These lim-
itations lead, in turn, to a net mass gain due to accumulation of
salts and dust, and formation of distinct soil characteristics (Yaalon
1971; Dan & Yaalon 1982; Gerson et al. 1985; McFadden & Tin-
sely 1985; Gerson&Amit 1987;McFadden et al. 1987, 1991;Wells
et al. 1987; Harden et al. 1991; Amit et al. 1993; Quade et al. 1995;
Capo & Chadwick 1999; Ewing et al. 2006). This net mass gain in
desert environments and the preservation of the soil parent material
archive environmental and climate changes.

The southern Levant deserts (Negev, Sinai, and northern Arabia)
are parts of the Sahara–Arabia arid belt and are among the driest
places on Earth; �75% of these areas are hyperarid (precipitation
<80 mm yr−1) of which 50% receives <50 mm yr−1 (Fig. 57.1 is a
map of desert distribution in the Levant region). Based on palaeo-
climate indicators from the currently semi-arid (150–250 mm yr−1)
northern Negev, Horowitz (1979), Magaritz (1986), Goodfriend and
Magaritz (1988), and Goodfriend (1999) assumed that the Negev as
a whole experienced much wetter climate episodes during the Qua-
ternary. Horowitz (1979) even suggested a Mediterranean maquis
environment all the way to southern Sinai. If this proposal can be
applied at all to anywhere in the southern Levant deserts, the ques-
tion is how far south this assumption applies. Moreover, when was

the current hyperaridity initiated in the southern Negev/northern
Arabia–Sinai? If the Negev was wetter in glacial times, as pro-
posed, what were the regional climatic conditions at that time?
Analyses of the arid soils of the southern Levant can resolve these
questions.
A compiled soil association map of the Negev and annual rainfall

distribution (Fig. 57.2) of the Levant deserts show that the major-
ity of the extremely arid soils (i.e. gypsic–salic soils), regardless of
their ages, plot in areas with <80 mm yr−1, the isohyet delineating
the southern and eastern Negev and the areas to their south and east
(southern Jordan, Arabia) and southwest (Sinai). Gypsic and salic–
petrosalic horizons in Reg soils (Amit & Gerson 1986) developed
on middle Pleistocene–Holocene stable abandoned fluvial surfaces,
indicating hyperarid conditions (Amit et al. 1993; Amit et al. 2006).

57.2 ARIDISOLS OF THE LEVANT ALLUVIAL
SURFACES

Reg soils, lithosols, and in places loessial soils characterize arid
and hyperarid Levant deserts. Reg soil pedofeatures are indicators
of past environmental and climatic thresholds. These soils usually
form in coarse alluvial parent material and are permeable, well-
drained and efficient dust traps (Gerson et al. 1985; Gerson & Amit
1987). Therefore, they preserve the atmospheric influx used as prox-
ies for characterizing climate. Diagnostic soil horizons, and specif-
ically irreversible pedogenic features developed on such stable, flat
alluvial surfaces, are excellent proxies for mean regional climate
(e.g. Yaalon 1971; Dan & Yaalon 1982; Birkeland 1999; Amit et al.
2006). In contrast, lithosols developed on hard rocky parent material
with their low trap efficiency are too shallow and preserve hardly
any of the actual influx of dust and solutes. Loessial soils can-
not be used as reliable indicators for climate (Yair 1990). Sandy
soils, widespread in the Levant deserts, are limited recorders of
actual climatic conditions, with their unique soil micro-hydrology
and microorganisms generating calcic soils typical of semi-arid
climates even under hyperarid conditions (Amit & Harrison 1995).

521
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Figure 57.1 The distribution of deserts in the Levant and surrounding area.

However, it should be stressed that Reg soils indicate the regional
climate and are useful only when formed on flat alluvial surfaces
in response to direct rain and dust deposition. If they are formed in
settings of additional run-off and sediment contribution from adja-
cent areas and slopes or ephemeral channels, such soils can show
uncharacteristically increased development for the region (Yair &
Berkowicz 1989; Amit et al. 2007; Enzel et al. 2012; Ayalon et al.,
Chapter 49 of this volume). Therefore, in this chapter we avoid dis-
cussion of soils on slopes and refer only to soils developed on stable,
flat geomorphic units.

57.3 REG SOILS

The most typical soil developing on early to middle Pleistocene to
Holocene (Porat et al. 2010) fluvial chronosequences in the hyper-
arid Sinai–Negev is the salic–gypsic Reg soil, which is cumulic
and welded in nature (Dan et al. 1982; Gerson et al. 1985; Amit

& Gerson 1986; Amit et al. 1993; Amit & Yaalon 1996). The gyp-
sic and salic–petrosalic soil horizons (By/Bmy, Bz/Bmz, and Cz)
show increased development with surface age and form at depths of
10–30 and 80–120 cm, respectively (Amit et al. 1993; Fig. 57.3a).
Salt accumulation in these profiles is not related to either high
water table or impermeable rock layers (Fig 57.3b). The vesicular
A-horizon and a gravel-free B-horizon are enriched or composed
solely of accreted atmospheric dust reaching the surface with the
direct rainfall or as dry settling. The dust is trapped by the rough
gravelly surface and accumulates under the co-evolving desert pave-
ment, which increasingly functions with time as a surface armour
preserving the soil profile (Gerson et al. 1985; McFadden et al.
1985, 1987, 1998; Wells et al. 1995; McDonald 1996; Anderson
et al. 2002; Meadows et al. 2008). In contrast with most Mojave
Desert surfaces, where similar studies have been conducted in areas
receiving >75 mm yr−1 of rainfall during both winter and summer,
calcic soil horizons have not been recognized on any of these more
arid winter-rain Negev–Sinai surfaces. Weak calcic horizons were
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Figure 57.2 Compiled soil association map of the Negev Desert and annual rainfall distribution (after Amit et al. 2011) and regional location map of the
Negev desert.

detected only in cumulative-welded Reg soils dated to more than
�1 Ma. Such old surface soils exist in the south-central Negev at
the Paran Plains (1.5–2 Ma; Avni 1991, Chapter 2 of this volume;
Matmon et al. 2009; Amit et al. 2011a; Matmon, Chapter 46 of
this volume). The typical pedogenic features of these cumulative-
welded Gypsiorthids and Calciorthids soils (Dan et al. 1976; Soil
Survey Staff 1999) include initial formation of calcic horizons that
were later engulfed by gypsic and gypsic–salic soil horizons during
regional aridification and intense accumulation of dust during the
middle to late Pleistocene (Amit et al. 2011b).

57.3.1 EARLY PLEISTOCENE CUMULIC REG SOILS

The ancient, widespread (�100 km2), remarkably low-relief, and
well-preserved Paran Plains and Paran terraces were part of the
palaeo-Paran River of the Negev–Sinai (Avni 1991, 1998). Cur-
rently, these surfaces are located in a hyperarid environment
(<50 mm yr−1), bare of vegetation and capped by a continuous
mature desert pavement (>80% cover) composed mainly of rel-
atively well-sorted chert clasts, 2–4 cm in diameter, with a few
limestone and dolomite clasts (Fig. 57.4). Underlying the desert
pavement are the original alluvial sediments composed of gravelly

material without significant changes in deposition, lithology, or
noticeable unconformities.
The Paran Plains surface formation is �2±0.4 Ma (PS-6),

1.7±0.3 Ma (PS-4), and 1.2±0.2 Ma (PS-8, the younger Paran
terrace) (Matmon et al. 2009; Guralnik et al. 2010; Amit et al.
2011a). Near-zero erosion of the exposed desert pavement clasts
and insignificant inheritance were estimated (Matmon et al. 2009).
The soils developed continuously since the abandonment of the
Paran Plains and the Paran terrace are well-preserved and present
an exceptionally long history since �2 Ma (Matmon et al. 2009;
Guralnik et al. 2010; Amit et al. 2011a, 2011b).
These unique soils are characterized (Fig. 57.3a) by an Av

(vesicular A) silty, gravel-free horizon which is exceptionally well-
developed in comparison with late Pleistocene and Holocene Reg
soils elsewhere in the Negev and Sinai (Dan et al. 1982; Gerson
et al. 1985; Amit et al. 1993). It shows a 0–3 cm thick platy struc-
ture at the top and a 3–10 cm columnar structure underneath. Below,
in the fine, reddish, loose, dusty material, gypsic–salic B-horizons
were developed with abundant crystals and nodules of gypsum and
halite (Byz-horizons, y = gypsic B; z = salic B; yz = gypsic and
salic B). The soluble salts, mainly halite, reach �60 meq/100 g
soil of Cl at a depth of �40 cm (Bz horizon). Gypsum content
increases with depth with a maximum at �1 m depth, with SO4
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Figure 57.3a a: Reg soil chronosequence. i: Gypsic–salic Holocene Reg soil. ii: Gypsic–salic Pleistocene Reg soil with gypsic horizon at a depth of �0 to
40 cm and petrosalic horizon at a depth of �80 to 120 cm. iii: Plio-Pleistocene Reg soil. iv: Early Pleistocene calcic soil in northern Negev. Calcic horizon
stage III at a depth �80 to 160 cm, By horizon �10–50 cm, B gravel-free (g.f.) 10 to 40 cm; �15 cm thick Av horizon. b: Salt content in Holocene and
middle to upper Pleistocene Reg soils. SO4 (solid symbols) and Cl (open symbols) concentrations plotted against depth for profiles SH-3 (rhombohedra),
SH-4 (circle), and ZEL-2 (rectangle).
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Figure 57.4 The Paran surfaces covered by desert pavement (sites PS-4 and PS-8). a: The desert pavement of the Paran Plains (site PS-4). b: A close view
of the desert pavement at site PS-4. c: The desert pavement of Paran terrace at site PS-8. d: Satellite image of Paran Plains with sample sites PS-4, PS-6,
and PS-8.

values >100 meq/100 g soil (Fig. 57.5). At this depth, the gyp-
sum is superimposed on and engulfs the earlier pedogenic calcium
carbonate (horizons Bk, Bkz) (Fig. 57.5). The calcic horizons at
0.6–2 m depth reach stages II and III morphology (Gile 1975; Gile
et al. 1981; Machette 1985), as they stop forming soon after the
incision of the fluvial system and the abandonment of the surface.
They are characterized by micritic calcium carbonate disseminated
in the matrix as a whitish mass, enveloping the gravel and forming
pendants at their bottom.

The particle size distribution (PSD) of the dust underlying the
well-developed desert pavement to a depth of �40 cm is bimodal,
with the fine and coarse modes at 5–15 µm (fine silt) and 20–70 µm
(coarse silt), respectively (Fig. 57.5). The A- and B-soil horizons
formed in this fine-grained dust. Below the coarse-silt dust (>40 cm
depth), in the matrix within the gravelly parent material, only a
limited amount of fine-grain material (�10 µm) is observed. This

part of the soil is characterized bymainly B-calcic horizons. Similar
to the Paran Plains surfaces, the Paran terrace (Fig. 57.4; soil profile
PS-8 �1.2 Ma) is characterized by a well-developed gypsic–salic
Reg soil but distinctly lacks a calcic horizon. The soil developed
on this surface is similar to, but much more developed than, other
Pleistocene gypsic–saline Reg soils in the Negev desert (Amit et al.
1993, 2006, 2011a). This soil is characterized by dust below the
well-developed desert pavement forming the A- and B-soil hori-
zons with a yellowish-brown Av silty horizon, reaching SO4 values
�300meq/100 g soil and Cl values�45meq/100 g soil. These hori-
zons represent most of the dust in the profile, which is composed
of loose reddish-brown silt, partially disseminated with powdery
micritic gypsum. The PSD of the upper part of the soil (top 40 cm),
the A- and B-horizons, is bimodal with mode at 2–5 (clay and finest
silt) and 30–50 µm (coarse silt) down to a depth of �60 cm. The Cl
values increase with depth (�140 cm) and are >50 meq/100 g soil.
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Figure 57.5 Salt distribution with depth. Left, photograph of PS-4 soil profile. Right, particle-size distribution (PSD) modes with depth and location of
optically stimulated luminescence (OSL) ages (open circles) marked on the photograph.

57.3.2 REG SOILS AS PROXIES FOR
PALAEOCLIMATE

The age of the desert pavement of the Paran Plains soils (1.5–
2.0 Ma; Matmon et al. 2009) marks the starting point for data avail-
ability on the development of the oldest cumulative-welded Reg soil
profiles in the Negev–Sinai and perhaps in other deserts. During
early stages of soil formation, following surface abandonments, a
stage III (Gile et al. 1981; Machette 1985) calcic soil (Bk and Bkm)
developed. This implies root-zone respiration and, in turn, some
vegetation cover. With time, as a result of the aridification of the
Negev (Amit et al. 2006), the characteristic soil developed gypsic
and later gypsic–saline horizons, which are still preserved as a result
of limited leaching and lateral erosion from overland flow (Matmon
et al. 2009). This later phase of soil development was accompanied
by accumulation of silty-loamy dust forming the upper 40 cm of the
soil profile. Uncharacteristically for the region, a thick (�10 cm) Av
horizon developed underneath the well-developed pavement, and B
gravel-free horizon and Bzy horizons formed below the Av horizon
to a depth of �45 cm (Amit et al. 2011a).
The time interval of the pedogenic carbonate is not well estab-

lished. However, the soil developed on top of a younger, �1 Ma
terrace (e.g. PS-8, Paran terrace, 1.2±0.2 Ma; Avni et al. 2000;
Amit et al. 2011a) is gypsic–salic without any pedogenic carbonate.
This age constrains the time interval of pedogenic carbonate accu-
mulation to 2–1.2 Ma; i.e. in between the initial formation of the
Paran Plain and the Paran terrace soils, the Negev flat surfaces lost
their minimal vegetation cover necessary for calcic horizon devel-

opment. After 1.2 Ma, there was not even a short interval (decadal
to centennial scale) of climatic conditions suitable for the accumu-
lation of pedogenic carbonate. These observations are in accord-
ance with previous studies (Amit et al. 2006, 2007) demonstrat-
ing that climatic conditions in the southern Negev during at least
the past 300 ka, and perhaps since the early Pleistocene (based
on chronostratigraphy), have been too arid for even minor depos-
ition of soil carbonates. Since the earliest Pleistocene, all Reg soils
on stable alluvial surfaces in the currently hyperarid Negev and
Sinai are salic–gypsic soils. Even if the proposed precipitation in
wetter glacial times in the Levant was twice modern rainfall, such
doubled Negev annual rainfall was still <100 mm (Enzel et al.
2008). But this does not preclude occurrences of rare winter rain-
storms (Enzel et al. 2012). Therefore, it was concluded that pedo-
genic carbonates were not deposited over the past 1.2 Ma in the
southern Negev.
The change from calcic soil to gypsic–salic soil was followed by

an intense flux of dust, forming thick Av and B gravel-free hori-
zons. OSL ages of the dust in the uniquely well-preserved, un-
eroded �2 Ma and �1 Ma old surfaces of the Paran Plains and
Paran terrace, respectively, indicate that massive dust accumulation
on these surfaces had begun only late in the middle Pleistocene,
164±10 ka in the Paran Plains (PS-4) and 145±9 ka in Paran ter-
race (PS-8). These ages are slightly younger than the oldest pri-
mary aeolian loess detected in the central and northern Negev (e.g.
181±11 ka, at Mt Harif; Crouvi et al. 2008, 2009, and Chapter 53
of this volume; Amit et al. 2011b). Although only stage II to III
calcic horizon morphology (Gile et al. 1981; Machette 1985) was
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formed within the 2 Ma gravelly alluvium during the first �1 Ma,
their presence indicates slightly wetter conditions than during the
rest of the Pleistocene. The question remaining is the scale of cli-
matic change that affected the early Pleistocene in the southern
Negev. The expression of such a change is recorded in the iso-
tope composition of the pedogenic carbonate of the Paran Plains
soils.

57.4 ISOTOPE COMPOSITION OF NEGEV
PEDOGENIC CARBONATES AS TRACERS OF
PALAEOCLIMATE

Although Ayalon et al. (Chapter 49 of this volume) present this
issue in more detail, we repeat here the important points for our
discussion. The range of δ13C values (−1.4‰ to +2.8‰; aver-
age +1.2±0.7‰) measured in the pedogenic calcium carbonate
nodules of the Paran Plain Reg soil indicates a hyperarid environ-
ment with low biogenic activity and low respiration rates (Ayalon
et al., Chapter 49 of this volume). These δ13C values are signifi-
cantly higher than the carbon isotopic composition of the pedogenic
carbonates from the northern Negev (−11.5‰ to +1.1‰; average
−4.8‰), in which calcic soils are widespread throughout the Qua-
ternary (Magaritz et al. 1979, 1981; Magaritz & Heller 1980; Mag-
aritz 1986; Ayalon et al., this volume). Early Pleistocene northern
Negev soils (Fig. 57.5), with mature calcretes (carbonate morphol-
ogy stage VI), yielded δ13C and δ18O of−8‰ to+1‰ and−4.5‰
to+2.3‰, respectively (Amit et al. 2000). These lower δ13C values,
and the positive correlation between δ13C and δ18O, indicate much
wetter conditions in the northern Negev than the Paran Plains in the
early Pleistocene.

The δ13C values of the soils of Paran Plains are comparable to
those for the eastern Mojave and Atacama deserts (Amundson et al.
1988; Quade et al. 1989, 2007; Ayalon et al., this volume). These
locations are at the extreme limit of calcic soil formation in regard
to rainfall amounts in arid regions (Yaalon 1971; Birkeland 1999).
The average δ13C value (+1.2‰) of the Paran Plains soil carbon-
ates indicates a significant contribution of atmospheric CO2 dur-
ing their formation. Rapid loss of CO2 through advection of soil
air near the soil surface is the most plausible explanation for these
elevated δ13C values (Quade et al. 2007). As the ratio of C3 to C4
biomass is subordinate to respiration rates, the main predictors of
the δ13C value of arid soil carbonates, the somewhat lower Paran
Plains δ13C values are probably derived from sparse growth of annu-
als (Quade et al. 2007). The fine root remnants in the Paran Plains
calcic soil and lack of intense biogenic pedofeatures support the
conclusion of low biogenic contribution to the formation of these
soils.

The light isotopic δ18O values measured in the pedogenic car-
bonates of the Paran Plains soils are probably the result of carbon-
ate precipitating in equilibrium with long-duration and more deeply
penetrating (and therefore less evaporated or differentiated) rain-
fall events. The coupling of very low δ18O values with very high
δ13C values in these pedogenic carbonates indicates that the wet
climatic conditions were episodic, most probably too short to allow

the development of either substantial vegetation cover or pedogenic
calcic horizons at stages higher than III (e.g. Cerling 1984, 1991;
Cerling et al. 1989; Wang et al. 1993). The observation that these
soils never reached a mature carbonate stage, even though there was
enough time (�1 Ma), supports the conclusion that their formation
was restricted by the scarcity of rainfall and vegetation. The exist-
ence of episodic wetter climate conditions during the early Pleis-
tocene in the southern Negev is also recorded by speleothems
deposited in the central and southern Negev (Vaks et al. 2010),
deposition of carbonate units, freshwater fauna, and calcic soils
by freshwater seepage in shallow flooded areas in the Arava area,
southern Negev (Ginat et al. 2002, 2003), and freshwater lacus-
trine sediments deposited at the upper part of the ‘Kuntilla mem-
ber’ reflecting the existence of more water along segments of the
Paran drainage basin in the southernNegev–Sinai (Avni et al. 2000).
All these observations support less arid conditions during the late
Pliocene – and the early Pleistocene in the southern Negev relative
to the rest of the Pleistocene.

57.5 POTENTIAL CAUSES OF WETTER
QUATERNARY CLIMATES IN THE LEVANT
DESERTS

Two issues must be addressed in attempting to explain the wetter
Quaternary episodes in the southern Levant deserts. (1) Where did
the moisture originate, and could different known potential sources
of moisture have played a role? (2) What are the possible changes
in rainfall characteristics during soil carbonate formation intervals?
As a main moisture source, the Mediterranean and its configu-

ration control rainfall distribution (e.g. Sharon 1972; Alpert et al.
1990; Kahana et al. 2002; Kushnir et al., Chapter 4 of this vol-
ume). Therefore, the distance from the moderating Mediterranean
Sea is critical to the local climate conditions around as well as in
the southeastern Mediterranean (e.g. Amit et al. 2006; Enzel et al.
2008; Kushnir et al., this volume). The location and physiography
of the southern coast of the Mediterranean and the Negev–Sinai
topography determine moisture transport, rainfall amount, and dis-
tribution in the Negev–Sinai desert (Enzel et al. 2003, 2008). The
late Pliocene/earliest Pleistocene coast of the southeastern Mediter-
ranean was �50 km southeast of its current location (Avnimelech
1962; Zilberman 1986; Greenbaum et al. 2000; Amit et al. 2006;
Greenbaum & Zilberman, Chapter 47 of this volume). Thus, both
the lower topography of the Negev Highlands during the earli-
est Pleistocene (e.g. Begin & Zilberman 1997; Avni, Chapter 2
of this volume; Matmon & Zilberman, Chapter 3 of this volume)
and the shorter distance from the coast allowed more moisture to
reach the southern Negev from the Mediterranean by precipitat-
ing systems (Amit et al. 2006); currently such systems dissipate
farther north. Early Pleistocene regression to the north and north-
west of the Mediterranean coast (e.g. Amit et al. 2011a), and addi-
tional �200 m uplift of the blocking Negev Highlands to their
present elevation (Avni 1998, and Chapter 2 of this volume; Ginat
1996; Begin & Zilberman 1997; Matmon & Zilberman, this vol-
ume), limited the Mediterranean moisture transport to the southern
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Negev/southern Jordan. This resulted in aridification of the southern
Negev and neighbouring areas, and the formation of saline–gypsic
soils. In contrast with later times, the earliest Quaternary physiog-
raphy and hydroclimatology allowed more moisture and thus more
rainfall to reach the central and southern Sinai–Negev desert alluvial
surfaces resulting in calcic soil formation (e.g. the Paran Plains).
These increased rain events could have only slightly and occasion-
ally enhanced vegetation cover, root-zone respiration, and in turn,
the formation of the observed latest Pliocene/earliest Pleistocene
weak calcic horizons (e.g. Amit et al. 2011a). Currently, there are
three moisture sources to the southern and central Negev (see also
Enzel et al. 2012; Kushnir et al., this volume). They include (a)
the abovementioned common source of the Mediterranean, which
delivers moisture mainly by eastern Mediterranean low-pressure
atmospheric systems (e.g. Sharon & Kutiel 1986; Kahana et al.
2002); (b) smaller southern sources in the Red Sea that are also
associated with fall to early spring Red Sea Troughs (Kahana et al.
2002; Tsvieli & Zangvil 2007); in terms of seasonal timing, these
are unrelated to the summer southwest Indian and African mon-
soons; (c) tropical plumes (Kushnir et al., this volume) originating
from tropical west Africa/eastern Atlantic Ocean during boreal win-
ter and spring, with moisture migrating across North Africa toward
the southern Levant deserts accompanied by cloud bands (Dayan
& Abramski 1983; Zangvil & Isakson 1995; Ziv 2001; Rubin et al.
2007; Enzel et al. 2008, 2012; Tubi & Dayan 2014; Kushnir et al.,
this volume). Such tropical plumes do not precipitate across the
eastern Sahara but only where they interact with the southwesterly
subtropical jets over eastern Egypt, Sinai, northern Arabia, and the
Negev (e.g. Kahana et al. 2002; Rubin et al. 2007). They are respon-
sible for some of the largest floods in these deserts (e.g. Kahana
et al. 2002) and are less affected by the orography of the Negev
Highlands.
In contrast with the localized, intense, short-duration (up to a

few hours) convective storms associated with the Active Red Sea
Trough, which are common in the southern Negev, the storms asso-
ciated with tropical plumes and easternMediterranean cyclones last
longer, and can last 12–24 hours or even more. Such increased
duration of storms has been shown as critical to the production of
the calcic soil horizon in hyperarid areas (e.g. Amit et al. 2006,
2010). Currently, repeated tropical plumes within one season are
rare, and Active Red Sea Trough and eastern Mediterranean storms
rarely affect the southern Negev more than once in a season (Barzi-
lay et al. 2000). These storm types, even those with long dura-
tion, currently do not support even sparse vegetation on flat allu-
vial surfaces. Based on our analyses of carbonate soil horizon for-
mation and rainfall characteristics in extreme deserts (Amit et al.
2006, 2010), we estimate that under hyperarid conditions the main
parameter that should allow some vegetation cover is an increase in
individual storm duration. Therefore, we propose that the changes
needed to produce calcic soil horizons during the early Pleistocene
should include increased frequency of the storms characterized by
longer duration or clusters of such storms within a season, with an
elapsed interval that will not allow total drying of soils (i.e. up to
a few weeks). For the earliest Quaternary, the favourable pattern
is increased frequency of eastern Mediterranean storms that could

have expanded farther south under a different physiography of the
coastline and the Negev–Sinai.

57.6 DETECTING WINTER VERSUS SUMMER
RAINFALL DESERTS

We add here insights to the prevailing unresolved question of poten-
tial summer rainfall in the Levant’s deserts. Our studies (e.g. Amit
et al. 2010) indicate that (a) in hyperarid deserts (<75 mm yr−1),
those with winter rainfall regime lack any sign of calcic horizons on
alluvial surfaces. In contrast, under summer rainfall regimes, hyper-
arid deserts are richer in carbonate soil horizons identified even
under a drier environment (�20 mm yr−1, usually characterized by
long dry spells and rare rainstorms). The vegetation under such a
hyperarid, high variance summer rainfall regime is fast-responding
to rare intensive, even localized convective rainfall. This response,
which does not occur in the winter rainfall regime, allows short-
term (up to a few weeks) root-zone respiration that can dissolve a
small but noticeable amount of calcium carbonate and transport it
to depths of <20–30 cm down the soil profile. Thus, the lack of any
secondary pedogenic CaCO3 in the southern Negev indicates a total
absence of summer rains, at least since the early Pleistocene. This,
in turn, indicates that summer African or Indian monsoon rains may
not have reached as far north as the southern Negev.
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Palaeoclimatic and Geoarchaeological Implications
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58.1 INTRODUCTION

With a great variety of tectonic structures and geomorphic features,
the territory of Jordan has a diverse assortment of Quaternary sed-
imentary environments, most of which have been not sufficiently
researched and dated. This situation is, however, rapidly chang-
ing as ongoing research provides a better understanding of the late
Quaternary of Jordan and its correlation with deposits in the rest
of the Levant and the Arabian Peninsula (Jones & Richter 2011;
Cordova et al. 2013). Based on previous syntheses (e.g. Macum-
ber 2001; Cordova 2007; Abed 2009), recently published materials,
and ongoing projects, this chapter summarizes the general aspects
of Quaternary geology and the status of Quaternary research in
Jordan.

The general physiographic and geological contexts of late Ceno-
zoic deposits and general stratigraphic chronology of the Quater-
nary are presented first, followed by relevant aspects of research on
sediments, soils, and geoarchaeology. A brief discussion of these
Quaternary sediments contributes to the Levant palaeoclimates and
archaeology.

58.2 THE PHYSIOGRAPHIC AND GEOLOGICAL
CONTEXT

The Hashemite Kingdom of Jordan (89,340 km2) comprises several
physiographic units (Fig. 58.1A). The Dead Sea Rift (henceforth
the Rift) includes the Jordan Valley, the Dead Sea Basin proper,
and the Wadi Araba (see Matmon & Zilberman, Chapter 3 of this
volume). The lowest elevations are 428 m below sea level (bsl) at
the Dead Sea shores. East of the Rift, the Jordan’s topography rises
to form the eastern escarpment and the Western Highlands, where
altitudes exceed 1,000 m above sea level (asl). The Central Jorda-
nian Plateau extends east from the highlands, covering the largest
area in the country, with altitudes of 500–700 m asl. This plateau is

subdivided into various depressions in central Jordan, and the north-
east is divided between the Northern Basalt Plateau (locally known
as the Black Desert or al-Harrah) and the Northeastern Limestone
Plateau (locally known as al-Hammad) (Fig. 51.1a). The southern
part of Jordan is characterized by granite and sandstone, grouped
here into a physiographic unit called Sandstone Mountains and Val-
leys. Extensive areas with alluvial fans, ample dry streams (i.e.
wadis), and extensive playas and dune fields characterize the val-
leys of this physiographic unit.
Except for two relatively small basins draining into the Gulf of

Aqaba, the country’s hydrology is dominated by endorheic basins,
including the Rift and a series of basins in the Central Plateau and
SandstoneMountains andValleys (Fig. 58.1a). Themajor endorheic
basins are Qa’ Azraq, Qa’ al-Jafr, Qa’ al-Mudawwara, and Qa’ al-
Hisma (also Rech et al., Chapter 14 of this volume). The Arabic
word qa’ (plural qa’at) translates as mudflat, playa, or salt pan.
These endorheic depressions and their associated drainage basins
are the locations where most Quaternary sediments in Jordan are
found (Fig. 58.1b).
Jordan’s geology displays a continuous geological sequence from

the Precambrian basement exposed in the southwest to Tertiary
and early Quaternary volcanic rocks in the northeast (Bender 1974;
Weinstein & Heimann, Chapter 5 of this volume). The oldest rocks
in the country are the crystalline basement units. In the southern part
of the country, a series of Palaeozoic sandstones overlies the crys-
talline Precambrian basement units. Mesozoic sedimentary rocks
dominate the Western Highlands and the western flank of the Cen-
tral Plateau (Fig. 58.1a). The Central and Northeastern Plateaus,
including the Al-Jafr and the Azraq-Wadi Sirhan Basin, consist pre-
dominantly of Tertiary sedimentary rocks. Miocene–Pliocene vol-
canic rocks occur in the Northern Basalt Plateau and some parts
of the Western Highlands and the Rift. Pleistocene and Holocene
deposits are preserved mainly in the interior basins of the Central
Plateau, the valleys of the Western Highlands, and most of the low-
est parts of the Rift (Fig. 58.1b).
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Figure 58.1 Jordan regions. Modi-
fied from Macumber (2001) and Cor-
dova (2007).



Quaternary Sediments and Soils of Jordan 533

Figure 58.2 Pliocene, Pleistocene, and Holocene stratigraphic units of Jordan by region. General sources for the diagram: Macumber (2001), Cordova
et al. (2005), and Abed (2009).

58.3 QUATERNARY STRATIGRAPHY

The chronology of Quaternary deposits in Jordan encompasses a
variety of regional stratigraphic units (Fig. 58.2). Those recognized
as formal lithostratigraphic units are indicated as formation (or Fm.)
or member in Fig. 58.2. The remaining units have been reported in
numerous works and correspond in many cases to allostratigraphic
units, that is to say discontinuous units of more local visibility. For
a very long time, much of the Quaternary chronology relied on rela-
tive ages, mainly lithic artefacts, and stratigraphic correlation. How-
ever, recent works are quickly increasing the number of absolute
ages for late Pleistocene and Holocene units.

In the central and northern parts of the Rift, the Samra and Lisan
Formations are the sediments deposited in the lakes that occupied

the basin in the late Pleistocene (Abed 2009; Waldman, Chapter 11
of this volume; Stein & Goldstein, Chapter 12 of this volume). The
Damya Formation (Abed & Yaghan 2000) overlies the Lisan For-
mation and represents the last phase of Lake Lisan, dated roughly
between 16–15 and 12 ka, marking a wetter interval followed by
a short drying episode after the Last Glacial Maximum (Abed &
Yaghan 2000). The Damya Formation is a lacustrine deposit, but
the geochemistry of its sediments suggests a shallower lake with
more lithogenic influence (Landmann et al. 2002). Lacustrine for-
mations equivalent in age to the Lisan and Samra Formations have
been reported in small areas outside the Rift, particularly in Wadi
Hasa andWadi Burma (Moumani et al. 2003), but see discussion by
Rech et al. (this volume) regarding their depositional environment.
At the far southern end of the Jordanian Rift, in the Wadi Araba, the
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Wadi Gharandal lacustrine series also correlates with the lacustrine
formations to the north (Abed 2009) (Fig. 58.2). However, recently
these deposits are considered as wetland deposits (Mischke et al.,
Chapter 45 of this volume).
The Tabaqat Fahl Formation, in the northeastern edge of the Jor-

dan Valley (labelled 1 in Fig. 58.3), consists of a series of alluvial
deposits containing Middle Palaeolithic occupations (Macumber
2001). Overlying this formation is the Hammeh Formation, which
comprises a series of fluvio-lacustrine and marsh facies associated
with the retreat of Lake Lisan and several Epipalaeolithic occupa-
tions (Macumber 2001). The most characteristic formations of allu-
vial origin outside the Rift valley constitute those in the terraces
bordering the valley of Wadi Zarqa’ (Fig. 58.3). These terraces,
dated using Palaeolithic artefacts (Besançon & Hours 1985), span
the Middle and Upper Pleistocene (Fig. 58.2).
Formations of Quaternary age have also been identified within

the large endorheic basins east of the Rift. The most conspicu-
ous of them is the Azraq Formation, which includes a variety of
aeolian, alluvial, and lacustrine deposits spanning the Pliocene to
Middle Pleistocene (Ibrahim 1996; Abed et al. 2008; Abed 2009)
(Fig. 58.2). Examples of the Middle Pleistocene members of this
formation include the aeolian sandstones in the south of the basin
(Turner &Makhlouf 2005) and the lacustrine terraces of Qa’ Azraq
that contain fossils (Ibrahim 1996). However, ages from the upper
boundary of these clay deposits are late Pleistocene (Davies 2000,
2005), and uranium-series ages from pedogenic carbonates cap-
ping the formation suggest an age between 43 and 23 ka (Cordova
et al. 2013; Ames et al. 2014; Ames & Cordova 2015). Addition-
ally, U-series dating from carbonates developed in a lacustrine ter-
race bearing Middle Palaeolithic artefacts and Equus sp. provided
ages between 137 and 126 ka (Cordova et al. 2013). It is pos-
sible, therefore, that the upper boundary of the Azraq Formation, as
defined by its lacustrine facies and terraces, may extend into the late
Pleistocene.
Quaternary volcanic rocks in Jordan are dated to the lower Pleis-

tocene or earlier. Potassium–argon (K–Ar) ages on the Zarqa β

Basalt in the Wadi Zarqa’ Ma’in are 1.8–0.5 Ma (Steinitz & Bar-
tov 1992; Weinstein & Heimann, Chapter 5 of this volume). Ben-
der (1974) reported Acheulian lithic material in deposits underlying
a basalt flow in the Jordan Valley. Although no radiometric dates
have been obtained from that locality, the finding itself leaves open
the possibility of volcanic activity during the Middle Pleistocene.
Lower Pleistocene lavas and scoria are found on the Northern Basalt
Plateau, with most recent ages in the Early Pleistocene (Al-Malabeh
1994; Allison et al. 2000).

58.4 DEPOSITIONAL ENVIRONMENTS AND
INFORMAL STRATIGRAPHIC UNITS

58.4.1 LACUSTRINE, FLUVIO-LACUSTRINE, AND
PALUSTRINE DEPOSITS

In addition to the studies of the Samra and Lisan Lake deposits,
the Hasa and Burma deposits and the endorheic basins of the Cen-

tral Plateau have also been the subject of considerable research.
Sequences of the broader Hasa Formation contain several layers
of late Pleistocene lacustrine and palustrine deposits in the upper
part of the sequence (Schuldenrein & Clark 2001), which over-
lie a sequence of calcretes and lacustrine sediments that character-
ize the Burma member. Underlying the Burma member are Middle
Pleistocene conglomerates known as the Jurf ad-Darwish member
(Moumani et al. 2003).
Cores from the sediments in Qa’ Azraq, Qa Al-Jafr, and the

Hisma Basin have provided evidence for the accumulation of lacus-
trine clay interrupted by calcrete formations, aeolian deposition, and
erosion (Davies 2000, 2005). Lacustrine terraces and deposits have
been identified in the Al-Jafr Basin (Huckriede &Wiesemann 1968;
Macumber 2001), the Al-Mudawwara depression (Petit-Maire et al.
2010), and the Azraq basin (Abed et al. 2008; Cordova et al. 2013).
In the Azraq basin, marsh deposits rich in faunal, floral, and archae-
ological remains formed around springs (Garrard et al. 1988; Jones
& Richter 2011; Cordova et al. 2013; Ames et al. 2014, Ames &
Cordova 2015).

58.4.2 FLUVIAL DEPOSITS AND TERRACES

In addition to the fluvial terraces of Wadi Zarqa and Tabaqat
Fahl regions, many smaller streams have been studied (Figs. 58.2
and 58.3). The Wadi Hasa has provided information on the past
25,000 years, suggesting that periods of accumulation and incision
occurred after the drying of the lacustrine body in the Wadi Hasa
area and alluvial changes associated with climate fluctuations dur-
ing the Pleistocene–Holocene transition and the Middle Holocene
(Schuldenrein & Clarke 2001; Schuldenrein 2007).
Fluvial phases of accumulation and erosion in Wadi Thamad

and Wadi al-Walla and human occupation are correlated to Wadi
Hasa, as well as with other regional climatic and geomorphological
changes (Cordova et al. 2005). The Wadi Thamad terrace indicates
a sequence of redeposited loess at the bottom and red layers with
palaeosols, gravel, and colluvium on top. The upper red layers and
palaeosols contain Kebaran to Natufian-age artefacts, whereas the
colluvium on top is associated with Neolithic artefacts (Cordova
et al. 2005).
The development of alluvial units, soils, and erosion in Wadi

Ziqlab to the north seems to follow a similar pattern to Wadi
Thamad and Wadi al-Walla. There is an erosional unconformity
in Wadi Ziqlab, probably formed during the Younger Dryas and
the final lake level drop of the Dead Sea; this unconformity sep-
arates the terminal Pleistocene deposits containing Epipalaeolithic
artefacts and early Holocene colluvial deposits containing Neolithic
artefacts (Maher 2011; Chapter 75 of this volume). It is also possible
that these events led to the rapid accumulation of sediments inWadi
Thamad (e.g. Thamad units) and the terrace. With these sediments
containing early and middle Epipalaeolithic material formed by the
rapid deposition of terrigenous materials, it is possible to correlate
the red sediments reported in the Damya Formation, as suggested
by its geochemical content (see Landmann et al. 2002).
A widespread period of stream incision and the formation of

an early-to-middle Holocene terrace is reported in most basins,
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Figure 58.3 Location of studies referred to in text.



C.E. Cordova and C.J.H. Ames 536

including those along the Jordan Valley (Mabry 1992), in the Dead
Sea region (Donahue 1985), in streams cutting through the Cen-
tral Plateau (Cordova 2008), and in a mid-Holocene terrace in
Wadi Hasa (Schuldenrein 2007). This phase of stream incision in
the Middle Holocene seems to correlate with the collapse of the
Early Bronze Age settlements, possibly because irrigation agricul-
ture could no longer be practised in the incised and eroded flood-
plains (Cordova 2007).
Subsequent periods of aggradation and erosion have taken place,

but in a more widespread manner. Thus, the historical fill detected
by Copeland and Vita-Finzi (1978) was often equated with the
Roman Period. However, more recent research has shown that the
so-called historical fill is associated with deposits containing diag-
nostic ceramics spanning the Byzantine to the late Islamic period
(Cordova 2007).

58.4.3 AEOLIAN

Most of the aeolian sand deposits and active dunes in Jordan are in
the south, where the Nubian sandstones provide large amounts of
sand (Goudie et al. 2002; Cordova et al. 2014). A study of aeolian
sequences in Wadi Rum has shown changing environments during
the Pleistocene–Holocene transition: (a) a wind direction shift and
(b) a period of intense sand mobilization probably associated with
humid and drying events in the terminal Pleistocene and Holocene
(Cordova et al. 2014).
Silt or loess-like deposits exist in the Central Plateau (Cordova

et al. 2005) and throughout southern Jordan (Henry 1997,
Chapter 64 of this volume). Aeolian silts and palaeosols, presum-
ably related to the last glacial, have been reported in Wadi Jilat and
Wadi Uwaynid in the western part of the Azraq basin (Macumber
2001). Similarly, aeolian silt sequences exist in enclosed depres-
sions in between basalt flows on the northern part of the Azraq basin
(Cordova et al. 2013). A series of silt dunes is commonly found on
the east side of many of the endorheic basins on the Plateau.

DEPOSITS IN CAVES, SINKHOLES, AND
ROCKSHELTERS

Unlike other parts of the Levant, little research has been conducted
in Jordan with respect to deposits in karstic cavities and rockshel-
ters. A survey of potential cave and rockshelter deposits in Jordan
suggests that post-depositional alteration has severely affected the
integrity of prehistoric sediments and materials within them. Stud-
ies of archaeological deposits of theMiddle Palaeolithic age in rock-
shelters in the Wadi Hasa area (Clark et al. 1997, Chapter 37 of
this volume) and southern Jordan (Henry 1997, Chapter 64 of this
volume) have provided some information on the topic, and deposits
from a sinkhole in central Jordan have demonstrated the importance
of these features for reconstructing palaeoenvironments (Pokines &
Ames 2015). Despite the existence of several caves in limestone and
marls of the Western Highlands, no studies on speleothems exist. It
is in a cave formed as a lava tube in the Northwest Basalt, Khseifa
Cave, that some information on the Middle and Late Holocene has
been retrieved (Frumkin et al. 2008).

58.4.4 SOILS AND PALAEOSOLS

Soils and palaeosols in Jordan have received little attention. More
recently, study of red Mediterranean soils (RMS) in the Western
Highlands has produced some palaeoenvironmental information,
suggesting that similar to west of the Rift, the soil origin has a strong
aeolian component (Lucke et al. 2013), and the development of Bt
horizons suggests an exceptional moisture dated sometime to late
in the last interglacial (MIS 5c–5b) or early during the last glacial
(Cordova et al. 2011). Furthermore, the carbonate nodules (Bk hori-
zons) are associated with fluctuations in glacial and interglacial con-
ditions in the middle and late Pleistocene (Cordova et al. 2011).
In Wadi Ziqlab, a geoarchaeological study involving soil micro-
morphology provided information on soil development under the
changing climatic conditions, and on pre-agricultural human settle-
ment (Maher 2011).

58.5 GEOARCHAEOLOGY OF JORDANIAN
SEDIMENTS AND SOILS

Since many of the Quaternary studies in Jordan have focused
on archaeological questions, a strong parallel between landscape
change and human occupation can be proposed. One notable ex-
ample is the association of Epipalaeolithic occupations within
fluvio-lacustrine sequences in northwest Jordan during the drop of
Lake Lisan (Macumber & Head 1991).
Early agricultural landscapes have been researched around

Neolithic sites, including: ‘Ain Ghazal (Mandel & Simmons 1988;
Rollefson 2009; Zielhofer et al. 2012) in the central Western High-
lands; Ba’ja, Basta, and Ayn Hahub in the sandstone area around
Petra (Gebel 2009); and ‘Ayn Abu Nukheilah in the Wadi Rum area
(Cordova et al. 2014). One of the main aspects discussed in relation
to landscape change and palaeoclimate in the Neolithic is the abrupt
termination of the Pre-Pottery Neolithic B (PPNB), which ended
with the abandonment of many sites. Some studies have pointed to
desiccation associated with the 8.2 ka event (Rohling et al. 2002) as
the cause. A rubble deposit at ‘Ain Ghazal suggests the destruction
of terraces by torrential rains after the site was abandoned (Ziel-
hofer et al. 2012). In the Wadi Rum area, the advance of dunes over
a lacustrine layer correlates with the PPNB occupation at ‘Ain Abu-
Nukhayla (Cordova et al. 2014).
Geoarchaeological studies of alluvial sequences also point to

extreme changes in floodplains during the Holocene. In particu-
lar, widespread incision occurred in theMiddle Holocene in various
streams of the Jordan Valley (Copeland & Vita Finzi 1978; Mabry
1992), the southern basin of the Dead Sea (Donahue 1985), the
Western Highlands (Cordova et al. 2005), in Wadi Hasa (Schulden-
rein 2007), and in Wadi Faynan (Barker et al. 1998).
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Part VI: Humans in the Levant

59 The Acheulian of the Levant

gonen sharon

The Acheulian was the first cultural entity to appear in the Levant,
approximately 1.5 million years ago, and lasted to the end of the
Lower Palaeolithic, constituting the longest phase of human his-
tory in the region. Bifacial tools were its primary cultural marker
for over one million years until replaced by the Middle Palaeolithic
Mousterian industries. Yet the Acheulian was neither stagnant nor
conservative; it was marked by cultural development and milestone
technological innovations. The earliest evidence for control of fire,
sophisticated stone tools displaying aesthetic designs, advanced use
of raw materials, and even the earliest evidence of art are all part
of the Levantine Acheulian. Each discovery provides a clue to the
workings of the mind of the Acheulian people, which was very dif-
ferent from ours. Remote in time, our knowledge of the Acheulian
is fragmented, pieced together from patchy findings. What follows
is a summary of our current knowledge of key aspects of this fascin-
ating phase of human cultural evolution.

59.1 TERMINOLOGY

The Acheulian techno-complex, which persisted for over 1.5 mil-
lion years, existed in diverse environments covering wide geograph-
ical expanses. The hallmark of Acheulian culture is its bifacial
large cutting tools (LCTs), primarily handaxes and cleavers (see
Sharon 2007 for overview). The culture itself was named after St
Acheul in France, a site on the Somme River terraces, where hand-
axes were first identified as prehistoric stone tools (Boucher-de-
Perthes 1847, 1864). LCTs very likely originated in East Africa
>1.5 Ma (Asfaw et al. 1992; Beyene et al. 2013), and have been
found from South Africa to northern Europe, and from India to the
Iberian Peninsula.

The pioneering researchers of the early prehistoric sites of the
Levant were all European and used European cultural schemes to
describe their finds. Following these trailblazers, the term Lower
Palaeolithic is used to describe the earliest period of the region’s
prehistory, even though it encompasses a much longer timescale
and more cultural entities than were ever identified in Europe. They

described the lithic industries using the European term Acheu-
lian, occasionally using additional terms such as Tayacian or
Abbevillian (Garrod & Bate 1937; see also Le Tensorer, Chapter
62 of this volume). The term Acheulian still frames the cultural
chronology.
The Lower Palaeolithic period of the Levant is nearly synonym-

ous with the Acheulian Techno-complex. To date, only two earl-
ier, Oldowan non-bifacial assemblages, similar to typical East
African Lower Palaeolithic sites, have been reported from the
region (Fig. 59.1). These exceptions are assemblages from Bizat
Ruhama, northern Negev, Israel (Zaidner et al. 2010; Zaidner 2013,
Chapter 22 of this volume) and from the bottom of the sequence
at Nadawiya, El-Kohm Basin, Syria (Le Tensorer et al. 2007; Le
Tensorer, this volume). Hence, the Acheulian is considered the
first cultural phase in the Levant. The primary tool for subdivid-
ing the Acheulian into cultural stages is the lithic industries exca-
vated from Levantine sites. While the classification suggested here
for two of the three stages is based on a single site per cultural
stage (Fig. 59.2), the two key sites, ‘Ubeidiya and Gesher Benot
Ya’aqov (GBY) (Bar-Yosef & Belmaker, Chapter 20 of this vol-
ume; Goren-Inbar, Chapter 21 of this volume), contain numerous
repeated occupation levels. There are >60 in ‘Ubeidiya, estimated
to represent tens of thousands of years of occupation. Nonetheless,
this reconstruction of cultural stages is based on a low resolution
of findings. This low resolution, however, enables us to ‘see the
trees within the forest’ that a wealth of sites might have blurred.
The phases within the Levantine Acheulian can be described as
follows:
The Early Acheulian is primarily represented by the �1.5 Ma

site of ‘Ubeidiya (Fig. 59.2d; Bar-Yosef & Goren-Inbar 1993;
Martínez-Navarro et al. 2009; Bar-Yosef & Belmaker, Chapter 20
of this volume). Following the definition of the Acheulian suggested
by Mary Leakey (1975) for East African assemblages, the lithic
assemblage of ‘Ubeidiya was ascribed to the Acheulian owing to the
high percentage of bifacial tools, >40%, in all of its large assem-
blages (Bar-Yosef & Goren-Inbar 1993). The ‘Ubeidiya assem-
blage is comparable to early African sites such as Konso Gardula
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Figure 59.1 Acheulian and Lower
Palaeolithic sites in Israel. 1. Ma’ayan
Barukh; 2. Berekhat Ram; 3. Gesher
Benot Ya’aqov; 4. North of Bridge
Acheulian (GBY-NBA); 5. Evron
Quarry; 6. Zuttiyeh Cave (Acheulo-
Yabrudian); 7. ‘Ubeidiya; 8. Tabun
Cave; 9. Qessem Cave (Yabrudian);
10. Holon; 11. Revadim Quarry; 12.
Beka’a Rephaeeim (Jerusalem); 13.
Kfar Menachem; 14. Um Qatafa; 15.
Nahal Hesi; 16. Bizat Ruhama (Non-
Acheulian); 17. Vadi Zihor.
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Figure 59.2 Techno-typological sequence of the Levantine Acheulian. a: Handaxes and scrapers from Qesem Cave; b: Late Acheulian flint handaxes from
Um Qatafa Cave in the Judean Desert; c: Basalt handaxe and cleavers produced on large flakes from Gesher Benot Ya’aqov; d: Early Acheulian handaxes
and picks from ‘Ubeidiya. 3D scanning at the computerized archaeology laboratory, Institute of Archaeology, The Hebrew University of Jerusalem.

in Ethiopia (Beyene et al. 2013) and Sterkfountin in South Africa
(Kuman&Clarke 2000). Cured bifacial tools including picks, chop-
ping tools, and spheroids are the hallmark of this industry. The
site of Abbassieh near Cairo (Bovier-Lapierre 1926) has also been
assigned to this stage. Other sites with lithic assemblages display-
ing ancient characteristics and yielding early fauna are the Evron
Quarry, Israel (Ronen 1991; Fig. 59.3), Latamne, Syria (Clark 1967,
1968; see Le Tensorer, this volume), and a surficial collection of
large, crudely made bifacial tools associated with the early Pleis-
tocene palaeolake and wetland Zihor, southern Negev (Ginat et al.
2003; Grosman et al. 2011; Rech et al., Chapter 14 of this volume;

Mischke et al., Chapter 45 of this volume). The small sample size
and lack of an established chronology prohibits comparison of these
sites with ‘Ubeidiya at this time.
The second distinct stage of the Levantine Acheulian is the

Large Flake Acheulian, represented by the Gesher Benot Ya’aqov
(GBY) assemblage in the upper Jordan Valley (Fig. 59.2c; Goren-
Inbar, this volume). The term Large Flake Acheulian is preferred
to the chronological and cultural meaning of the alternative ‘Mid-
dle Acheulian’. Magneto-stratigraphy of its 34 m thick sediment-
ary sequence indicated that the Brunhes–Matuyama boundary is in
Layer II-14, 4 m below the base of the archaeologically rich Layer



G. Sharon 542

Figure 59.3 Flint handaxes from Evron Quarry site. Kibbutz Evron collection.

II-6. This established the age of the GBY assemblages as somewhat
younger than 790 ka (Goren-Inbar et al. 2000). North of GBY, at
the site of North of Bridge Acheulian (NBA), a basalt flow under-
lying an archaeological horizon containing a Large Flake Acheulian
assemblage yielded an 40Ar/39Ar age of 658±15 ka, suggesting a
long duration of Large Flake Acheulian inhabitants along the banks
of the palaeo-Lake Hula (Sharon et al. 2010).

The lithic industry of GBY is based on the use of large (>10 cm)
basalt flakes as blanks for the production of handaxes and cleavers.
GBY is the only Acheulian site in the Levant where cleavers were
systematically produced andwhere giant coreswere knapped for the
production of large flakes (Sharon 2007; Goren-Inbar et al. 2011).
GBY is identified as a ‘stand alone’ phase within the Levantine
Acheulian. At no other, later Acheulian site was there a significant
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use of basalt as rawmaterial. Moreover, cleavers disappear from the
tool arsenal of the toolmakers, and the production of large flakes
from giant cores is no longer the primary blank technology. The
GBY lithic assemblage is African in nature, similar to many sites
from South Africa to Morocco. Large Flake sites are found in the
Caucasus and range as far east as India and possibly even China.
Yet all Levantine Acheulian sites post-GBY are markedly different
(Sharon 2010).

Hundreds of sites from the Late Acheulian, the third and last
stage of the Levantine Acheulian, have been discovered through-
out the region (Fig. 59.2b). The majority of these sites have been
classified according to the Acheulian handaxe concentrations from
surface collections. Alas, only very few sites have been excavated
and, as a result, the Late Acheulian is one of the poorly understood
phases in Levantine archaeology. Attempts to classify Late Acheu-
lian lithic assemblages according to the shape, technology, or even
size of their handaxes have been largely unsuccessful (Gilead 1969,
1970). However, some general characteristics can be attributed to
these assemblages from across the Levant and its diverse environ-
ments. Handaxes were collected from (a) deep within today’s harsh
deserts of Arabia (Petraglia 2003; Groucutt & Petraglia 2012), Jor-
dan (Copeland 1991; Copeland 1998; Rollefson et al. 2005; Rollef-
son, Chapter 63 of this volume), and Syria (Le Tensorer et al. 2007;
Le Tensorer, this volume), primarily, but not always, in association
with oases or wetlands (Copeland 1991; Copeland & Hours 1989);
(b) the eastern Mediterranean coastal plains of Israel, Lebanon,
and Syria (Ronen 1991; Marder et al. 1999, 2006, 2011; Chazan
& Horwitz 2007); and (c) along the Dead Sea Rift Valley and
other regions. The findings seem to indicate the existence of more
supportive climatic conditions, at least during periods of the mid-
dle Pleistocene; or, alternatively, they suggest that Late Acheu-
lian toolmakers adapted to and sometimes exploited quite harsh
environments.

Cave sites (Goldberg, Chapter 16 of this volume) also make their
first appearance during this stage. Some of the largest collections
of Acheulian handaxes were excavated in caves just east of the
coastal plains, e.g. Tabun Cave (e.g. Garrod 1937; Rollefson 1978)
as well as in the Cave of UmQatafa in the JudeanDesert (Fig. 59.2b;
Neuville 1931). Shared characteristics of the Late Acheulian assem-
blages include:
Quantity: The number of handaxes in many of the collections

from these sites is enormous. At Nadaouiyeh about 12,000 bifaces
were excavated (Le Tensorer et al. 2007). Thousands of handaxes
were excavated from theAcheulian layers of Tabun Cave (Rollefson
1978). About 8,000 bifaces are reported to have been collected from
the fields around Ma’ayan Barukh (Fig. 59.4; Stekelis & Gilead
1966), and these are only a few examples. The presence of this enor-
mous number of bifacial tools cannot fully be explained by the time
trajectory they represent, given that in some of the sites thousands
of handaxes were excavated from a single horizon.
Raw material: Flint is practically the sole raw material used by

Late Acheulian knappers for the production of their bifacial tools or,
for that matter, for the production of all stone tools of the period. The
Levant is rich in flint of good quality that was used by Late Acheu-
lian knappers. Nonetheless, at some sites, lower-quality, coarse-

grained and non-homogeneous flint was also skilfully used (e.g.
Neuville & Mallon 1931; Arensburg & Bar-Yosef 1967; Marder
et al. 2006; Sharon 2008).
Tool type: The only bifacial tools produced by Late Acheulian

knappers were handaxes. The number of true cleavers (made on
large flakes with their cutting edge unshaped by retouch), knives,
picks or any other type of large cutting tool is negligible. Handaxes
are pointed, cordiform, or oval, with very few examples of other
shapes (Gilead 1970).
Higher variability in shape, size, and technology of handaxes

appears with the emergence of the next cultural phase in the region,
the Acheulo-Yabrudian (Fig. 59.2a). New types of bifaces appear,
and the knapping and shaping technology changes (Matskevich
et al. 2002; Zaidner et al. 2006; Sharon 2007) until, with the
emergence of the Mousterian, bifacial tools disappear from the
human tool arsenal, reappearingmuch later in the shape of Neolithic
axes.
A final note about the Late Acheulian site of Berekhat Ram is

worthy of special mention. Here, a small scoria pebble was found
showing clear evidence for shaping by polish, with an engraved line
separating the head from the body, and a possible demarcation of the
arms. The result is a small figurine strongly resembling a woman.
This is one of the earliest examples of representation in art of the
human figure, more than 250,000 years ago (Marshack 1997).

59.2 CHRONOLOGY

Radiometric ages have made possible the identification of chrono-
logical boundaries for the Lower Palaeolithic in the Levant. Unlike
in East Africa, volcanic layers are rarely associated with Levan-
tine sites. The earliest traces of human presence in the region are
�1.4 Ma from ‘Ubeidiya, based on biostratigraphy that established
this early age (Tchernov 1987, 1992). Recently, this age was pushed
back to between 1.5–1.2 Ma by Martínez-Navarro et al. (2009)
based on carnivore biostratigraphy (see also Shaar & Ben-Yosef,
Chapter 6 of this volume). Claims for earlier indications of human
presence in the region have been made in recent years but remain
unsubstantiated.
Following ‘Ubeidiya, palaeomagnetic evidence places the entire

stratigraphic sequence of Bizat Ruhama to within the early Pleis-
tocene Matuyama epoch. As noted above, the nature of the Bizat
Ruhama lithic assemblage places it outside the Acheulian Techno-
Complex, primarily owing to the lack of large bifacial tools (Zaidner
et al. 2010; Zaidner 2013, this volume). On the other hand, Bizat
Ruhama falls well within the timeframe of the Levantine Acheu-
lian, demonstrating the still unresolved complexity of the cultural
sequence discussed here. The presence of the Brunhes–Matuyama
boundary within the layers of the Benot Ya’aqov Formation places
GBY in close proximity to the early–middle Pleistocene boundary
(Goren-Inbar et al. 2000).
The Late Acheulian chronology is under debate. Post-GBY

industries comprising flint handaxes with no cleavers, such as
Ma’ayan Barukh, are �0.5 Ma (Sharon 2007). In contrast, lumin-
escence ages of Late Acheulian sites, cluster at the very end of the
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Figure 59.4 Late Acheulian flint handaxes from Ma’ayan Barukh. Ma’ayan Barukh Museum of Prehistory collection.

Lower Palaeolithic, 300–200 ka (Porat et al. 2002). Accepting the
later ages for the Late Acheulian must be explained in light of new
ages from Acheulo-Yabrudian sites, primarily from Qesem Cave
(Gopher & Barkai, Chapter 23 of this volume).
The end of the Lower Palaeolithic is marked by the disappear-

ance of the Acheulian lithic tradition and the appearance, at least in
the northern Levant, of the Acheulo-Yabrudian or Yabrudian assem-
blages. This transitional cultural stage existed from 400 to nearly
200 ka (Barkai et al. 2003). These data, combined with the ages of

Layer D (Mousterian) at Tabun Cave (Mercier & Valladas 2003),
indicate the beginning of the Middle Palaeolithic in the Levant at
�250 ka, during Marine Isotope Stage 7.

59.3 LITHIC TECHNOLOGY

The hallmark of the Acheulian techno-complex is its bifacial tools,
primarily handaxes and cleavers. In the Levant, as in other regions
of the world, these types are the primary tool for reconstructing
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cultural sequence. They also feature in discussions regarding tech-
nological and the derived cognitive abilities of the toolmakers and
users. From the early stages of the Acheulian in the Levant, sys-
tematic and sophisticated behaviour can be identified from studying
lithic assemblages. At ‘Ubeidiya, advanced rawmaterial acquisition
and use strategies included the selection of different rock types for
producing specific tool groups. Large cutting tools were typically
produced from basalt; flake tools and chopping tools from flint;
and spheroids from limestone (Bar-Yosef & Goren-Inbar 1993).
At GBY, advanced core methods were applied in producing large
flakes, and the dexterity level used in producing handaxes and
cleavers was the highest achieved by Acheulian knappers (Goren-
Inbar & Saragusti 1996; Goren-Inbar & Sharon 2006; Sharon 2007;
Sharon et al. 2011). The use of basalt as raw material was most
likely due to the cultural and technological preferences of the knap-
pers and not to the availability of this rock in the vicinity of the
site (Sharon 2008). During the Late Acheulian, cleavers were aban-
doned and only handaxes were used. Some of these handaxes (e.g.
from Ma’ayan Barukh) display the highest technological abilities
with a clear aspiration for a finished symmetrical and aesthetic tool
(Fig. 59.4; Stekelis & Gilead 1966).

The Acheulian is, therefore, an ever evolving, sophisticated tech-
nological industry advanced by the high-level cognitive abilities
of its toolmakers. At the same time, a basic conservatism can be
observed within and between sites. Bifacial tools appear during
the entire 1 million year sequence of the Levantine Acheulian.
Handaxes from this sequence are surprisingly similar in shape and
size, even if different in manufacturing technology. This is what
allows grouping of these otherwise different assemblages under
the Acheulian. We are still far from fully understanding Acheulian
technology and, in particular, the mind of the toolmakers and users
reflected in tools.

59.4 SUBSISTENCE

Evidence for ways of life and subsistence of the Acheulian people
of the Levant is not abundant, yet trends can be suggested. As in
many regions of the world, Levantine Acheulian sites are primar-
ily in association with lakeshores. It seems that episodically during
the Acheulian, the Levant experienced more humid phases enabling
Acheulian groups to inhabit areas currently deep within the hyper-
arid deserts.

A significant aspect of Levantine Acheulian life was the control
of fire. This was achieved at the site of GBY at least as early as the
early–middle Pleistocene boundary, as evident from the concentra-
tion of burnt artefacts at the site (Alperson-Afil 2008; Alperson-Afil
& Goren-Inbar 2010). There is limited evidence for the control of
fire from Acheulian sites outside the Levant before the Acheulo-
Yabrudian (Karkanas et al. 2007; Shahack-Gross et al. 2014). How-
ever, the Acheulian groups in the Levant were the first to master
the use of fire so vital to human evolution and survival (Wrangham
2009; Wrangham & Carmody 2010).

Many animals were hunted or at least consumed by the Levan-
tine Acheulian groups. Beginning with ‘Ubeidiya, a large variety of

animals is represented in the bone assemblages of Acheulian sites.
At ‘Ubeidiya, as many as 66 bird species and 56 mammal species
were identified alongside reptiles, amphibians, and molluscs (Bel-
maker, Chapter 41 of this volume). African species found at the
site include giraffe, hippopotamus, the giant bovid Pelorovus and
others, while the Eurasian species found include the Asian elephant
and cervids (Martínez-Navarro et al. 2009; Bar-Yosef & Belmaker
2011). The fauna of GBY is equally diverse (Martinez-Navarro
& Rabinovich 2011; Rabinovich & Biton 2011; Rabinovich et al.
2012b). Evidence of systematic butchery praxis by the GBYAcheu-
lian hominids indicates that they mastered the knowledge of carcass
processing and handling (Rabinovich et al. 2008).
Notable among findings are the ubiquitous elephant bone remains

dominating many Acheulian fauna assemblages in association with
stone tools and butchery marks (see Ben-Dor et al. 2011 for refer-
ences; Rabinovich et al. 2012a). Most outstanding is the butchered
elephant skull from GBY, with evidence of brain consumption by
the site inhabitants (Goren-Inbar et al. 1994). Rabinovich et al.
(2012a) reported the use of elephant bones for manufacturing
raw material at the Late Acheulian site of Revadim. Not a single
elephant bone was recovered from Acheulo-Yabrudian sites and,
therefore, elephants’ disappearance may have occurred contempor-
aneously with the replacement of the Acheulian by the Acheulo-
Yabrudian. The association between bifacial tools and elephants has
long been noted (Bosinski 1995), and the evolutionary implications
of this singularity were recently highlighted with elephants seen as
a primary source of fat for human diet (Ben-Dor et al. 2011).
Less is known about the flora component of Acheulian human

diet as remains rarely survive in early–middle Pleistocene sites. A
unique exception is the waterlogged sediments of GBY with excep-
tional preservation of wood, bark, fruits, and seeds. Edible plants
from the site include fruits and seeds of trees and shrubs exist-
ing in the present-day Hula Valley (Melamed 1997; Goren-Inbar
et al. 2002b; Melamed 2003). Interesting are the seven species of
edible nuts recovered from GBY layers together with nutting stones
(Goren-Inbar et al. 2002a). This is the earliest direct evidence for
consumption of nuts or any botanic food by humans.

59.5 FINAL REMARKS

The Acheulian is the oldest stage in Levantine archaeology, with
fragmented data pointing to human foragers occupying all parts of
the Levant, applying sophisticated knowledge and exploitation of
the environment. The Acheulian period witnessed some of the most
significant technological innovations, including the control of fire,
the production of highly sophisticated technology to create sym-
metrical and aesthetic tools and even the earliest art. This was the
stage when we became human.
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60 The Palaeolithic Sequence in Southeast Turkey

steven l. kuhn, mary c. stiner, and ismail baykara

60.1 INTRODUCTION

The Anatolian Diagonal (Fig. 60.1) is a biogeographic division
within Turkey, defined by a line of topographic highs running north-
east from the Amanos Mountains in the south to the eastern Pontic
ranges in the north. It was first defined by Davis (1971) as a major
break in the distributions of native plant species. Although its ori-
gin remains uncertain, the Anatolian Diagonal is a useful way of
dividing the vast spaces of what is today eastern Turkey, culturally
as well as biogeographically.

This chapter concerns the Palaeolithic archaeological record of
the area south and east of the Anatolian Diagonal. Based on where
fieldwork has been conducted, this area is reduced effectively to the
strip of land north of Turkey’s borders with Iraq and Syria, spanning
the provinces of Hatay, Gaziantep, Şanlıurfa, Mardin, Batman, and
Diyarbakır. Ecologically and topographically, the western reaches
correspond to the northernmost extent of the sub-humid Levantine
coastal zone. To the east, there is similar environmental continu-
ity along the valleys of the Tigris (Dicle in Turkish) and Euphrates
(Fırat nehri) rivers.

Palaeolithic artefacts in Anatolia have been recognized for over
a century, but the cumulative amount of research on Pleistocene
archaeology and human palaeontology is modest. To date (2014),
there have been only about a dozen systematic excavations at strat-
ified Palaeolithic sites within the boundaries of Turkey. Conse-
quently, less is known about the Palaeolithic of southeastern Ana-
tolia than is known about neighbouring regions.

60.2 LOWER PALAEOLITHIC

East of theAnatolianDiagonal, our knowledge of the Lower Palaeo-
lithic is currently confined to surface materials. One of the first rec-
ognized and most visited Lower Palaeolithic localities in southeast
Anatolia is in the Dülük area, close to Gaziantep (Fig. 60.1). The
Dülük locality, reported first in 1939, has been revisited by archae-

ologists many times. The surface assemblages have been charac-
terized as Acheulian, Chellan, or Clactonian (e.g. Bostancı 1962).
Farther east, surveys in advance of dam construction within the val-
leys of the Tigris, the Euphrates, and their tributaries have recorded
numerous surface assemblages of Acheulian artefacts from river
terraces of varying ages. The terraces of the Tigris appear to con-
tain less Lower Palaeolithic material than those of the Euphrates
despite similarly intensive surveys (Taşkıran 2008: 145). No radio-
metric ages are available for the surface occurrences of Acheu-
lian artefacts in southeastern Turkey. The assemblages have been
assigned to middle and late Acheulian on typological grounds
and based on estimated ages of the river terraces on which they
occur.
There are fewer reports of Lower Palaeolithic materials in other

parts of the area under consideration. In a systematic survey of
the Sakçagözü area (Fig. 60.1), the northern extension of the
Dead Sea rift, Garrard et al. (1996) recorded two extensive sur-
face sites with likely Lower Palaeolithic components. Both sites
are associated with raw material outcrops. Surface finds of hand-
axes have also been reported in the province of Hatay (Şenyürek
1961).
Conspicuously absent from the record of southeastern Turkey is

evidence for pre-Acheulian (Mode I) occupations. Early African
hominins would almost certainly have had to pass through east-
ern Anatolia to reach Dmanisi in southwest Georgia. Acheulo-
Yabrudian or Yabrudian assemblages from the latter half of the
Middle Pleistocene are also unknown in southeast Turkey, although
they occur in northern Lebanon and Syria. We suspect that the
absence of evidence for early Pleistocene and late Middle Pleis-
tocene occupations in southeastern Turkey is simply a function
of the limited amount of systematic research in the region rather
than real biogeographic discontinuity. Farther west, however, the
Anatolian Diagonal does not coincide with a break in the distri-
bution of Acheulian industries, which have been recorded in cen-
tral (Slimak et al. 2008) and western (Galianidou et al. 2013)
Turkey.
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Figure 60.1 Map of Turkey showing some sites and areas mentioned in text. 1: Dülük area; 2: Sakçagözü survey area; 3: general area of Euphrates river
basin surveys; 4: Mağaracık sites (Merdivenli, Tıkalı, Kanal); 5: Üçağızlı I and II.

60.3 MIDDLE PALAEOLITHIC

There is somewhat more information about the Middle Palae-
olithic in southeastern Turkey. Middle Palaeolithic artefacts are
often reported from systematic surveys, and four sites contain-
ing Middle Palaeolithic deposits have been excavated, all of them
along the Orontes estuary in coastal Hatay. Generally speaking, the
Middle Palaeolithic assemblages from east of the Anatolian Diag-
onal can be characterized as Levallois Mousterian, broadly similar
to the Levantine Mousterian assemblages. Surveys associated with
large-scale dam construction projects in southeastern Anatolia have
identified extensive surface exposures of Levallois Mousterian arte-
facts on terraces within the major river valleys (e.g. Bourguignon &
Kuzucuoğlu 1999). In the Sakçagözü area, Mousterian open-air and
rockshelter sites are much more abundant than Lower Palaeolithic
sites (Garrard et al. 1996). Unfortunately, quantitative information
about artefact or site frequencies is not available from surveys in the
Tigris and Euphrates basins.
In the late 1950s to early 1960s, E. Bostancı and M. Şenyürek

excavated three cave sites with Mousterian deposits along the
Mediterranean coast near the town of Mağaracık (Fig. 60.1), north
of the mouth of the Orontes (Şenyürek & Bostancı 1958a, 1958b).
All three caves had been extensively damaged by late Roman con-
structions, but they nonetheless preserved intactMiddle Palaeolithic
deposits. Merdivenli Cave contains the deepest cultural sequence,

and recent re-analysis of the assemblages shows that they resemble
the Levallois Mousterian from Qafzeh Cave (Israel) (Hovers 2009;
Vandermeersch & Bar-Yosef, Chapter 28 of this volume) and Ksar
‘Akil (Lebanon) (see Bergman et al., Chapter 30 of this volume)
layers 26A and 26B (Marks & Volkman 1986). There are no dates
from Merdivenli Cave, but the entire Middle Palaeolithic sequence
overlies a MIS 5e or 5a beach deposit. Less is known about the
smaller artefact collections from Tıkalı and Kanal caves in Hatay
except that they are broadly similar to Merdivenli.
A more recently excavated Middle Palaeolithic site, Üçağızlı II,

is located on the rocky coast south of theOrontes estuary (Fig. 60.1).
A small intact chamber preserves 2 m of rich Middle Palaeolithic
layers. As atMerdivenli, the archaeological deposit overlies a sandy
beach deposit. A flowstone dating to ca. 75 ka (U–Th) occurred
just above a beach rock, indicating that it was formed near
the end of the MIS 5a high stand (Mentzer 2011). Faunal and
lithic assemblages from Üçağızlı II are comparatively homoge-
neous, suggesting that the deposits formed quickly. The site’s
inhabitants hunted large ungulates, mainly fallow deer (Dama
mesopotamica), wild goat (Capra aegagrus), and roe deer (Capre-
olus capreolus) (Stiner 2010). As in many other Middle Palae-
olithic sites close to the sea, they also consumed shellfish,
principally Monodonta/Osilinus turbinata and Patella spp. The
lithic assemblages are characteristically Levallois Mousterian
(Fig. 60.2), with high frequencies of centripetal and convergent
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Figure 60.2 Levallois Mousterian artefacts from Üçağızlı II Cave.
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core preparation. Levallois points and pointed flakes are 5–19%
of the typological count. The lithic assemblages from Üçağızlı
II most closely resemble the sequence of Mousterian layers
at Ksar ‘Akil (XXVIIa-b, XVIIIa-b) (Marks & Volkman 1986).
As with the Lower Palaeolithic, the Middle Palaeolithic of south-

east Turkey shows much continuity in cultural patterns with the
southern and central Levant. The Mousterian of the Hatay does
appear more homogeneous than the Levantine Mousterian, sensu
lato, although with so few deeply stratified sequences and radio-
metric ages, we do not know how much time it represents. In add-
ition, the dominance of centripetal Levallois production subsequent
to MIS 5 at Merdivenli and Üçağızlı II would be anomalous for the
central Levant, but again the sample for comparison is small. More
striking is evidence for cultural discontinuity along the Anatolian
Diagonal further to the west. Levallois points, typical of the Levan-
tine Mousterian, are abundant in all of the Hatay assemblages and
apparently eastward as well. However, these kinds of artefacts are
exceedingly scarce in the rest of Anatolia, west of the diagonal (e.g.
Slimak et al. 2008; Kuhn et al. 2015).

60.4 UPPER PALAEOLITHIC

One might expect Upper Palaeolithic sites to be more common than
Middle Palaeolithic ones on account of their more recent age. Yet
this is not the case in southeast Turkey. Evidence for the Upper
Palaeolithic and even the Epipalaeolithic is quite sparse east of
the Anatolian Diagonal, and elsewhere in Turkey for that matter
(Kuhn 2002; Özçelik 2011). Systematic surveys have produced
little definitively post-Middle Palaeolithic material even where
researchers were searching for it in particular (Garrard et al. 1996:
62). Most of what we know of the Upper Palaeolithic in southeast-
ern Turkey comes from two excavated sites, Üçağızlı Cave I and
Kanal, located on either side of the Orontes estuary.
Üçağızlı Cave I, the deeper and more recently excavated

sequence, provides the greatest amount of information. The
sequence of archaeological layers in Üçağızlı I is more than 3 m
thick. The sequence documents a gradual, apparently in situ tran-
sition from the Initial Upper Palaeolithic through the early Ahmar-
ian (Fig. 60.3, n. 1–10). Radiocarbon ages on charcoal indicate that
this sequence dates to �44–34 ka cal BP (Kuhn et al. 2009). The
technological transition can be summarized as a shift from unipolar,
Levallois-like blade manufacture to bidirectional prismatic blade
production using soft hammer or indirect percussion. The Üçağızlı
I cultural sequence shows remarkable parallels to the lower part of
the Upper Palaeolithic sequence at Ksar ‘Akil, layers XXI to XVI
in particular (Azoury 1986). Changes over time in the intensity
and mode of occupation at Üçağızlı I, evidenced from the geoar-
chaeology and artefact distributions, are independent of the techno-
logical shift. The faunal sequence indicates considerable variation
in prey selection over time, but these changes do not coincide with
the transition in blade production either. Shifting abundances of
Dama mesopotamica and Capra aegagrus, as well as fluctuations
in the amount of marine food consumed, appear to reflect changes
in climate and sea level during MIS 3 (Kuhn et al. 2009; Stiner

2010). An extensive collection of marine shell beads from Üçağızlı
I also provides a unique perspective on technologies and traditions
of ornamentation within the early Upper Palaeolithic of the Levan-
tine coast (Stiner et al. 2013). Though excavated long ago and lack-
ing detailed contextual information, the Kanal Upper Palaeolithic
appears to correspond roughly with the lower part of the Üçağızlı I
sequence, or the Initial Upper Palaeolithic.
The Epipalaeolithic is also quite poorly known in southeast

Turkey (Kuhn 2002; Özçelik 2011). This is rather surprising given
the great density of Epipalaeolithic sites in the southern Le-
vant. There are scattered reports of Epipalaeolithic sites from sur-
veys (e.g. Garrard et al. 1996), and late Upper Palaeolithic and
Mesolithic levels were reported from limited excavations at Şarklı
Cave near Dülük (Bostancı 1984). Üçağızlı Cave I formerly con-
tained at least two metres of late Upper Palaeolithic and/or Epi-
palaeolithic deposits, but most of these were lost to erosion after
the cave collapsed. A remnant deposit from this site yielded a small
artefact collection that strongly resembles the early Kebaran with
obliquely truncated backed bladelets andmicro-gravettes (Fig. 60.3,
11–16); an associated radiocarbon age of 16,960+/− 400 radiocar-
bon years is consistent with this attribution.
Clearly, the most salient question about the Upper Palaeolithic

and Epipalaeolithic of southeastern Turkey is why sites of this age
are so scarce. It is likely that many coastal sites from MIS 3 and 2
have been inundated by rising sea levels, but this would not explain
the difficulties in finding Upper Palaeolithic material in inland val-
leys and basins. This pattern could be a result of massive surfi-
cial geological processes that either eliminated or buried late Pleis-
tocene sediments, but it might also reflect a real absence of human
frequentation.

60.5 SUMMARY

One is left wondering what explains the many substantial gaps in
the Palaeolithic record in southeastern Turkey. It is entirely possible
that some areas of southern Anatolia were in fact sparsely used by
early humans during very arid or cold parts of the Pleistocene. How-
ever, hominins thrived in places that were much colder and probably
drier than southeast Anatolia during the Pleistocene. This suggests
that themany lacunae in the evidence discussed here cannot be taken
as prima facie evidence for an absence of hominin settlement. Lack
of systematic coverage is the most parsimonious answer for most
gaps in the record. Only more intensive, systematic archaeological
reconnaissance guided by geological evidence will help to complete
the picture of hominin use of this important region.
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Şenyürek, M. & Bostancı, E. 1958a. Hatay vilâyetinde prehistory
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61 Lower and Middle Palaeolithic of Lebanon

andrew shaw

61.1 INTRODUCTION

The origins of earlier Palaeolithic research in Lebanon are rooted
in the late nineteenth century (e.g. Lartet 1865, 1877) when Euro-
pean travellers recognized and accumulated Palaeolithic artefacts,
particularly bifaces. Such discoveries formed the basis of large col-
lections, notably those of the Université de Saint Joseph in Lebanon,
founded by the Jesuits in 1875. Indeed, the history of Pleistocene
studies in Lebanon is inextricably linked to the Jesuit fathers who
provided many pioneering researchers, including Godfroy Zumof-
fen, Auguste Bergy, Henri Fleisch, and Francis Hours. Zumoffen
carried out the first excavations of earlier Palaeolithic archaeology
at a rockshelter, ‘Abri Zumoffen’ (Zumoffen 1900). Such discover-
ies were built upon by his successor at the Université de St Joseph,
Auguste Bergy, who expanded the archaeological collections; this
period also saw the first excavations at Ksar ‘Akil (Day 1926; Del-
court 1927; Bergman et al., Chapter 30 of this volume). How-
ever, the outbreak of the Second World War curtailed these nascent
investigations.

Work was revived after 1945 with research at Ksar ‘Akil (Ewing
1947; Tixier 1974); Naame (Fleisch 1970); Abri Zumoffen, Bezez
and Ras El-Kelb (Garrod & Kirkbride 1961; Roe 1983; Copeland
& Moloney 1998); Nahr Ibrahim and Masloukh (Skinner 1970;
Solecki 1970, 1975) and Keoue Cave (Suzuki & Kobori 1970;
Nishaki & Copeland 1992). These studies focused on coastal caves
and rockshelters, linking archaeological sequences to the extensive
relict Pleistocene marine deposits preserved along the Lebanese
coast (Zeuner 1961; Sanlaville 1977). Consequently, the present
earlier Palaeolithic record is heavily focused on the coastal west-
ern margins, with more limited investigations of inland fluviatile
deposits of the Litani River (Besançon et al. 1970) and in upper
Galilee (Copeland & Yazbeck 2002).

This period of expanded Palaeolithic investigations was abruptly
halted by the Lebanese Civil War. Since 1990 research has begun
to recover, with a focus on reinterpreting of extant material (e.g.
Yazbeck 2002), establishing of the current condition of the major
sites (see Copeland & Yazbeck 2002), regional survey (e.g. Garrard

& Yazbeck 2004) and archaeological excavations preceding devel-
opment (e.g. Adma; Qana; Martyr’s Square and Place Debbas in
Beirut; Copeland&Yazbeck 2002; Yazbeck 2004). This, alongwith
significant developments in the understanding of the regional earl-
ier Palaeolithic record, enables new syntheses and interpretations of
how early humans occupied Lebanon.

61.2 LOWER PALAEOLITHIC (?600–300 KA)

The Lower Palaeolithic record is fragmentary, dominated by lithic
surface collections, alongside a small amount of material from natu-
rally exposed sections and geological test pits; there are no system-
atically excavated Lower Palaeolithic sites. Known locales are con-
centrated in three main regions: along the coast, the southern Beqaa
valley and in upper Galilee, notably around Ayn Ebel (Fig. 61.1).
Amongst the former is Borj Qinnarit, which has produced the earl-
iest archaeological material from the country (Hours & Sanlaville
1972; Sanlaville 1977: 686–687). A small lithic assemblage consist-
ing of 17 flint cores and flakes was recovered from cemented marine
deposits and overlying bedded sands. Although lacking age con-
trol, the altitude of the deposits (�129 m above sea level, asl) indi-
cates considerable antiquity; they have been assigned to the Zaqrou-
nian II transgression of Sanlaville (1977) and tentatively to MIS 15
(Sanlaville 2004).
Other significant Lower Palaeolithic coastal occurrences include

Ras Beirut (Ia and Ib) and Wadi Aabet. Ras Beirut consists of
slope breccia (Ia) overlying marine deposits (Ib; Fleisch & Sanla-
ville 1974); Ras Beirut Ib produced rolled bifaces, migrating plat-
form and discoidal cores, debitage and a few flake tools whilst a
broadly technologically analogous, but largely fresh, assemblage
was recovered from Ia (albeit with increased evidence for soft ham-
mer thinning). The marine deposits have been assigned to the Jbail-
ian I transgression based on altitude, broadly correlated with MIS
11 (Sanlaville 2004). The marine gravels at Wadi Aabet (at the
same elevation; 52 m asl) have also been ascribed to the Jbailian
I transgression (Sanlaville 1977: 431–37). Limited excavation was
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Figure 61.1 Locations of Lower Palaeolithic sites in Lebanon.
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undertaken at Wadi Aabet by Fleisch (Fleisch & Sanlaville 1974)
producing artefacts from the beach material. These are broadly
similar to Ras Beirut Ib in terms of technology and condition, but
also include a small collection of relatively fresh pieces. Signifi-
cantly, burnt flakes were also recovered from Wadi Aabet, poten-
tially reflecting the earliest use of fire by humans in the Lebanon.

Inland, Lower Palaeolithic lithic findspots are concentrated in the
southern Beqaa valley (Fig. 61.1), most notably at a locus known
as Abu Ghantous near Joub Jannine. Here, concentrations of arte-
facts have been recovered from displaced fluvial deposits of the
Litani River, which, although previously cemented, have under-
gone dissolution (Besançon et al. 1970). The material consists of
simple migrating platform and discoidal cores, hard hammer deb-
itage, bifaces, and trihedrals (Yazbeck 2002, 2004). Based on typo-
technological affinities (most notably the presence of trihedral large
cutting tools) the collection is often correlated with the Latamne
‘atelier’ site from the Orontes valley, Syria (Modderman 1964;
Clark 1967, 1968; Shaw 2012), which has been attributed to MIS
12 or older (Bridgland et al. 2003, 2012).

61.3 LATE LOWER/EARLY MIDDLE
PALAEOLITHIC (300–200 KA)

Arguably, the first clearly contextualized evidence of Palaeolithic
occupation in Lebanon is from the end of the Lower Palaeolithic
and is associated with lithic assemblages belonging to Acheulo-
Yabrudian techno-complex (e.g. Copeland 2000). Similar material
from the southern Levant is bracketed between �300 and 200 ka
(Mercier et al. 2013). They are defined by high inter-assemblage
lithic variability with intra-assemblage consistency, being domin-
ated either by simple non-Levallois blade cores and products, or
by bifaces and/or large scrapers exhibiting ‘Quina’ retouch (Gar-
rod 1956). Traditionally these divisions have been taken to indicate
the presence of distinct lithic repertoires; however, increasing evi-
dence (e.g. Shahack-Gross et al. 2014) suggests that such patterning
might reflect the spatial separation of particular activities and tech-
nological choices (cf. Copeland 1983), rather than chronological or
cultural variability.

The key Lebanese sites are Abri Zumoffen (Garrod & Kirkbride
1961; Roe 1983), Bezez (Garrod 1966; Roe 1983), and Masloukh
(Skinner 1970), which are either caves or rockshelters near themod-
ern coastline (Fig. 61.1). There are no specific ages, but the associ-
ated deposits all overlie raised beaches; at Bezez andMasloukh they
are additionally overlain by those containing Mousterian artefacts,
providing some further chronological control. The Bezez and Abri
Zumoffenmarine sediments are correlated with eitherMIS 9 orMIS
7 (see Sanlaville 1998, 2000). The altitude (39m asl) ofmarine sedi-
ments at Masloukh may indicate association with the Jabailian II
transgression, assigned to MIS 9 (Sanlaville 2004). Thus, a broad
age range of �300 to �200 ka is postulated for these sites.

Abri Zumoffen is a collapsed rockshelter that has produced a
series of Acheulo-Yabrudian occupation layers. These layers over-
lie cemented limestone blocks resting on a complex series of marine
deposits, often separated by archaeologically sterile calcrete bands

(Garrod & Kirkbride 1961). Garrod described the collections as a
lower series dominated by laminar debitage, and upper units with
less laminar debitage and increased numbers of scrapers; bifaces
were confined to a grey breccia towards the top of the sequence
(two examples) and reworked within modern soils (Garrod & Kirk-
bride 1961). Two occupation layers are particularly notable; Layer
15 produced artefacts concentrated in a hearth, and Layer 13 con-
tained ‘hearths packed with bones’ (Garrod & Kirkbride 1961).
Examination of the extant lithics in the National Museum,

Beirut (Table 61.1), indicates that laminar material is less com-
mon throughout the Abri Zumoffen sequence (Fig. 61.2); it results
from hard hammer reduction of nodules from single or opposed
platforms, which, although controlled, only involved single phases
of production without signs of re-preparation or extensive core
maintenance. The cores were abandoned when suitable flaking
angles were lost, frequently resulting in final phases of stepped
removals. Levallois cores are absent, although three flakes con-
sistent with Levallois reduction were noted. Finished bifaces are
rare (one possible roughout), but biface manufacture/maintenance
is indicated by biface thinning flakes. Burnt material is common and
is concentrated in the lower part of sequence where hearths were
recorded.
The Bezez (Layer C) material is from a complex cave deposit.

The lithic assemblages differ from Abri Zumoffen, containing
many bifaces, though both sites share laminar cores and products
(Copeland 1983). Study of the portion of the collection held in
the University Museum Cambridge and the Institute of Archaeol-
ogy, University College London (Table 61.2), illustrates that lam-
inar production at Bezez followed a broadly analogous technolog-
ical strategy to Abri Zumoffen. The Bezez collection also includes
some evidence for core working which conforms to the Leval-
lois technique. The bifaces frequently display evidence of sev-
eral phases of reconfiguration and modification of edges, and were
sometimes recycled as cores. The flake tools are similar to the
bifaces in terms of size and technological approach; they are large
with extensive cutting edges, which have undergonemultiple phases
of reconfiguration, frequently resulting in steep ‘Quina’ retouch.
This extended ‘use-life’ of the large cutting tools is indicative of
intensive curation. Similar approaches are also evident for other
artefact classes: for example, there is frequent evidence for pro-
longed flake production through the use of flakes as cores.
Masloukh is a small cave with an associated terrace, which may

once have been a much larger cave/rockshelter (Skinner 1970).
Excavations identified three main archaeological units (A, B, and
C) overlying a cemented marine gravel. Lithics, faunal remains,
charcoal, and burnt bones (but no clear hearths) were recovered
from all units (Skinner 1970). The faunal remains include a sin-
gle hominin molar (Solecki 1970: 126), although its context is
unclear. The lithics were all considered to be Acheulo-Yabrudian,
and large amounts were suggested to be reworked into the cave
from elsewhere (Skinner 1970). Reanalysis of the portion of the
collection currently in Columbia University indicates, however, that
some technological distinctions are apparent, and the fresh condi-
tion of artefacts does not indicate extensive displacement. The sam-
ple from the lowermost unit (Layer C) contains bifaces, associated
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Table 61.1 Lithic artefacts from Abri Zumoffen (numbers in brackets are retouched artefacts)

Layer
A19

Layer
A15

Layer
A13

Layer
A11

Layer
A9

Layer
A7

Layer
A3

Layer
B3

Hard hammer flakes 93
(6)

50
(2)

22
(1)

104
(15)

115
(14)

79
(11)

72
(22)

92

Soft hammer flakes 3
(1)

6 3 9 7 0 3
(1)

0

Biface thinning flakes 4
(1)

7 3 10 13 5
(1)

3 0

Laminar products 32
(0)

53
(4)

18
(0)

101
(95)

31
(1)

7
(1)

2 0

Definite Levallois products 0 0 0 3 0 0 0 0
Probable Levallois products 0 0 0 1 0 0 0 0
Possible Levallois products 0 0 2 0 0 0 1 0
Discoidal cores 0 0 0 0 0 1 0 0
Laminar cores 3 5 0 4 0 1 0 0
Laminar/flake cores 0 0 0 0 0 0 0 0
Levallois cores 0 0 0 0 0 0 0 0
Simple prepared cores 0 0 0 0 0 0 0 0
Other cores 6 3 1 3 3 0 0 0
Bifaces 1 0 0 0 0 0 0 0
Other 0 0 0 0 0 0 0 0
Total 142 124 49 235 169 93 81 92

debitage, simple non-Levallois laminar cores and laminar prod-
ucts, but no evidence for Levallois reduction. Layer B contains
the same technologies with the addition of Levallois flaking. Layer
A contains evidence for Levallois flaking (including classic point
production), but no bifaces or laminar reduction. Layers C and B
share common technological features with the Acheulo-Yabrudian
assemblages from Bezez and Abri Zumoffen; however, Layer A fits
better within the Middle Palaeolithic (see below).

Detailed study of the material from Layer B (Table 61.3) indi-
cates similarities to Abri Zumoffen and Bezez Layer C. The collec-
tion contains a large amount of laminar debitage but just two cores.
Similarly, the Levallois component consists of a significant number
of products but just four cores. There are many soft hammer flakes,
reflecting biface manufacture, but just two complete bifaces and six
fragments (five of which are tips). There is also a lack of cortical
debitage (Fig. 61.3). The import of laminar cores, Levallois cores

Figure 61.2 Proportional change
(%) in laminar debitage present
through archaeological sequence at
Abri Zumoffen.
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Table 61.2 Lithic artefacts from Bezez Layer C (numbers in brackets are retouched artefacts)

Trench D Trench D/G Trench G Trench G/K Trench M Trench M Ext

Hard hammer flakes 146 (101) 110 (67) 131
(93)

25
(19)

10
(6)

0

Soft hammer flakes 3
(2)

1
(1)

2
(2)

0 0 0

Biface thinning flakes 7
(2)

6
(2)

4
(1)

0 1 1

Laminar products 11
(5)

3 4
(1)

1 0 0

Definite Levallois products 0 0 3
(2)

0 0 0

Probable Levallois products 1 0 0 0 0 0
Possible Levallois products 0 0 0 0 0 0
Discoidal cores 2 0 1 0 1 0
Laminar cores 1 0 0 0 0 0
Levallois cores 0 0 2 0 0 0
Simple prepared cores 0 0 1 0 0 0
Other cores 7 11 11 3 9 2
Bifaces 26 20 42 5 7 1
Other 0 0 2 0 0 0
Total 198 141 203 34 28 4

and bifaces, therefore, seems likely; these were further worked at
this locality, and then removed. The evidence from all three sites
suggest that such structured use of space and landscape is arguably
a key component of Acheulo-Yabrudian behavioural repertoires.

All three sites preserve fauna remains, but recovery was unsys-
tematic and only produced significant samples of large- to medium-

sized mammals. The Abri Zumoffen and Bezez samples have been
studied (Garrard 1983), whilst there is currently only a species list
for the large collection (>5,000 specimens) from Masloukh (Gau-
tier 1970). Abri Zumoffen (Layers 21–11 and 9–3) and Bezez D
are dominated by two temperate woodland taxa,Dama mesopotam-
ica and Bos primigenius; open dwelling steppe species such as

Table 61.3 Lithic artefacts from Masloukh Layer B (numbers in brackets refer to retouched artefacts)

Square 30J Square 31I Square 31J Square 32H Square 32J

Hard hammer flakes 520
(156)

1
(1)

6
(1)

1,020
(173)

5
(3)

Soft hammer flakes 67
(1)

0 0 179 0

Biface thinning flakes 21 0 0 66
(2)

0

Laminar products 6
(2)

1
(1)

5 103
(5)

0

Definite Levallois products 1 0 0 32
(7)

0

Probable Levallois products 2 0 0 16
(3)

0

Possible Levallois products 1
(1)

0 0 9 0

Discoidal cores 6 0 0 6 1
Laminar cores 0 1 0 2 0
Levallois cores 3 0 0 1 0
Simple prepared cores 2 0 1 2 0
Other cores 56 0 5 99 0
Bifaces 4 0 0 7 0
Other 0 0 0 0 0
Total 689 3 16 1,542 6
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Figure 61.3 Cortex retention on hard
and soft hammer flake assemblages
from Masloukh Layer B and data for
experimental core and handaxe manu-
facture (Ashton 1998).

Gazelle gazelle are absent (in marked contrast to overlying Mid-
dle Palaeolithic Layer B at Bezez; see below). Taken in conjunction
with recent multi-proxy palaeoenvironmental data produced for the
Yammoûneh basin (Fig. 61.1) in central Lebanon (Gasse et al. 2011;
this volume), this data may imply that the Acheulo-Yabrudian occu-
pation at Abri Zumoffen and Bezez occurred during wooded inter-
glacial conditions, probably prior to MIS 6.

61.3 MIDDLE PALAEOLITHIC (240–50 KA)

Middle Palaeolithic locales are concentrated along the modern
Lebanese coastline (Fig. 61.4), potentially reflecting a genuine
occupation preference by hominins. This pattern is, however, also
influenced by research history and the nature of potential depos-
itional contexts. For example, material of this age is only found in
deposits below the modern floodplain of the Litani River (Copeland
& Yabeck 2002: 138). The period has been subdivided using the
typo-technological features of the Levallois component of lithic
assemblages, following the ‘Tabun D-C-B’ sequence (Copeland
1975). New studies of assemblages, in conjunction with absolute
ages, have cast doubt over the efficacy and interpretative implica-
tions of these divisions for the southern Levant (e.g. Hovers 1998,
2009); its applicability in Lebanon is, therefore, questionable. How-
ever, as absolute ages are sparse andmany assemblages unpublished
and/or require reassessment, only a tentative reinterpretation can
currently be provided.
Broadly, the Lebanese Middle Palaeolithic can be divided into

‘earlier’ and ‘later’ phases. The former consists of assemblages
indicating Levallois reduction and non-Levallois laminar produc-
tion (debitage laminaire semi-tournant; cf. Delagnes 2000). Else-
where in the Levant (see Meignen 2007) such features are indica-
tive of the early Middle Palaeolithic (240–130 ka; MIS 7–6). Such
material is rare in Lebanon, the two key assemblages being the
largely unpublished material from the North Gallery at the once
extensive cave site of Nahr Ibrahim (Dockall 1997: 58) and Layer B

at Bezez. In this Layer B the assemblage consists of non-Levallois
laminar cores, Levallois cores, and products on elongated point pro-
duction, along with bifaces and associated debitage (pers. obs.).
Support for potentially attributing Bezez B to this interval is pro-
vided by the associated mammalian fauna assemblage, dominated
by Gazelle gazelle (Garrard 1983), possibly indicating a locally
open, drier environment. Following the palaeoenvironmental inter-
pretations of Gasse et al. (2011) for the Yammoûneh basin, such
conditions could have occurred during late MIS 7 to early MIS 6.
The later Middle Palaeolithic postdates the last interglacial (MIS

5e), which along the Lebanese coast is marked by ‘Enfean’ marine
deposits containing the indicative marine gastropod Lentigo latus
(Sanlaville 1998; Galili et al. 2007). Middle Palaeolithic sites over-
lying beaches assigned to this transgression include Ras El Kelb I
(Copeland & Maloney 1998), Ras Lados (Wetzel & Haller 1945),
Naame (Fleisch 1970), Ras Beirut Va and Vb (Fleisch & Sanlaville
1969; Sanlaville 1977) and Chekka (Fleisch 1962; Copeland 1975).
A Lentigo from the Naame beach has yielded two U–Th ages of
90±20 and 93±5 ka (Sanlaville 1977; Leroi-Gourhan 1980), which
may be underestimates (Sanlaville 1998: 40). Within the later Mid-
dle Palaeolithic of Lebanon there is chronological separation. For
instance, the material from Layer 4 (basal deposits) within the Cen-
tral Gallery at Nahr Ibrahim is thought to be from earlier in this
interval (MIS 5c; Porat & Schwarcz 1991), in contrast to that from
level 32 at Ksar ‘Akil which is seemingly younger (MIS 3; van der
Plicht et al. 1989). The key assemblages aiding further interpre-
tation of this chronological division and any potential behavioural
differences are the largely unpublished collections from the Cen-
tral Galley at Nahr Ibrahim; in addition to the dated material from
Layer 4, associated with Levallois reduction geared to flake produc-
tion (traditionally equated to Tabun C-type), the overlying deposits
are dominated by lithic material indicative of Levallois reduction
focused on squat point production (Tabun B-type) (Copeland 1998:
93).
Several laterMiddle Palaeolithic sites have producedmammalian

faunal assemblages, most notably Ras El Kelb I, Nahr Ibrahim, and
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Figure 61.4 Locations of Middle Palaeolithic sites in Lebanon.
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Table 61.4 Summary data from earlier Palaeolithic sites in Lebanon

Period Site Age
Key technological
characteristics References

Lower Palaeolithic Borj Qinnarit ?≥MIS 15 Simple core and flake Hours & Sanlaville 1972
Ras Beirut Ia ?≥MIS 11 Bifaces; simple core and flake Fleisch & Sanlaville 1974
Wadi Aabet ?≥MIS 11 Bifaces; simple core and flake Fleisch & Sanlaville 1974
Ras Beirut Ib ?≤MIS 11 Bifaces; simple core and flake Fleisch & Sanlaville 1974
Abu Ghantous /
Joub Jannine II

?MIS 11 Bifaces; trihedrals; simple
core and flake; discoidal

Besançon et al. 1970;
Yazbeck 2002

Late Lower
Palaeolithic

Abri Zumoffen ?≤MIS 9–MIS 7 Bifaces; simple core and flake;
discoidal; simple laminar;
?some Levallois

Garrod & Kirkbride 1961;
Roe 1983

Bezez Layer C ≤MIS 9–MIS 7 Bifaces; simple core and flake;
discoidal; simple laminar;
limited Levallois

Garrod 1966; Roe 1983

Masloukh Layer C ?≤MIS 9–MIS 7 Bifaces; simple core and flake;
discoidal; simple laminar

Skinner 1970

Masloukh Layer B ?≤MIS 9–MIS 7 Bifaces; simple core and flake
discoidal; simple laminar;
some Levallois

Skinner 1970

Early Middle
Palaeolithic

Bezez B ?Late MIS 7/ Early MIS 6 Bifaces; laminar; extensive
Levallois

Garrod 1966; Roe 1983

Nahr Ibrahim North
Gallery

?Late MIS 7/ Early MIS 6 Laminar; extensive Levallois Dockall 1997: 58

Later Middle
Palaeolithic

Nahr Ibrahim Central
Gallery Layer 4

MIS 5 Extensive Levallois;
dominated by flake production

Solecki 1975; Porat &
Schwarcz 1991; Copeland
1998: 93

Ras El Kelb I MIS 5 Extensive Levallois;
dominated by flake production

Copeland 1998;
Sanlaville 1998

Ras Lados ?MIS 5 Extensive Levallois;
dominated by flake production

Wetzel & Haller 1945;
Copeland 1998: 94

Naame MIS 5 Extensive Levallois;
dominated by flake production

Fleisch 1970; Sanlaville
1977

Ras Beirut Va ?MIS 5 Extensive Levallois;
dominated by flake production

Fleisch 1969; Sanlaville
1977

Ras Beirut Vb ?MIS 5 Extensive Levallois;
dominated by flake production

Fleisch 1969; Sanlaville
1977

Chekka ?MIS 5 Extensive Levallois;
dominated by flake production

Fleisch 1962

Nahr Ibrahim Central
Gallery Layer 3

≤MIS 5 Extensive Levallois; flake and
point production

Solecki 1975; Porat &
Schwarcz 1991; Copeland
1998: 93

Ksar ‘Akil Levels
32–26

MIS 3 Extensive Levallois; flake and
point production

Copeland 1975; Marks &
Volkman 1986; van der
Plicht et al. 1989

Ksar ‘Akil, although only those from Ras El Kelb (Garrard 1998)
and, to a lesser extent, Ksar ‘Akil levels 32 to 36 (Hooijer 1961) have
been studied. Both are dominated by Dama mesopotamica, and,
despite apparent chronological separation (MIS 5 andMIS 3 respec-
tively), contain a similar range of species. These are indicative of

local woodland with some more open country or crags. The corpus
of later Middle Palaeolithic sites also provides evidence for impor-
tant human behaviours. These include: (a) targeted hunting focused
on prime age animals (most commonly fallow deer; Ras El Kelb,
Ksar ‘Akil, and possibly Nahr Ibrahim); (b) hafted tools, including
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those seemingly damaged through use as armatures (Dockall 1997;
(c) structured use of interior space through the construction of
hearths (Ras el Kelb, Nahr Ibrahim Central Gallery). Enigmatic
behaviours include a flake with engraved cortex from Ras El Kelb
(Moloney 1998). Hominin remains in the form of four teeth from
at least two individuals were recovered from Ras El Kelb (Bourke
1998). Although unattributed to species, they are thought to date
to MIS 5, an interval which sees the first documented evidence of
anatomically modern humans in the region (Vandermeersch 1982;
Rak 1993).

61.4 SUMMARY

Lower and Middle Palaeolithic sites in Lebanon are subdivided
between the earlier Lower Palaeolithic, the late Lower/early Mid-
dle Palaeolithic, and the Middle Palaeolithic; the latter can be sub-
divided into an earlier and later phase (Table 61.4). The Lower
Palaeolithic consists of lithic artefact assemblages containing
bifaces and their associated debitage. They lack clear evidence for
laminar and other prepared core technologies, including Levallois
reduction. The sites are concentrated along the coasts and the south-
ern Beqaa valley; this may reflect the focus of research activity,
rather than an occupation preference. Limited chronological con-
trols are provided by associated marine deposits, although these
attributions are based on altitudes; specific ages are lacking. There
are, however, significant numbers of known, under-investigated
archaeological sites, which are likely to provide better chronology
(e.g. sediments, biostratigraphy), alongside palaeoenvironmental
evidence. There are also ‘non-archaeological’ sites with potential
for information; the fluvial deposits of the Nahr El-Kebir el-Janoubi
near Braghite in northern Lebanon, from where there is a single
tooth of the early Pleistocene Mammuthus meridionalis reworked
from earlier deposits (Malez & Kansou 1974), are an example. The
record is dominated by material from secondary contexts; although
fresh material has been recovered from sites such as Ras Beirut Ib,
none has been extensively excavated.

The late Lower/early Middle Palaeolithic in Lebanon is asso-
ciated with the Acheulo-Yabrudian techno-complex. It has pro-
duced three regionally important datasets (Abri Zumoffen, Bezez
and Masloukh). These contribute to the emerging framework of
this period as both a regionally and internationally important inter-
val of hominin evolution. Observed in Lebanon is the first evi-
dence of extensive, prolonged occupation of caves and rockshel-
ters, the first definitive use of fire, the appearance of structured
hearths, and evidence for hunting. Furthermore, new lithic tech-
nologies emerged displaying technological variability, but over-
arching inter-assemblage consistency. They exhibit clear evidence
for extended artefact curation, and the emergence of increasingly
structured and logistical use of landscape.

The Middle Palaeolithic record of Lebanon is extensive, though
largely confined to coastal caves and rockshelters. As elsewhere in
the Levant, there were multiple episodes of human occupation dur-
ing this period, which can currently be divided between MIS 7–6
and post the last interglacial (MIS 5e). The post-MIS 5e sites sep-

arate between those belonging to MIS 5 and MIS 3. This currently
under-researched record already gives hints of the information that
could be teased from it – relating to changes in local environment,
technology in the landscape, subsistence strategies, structured use
of interior space – and has huge potential for addressing broader-
scale cultural change in the region.
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62 The Lower Palaeolithic of Syria

jean-marie le tensorer

62.1 DISTRIBUTION OF THE SITES AND
RESEARCH HISTORY OF THE SYRIAN LOWER
PALAEOLITHIC

In Syria, investigations leading to the discovery of Lower Palae-
olithic sites date back to the early twentieth century. The first sur-
veys collected handaxes in alluvial terraces along the Orontes and
Euphrates rivers (Passemard 1926, 1927; Burkhalter 1933). In 1931,
Alfred Rust’s discovery of the Yabrud sites, north of Damascus
(Fig. 62.1), was a turning point in studying the Syrian Palaeolithic
(Rust 1933). After three-year excavations in Shelter I, a stratigra-
phy encompassing 25 archaeological levels, ranging from Upper
Acheulian toMousterian, was brought to light. Rust set the bases for
the modern question of the transitional cultures between Lower and
Middle Palaeolithic. The detection of the Yabrudian cultures and
the blade-rich assemblages (‘Pre-Aurignacian’) and their possible
interbedding is the starting point of chronostratigraphic studies in
Syria (Rust 1950).

Thirty years later, W. J. Van Lière unearthed Latamné (Fig. 62.1)
(Van Lière 1960–61), where D. Clark later disclosed a Middle-
Acheulian living-floor, which would be considered for years as the
oldest human occupation in Syria (Clark 1967, 1968).

From 1976 on, a team directed by P. Sanlaville, including geo-
morphologists and three palaeolithicians, L. Copeland, F. Hours,
and S. Muhesen, carried out systematic surveys from the Mediter-
ranean coast to the Euphrates (Besançon et al. 1978; Sanlaville
1979, 1993, 2004; Muhesen 1985, 1988). In 1978, within J. Cau-
vin’s initial mission, the surveys expanded to the region of El Kowm
(Fig. 62.1) (Cauvin et al. 1979; Besançon et al. 1981; Le Ten-
sorer & Hours 1989; Besançon & Sanlaville 1991). In 1982, the
author joined the Palaeolithic field research team and in 1986 com-
menced leading it. Numerous Lower Palaeolithic sites were dis-
covered with stratified layers. The major sites are unquestionably
(a) Hummal, discovered by G. and M. Buccellati in 1966 (Buccel-
lati & Buccellati 1967) and under systematic excavation since 1997
by Le Tensorer, S. Muhesen, and their team (Le Tensorer 2004),
and (b) Nadaouiyeh I Aïn Askar, discovered by M.-C. Cauvin in

1978, excavated from 1989 until 2003 (Hours et al. 1983; Le Ten-
sorer et al. 2007; Jagher 2011). The latter presents a long Acheulian
sequence covering >30 archaeological levels. In 1996, the discov-
ery of a large skull fragment of Homo erectus in a well-preserved
living-floor marks a major event in understanding the Lower Palae-
olithic in Syria (Le Tensorer et al. 1997).
Other international teams contributed to the discovery of Lower

Palaeolithic sites. In El Kowm region, a Syrian–Frenchmission con-
ducted by E. Boëda and S. Muhesen began investigations in 1991
in the important sites of Umm el Tlel and El Meirah (Boëda 2005;
Boëda et al. in prep.). In 1999, N. Conard initiated the ‘Tübingen–
Damascus Excavation and Survey Project’ (TDASP), over the area
from Damascus to Yabrud (Conard 2006; Conard et al. 2008), thus
coming across numerous Lower Palaeolithic sites. Also relevant
for this interval are the Japanese teams commencing in the late
1970s under the leadership of T. Akazawa and Y. Nishiaki around
Palmyra and Afrin (Fig. 62.1) (Akazawa et al. 1970; Nishiaki et al.
2011). Lately, Shaw (2012) has submitted a general study of the
data related to the Early Palaeolithic of the Orontes and Euphrates
River valleys.
Today, >200 sites have been attributed to the Lower Palaeo-

lithic in Syria (Muhesen & Jagher 2011); most have been ascribed
to Acheulian, owing to the presence of bifaces. These sites are
mainly along the Nahr El Kebir, Euphrates, and Orontes valleys,
along the coast, north of Damascus, and in the midst of the Syrian
Desert at El Kowm and Palmyra (Fig. 62.1). The greatest stand-
ard stratigraphic references are located around El Kowm, where
Hummal, Nadaouiyeh, and Umm El Tlel offer outstanding exten-
sive sequences of the entire Palaeolithic (Le Tensorer 2015).

62.2 INITIAL LOWER PALAEOLITHIC MODE 1:
THE FIRST WAVE FROM AFRICA

In the oldest Quaternary alluvial terrace deposits of the Nahr El
Kebir, Orontes and Euphrates valleys and their tributaries, arte-
facts led researchers to presume the existence of Early Palaeolithic

567
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Figure 62.1 General map of Syria and neighbouring regions with location of main Lower Palaeolithic sites.

cultures without bifaces (Shaw 2012). In the Orontes basin, assem-
blages solely made up of small flakes and pebble-tools have been
collected in the sites of Khattab 2 and Lower Sabounji (Copeland
& Hour 1993). However, without any clear stratigraphic con-
text, it is difficult to ascribe a definite chronostratigraphy. In
the bottom of Hummal sequence, near the village of El Kowm
and in the neighbouring site of Aïn Al Fil, Le Tensorer (2004,
2009) uncovered and ascertained the existence of the central Syria
Oldowan Mode 1 Core-and-Flake cultures, in 2002 and 2008,
respectively.

62.2.1 AÏN AL FIL

Aïn Al Fil (Elephant Spring) is an open-air site, 3 km north of El
Kowm (Fig. 62.2a). In 2008, H. Le Tensorer and V. von Falkenstein
came across an Oldowan industry lying at the basis of the sequence
in layer L2, overlying the Upper Cretaceous chalky-marls. The age
of this Oldowan layer is supported by palaeomagnetic, geological,
and faunal data.
A preliminary palaeomagnetic study has been performed by Juan

José Villalain (Le Tensorer et al. 2015). In the Aïn Fil section, unit

E1 downward (sample F13), the polarity is reversed (i.e. Matuyama
Chron). Inside this chron, three normal polarity events were rec-
ognized in levels G2, H3, and K. Considering these results, the
Oldowan layer L2 is under the Olduvai subchron encountered in
level K.
Tectonics faulted layers L1 and L2. The direction of the fault-

lines fits the tectonic movements of the Dead Sea rift and transform
during the Pliocene and the earliest Pleistocene (Zanchi et al. 2002;
Rukieh et al. 2005). This was the first human culture discovered
within very old faulted deposits in Syria.
An elephant tooth, intermediate toMammuthus meridionalis and

Mammuthus trogontherii, was found in clayey layer I, while a
rich fauna of Equus stenonis (cf. senezensis), huge camelids, and
antelopes belonging to as yet unknown species were found in layer
L1.
These observations seem consistent and place the Oldowan

industry of layer L2 of Aïn Al Fil around 1.8 Ma. The assem-
blage comprises about 800 artefacts predominantly made out of
Cretaceous and Eocene flint nodules, consisting of pebble-tools,
cores, manuports, and flakes without any intentional retouches
(Fig. 62.2b).
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a

b

Figure 62.2 a: Stratigraphy and view of the main section at Aïn al Fil. b: Selected artefacts, pebble-tools. (A black and white version of this figure will
appear in some formats. For the colour version, please refer to the plate section.)

62.2.2 HUMMAL

Hummal, northern and near El Kowm, is an open-air site, a promi-
nent mound at an artesian spring (Le Tensorer et al. 2011b). A
very large number of archaeological levels within a 20 m thick
deposit range between the Holocene and the earliest Pleistocene.
This sequence vouches for a million years or even longer of human
settlement. The stratigraphy has been divided into seven units with
23 sub-units that are named layers, and 100 levels (Fig. 62.3a,c):

Unit A: Holocene sediments
Unit B: Latest Pleistocene sediments: Early Upper Palaeolithic

(Ahmarian and Levantine Aurignacian).
Unit C: Late Pleistocene sediments: Late Middle Palaeolithic;

Mousterian sequence.
Unit D: Late middle Pleistocene sediments: Early Middle Palaeo-

lithic; Hummalian sequence.
Unit E: Late middle Pleistocene sediments: Yabrudian sequence.
Unit F: Early middle Pleistocene sediments: Lower Core-and-Flake

Palaeolithic culture with extremely scarce handaxes. Temporar-
ily, this culture was named Tayacian or Acheuleo-Tayacian,

owing to analogies and in reference to the non-standardized
Tabun G flake industry identified by Garrod and Bate (1937).

Unit G: Early Pleistocene sediments: Archaic Palaeolithic with
pebble-tools relating to an Oldowan Core-and-Flake facies.

The bedrock has not yet been reached.
In Unit G, Layers 17–23 preserved old assemblages, first ascribed

to Oldowan cultures (Le Tensorer 2004; Le Tensorer et al. 2011a).
Actually, the sequence is 2 m thick, with Initial Lower Palae-
olithic industries (Wegmüller 2011). They are distinct from the so-
called ‘Acheuleo-Tayacian’ complex of Unit F, because the flakes,
which occasionally show use-wear traces, never exhibit intentional
retouches.Moreover, these non-modified, very fresh flakes are asso-
ciated with abundant pebble-tools, polyhedra, spheroids, and other
core-like artefacts (Fig. 62.3b). Palaeomagnetic analyses identified
the sequence as belonging to the Matuyama Chron. Other consid-
erations lead us to propose an age of �1.3 Ma. Up to now, we
have considered Layer 18 as Oldowan. However, recently, it has
yielded two bifaces in situ. This layer shows remarkable similari-
ties with the oldest assemblages of ‘Ubeidiya, classified as Lower
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Figure 62.3 a: View of the well and site of Hummal (view north); the lower central section (Lower Palaeolithic) is in the middle and on the right (photo
A. Sanson). b: Unit G, Oldowan Core-and-Flake culture, selected artefacts. 1–3 Pebble-tools, 5–7 flakes with use-wear traces (drawing J.-M. Le Tensorer).
c: General stratigraphy of Hummal.



Lower Palaeolithic of Syria 571

Acheulian (Bar-Yosef &Goren-Inbar 1993; Bar-Yosef &Belmaker,
Chapter 20 of this volume). Generally speaking, the oldest levels
at Hummal rank among the Core-and-Flake industries. According
to the criteria defined by H. de Lumley (2005) and from a techno-
typological point of view, these assemblages (Layers 19–23) are
perfectly identified as a ‘classical Oldowan’ while, at Aïn Al Fil,
Layer L2 relates to an ‘Initial Oldowan’.

62.3 LOWER PALAEOLITHIC TRANSITION MODE 1
TO MODE 2: THE ‘TAYACIAN QUESTION’

In Unit F at Hummal, a succession of layers yields a distinct set of
assemblages with a coarse débitage and opportunistic cores produ-
cing irregular, thick flakes. In these levels, we discovered two typi-
cal thick and elongated handaxes, issued from hammerstone knap-
ping. Before this discovery, the industry had been termed ‘Tay-
acian’ with reference to the Tabun G (Garrod & Bate 1937), Umm
Qatafa (Neuville 1951), and Yabrud (Solecki 1968) assemblages,
which show similar features to the industry of Unit F at Hummal
(Copeland 2003; Le Tensorer 2004). Clark Howell even named the
Tabun G industry ‘Tabunian’ because he wanted to emphasize the
differences from Acheulian. It has to be underlined that, usually,
the cultures labelled ‘Tayacian’ in the different sites of the Levant
are located at the base of the stratigraphic sequences preceding an
‘Upper Acheulian’ stage. In other words, it seems that these ‘Tay-
acian sequences’ are largely coeval to the Middle Acheulian stage.
This would roughly place them at 1.2–0.7 Ma. In view of the ambi-
guities that accumulated using this term, the definition of Tayacian
(Copeland 2003) is no longer useful for characterizing an archaeo-
logical culture. Nonetheless, the question remains, should we link
these assemblages to a non-Acheulian ‘Core-and-Flake’ culture, or,
should they be considered a kind of Acheulian assemblage without
(or with very few) handaxes? As is typical in the Levant, Acheulian
sites in Syria often yield extraordinary numbers of handaxes, as is
the case in the Middle Acheulian site of Al Meihra and the Upper
Acheulian assemblages of Nadaouiyeh or Gharmachi. We could
consider the industries of Unit F from Hummal as a different sort
of ‘Acheulian’, perhaps a Middle Acheulian facies largely deprived
of handaxes. Alternatively, these assemblages are independent from
the biface-rich Acheulian culture, and the few bifaces found could
show that there was a occasional contact with other groups or even
that there was a collection of Acheulian bifaces. It should be empha-
sized that, so far in these levels, we have never recovered biface-
trimming flakes, which suggests that the handaxes were not made
or maintained in place.

62.4 LOWER PALAEOLITHIC MODE 2: ACHEULIAN

In Syria, the Acheulian may be classified into three groups:

(1) A lower Acheulian with very scarce handaxes from early Pleis-
tocene (>0.9 Ma) deposits. About 100 artefacts have been col-
lected in the region of Nahr El Kebir at SittMarko. They include
three bifaces in an archaic style similar to those from ‘Ubeidiya,

seven choppers, two cleavers on flakes, and a pick. Still along
the coast, but in marine early Quaternary sediments, at Cheikh
Mohammed, an assemblage of 40 artefacts including nine hand-
axes, which are a little more evolved, was found (Muhesen
1988). This first Acheulian stage is characterized by coarse arte-
facts, which are deeply rolled and patina-coated. Bifacial tools
are scanty and primitive. Pebble-tools and polyhedra still exist,
and the flakes are almost never modified (Muhesen & Jagher
2011). Unfortunately, these sites have never been accurately
dated. The oldest levels in Hummal with first bifaces could well
tally with this period, �1.3 Ma.

(2) A middle Acheulian with numerous handaxes roughly 0.9–0.7
Ma. Stricto sensu, this is the first typical ‘Acheulian’ culture.
This Acheulian is identified by abundant large, thick, elon-
gated bifaces tending to trihedral shaped picks. Stratified sites
from this phase are scarce. The most important are Latamné
(Clark 1967, 1968), El Meirah (Boëda et al. 2004), and Berzine
(Sanlaville 1979).

(3) An Upper Acheulian with plentiful handaxes, 0.7–0.4/0.3 Ma.

The bifaces of this period are preponderantly amygdaloid, cordi-
form, or ovate shaped. The key site for Upper Acheulian is unques-
tionably Nadaouiyeh I Aïn Askar, as the standard reference stratig-
raphy in the Levant (Le Tensorer et al. 1997; Jagher 2011). With
>30 m thick deposits, this spring site shows 32 layers of Acheu-
lian covering approximately 700–350 ka. Above the Acheulian,
the sequence extends with Middle and Upper Palaeolithic cultures
(Yabrudian, Hummalian, Mousterian, etc.).
The Acheulian levels at Nadaouiyeh are remarkably rich in the

number of bifacial tools (>13,000 handaxes in excavated area).
Fauna is abundant, well preserved, and is derived almost entirely
from hunting (Reynaud Savioz 2011).
At least seven successive stages of bifacial tradition charac-

terize the evolution of the Acheulian (Jagher 2011). Quite unex-
pectedly, the earlier in situ period presents a high standard in the
elaboration of handaxes (Fig. 62.4). Even and perfect in shape
and symmetry, they exceed by far the needs for pure function-
ality (Le Tensorer 2006). The general evolution varies between
quite standardized and very well knapped bifaces, to less skilled,
more perfunctory and irregular pieces. Throughout the sequence,
a common feature identifies the Acheulian at Nadaouiyeh; there
are almost exclusively bifacial tools, and the flakes are mostly not
retouched. There is no evidence of Levallois débitage. Within a
single unit, interesting typological variability vouches for lively
dynamics within a group.
Another surprise from Nadaouiyeh is the interbedding of a Final

Acheulian level in the Middle Palaeolithic sequence.
In Syria, the Upper Acheulian is found in numerous sites. This

is the first global settlement over the territory and the apex of this
culture. It is not only present in open-air sites, but also in shelters as
in Yabrud. It might partly proceed from local peopling. The African
origin is not evidenced because the only important human remains
from the period, the Homo erectus parietal bone from Nadaouiyeh,
shows anatomical traits more in keeping with Asia than
Africa.
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Figure 62.4 Nadaouiyeh I Aïn Askar: selected artefacts showing four successive assemblages of Upper Acheulian (drawing by J.-M. Le Tensorer).
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62.5 LOWER–MIDDLE PALAEOLITHIC
TRANSITION: THE SYRIAN YABRUDIAN
SEQUENCE

Yabrudian is an industry characterized by a predominant production
of very thick flakes, quite often transverse or déjetés, which were
used as blanks for nearly exclusively scaled and Quina-retouched
side-scrapers. The artefacts are always deeply retouched.

In Syria, theYabrudian is well represented inYabrud, in El Kowm
(11 sites notably at Hummal, Nadaouiyeh and Umm el Tlel), and
in the Dederiyeh Cave (Le Tensorer 2006; Al Qadi 2011; Nishiaki
et al. 2011; Akazawa & Nishiaki, Chapter 36 of this volume).

Over the past decades, the question raisedwaswhether theYabru-
dian, as a cultural chronological stage, should be placed within the
Lower or within the Middle Palaeolithic. Jelinek (1982, 1990) and
Goren-Inbar (1995) consider it as Lower Palaeolithic. Barkai and
Gopher (2011), based on new findings from Qesem Cave (Gopher
& Barkai, Chapter 23 of this volume), emphasize the originality
of the Yabrudian and Amudian stages and suggest that we should
distinguish this ‘cultural complex between Acheulian and Mouster-
ian as an independent, long, creative and innovative cultural entity
reflecting dynamic human behaviour and flexible local adaptations’
(Barkai & Gopher 2011). Expressing another view based on recon-
sidering the Tabun sequence (Ronen, Chapter 24 of this volume),
Ronen et al. (2011) propose to limit and redefine Jelinek’s Mugha-
ran Tradition concept. This notion applies ‘solely within Garrod’s
Yabrudian layers, between about 450 ka and 250 ka. The terms
Mugharan and Yabrudian thus become synonymous’ (Ronen et al.
2011).What sustains the use of the term ‘transitional’ for the Yabru-
dian culture? Is it a Late Lower Palaeolithic or an Early Middle
Palaeolithic?

This may amount to a purely theoretical debate, as it is difficult to
substantiate, e.g. in Europe (Monnier 2006), a conventional distinc-
tion between Lower andMiddle Palaeolithic. Nonetheless, there are
important changes in the Yabrudian lithic industry when compared
to the Acheulian:

(a) Use of a new core reduction strategy, similar to the European
Quina débitage, to produce very thick flakes, including numer-
ous transversal and déjetés blanks;

(b) Systematic production of side-scrapers that subsequently
underwent intensive stepped retouch and repeated sharpening;

(c) Presence of typical limaces as the result of repeated use and
resharpening of scrapers;

(d) Very little actual bifacial shaping. The rare ‘bifaces’ are thick,
asymmetric, and perhaps used as bifacial scrapers. They also
bear the typical Yabrudian (or Quina) stepped retouch. As a
whole, the Yabrudian shows more diversity in technological
procedures and products than the Acheulian.

Summing up distinct traits characterizing this culture, they
separate the Yabrudian from the Acheulian; we would also dis-
card the termAcheuleo-Yabrudian for the Yabrudian in Hummal. In
this site, these layers are unquestionably located between a Lower
Palaeolithic context and a typical Middle Palaeolithic with blade
and Levallois débitages. Levallois technology is non-existent in the

Yabrudian assemblages of Hummal. Thus, we propose/conclude
that the Yabrudian is quite distinct from the Hummalian and Mous-
terian too. Le Tensorer et al. (2001) suggested placing theYabrudian
in an Early Middle Palaeolithic I phase, the Hummalian in Early
Middle Palaeolithic II, and the Levallois–Mousterian in Late Mid-
dle Palaeolithic.
The chronology of the Yabrudian units of Hummal is in progress.

The base of the overlying Hummalian complex is �250 ka, and a
burnt artefact found in a secondary position in Layer 6 yielded a
thermoluminescence age between 243 and 422 ka (Richter et al.
2011).

62.6 CONCLUSIONS

The Lower Palaeolithic is well represented in Syria. Unfortunately,
most of the 200 registered sites are not stratified but, so far, the El
Kowm region encompasses the largest archaeological sequences. It
has been a continuous settlement area since the Earliest Pleistocene
(ca. 2 Ma). The oldest cultures ever encountered in Syria are at Aïn
al Fil, which is therefore pre-eminent for better grasping the Out-
of-Africa dispersal. The sequence of Hummal should allow a better
understanding of questions such as relationships betweenAcheulian
and Oldowan Core-and-Flake cultures (Mode 1 vs Mode 2) or the
transition from Lower to Middle Palaeolithic.
The Nadouiyeh Aïn Askar sequence spans �700,000 years. It

is truly the most extensive site in the Levant for a comprehensive
approach to the Acheulian culture.
The El Kowm region demonstrates that a very large sequence is

also encountered in an open-air environment and that the steppe
regions between the Mediterranean coast and the Euphrates River
were favourable terrains for long-lasting human settlements, an
observation critical in the debate about the routes of human
dispersal.
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63 The Lower Palaeolithic of Jordan

gary o. rollefson

63.1 INTRODUCTION

The distribution of Lower Palaeolithic sites in Jordan is uneven,
owing to the nature of the countryside and the normal vicissitudes
of archaeological visibility. Approximately 85–90% of Jordan’s ter-
ritory is semi-arid steppe to hyperarid desert, and currently 90% of
the population live in the central western and northern highlands in
the 10–15% of the land that is arable (cf. Ababsa 2013: 257–59).
Surveys over the past several decades reflect archaeological visi-

bility well. South of the Dead Sea in the Wadi Arabah (Fig. 63.1,

Figure 63.1 Map of Jordan with locations of sites and areas discussed in
the text. 1: Azraq basin; 2: Dauqara locality; 3: Dhra’; 4: Fjayj; 5: Kerak
area; 6: Khanasiri; 7: ‘Uyun al-Qadim; 8: Wadi Arabah (Arava valley); 9:
Wadi Hasa; 10: Wadi Rum; 11: Wadi Sirhan; 12: Tabaqat Fahl (Pella).

also termed the Arava valley), only three sparse Lower/Middle
Palaeolithic sites were found (1.1%) among the total of 274 sites
(Neeley 1992). In theKerak area, 19 Lower Palaeolithic sites (2.7%)
were found among the 708 discovered during the survey (Rollefson
1987). On the south bank of the Wadi el-Hasa, 55 Lower Palaeo-
lithic spots were found among the 1,074 sites (5.1%) (MacDonald
1982; MacDonald et al. 1982; 1983). In northern Jordan in the
Khanasiri sector of the southern Irbid Plain, 22 Lower Palaeolithic
sites accounted for 6.5% of the recorded 340 sites (Bartl et al. 2001).
From the BlackDesert in the northeastern panhandle to the south-

ern border with Saudi Arabia, the relative numbers of Lower Palaeo-
lithic sites tend to fluctuate considerably, in part owing to flash
floods that either destroy early sites completely or cover them
utterly with redeposited sediments. Betts reported only isolated
artefacts older than the Epipalaeolithic (Betts 1986: 36; cf. Betts
1998: 11–35), and a similar situation was reported for theWadi Jilat
in the steppe about 50 km southwest of Azraq (Garrard et al. 1987:
24).
In contrast, surveys in areas closer to the centre of the Azraq basin

produced higher incidences of Lower Palaeolithic sites. One project
found five Lower Palaeolithic sites out of 55 (9.1%) (Garrard &
Stanley Price 1977), and farther afield in the Kharaneh, Butm, and
Rattama areas, 25 sites produced Lower Palaeolithic bifaces out of a
total of 55 sites (43.1%) (Copeland &Hours 1989). Along the west-
ern edge of the Wadi Sirhan, about a quarter of the distance from
the Jordan–Saudi border crossing at Umari (Fig. 63.1). Whalen and
Kolly (2001) located 38 Lower Palaeolithic sites, although they
intentionally ignored anything younger than the Lower Palaeolithic.
Along the northern and eastern rim of the Jafr basin, as of 2005
Quintero & Wilke had identified 92 sites, of which 19 (20.6%) are
Lower Palaeolithic (Rollefson et al. 2005).

63.2 THE EARLY ACHEULIAN IN JORDAN

Several sites have been attributed to the Early Acheulian based on
techno-typology and/or association with extinct fauna. One of these
is located in several exposures of theDauqara Formation in theWadi
Zarqa, 7.5 km NNW of the city of Zarqa. At the Dauqara Formation
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site, 243 artefacts of Lower Palaeolithic aspect, including one chop-
per, but no bifaces, were found (Parenti et al. 1997). In view of the
associated remains of Mammuthus meridionalis, Guerlin assigned
this formation (and its artefacts) to �1 Ma (in Parenti et al. 1997:
20). These authors suggest that the industry may be much older and
might represent ‘a more advanced phase than the ’Ubeidiya Devel-
oped Olduwan’ (Parenti et al. 1997: 19).
The presence of choppers and absence of bifaces is also cited as

evidence for an Early Acheulian age (if not older) at two other local-
ities. Whalen and Kolly (2001) sorted their collections according to
techno-typological criteria and degree of patination. Themore heav-
ily altered artefacts included 423 choppers and 18 other heavy-duty
tools, not counting 17 ‘cleavers’ and ‘picks’ (but no ‘bifaces’). They
assigned these artefacts to the Early Acheulian since they appeared
older and characterized by the use of hard hammer production.
The less patinated group included 125 choppers and heavy-duty
tools and 29 ‘handaxes’ and ‘picks’; the bifaces reflected ‘longer
and more shallow flake scars suggestive of soft hammer percus-
sion’ (Whalen & Kolly 2001: 13). In addition to the presence of
‘handaxes’, and in the absence of typical Late Acheulian types
such as ‘triangular, micoquian, [and] ovate’ types, this less weath-
ered collection of artefacts was attributed to the Middle Acheulian
(Whalen & Kolly 2001: 13). The illustrations of the Middle Acheu-
lian bifaces (Whelan & Kolly 2001: Fig. 5) fit in with Late Acheu-
lian examples from the Azraq basin (cf. Copeland 1989a: Figs. 10–
15; Quintero et al. 2007: Figs. 2–3, 5–6). Despite the heavy weath-
ering of the ‘Early Acheulian’ group, there is no convincing visual
evidence that the artefacts are any older than the Middle Acheulian,
if even that old (Whalen & Kolly 2001: Figs. 3–4).
The description of artefacts collected from a flint cobble quarry at

Dhra’ on theWadi Kerak alluvial fan at the eastern edge of the Dead
Sea indicates that the recovered pebble choppers, without associated
bifaces, could reflect an under-researched period as old as or even
older than the Early Acheulian (Edwards et al. 1998: 31). While
it is difficult to determine definitively from the photographs, the
illustrated examples of such choppers appear to be fresh and rela-
tively unpatinated, possibly even as recent as post-Pleistocene lithic
industries.
Several sites in theWadi Rum (Fig. 63.1) are assigned to the Early

Acheulian based onmorphology and technique of production (Fabi-
ani 2001; Fabiano & Primiceri 2001; Succi Fabiani 2001), although
the material is from surface collections. In summary, there is little
firm evidence of the Early Acheulian anywhere in Jordan, and in
any event, those collections ascribed to the period are very small
and mostly from ex situ circumstances.

63.3 THE MIDDLE ACHEULIAN

The Middle Acheulian is not frequently attested in Jordan1, and
all that has been published is from surface sites. In Wadi Rum,
Bellmonte et al. (1992) report one site at the base of Jebel al-
Hattiya; two other collections came from terraces along the Wadi
Harad (Pollorolo 2003; Succi Fabiani & Fabiano 2004), dated by
geological terrace association and technotypology.

Figure 63.2 Middle Acheulian bifaces from ‘Uyun al-Qadim. Left: from
Site J-92; right: from site J-140. (Photos by G. Rollefson.)

The ‘Uyun al-Qadim sector of the base of the northern and
northeastern escarpment of the Jafr basin includes numerous
Lower Palaeolithic localities consisting of palimpsests of recurrent
butchering stations on drainages and alluvial fans leading from fos-
sil springs. Four sites (J-25, J-83, J-92, and J-140) have produced
unusually large bifacial cleavers (Fig. 63.2), which the investiga-
tors compare positively in terms of size and production technique
with in situ Middle Acheulian sites elsewhere in the Levant, such
as Latamne and El-Meirah in Syria and Joub Jannine in Lebanon
(Wilke et al. 2010: 431–6).
Another locality with Middle Acheulian bifaces is Jebel

Uwaynid, at the western edge of the Azraq basin (Rollefson 1984).
The deep flake scars, the sinuosity of the lateral edges, and the gen-
erally large size of the bifaces indicate a Middle Pleistocene age
(Fig. 63.3).

63.4 THE LATE ACHEULIAN

In contrast to the meagre picture for the Early and Middle Acheu-
lian, LateAcheulian sites aremore ubiquitous across Jordan, includ-
ing several in situ deposits with associated fauna. In the area near
Tabaqat Fahl ((Pella); Fig. 63.1) in the northern Jordan Valley, two
in situ Late Acheulian sites (Mashari’a 1 and 3) have been located
(Macumber 1992). Excavation of three pits along a 115 m exposure
of an occupation surface provided abundant debitage in addition
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Figure 63.3 Middle Acheulian bifaces from Wadi Uwaynid. (Drawing: Brian Byrd.)

to several bifaces and a few retouched flake tools, as well as frag-
mented faunal remains and evidence of the use of fire (Macumber
& Edwards 1997: 27–8 and 33 footnote 2).
The earliest known and most intensively investigated in situ Late

Acheulian sites are along the western edge of the Azraq basin: ‘Ain
al-Assad (Lion Spring), C-Spring, and ‘Ayn as-Sawda, all within
3 km of each other (cf. Hunt & Garrard 1989: Fig. 1; Rollefson
et al. 1997: Fig. 2). Kirkbride’s (1989) excavations at ‘Ain al-Assad
in 1956 produced >700 bifaces, all analysed and interpreted by
Copeland (1989a, 1989b).
No Pleistocene faunal remains were recovered from ‘Ain al-

Assad, but in the mid-1950s, canal and irrigation works �1.5 km
to the northeast produced a series of Late Acheulian artefacts as
well as a collection of animal bones (Zeuner 1989). Clutton-Brock
(1989) identified Dicerorhinus hemitoechus, Equus hemionus, E.
hydruntinus, Camelus dromedarius, Bos primigenius, Boselaphus
sp. (?), and Alcelaphus buselaphus.
A later (1985) sounding near the 1950s canal works encountered

a Late Acheulian occupation layer at a depth of 3–3.5 m that pro-
duced a rich assemblage of in situ artefacts described as a ‘knap-
ping floor’ (Copeland 1991). Comparison with the material from

‘Ain al-Assad revealed similarity, particularly in the high percent-
age of bifacial cleavers (25% at C-Spring, 37% at ‘Ain al-Assad
(Fig. 63.4a); cf. Rollefson 1980, 1983, 2000), which led to the pro-
posal of a ‘Late Acheulian of Azraq Facies’ (Copeland 1991: 5).
About a kilometre north of C-Spring, another example of the Late

Acheulian of such an Azraq Facies came to light during dredging
operations at ‘Ayn as-Sawda, just east of central South Azraq, in the
mid-1990s. Backdirt from the bulldozer activity was extraordinarily
rich in Lower Palaeolithic artefacts (Rollefson et al. 1997). Three
of the four probes excavated in 1997 reached in situ Lower Palaeo-
lithic layers at a depth of 1–1.5 m. Trenches 2 and 4 produced 160
bifaces, with cleavers (Fig. 63.4b) ranging from 41 to 62% using the
traditional Bordes typelist and 95% in the classification developed
by Wilke and Quintero (unpublished data; cf. Wilke et al. 2010:
431–3). Lanceolate class handaxes (lanceolate, ficron, and Mico-
quian) account for 5–10% of the biface assemblage (Fig. 63.5).
Levallois elements were also relatively abundant, with 64 Leval-
lois points, 32 Levallois blades, and 41 Levallois flakes (Quintero
et al. 2007: Table 1).
‘Ayn as-Sawda also produced scant faunal remains that included

teeth of Stephanorhinus cf. hemitoechus, Equus hydruntinus,
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Figure 63.4 a: Bifacial cleaver from ‘Ain al-Assad (Rollefson 1983: Fig. 5;
drawing: Brian Byrd). b: Bifacial cleaver from ‘Ayn as-Sawda. (Photo: G.
Rollefson.)

Elephas cf. hysudricus (Lister et al. 2013: 121), and Camelus
dromedarius. Excavations were resumed at ‘Ayn as-Sawda in 2013
(Cordova & Nowell, personal communication).
A final Late Acheulian locality is located in North Azraq, about

5.3 km due north of ‘Ayn as-Sawda. In 2008 the excavations in the
Druze Marsh, 300–400 m east of the Roman fort, identified in situ
Late Acheulian material in a layer associated with lacustrine sedi-
ments (Cordova et al. 2009, 2013; Ames et al. 2014), a situation also
noted in Trench 4 at ‘Ayn as-Sawda and possibly at ‘Ain al-Assad.
Although not in situ, two other Late Acheulian areas deserve

mentioning: (a) ‘Uyun al-Qadim locality in the Jafr basin; and (b)
the Fjayj complex, situated east and north of the Shobak Crusader
fortress on the top of the escarpment leading eventually to the
Wadi Arabah. Seven specific sites within a few square kilometres
in ‘Uyun al-Qadim have produced 1915 bifaces, 90% of which are
bifacial cleavers. As was the case with the Late Acheulian site at
‘Ayn as-Sawda, Levallois elements were present, including 10 Le-
vallois points and 52 other Levallois products (Wilke et al. 2010:
Table 1). The artefacts are densely aggregated and probably repre-
sent a period thousands or even tens of thousands of years long, as
the sites attracted animals to the water resources and surrounding
vegetation; in turn, Late Acheulian hunters also arrived.

Figure 63.5 Micoquian piercer from ‘Ayn as-Sawda. (Photo: L. Quintero,
P. Wilke, J. Quintero, and G. Rollefson).

The other locality is at Fjayj; it also comprises numerous
palimpsests of killing, butchering, and campsite localities associ-
ated with ambush hunting of migrating animals returning to the
highland plateau from the Wadi Arabah during the spring season
(Rollefson 1981, 1985). Survey transects �20 km along sections
of the top of the highland cliff edge found sporadically dense dis-
tributions of Late Acheulian bifaces (Fig. 63.6), Levallois points
and Levallois blades; the distribution of artefacts rarely extended
more than 200–250 m inwards from the edge of the cliffs. At
the southeastern section of the locality was a roughly triangular
concentration of artefacts across an area of ca. 6 hectares with
fewer bifaces but more varied flake tools (including Levallois items:
Fig. 63.6a,b), suggesting an accumulation of temporary residential
activities (Rollefson 1985: Fig. 2). The high degree of Levallois
technologies at the Azraq Basin sites, ‘Uyun al-Qadim, and Fjayj
all indicates a major change in mentality at the transition from H.
erectus to Archaic H. sapiens grades.

63.5 CONCLUDING REMARKS

For decades there has been a consensus of considerable migra-
tion of humans and other animals from Africa to western Asia and
beyond through the Levantine corridor. This route essentially fol-
lowed the eastern Mediterranean shore and the eastern and western
flanks of the rift valley (Tchernov 1981; Bar-Yosef 1987). Presum-
ably, migrants could also have passed along the western and eastern
shores of the Sinai, into the rift valley and eastwards into the interior
of the northern Arabian Peninsula, including Jordan.
Geomorphological studies in Jordan have shown that at times

there were several lakes or wetlands in what today are arid steppes
and hyperarid deserts (Fig. 63.7). These include Lake Azraq
(Besançon et al. 1989; Cordova et al. 2009, 2013; Ames et al. 2014),
Lake Hasa and Lake Jinz at the head of the Wadi al Hasa (Moumani
1997; Schuldenrein 1998; see also Rech et al., Chapter 14 of this
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Figure 63.6 A: Bifacial cleavers from Fjayj (a, b). (Drawing: Brian Byrd.)
B: Other artefacts from Fjayj. c, i: Levallois points; d: Levallois flake; e:
Levallois point core; f: diminutive bifacial cleaver; g: mixed Levallois flake
and blade core; h: small bifacial cleaver. (Drawing: Brian Byrd.)

Figure 63.7 Location of proposed Pleistocene water bodies in central and
eastern Jordan (map by G. Rollefson). (See also discussions by Rech et al.,
Chapter 14, and Mischke et al., Chapter 45 of this volume.)

volume, redefining them as wetlands, and Mischke et al., Chapter
45 of this volume), Lake Hazawza in the Wadi Sirhan (Brown et al.
1989; al-Sudairi 1995), and Lake Jafr, Lake Mudawwara, and Lake
Umari (Rech et al. 2007; Rech et al. 2013, which are also consid-
ered as wetlands by Rech et al., Chapter 14 of this volume). While
there were undoubtedly climatic changes during the Pleistocene,
these water bodies indicate that the Levantine corridor could have
had a possible eastern branch east of the rift valley (Quintero et al.
2007). In view of the differences in terrain and probable resource
variability, it is not surprising that the Lower Palaeolithic of the two
branches of the Levantine corridor differ in several respects, espe-
cially typologically (Rollefson et al. 2006).
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ENDNOTES

1 Macumber & Edwards (1997) indicate two Middle Acheulian assem-
blages in the Tabaqat Fahl Formation near Pella in the northern Jordan
Valley (1997: 33 and Fig. 5), but no details have been published other
than that the sites were destroyed by agricultural terracing in 1990–91.
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Our understanding of the Middle Palaeolithic period in southern
Jordan comes principally from investigations undertaken by teams
from the University of Tulsa from 1976–1995 (Henry 1994, 1995a,
1995b, 1997, 2003, 2006, 2007, 2010, 2011; Henry et al. 1996,
2001, 2004). Henry (Chapter 73, this volume) presents principles
of the research design of these projects.

64.1 LANDSCAPE AND SITE DISTRIBUTION

Out of the 101 prehistoric sites in five areas surveyed along the
edge of the Ma’an Plateau, in the western Hisma and the eastern
flank of the Wadi Araba (Dead Sea Rift Valley) (Henry, Chapter
73, this volume), only 12 indicated Middle Palaeolithic occupa-
tions (Fig. 64.1): Judayid Basin, Jebel Qalkha, and the rift flank.
Together these encompassed 38 km2, yielding aMiddle Palaeolithic
site density of 0.32/ km2. Most of the Middle Palaeolithic occupa-
tions occurred in rockshelters (n = 8). Eight of the 12 sites were
single-component, and the four multi-component sites displayed
Middle Palaeolithic occupations that were stratigraphically under
Upper Palaeolithic layers. Only two of the sites were extensively
excavated whereas the rest were test excavated (8) or only surface
collected (2).
Two-thirds of theMiddle Palaeolithic sites are concentrated in the

attitudinally narrow,modern lower steppe zone (900–1,100m above
sea level, asl) with higher and lower elevations each yielding about
16% of the sites. This pattern reflects seasonal shifts in resources
and creature comfort that, in turn, is reflected inMiddle Palaeolithic
settlement-procurement strategies discussed below.

64.2 TECHNO-TYPOLOGIC SERIATION,
STRATIGRAPHY AND CHRONOLOGY

Of the 12 Middle Palaeolithic sites, four (J8, J430, J444, J447;
Fig. 64.1) yielded lithic assemblages allowing detailed techno-
typological classification given their sufficiently large sample sizes
and in situ contexts. Each of these sites was characterized by high

Levallois, blade, and faceting indices in conjunction with high fre-
quencies of broad-based, triangular Levallois points often exhibit-
ing classic chapeau de gendarme butts and concorde silhouettes
(Fig. 64.2). From a techno-typological perspective, these assem-
blages are most strongly affiliated with the Late Levantine Mous-
terian and specifically the Tabun B-type industry (Bar-Yosef &
Meignen 2001; Shea 2013).
Relative to area-wide stratigraphic placement, the occupation of

Tor Sabiha (J8) was found eroding from weakly weathered sand
derived from the cliff face in which the cave formed. The occupa-
tions of Tor Faraj (J430), J444, and J447 were associated with a
thick aeolian red sand (Q2; Henry, Chapter 73, this volume) in the
Jebel Qalkha area; those associated with sites J603 and J604 were
buried within relict drift sand deposits along the shoreline of ancient
Lake Gharandel (a wetland) and a nearby wadi (Henry 1995a, 1997;
Henry et al. 2001). The depositional contexts of the Middle Palaeo-
lithic sites in the Jebel Qalkha study area also helped in placing
less-intensively researched Middle Palaeolithic occupations at the
multi-component, rockshelter sites of J403, J412, J431 and J432
(Fig. 64.1). At each of these sites, a basal layer of the red sand (Q2)
containing Middle Palaeolithic artefacts was exposed underlying
the Q2 yellow silt that yielded Upper Palaeolithic artefacts (Henry,
this volume). Although none of these Middle Palaeolithic assem-
blages were large enough for detailed techno-typological analysis,
each has Levallois elements including at least one broad-based, tri-
angular Levallois point.
The chronology of the Middle Palaeolithic sites is limited to the

excavated sites of Tor Sabiha (J8) and Tor Faraj (J430). A suite of
six assays was established for Tor Faraj (J430) based upon three
different techniques: thermoluminescence (TL), amino acid racem-
ization (AAR), and uranium (U)-series (Table 64.1). Excluding the
early and late outliers, an average age/standard error of 51.6±5.5 ka
and a range of 46.1–57.1 ka is established. The single amino acid
racemization age from Tor Sabiha (J8) is 69±6 ka (a range 63–
75 ka), i.e. older than ages from Tor Faraj (J430), but matching the
amino acid racemization age. The ages are similar to those reported
for other Tabun B-type assemblages in Kebara, Ksar ‘Akil, Amud,

585
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Figure 64.1 Google Earth image (a) of region showing the major landforms and the locations of the principal Middle Palaeolithic sites discussed in the
text coupled with (b) schematic east–west transect of region showing the proposed pattern of Middle Palaeolithic transhumance, landforms, biotic zones,
geological substrates, Middle Palaeolithic sites, and chert outcrops.
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Figure 64.2 Illustration of lithic artefacts from Tor Faraj. a–c, e, f: Levallois points (note the classic chapeau de gendarme platforms on a–f, the concorde
silhouette on e, and the inverse retouch on a). d: Levallois flake that probably served to clear core face after point removal; g: Levallois flake; h, i, l: retouched
Levallois points; k, n: face clearing rejuvenation flakes; o: side-scraper on blade; j: small, exhausted Levallois point core; m: refitted core on flake; p: refitted
edge element. h, i, k, l, n, o after Henry 1995a, all the rest after Henry 2003.
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Table 64.1 Chronometry for Tor Faraj and Tor Sabiha

Provenance Material Technique Age (ka)

Tor Faraj, Layer C Burnt chert TL 43.8±2
Tor Faraj, Layer C Burnt chert TL 47.5±3
Tor Faraj, Layer C Burnt chert TL 52.8±3
Tor Faraj, Layer C Ostrich

eggshell
AAR 69.0±6

Tor Faraj, Layer C Ostrich
eggshell

U-series 62.4±14

Tor Faraj, Layer C Ostrich
eggshell

U-series 28.9±14

Tor Sabiha, Layer B Ostrich
eggshell

AAR 69.0±6

and Dederiyah (Bar-Yosef & Meignen 2001; Henry 2003, and
Chapter 73 of this volume).

64.3 PALAEOCLIMATE AND
PALAEOENVIRONMENTS

The Middle Palaeolithic occupations of the region are buried in ae-
olian sand and fine sand/silt deposits indicative ofmobile sediments,
probably under an active arid landscape with sparse ground cover,
perhaps seasonal in nature. Faunal preservation in these deposits
is generally poor, but remains of gazelle, bos, and equid, along
with ostrich eggshell fragments, point to a steppe environment with
some available surface water. Pollen (Emery-Barbier 1995) and
phytolith (Rosen 2003) studies provided additional environmental
reconstruction of a generally arid setting, but somewhat moister and
cooler than today. The Hisma and hilly uplands would have sup-
ported cool-season grasses and pockets of woodland of alder, elm,
and pine formingwhat can be described as a cool, moist steppe asso-
ciated with a Mediterranean climate, a local reconstruction consist-
ent with that proposed for the Levant during MIS 4 and early MIS
3 (Frumkin et al. 2011).

64.4 LITHIC ASSEMBLAGES: CHERT SOURCES
AND TECHNO-TYPOLOGY

The lithic assemblages from the Middle Palaeolithic occupations
were primarily produced from chert embedded in Cretaceous lime-
stones of the Amman Silicified Limestone,Wadi Ghrudan andWadi
es Sir Formations from altitudes of 1,480–1,600 masl in the Ma’an
Plateau (Henry 1995a, 2003). Although these cherts vary consider-
ably in their colours (grey to reddish brown), patterns, inclusions,
grain, translucency and in situ shape (e.g. nodular, tabular, platelet),
most are of high quality relative to knapping characteristics. Some
of the assemblages also included a black chert of the Eocene Umm
Rijam Formation (chert and limestone) exposed along the eastern
flank of the rift valley (Henry et al. 2001). A comparison of cherts
collected from the potential sources to artefacts recovered from Tor

Faraj living floors shows that several artefacts were annealed, per-
haps as a result of intentional heat-treatment. This is significant,
given that heat-treating chert is unknown from Middle Palaeolithic
contexts.
The techno-typological profiles of theMiddle Palaeolithic assem-

blages are drawn from the analyses of the lithic artefacts recovered
from the excavations of Tor Faraj and Tor Sabiha (Table 64.2). In
a report on the test excavation of Tor Faraj, I initially viewed the
assemblages as a late representative of the D-type industry of the
Levantine Mousterian largely because of the high proportions of
blades and points and the significant amount of bidirectional prepar-
ation for removals (Henry 1995a). Although the typological simi-
larities of the broad-based Levallois points from Tor Faraj and other
B-type industry sites (e.g. Kebara, Bar-Yosef & Meignen 2001)
were noted, it was thought that these might simply represent a hori-
zon marker derived from late Levantine Mousterian B-type groups
restricted to the Mediterranean woodlands. In short, greater weight
was given to the technological differences than the typological simi-
larities in classifying the Tor Faraj assemblages (Henry 1995a).
Subsequent analysis of the much larger artefact sample from the
block excavation showed close typological similarities to B-Type
assemblages, especially the broad-based Levallois points (Henry
2003). Moreover, the bidirectional core preparation is technically
related to efforts to extend the productive lives of cores given the
absence of chert in the vicinity of the site. The high lamellar indices
of the assemblages are a technical by-product of the high frequency
of point production (Henry 2003). Thus, both attributes appear to
be tied more to local economic and functional factors than to time-
sensitive indicators as traditionally held.
The traditional techno-typological analyses were enhanced by

refitting (Demidenko & Usik 2003), morphometric (Henry 2003),
and microwear studies (Shea 1995) of the Tor Faraj assemblage.
From a typological perspective, both Tor Faraj and Tor Sabiha are
dominated by retouched pieces and Levallois points with much
smaller proportions of other formally retouched tool types. These
two assemblages differ in their proportional representation of burins
(higher at Tor Faraj) and denticulates (higher at Tor Sabiha). Tech-
nically, both assemblages centred on the production of Levallois
points from convergent, predominantly unilateral cores.
An important feature at Tor Faraj was the distant import of ovate

chert nodules for point production. These natural nodules with their
convex shapes enabled Mousterian knappers to achieve delivery
of an initial point after only minor preparation. Another signifi-
cant economizing feature of the reduction strategy was the recyc-
ling of large thick flakes as cores (truncated-faceted pieces) and an
attendant shift from predominantly unidirectional to more oppor-
tunistic core management involving bidirectional preparation. This
recycling indicates that traditional core management directionality
needs reconsideration as a guide to chronology or taxonomy of an
assemblage.While inmanyways the production of broad-based, tri-
angular Levallois points resembles that described for other B-type
assemblages (Bar-Yosef & Meignen 2001), the Middle Palaeolithic
assemblages from southern Jordan display an unusually high fre-
quency of inverse retouch, suggesting a geographically localized
and temporally limited detailed element of the chaîne opératoire.
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Table 64.2 Techno-typological profiles of Tor Faraj and Tor Sabiha

Tor Faraj (J430) Tor Sabiha (J8)

CATEGORIES CLASSES Number Percentage Number Percentage

TOOLS
Levallois point – Retouched 23 5.4% 19 14.7%
Levallois point – Unretouched 77 18.1% 34 26.4%
Side-scraper 13 3.1% 4 3.1%
End-scraper 5 1.2% 0 0.0%
Burin 54 12.7% 1 0.8%
Perforator 0 0.0% 1 0.8%
Truncated piece 5 1.2% 3 2.3%
Notch 31 7.3% 10 7.8%
Denticulate 10 2.4% 13 10.1%
Retouched piece 194 45.6% 40 31.0%
Varia 13 3.1% 4 3.1%

Sub-total 425 100.0% 129 100.0%
DEBITAGE

Core 59 2.2% 10 0.6%
Primary element 320 11.8% 152 8.7%
Core trimming element 76 2.8% 32 1.8%
Blade 508 18.8% 652 37.3%
Flake 1,307 48.4% 843 48.2%
Levallois flake 236 8.7% 11 0.6%
Levallois blade 78 2.9% 48 2.7%
Burin spall 36 1.3% 0 0.0%
Truncated-faceted piece 81 3.0% 0 0.0%

Sub-total 2,701 100.0% 1,748 100.0%
DEBRIS

Chips 9,302 91.6% 4,041 84.4%
Chunks 858 8.4% 745 15.6%

Sub-total 10,160 100.0% 4,786 100.0%
Total artefacts 13,286 6,663

INDICES
IL 13.2 6
IF 51 37.5
ILAME 24 37.1

RATIOS
Tool : Debitage 1–13.6 1–6.4
Core : Tool 1–12.9 1–7.2
Core : Debitage 1–173.8 1–45.8
Debitage : Chip 1–2.3 1–3.4
P. element : Debitage 1–115.0 1–8.4

64.5 SEASONALITY,
SETTLEMENT-PROCUREMENT AND LAND-USE
STRATEGIES

Two-thirds of the Middle Palaeolithic sites are located in the lower
piedmont (950–1,050m asl) and the rest are evenly divided between
the upper piedmont (1,200–1,400 m asl) and the Ma’an Plateau and
low altitudes (100–200 m asl) of the rift valley. This site distribu-
tion also co-varies with direction of exposure, site size, thickness of
cultural deposit, artefact density, and the presence of hearths, which
are interpreted (Henry 1994) as expressions of transhumance. This
distribution of sites by elevation probably involved scheduled sea-

sonal movements from rift valley floor to the high elevations on the
Ma’an Plateau. Embedded in the seasonal migrations were shifts in
the residential mobility and sizes of foraging groups, and changes
in procurement strategies expressed in long-term winter camps in
(a) rockshelters of the lower piedmont supported through logisti-
cal provisioning, (b) occasional ephemeral winter camps in the rift
valley, and (3) ephemeral warm-season camps on the plateau and
upper piedmont with group dispersal into smaller social units sus-
tained through local, opportunistic provisioning.
Tor Faraj, positioned in the lower piedmont, was central in

this proposed settlement model; it represented that segment of the
cycle associated with long-term, aggregated, wet-season, winter
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Figure 64.3 Plan of Tor Faraj showing the locations of hearths and recon-
structed activity areas associated with Floor II (after Henry 2010). (A black
and white version of this figure will appear in some formats. For the colour
version, please refer to the plate section.)

encampments. Evidence for establishing the season(s) of occupa-
tion is sparse, but available data (e.g. from phytoliths; Rosen 2003)
indicate that Tor Faraj was occupied during the wet winters and pos-
sibly in the early spring. Tor Sabiha’s location in an easterly exposed
deep embayment at >1,200 m asl is an unlikely setting for a win-
ter, possibly freezing-cold encampment, as would be the>1,400 m
asl setting of the open site of J1; both would have made attractive
locations for warm, dry-season camping.
Beyond seasonal evidence, a pattern of transhumance for the

inhabitants of the shelter is implied by materials recovered from
the excavation that confirm connections to distant upslope (Ma’an
Plateau) and downslope (rift valley) locations (Henry 2003). The
recovery of the date palm phytoliths from the shelter also indicates
a connection to the rift valley, as date palms could not have sur-
vived the colder temperatures or produced fruit at any of the higher
elevations surrounding the rift.

64.6 INTRASITE PATTERNS AND SITE STRUCTURE

To examine Middle Palaeolithic settlement strategies along another
dimension, the research augmented the intersite investigations with
intrasite spatial analysis involving block excavations at Tor Faraj
(67 m2) and Tor Sabiha (13 m2) (Henry 2011). The high resolu-
tion spatial analysis at Tor Faraj traced three stratified floors with
discrete, segregated, mostly hearth-tethered activity areas indica-
tive of a complex site structure, consistent with a long-term win-
ter encampment (Fig. 64.3). In contrast, Tor Sabiha displayed a
single concentration of artefacts (2–3 m2) with co-occurring arte-
fact classes connected to initial (cores, primary elements) and final
(tools, points) lithic reduction. This implies a simple site structure
of overlapping activities and consistency with the intersite evidence
for a small, ephemeral occupation that was largely provisioned for
activities.
Several lines of evidence were explored in the study to specif-

ically evaluate the integrity of the living floors relative to post-
depositional disturbance through natural agencies. These included

Figure 64.4 A schematic illustration showing the spatial relationships of
ring analysis and hearth-side zones (after Henry 2010).

the examination of the specific sedimentary processes that formed
the artefact-bearing deposit, size distribution of artefacts, the ori-
entation and plunge of the long axes of elongated artefacts, the
degree of weathering or ablation of artefact surfaces, the spatial dis-
tributions of behaviourally meaningful artefacts, the distributions
of artefacts in three-dimensional space, the distribution of refitted
artefacts, and the presence and condition of archaeological fea-
tures (Henry 2010, 2011). In addition, novel approaches, involv-
ing Hearth Pattern Analysis and Ring and Sector analyses, were
employed to assess the degree to which the palimpsest problemmay
have impacted the spatial integrity of the floors (Fig. 64.4; Henry
2010, 2011). These hearth-related approaches were also used in
estimating the numbers of hearth-side occupants and concomitant
group sizes.

64.7 SUMMARY

In being restricted to Tabun B-type, the Middle Palaeolithic assem-
blages from southern Jordan do not assist in tracing the full Levan-
tine Mousterian succession. However, the large number of archaeo-
logically synchronous sites coupled with the pattern of their eleva-
tions and environments and site/assemblage characteristics offers an
unusual glimpse as a temporal snapshot of land-use strategies within
this topographically diverse region. Given earlier notions (Stringer
& Gamble 1993; Mellars 1996; Pettitt 1997) of inflexible Middle
Palaeolithic land-use strategies, this evidence of both logistical and
opportunistic strategies depending on physiographic setting, sea-
sonality, and mobility level is especially significant. In addition, our
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research dispels the idea that Middle Palaeolithic site structure was
organized simply, with few or no hearths and spatially overlapping
task areas. This common idea of site structure is consistent with the
upland, ephemeral occupation of Tor Sabiha, but it fails to mesh
with the results of the intrasite data recovered from stratified living
floors at Tor Faraj. Thus, it points toMiddle Palaeolithic behavioural
flexibility. Moreover, the comparison of intersite and intrasite pat-
terns points to a co-variation between logistical procurement strat-
egies and complex site structures on the one hand and opportunistic
strategies and simple sites structures on the other. Additionally, at
Tor Faraj, discrete, spatially segregated task areas were identified
that confirm the presence of conceptual labelling of certain places
where specific tasks were undertaken, a cognitive dimension and
behavioural practice identical to that seen in the modern organiza-
tion of encampments of human foragers (based on both archaeo-
logical and ethnographic studies).
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65 Middle Palaeolithic Open-Air Sites

erella hovers

65.1 INTRODUCTION

Like their modern counterparts, prehistoric hunter-gatherers made
location decisions that took into account temporal and spatial avail-
ability and accessibility of ranked resources, either physical or
social. Optimal location solutions are not absolute. They are deter-
mined in relation to specific demography, social structure, mobility
options, and anticipated or planned activities, to minimize risk in
unpredictable situations. These location decisions create the cumu-
lative settlement patterns that prehistorians attempt to reconstruct
from the material records.
Ethnographic hunter-gatherers typically conduct diverse activ-

ities outdoors: some activities (e.g. habitation, socializing, food
sharing, fire making, and preparation of technology-invested tools)
can be conducted in shelters, but the search, harvesting and procure-
ment of game or plants for food, fuel for fireplaces, or raw materials
for making tools can be conducted exclusively in open landscape.
The use of sheltered places is a relative novelty in the hominin lin-
eage, only sporadically used by non-human primates and in earlier
prehistory (e.g. Pruetz 2007; Chazan et al. 2012).
In the Levant, caves were occupied extensively during theMiddle

Palaeolithic period (250–50 ka), with long sequences that provided
the regional chronological framework (e.g. Bar-Yosef 1998). The
research emphasis on caves has been due largely to their hominin
remains, which are crucial to understanding the emergence and dis-
persal of modern humans and the fate of the Neanderthals (How-
ell 1958; Rak 1993; Arensburg & Belfer-Cohen 1998; Wolpoff
& Lee 2001; Shea 2003, 2007; Beyin 2006; Hovers 2006; Green
et al. 2010). Open-air sites (OAS) did not provide comparable evi-
dence and were less studied in initial days of research. Exceptions
were OAS sites in the Negev, Coastal Plain and the Jordan Val-
ley, where caves are relatively rare. In the northern Levant, OAS
research increased in the late 1990s with the discoveries of the long
sequences of Hummal and Umm el Tlel. In the southern Levant,
OAS form part of studying Middle Palaeolithic societies, demogra-
phy and culture (Table 65.1).

65.2 PROS AND CONS IN THE RESEARCH OF
OPEN-AIR SITES

Compared with cave sites, OAS offer a broader perspective on
activities of hominins in the Levant and the environments they
utilized (e.g. Marks & Freidel 1977). Being influenced by land-
scape processes (e.g. Goldberg 1976; Hovers et al. 2014), OAS
reflect broader-scale, regional conditions compared with the spe-
cific micro-environments of caves. Moreover, open-air localities
are sources for behavioural information unobtainable from other
hominin occupations. In the absence of confining physical bound-
aries, hominins were less likely to return to the exact same location
each time they visited a site. While OAS are complex palimpsests
owing to their post-depositional histories (e.g. Malinsky-Buller
et al. 2011; Bisson et al. 2014; Hovers et al. 2014), the likelihood
of thin occupation layers, and therefore less anthropologically com-
plicated palimpsests, is higher than in caves. If burial was rapid,
OAS can provide high-resolution records. For example, successful
lithic artefact refitting studies inMiddle Palaeolithic assemblages in
the Old World typically derive from OAS (e.g. Gilead 1988; Adler
et al. 2003; Chiotti et al. 2009; Delagnes et al. 2012; N. Mitki, pers.
comm. 2013; Sharon & Oron 2014).
The variability of OAS environmental contexts, site functions,

occupation duration and/or intensity can cause analytical difficul-
ties. The resultant material signatures may elude simple defin-
itions or identifications. Chronological identification as a Middle
Palaeolithic locality often rests on lithic artefacts (typically the sole
remainder of an occupation). Lithic techno-typological characteris-
tics are reliable for broad chronological assignment, and arguably
for identifying the relative temporal placement of sites, if assem-
blage traits conform to known characteristics from established con-
texts. In the Levantine Middle Palaeolithic, the latter are the strati-
fied cave sequences. But since many typo-technological properties
are linked to site functions within their land use systems and to the
tasks carried out, lithic characteristics are not necessarily compar-
able between the two types of sites.
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Table 65.1 Excavated Middle Palaeolithic open-air sites in the Levant

Site Description Publications

‘Mousterian loam’,
Tirat Carmel

Systematic collection, excavation.
Establishing the existence and regional stratigraphy of open-air Mousterian sites
in the coastal plain.

(Ronen 1974, 1977)

Naamé Open-air site on the Lebanese coast, situated between two radiometrically dated
ancient beaches, and thus used to estimate date of other assemblages containing
similar industry.

Industry of large oval Levallois flakes.

(Fleisch 1970)

Negev regional
project

A regional approach, viewing sites as components in larger and more complex
settlement systems. Open-air sites as the main focus of work.

Survey and excavation of selected sites.
Identifying home base sites as well as task-specific sites (workshop, hunting near
water).

Association of technological traits as adaptations to changing environmental
conditions.

(Crew 1976; Marks 1976,
1977; Munday 1976, 1977;
Marks & Freidel 1977)

Far’ah II A site located in the northern Negev on the bank of a (currently) ephemeral
channel. Total collection of all finds. Two ‘living floors’ with hearths.
Abundant faunal remains indicate butchery of mainly large-bodied animals,
mostly equids and Bos. The presence of the latter, as well as scanty
Hippopotamus remains, suggest the existence of a large flowing channel near
the site, which was otherwise located in an open, dry grassland.

The age of the site is estimated to be between 52 and 45 ka based on rates of
sedimentation.

Lithic assemblages are non-Levallois. Frequent refitting of lithic artefacts and the
articulation of some of the faunal remains indicate quick post-deposition burial.

(Gilead 1980, 1988; Gilead
& Grigson 1984)

Hummal I El Kowm, Syria. A deeply stratified open-air site in the inland zone of the Levant,
revealing a sequence from the Oldowan to the Middle Palaeolithic. The early
Middle Palaeolithic layers include a blady industry that is a variant of the
Mediterranean-zone early Middle Palaeolithic, dated to ca. 200 ka, whereas
overlying layers date to ca. 100 ka, showing changing frequencies of centripetal
unipolar and unipolar convergent Levallois production methods.

The lithic assemblages reflect changes according to environmental shifts and their
changes correspond to changes in site role within its settlement system. During
the late Middle and early Upper Pleistocene, Middle Palaeolithic occupation of
the area correlated roughly with periods of spring activity. When water level in
the lake went down, ephemeral occupations occurred with a limited array of
site functions, for which blanks produced off-site and retouched tools were
imported. At such times, site function included task-specific hunting stations.
During wetter periods, repetitive and/or prolonged occupations often occurred.

(Hours 1982; Copeland
1985; Le Tensorer 1996; Le
Tensorer et al. 2007; Hauck
2011, 2013; Richter et al.
2011; Wojtczak 2014)

Quneitra An open-air site in the basaltic environment of the Golan Heights. Single-horizon
occupation(s). A hunting, butchering and processing site, chosen for its
proximity to a seasonal (summer) water body. Dates to �54 ka are available
based on electron spin resonance (ESR).

The lithic assemblage is rich in retouched items. Frequencies of Levallois items
are low.

(Goren-Inbar 1990, Oron &
Goren-Inbar 2014)

Umm el Tlel An open-air site in the El Kowm basin, with dates of the Middle Palaeolithic
occupations spanning 70–35 ka. Many Middle Palaeolithic horizons and ‘living
floors’, some of which represent task-specific, distinct butchery and hunting
activities of large animals (mainly camelids and equids), whereas other layers
correspond to more generalized living sites. The lithic assemblages belong to
the Levalloisian Mousterian, with an emphasis on unipolar and convergent
flaking methods.

(Boëda & Muhesen 1994;
Boëda et al. 1998, 2001,
2008; Griggo 2004;
Bonilauri et al. 2007; Griggo
et al. 2011; Pagli 2010)
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Table 65.1 (cont.)

Site Description Publications

Azraq basin Open-air occurrences embedded in a long regional stratigraphic sequence
beginning in the Acheulian. In situMiddle Palaeolithic remains were found in
Ein Qasiya and in the Druze marsh (DM-8 layers 3 & 2). Without radiometric
dates.

Suggested as a refugium based on reconstructions of seasonal water availability
even during harsh climatic periods.

(Rollefson et al. 1997; Jones
& Richter 2011; Cordova
et al. 2013; Ames et al.
2014)

Wadi Zark’a
Mai’in-2 (Ma’in
site complex)

In secondary deposition, found in trench excavations. Interpreted as primarily a
Middle Palaeolithic lithic acquisition and processing site, probably dating to
MIS 5 (though not on the basis of contextualized radiometric dates), with
limited evidence of exploitation during earlier or later archaeological periods.

(Bisson et al. 2014; Cordova
et al. 2011)

Nahal Mahanayeem
Outlet

Located on the eastern bank of the Jordan River north of the Benot Ya’aqov
bridge, the waterlogged site contains faunal remains mainly of large wild cattle
in excellent preservation, with cut marks and percussion marks. Botanical
remains and organic materials are preserved. The site dates (by optically
stimulated luminescence, OSL) to �65 ka.

Artefacts are well preserved. The lithic assemblage is small, primarily comprising
pointed elements and cutting tools. Both non-Levallois and Levallois points
were made off-site, whereas an ad hoc flaking system was practised at the site
(refits between cores and debitage). High retouched tool frequencies were
noted.

The site is interpreted as a lakeshore environment where extremely short-term
human occupations took place. Several occupation phases were inferred. Based
on the nature of the lithics, this locality is perceived as a task-specific hunting
site.

(Sharon et al. 2010;
Aharonovich et al. 2014;
Kalbe et al. 2014; Sharon &
Oron 2014)

Nesher Ramleh A long sequence (�8 m deep) of Middle Palaeolithic occupations in a
funnel-shaped natural depression formed in chalk, located in central Israel.
Archaeological remains are concentrated in an area of 50–70 m2 in the centre.
OSL dates range from 167 to 78 ka.

A rich lithic assemblage demonstrates variation in techno-typological
characteristics through time. Frequencies of Levallois products are high and
centripetal methods are dominant throughout. The assemblages are flake
oriented. Side-scrapers are the dominant retouched type, with clear evidence
for maintenance.

Artefact densities and the nature of the faunal remains indicate changes in
function of the site throughout time, from ephemeral to more intensive
occupations, including evidence of fire places and activity areas in the lower
part of the sequence.

(Friesem et al. 2014;
Tsatskin & Zaidner 2014;
Weissbrod & Zaidner 2014;
Zaidner et al. 2014)

Sde Ilan A large quarry/workshop complex consisting of hundreds of tailing piles of
varying sizes, partly surveyed and test excavated. The assemblage in a tested
pile excavated to bedrock contains Lower and Middle Palaeolithic elements.

(Gopher & Barkai 2014 and
references therein)

Mt Pua The site constitutes of some 1,500 tailing piles, covering an area of 850 m by 150
m. The area of the site is covered by flint debitage and many tested nodules.
Assemblage composition reported as characteristic of workshop sites. Lower
and Middle Palaeolithic lithic material, including two caches.

(Gopher & Barkai, 2014 and
references therein)

Site 164 A complex of many linear and elliptical tailing piles of various sizes. Artefacts of
Lower and Middle Palaeolithic affinities, with later elements possibly intrusive
from an adjacent quarry site.

(Gopher & Barkai, 2014 and
references therein)

Giv’at Rabi East A dense concentration of Mousterian knapping waste products, interpreted as a
Mousterian workshop site in the lower Galilee, Israel, representing the
knapping activities of several groups exploiting this locality. The lithic
evidence indicates that the knapping sequences were initiated at the site.
Potentially one of the flint sources for Qafzeh Cave and other Mousterian cave
sites in northern Israel.

(Ekshtain et al. 2012)
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Table 65.1 (cont.)

Site Description Publications

Ramat Rachel An open-air site south of Jerusalem where a small lithic assemblage attests to a
Middle Palaeolithic occupation, found in secondary deposition. The
assemblage consists mainly of debitage, with few cores and retouched tools.
The frequency of Levallois items in the assemblage is low compared with
debitage from non-prepared flaking technologies. No faunal remains were
reported. Site function remains obscure owing to the nature of the occurrence.

(Barzilai et al. 2009)

‘Ein Qashish A series of stratified open-air occurrences on the banks of the Qishon river, all
dating 70–60 ka, of which some extend over more than 1,000 m2. Degree of
preservation and post-depositional disturbances vary through the sequence.
Different tasks are inferred for various occupation episodes across the
landscape and through time, based on characteristics of the lithic assemblages,
faunal remains and various non-lithic finds. At least in some cases the site
served as a habitation site rather than a task-specific (e.g. hunting) location.

The lithic assemblage contains low frequencies of Levallois items, with unipolar
flaking methods. Raw materials brought to provision the site but also as
‘personal gear’ (ready tools and cores for further exploitation).

(Ekshtain et al. 2014;
Greenbaum et al. 2014;
Hovers et al. 2008, 2014;
Malinsky-Buller et al. 2014)

Identifying a locality as Middle Palaeolithic can also rely on ages
that place them within the Middle Palaeolithic time range. OAS
are epistemologically challenging since they are directly impacted
by geomorphology (e.g. Bar-Yosef & Goren 1980; Isaac 1981; De
Loecker 2005; Malinsky-Buller et al. 2011; Hovers et al. 2014).
The range of taphonomic processes affecting OAS varies from geo-
chemical processes at small spatial scales (e.g. Weiner et al. 2002)
to large-scale fluvial, alluvial, colluvial, and aeolian processes (e.g.
Le Tensorer et al. 2007; Marder et al. 2011; Ames et al. 2014; Bis-
son et al. 2014; Friesem et al. 2014; Hovers et al. 2014; Tryon
et al. 2014; Weissbrod & Zaidner 2014). The numerous permuta-
tions of physical and geochemical processes alter the anthropogenic
remains in site-specific ways. This has a direct bearing on optically
stimulated luminescence (OSL) ages, often the only practical dating
method forMiddle Palaeolithic sediments. Depositional histories of
non-anthropogenic sediments affect the validity of ages, and evalu-
ating such ages requires sedimentological, micromorphological,
palynological and geochemical analyses.

65.3 MIDDLE PALAEOLITHIC OPEN-AIR SITES IN
THE LEVANT: A VIEW FROM 2014

Where does research on OAS stand today? Table 65.1 lists exca-
vated open-air sites and respective published reports at the time of
writing. Below is a brief summary of this research.
Ongoing work has strengthened a long-standing consensual view

that the relative paucity of records from OAS stems from both
research biases and taphonomic histories. Many OAS are buried
under thick late Pleistocene and Holocene deposits (e.g. Hum-
mal, Nahal Mahanayeem Outlet (NMO), ‘Ein Qashish (EQ)) and
were discovered following modern development. Many of the OAS
belong in the later part of the Middle Palaeolithic (80–50 ka; see
Table 65.1), within the last glacial period, comparable in age and,

in some cases, also in duration to cave sequences (e.g. EQ, Hum-
mal layer 5 complex vs Amud and Kebara caves). This indicates
that older sites are buried in still deeper sedimentary sequences. The
long sequence of Hummal (with luminescence ages between �200
ka and 80–50 ka) and the deep karstic fill at Nesher Ramleh (NR)
support this hypothesis. It also indicates that the existence of older,
sequenced OAS may be linked to very specific palaeogeographic/
palaeoecological affordances (see below), especially given fluctu-
ations of climate during Marine Isotope Stages (MIS) 4–3 (Bar-
Matthews et al. 2003; Enzel et al. 2008; Almogi-Labin et al. 2009;
Langgut et al. 2011; Torfstein et al. 2013).
OAS are abundant throughout the Levant in diverse landscapes,

more so if continuous surface distributions of artefacts are con-
sidered. OAS are found on slopes rich in stone raw material and
in the water-related habitats, which are more attractive given their
high biodiversity in challenging environments. Middle Palaeolithic
hominins used seasonal ponds, springs, river banks and floodplains,
lake margins, and wetland systems in arid areas. Lithic, faunal, and
spatial evidence now indicates that occupations in water-related
settings served variable functions (e.g. Marks 1976, 1977; Hov-
ers 1986; Goren-Inbar 1990; Rabinovich 1990; Griggo 2004; Hov-
ers et al. 2008, 2014; Hauck 2013 and references therein; Ames
et al. 2014; Greenbaum et al. 2014; Kalbe et al. 2014; Oron &
Goren-Inbar 2014; Sharon & Oron 2014). Sequences of long or
repeated occupations are commonly associated with reliable and
discrete water sources (e.g. springs), especially in the arid/semi-arid
zones south and east of theMediterranean ecozone. At Hummal, the
character of human occupations shifted according to changes in the
environment (Hauck 2013: 199–200), but they were always tethered
to an active spring head, similar to Umm el Tlel.
The dichotomy of OAS vs caves is based partly on the physical

boundaries of caves, which impose spatial patterning that may or
may not be anthropogenic. Whereas caves are perceived as habi-
tation sites, OAS are often viewed as task-specific short-duration
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localities, dedicated to hunting/butchering activities (along the lines
suggested by e.g. Binford 1980, 1982; Kelly 1995; Grove 2009)
or lithic raw material quarries/workshops. The Levallois compo-
nent – the lithic technological signature that characterizes Middle
Palaeolithic assemblages – occurs in much lower frequencies in
OAS than in caves (Gilead 1995; Hovers 2009: Fig. 8.4, with ref-
erences therein). This is consistent with the flaking technologies
expected in ephemeral task-specific sites. Lithic artefacts would be
either made on the spot for processing or be carried by individuals
as ready-to-use items to minimize time spent on preparing them at
the hunt/butchery location (‘personal gear’ or ‘provisioning of indi-
viduals’; Binford 1978, 1979, 1980: 9; Nelson 1991; Kuhn 1992,
1995). Based on restricted data owing to preservation problems,
it has been proposed that fauna in such sites should include the
bones of very large mammals that were hunted and processed, with
only selected high-utility elements (e.g. bones bearingmeat) carried
to the caves (e.g. Metcalfe & Barlow 1992; Rabinovich & Hovers
2004). Rendu et al. (2011: 64) defined Middle Palaeolithic hunting
sites as localities with ‘low densities of processed lithic materials
compared with significant quantities of animal materials’ (see also
Isaac 1981).
Expectations regarding the nature of OAS are borne out partially

and differentially across the Middle Palaeolithic OAS in the Le-
vant, owing to (a) the complex depositional histories of OAS that
mask their original functions and (b) highly flexible Middle Palaeo-
lithic organizational strategies. OAS, and especially those with deep
sequences (NR, Hummal, Umm el Tlel) played different roles in the
respective settlement systems of which they were part. Site func-
tions and the types of activities changed through time, in accor-
dance with environmental conditions (e.g. Meignen et al. 2006 and
references therein), requiring economic, organizational, and pos-
sibly social adjustments.
For some OAS, the question of their roles in a settlement system

must remain speculative owing to paucity or total absence of faunal
remains (e.g. various Negev sites as interpreted by Marks & Freidel
1977; however, note suggestions, based on lithic characteristics, that
those roles involved hunting activities; Shea 1998). In other cases,
more definite roles were identified. The archaeological signature of
function-specific workshops near or on raw material sources is typ-
ical; there, raw material extraction and initial knapping are evident
from large quantities of worked lithics, over-representation of cor-
tical elements and of tested nodules/cores, paucity of formal Leval-
lois flaking, and the absence of faunal remains. These localities have
been continuously exploited over millennia (Ekshtain et al. 2012;
Bisson et al. 2014; Gopher & Barkai 2014 and references therein)
and may not represent exclusively Middle Palaeolithic activities on
the landscape.
Among the Levantine Middle Palaeolithic OAS, there are only a

few that fit the definition of hunting locations as suggested by Rendu
et al. (2011). At NMO, abundant remains of wild cattle were found,
(Sharon et al. 2010), associated with largely non-Levallois lithic
products on exotic raw materials that are geared towards points,
pointed blades and cutting tools, as well as expediently knapped
local raw materials. This led to an interpretation of a short-duration
hunting station (Sharon & Oron 2014). At Umm el Tlel, findings

from layer VI1a0 indicate a dromedary hunting camp, whereas
other layers bear evidence of more generalized activities (Meignen
et al. 2006).
ManyOAS indicate a range of activities including faunal process-

ing as well as more generalized tasks. With the exception of Umm
el Tlel layer VI1a0, there are neither single carcase sites consist-
ent with specific hunting episodes nor are there strictly mono-
specific faunal assemblages suggesting designated ambush hunting
locations. Strategies of raw material procurement and exploit-
ation are mixed (‘site provisioning’ as well as use of curated ‘per-
sonal gear’ (Griggo 1999; Griggo et al. 2011), with on-site knap-
ping and generalized techno-typological characteristics suggesting
a broad range of activities. Lithic artefact and bone densities vary
(e.g. Quneitra vs EQ). Frequencies of Levallois items in the lithic
assemblages are generally low; retouched pieces occur in high fre-
quencies in Quneitra and NMO but are sparse in most other sites,
within the range known from Middle Palaeolithic cave occupations
(Kuhn 1995; Hovers & Belfer-Cohen 2013; Malinsky-Buller et al.
2014). Fireplaces were found in Far’ah II (Gilead 1988) and in NR
(Freisem et al. 2014; Zaidner et al. 2014), where ochre was also
found. Burnt lithics suggest the existence of fireplaces in other sites
(Malinsky-Buller et al. 2014; Sharon et al. 2014), but sedimento-
logic evidence for that is not preserved. Combined, such charac-
teristics suggest that activities in most OAS went beyond a narrow
range of tasks.
The site of NR exemplifies the difficulties of rigid allocation of

site functions as well as that of the dichotomy between OAS and
caves. This open-air site is found in low-lying carbonate hills in
a deep karstic depression that acted as a sediment trap, accumu-
lating a deep stratigraphic sequence containing numerous episodes
of hominin occupations, in a physically constrained space. Simi-
lar to caves, the archaeological signatures of dense occupation lay-
ers within the depression were limited by physical boundaries,
which may have shaped the spatial organization of activities within
the depression. The curated nature of the lithic assemblages and
changes in densities of finds, evidence for combustion features
and ochre use indicate alternating episodes of hunting and pro-
cessing, of variable occupation durations. As expected in an open-
air hunting location, throughout the sequence the fauna consti-
tutes large-bodied mammals; still, treatment of the fauna, artefact
densities, degrees of lithic curation, and typological characteris-
tics shift throughout the sequence, presumably with changing site
functions.
Open-air sites in the Levant are highly variable, similarly to cave

sites (Hovers 2009: Fig. 8.4; Table 65.1), and potentially more so
because of the diversity of habitats in which they occurred and their
higher susceptibility to environmental influences. The emergence
of cave occupation as an habitual behaviour extended the range
of locational decisions, which now incorporated additional cri-
teria regarding land use patterns and spatial structuring of social
networks, leading to an increasingly complex record of land use
patterns. The temporal resolution necessary to link Middle Palae-
olithic sites directly to one another to reconstruct settlement systems
is at present beyond the reach of research, given their evolutionary
and geological temporal scales. Still, the growing interest in OAS
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highlights the dynamic nature of land use systems in which both site
categories were located. The investigation of OAS provides insights
into Middle Palaeolithic territorial behaviours, population distri-
butions, and social constraints on location decisions (e.g. Eksh-
tain et al. 2014) as well as on the broader environmental limit-
ations imposed by the distributions of subsistence resources and
geography.
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66 A Hominid ‘Archetype’
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66.1 INTRODUCTION

The term archetype in comparative anatomy was introduced in the
middle of the nineteenth century by Sir Richard Owen (1848) and is
associated primarily with the question of homology in comparative
anatomy (see Desmond (1982), Russell (1982), Panchen (1994),
and Shubin (1994) for comprehensive reviews and the historical
background of the archetype concept). Here, the interest is in the
manner in which Owen constructed his archetype rather than on
its impact on homology. By excluding the anatomic modifications
characterizing the various groups that constitute the modern Ver-
tebrata, he arrived at a model of a generalized vertebrate skeleton,
the archetype, which he regarded as a basic structural plan (bau-
plan) ‘on which it has pleased the divine Architect to build up cer-
tain of his diversified living works’ (Owen 1848: 75; my emphasis).
Panchen stresses that ‘while it was implicit in Owen’s thought that
archetypes existed for organisms other than vertebrates and systems
other than the vertebrate skeleton, the theory was only developed
fully for vertebrates’ (Panchen 1994: 33). Theoretically speaking,
we can construct a different archetype for each monophyletic group
in a given phylogenetic hierarchy.
Darwinian evolution was a mere substitute for Owen’s divine

Architect. In what seems to be a direct response to the above-
mentioned statement by Owen, Darwin writes:

Nothing can bemore hopeless than to attempt to explain this simi-
larity of pattern in members of the same class, by utility or by
the doctrine of final causes. The hopelessness of the attempt has
been expressly admitted by Owen in his most interesting work
on the ‘Nature of Limbs.’ On the ordinary view of the independ-
ent creation of each being, we can only say that so it is; – that
it has pleased the Creator to construct all the animals and plants
in each great class on a uniform plan; but this is not a scientific
explanation. (1859, p. 334, in the chapter on morphology)

Indeed, from the moment that the idea of descent with modification
took hold, it became obvious why one could construct a specific

archetype for each monophyletic group. Furthermore, the morphol-
ogy of an early ancestor could now be deduced by ignoring charac-
ters identified as modifications (specializations) in a single lineage.
(The identification of derived character states is, of course, achieved
through their comparison with homologous character states in so-
called outgroups.) Stripping two or more related lineages of their
unique modifications (autapomorphies) would yield the anatomy of
their common ancestor, a theoretical creature until it is discovered
in the depths of the geological strata. Today, the principle under-
lying this strategy is in the routine work of biologists, whether they
are fully conscious of it or not.
The best-known early biologist to apply such a strategy to the

human record was Ernst Haeckel (except, of course, Darwin, whose
claim that humans evolved from apes was based on precisely the
same principle). Through the exclusion of several unique features
of modern humans (the large brain, steep forehead, shrunken jaws,
sagittally oriented big toe, and capability for speech), Haeckel
arrived at the hypothetical Pithecanthropus alalus, which Gabriel
Max illustrated.
In this chapter, I attempt to construct a specific archetype – the

morphology of a hypothetical generalized common ancestor of a
monophyletic group in late hominid phylogeny. The group under
study consists of Homo sapiens and H. neanderthalensis, both
species of which have yielded fossils in the caves of the Levant. I
employ the strategy of identifying autapomorphic skeletal features
(again, by comparing the characters’ states to those of outgroups)
and then excluding them from the reconstruction.

66.2 AUTAPOMORPHIES OF
H. NEANDERTHALENSIS

Only a few palaeoanthropologists still maintain that the facial-
mandibular complex of Neanderthals constitutes an anatomic link
between a primitive configuration and that found in modern
humans, as stated by the strongest proponent of this idea, Mar-
cellin Boule (1911–1913), who viewed the Neanderthal from La
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Figure 66.1 A page from Boule’s monograph on the French La Chapelle-
aux-Saints Neanderthal. In the illustration, the Neanderthal cranium is
positioned between the crania of the chimpanzee and modern H. sapi-
ens, suggesting that the Neanderthal cranium represents an intermediate
morphology.

Chapelle-aux-Saints as a link between the anatomy of chimpanzees
and that of modern humans (Fig. 66.1). Today, comparisons of
the facial architecture and topography of numerous hominoid out-
groups have alone ledmost researchers to agree that theNeanderthal
face is highly derived. In other words, the facial specialization of
Neanderthals is widely accepted, although heated debate surrounds
the functional significance of this specialization.
On several occasions, I have proposed that the specialization of

the Neanderthal facemay stem from the exertion of a heavy occlusal
load on the front of the dental arcade (the cause of which is still
not fully understood). In the generalized face, the twisting of the
infraorbital bony plates results from the bending of the facial skele-
ton on the sagittal plane when the anterior teeth are loaded. As sug-
gested previously (Rak 1986), this bending is avoided (or at least
minimized) in the Neanderthal face by the repositioning of the bony
plates from their coronal orientation to a more sagittal orientation
(see also the finite element analysis byMarom (2014)). Besides pro-
viding a biomechanical benefit, this shift in orientation has a far-

Figure 66.2 A schematic representation of the differences between the
highly derived Neanderthal face (upper) and the generalized face (lower).
The arrows indicate the Neanderthal nasal apophysis (Ap) and the canine
fossa (Cf) of the generalized face.

reaching impact on the topography of the Neanderthal face. For
example, the (right) angle between the anterior root of the zygo-
matic arch and the infraorbital bone plate is absent, and the canine
fossa, which resides between the infraorbital plate and the snout in
the generalized face (Fig. 66.2), is obliterated. Perhaps the immense
width of the nasal aperture in Neanderthals (Rak 1986) and the
somewhat square shape of the aperture, rather than the more com-
mon triangular shape, are due to this reorganization. The reorgan-
ization lends theNeanderthal face an elongated appearance inwhich
the bony plates extend on a single plane from the zygomatic arch
to the margins of the nasal aperture. A by-product of this change
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in the orientation of the bony plates is the typical Neanderthal bony
shelf, which juts out from the medial half of the inferior orbital mar-
gin and reaches the nasal apophysis, yielding the characteristic mid-
facial prognathism (Fig. 66.2).
It seems that the spatial position of the anterior teeth relative to

the skull base and orbits in Neanderthals does not differ greatly
from that of H. erectus. However, the shortening of the anteropos-
terior length of the Neanderthal dental arcades brought about by
the shrinkage of the posterior teeth (in absolute terms and particu-
larly in comparison to the anterior teeth; Brace (1979)) causes the
arcades to appear more anteriorly located than in H. erectus. That
is, M3 shifts anteriorly in Neanderthals, moving farther away from
the skull base. In the mandible, the shift is more clearly manifested,
in the form of the retromolar space (Rak 1998).
The face of H. sapiens, on the other hand, adheres in prin-

ciple to the generalized configuration. The infraorbital plates are
on the coronal plane, and, therefore, a prominent corner forms on
the zygomatic bone between the lateral and frontal aspects of the
face. In general, the facial frame in the primitive (generalized) face
includes the orbits, the supraorbital torus, and the infraorbital plate,
all arranged on the coronal plane. As can be expected from a bio-
mechanical point of view, the molars and the masseter are found
on the same plane. This arrangement is typical of many primates
and, hence, generalized, regardless of whether the snout protrudes
some distance beyond the plane of the facial frame, as in baboons,
or less so, as in H. sapiens. Other hominids, with the robust aus-
tralopiths a notable exception, exhibit the primitive arrangement.
Thus, the faces of H. erectus and H. sapiens have more in common
with each other than either of them does with the Neanderthal face.
W.W. Howells voiced a claim to this effect in 1975.
We should not be surprised, therefore, that a face as specialized

as that of the Neanderthals is accompanied by a highly derived
mandible. Although the mandible lacks a chin, a fact that gives it
a primitive appearance, we can identify characters that are clearly
autapomorphic (Rak et al. 1994, 2002; Rak 1998): the condylar
process is low both in absolute terms and in relation to the coron-
oid process; the mandibular notch between the processes is rather
shallow; and the deepest point of the notch is located posteriorly,
close to the condylar process. These characters are in sharp con-
trast to the generalized ones typical not only of modern H. sapiens
(including its early representatives from Qafzeh, Skhul, and Haua
Fteah) but also of H. erectus and, indeed, many other primates.
In the generalized arrangement, the coronoid and condylar pro-
cesses are about the same size and are separated by a relatively deep
notch, whose deepest point is located approximately at the midpoint
between the processes. Furthermore, the relationship between the
sigmoid crest (the crest of the mandibular notch) and the mandibu-
lar condyle in Neanderthals differs from that of other hominids and
many other primates. Whereas in the generalized configuration the
crest deviates laterally, merging with the lateral end of the condyle,
the crest in Neanderthals lies perpendicular to the bilateral axis of
the condyle and fuses with the middle section of the condyle (the
lateral end of which extends as a tubercle). The superior bundle of
fibres of the medial pterygoid muscle in Neanderthals seems to be
hypertrophied, as evidenced by a developed bony crest, which is

sometimes a spur, on the medial surface of the mandibular ramus
(Rak et al. 1994). In contrast, other hominids and primates exhibit
a more evenly distributed rugosity of the site of insertion for this
muscle.
In the skull base, the Neanderthal foramen magnum displays a

shape that is unique among the hominids as well as primates at large.
Extremely long, particularly in relation to its width, the foramen in
Neanderthals is truly oval, as opposed to the more common round
shape found in other primates.

66.3 AUTAPOMORPHIES OF H. SAPIENS

Although, as mentioned earlier, the facial architecture of H. sapi-
ens is essentially generalized, the allometric shrinkage of its den-
tal arcades (along with the rest of the masticatory system) can be
viewed by itself as an autapomorphic feature. The shrinkage is
manifested quantitatively in the low ratio of the dental arcade length
to a more independent measure of cranial size, such as the bior-
bital breadth. Topographically, this shrinkage is expressed in the
appearance of the chin, on the one hand, and the large projection
of the nasal bones above the lower section of the face (see reviews
by DuBrul & Sicher (1954) and Biggerstaff (1977)), on the other.
Thus, the chin ought to be viewed as an autapomorphic (and, hence,
diagnostically important) feature in a fundamentally generalized
system.
H. sapiens (especially modern H. sapiens) is characterized

by extremely modest, practically non-existent, supraorbital brow
ridges in a relatively steep forehead and the almost complete
absence of a supratoral sulcus. Whether this cranial configuration
is related to the gracilization of the masticatory system, an idiosyn-
cratic development of the frontal lobe, or a particular juxtaposition
of the braincase and the face is irrelevant to this discussion. In any
case, the lack of brow ridges represents a complex of autapomorphic
features.
In 1993, I proposed viewing the H. sapiens pelvis, particularly

that of the male, as a derived configuration, although only the Nean-
derthal pelvis was available for comparison at the time; that is, no
outgroup among bipedal hominids had yielded sufficient informa-
tion about the pelvis (going back as far as the australopiths seemed
inappropriate). The very short, thick superior pubic ramus and acute
subpubic angle in the H. sapiens pelvis stem from the greater prox-
imity of the acetabula (the posterior ends of the ramus) to the sym-
physis pubis (the anterior end of the ramus) than in the Nean-
derthals. Hence, the acetabula in the H. sapiens pelvis lie on a cor-
onal plane that is substantially closer to the anterior end of the pelvic
rim than in Neanderthals. I argued then that the anterior shift of
the acetabula in H. sapiens carries the joints farther away from the
body’s line of gravity and thus renders the human pelvis a shock-
absorbing apparatus. The drop of the centre of gravity that occurs
with each step is cushioned by the posterior pelvic tilt on the sagit-
tal plane; the horizontal distance between the line of gravity and
the acetabula is precisely what makes this tilt possible. Lacking an
outgroup, I recruited this biomechanical explanation in an attempt
to determine which pelvic configuration is derived and which is
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generalized (a strategy that meets Ridley’s functional criterion for
determining polarity (Ridley 1986)). Today, my original interpret-
ation seems to gain support from the discovery of the�280 ka Chi-
nese specimen from Jinniushan, with its long, thin superior pubic
ramus of the pelvis (Rosenberg 1999 and personal communication).
The pelvis of the H. erectus specimen from Gona, Afar, Ethiopia
(Simpson et al. 2008) appears to confirm this view.

66.4 CONSTRUCTING THE ARCHETYPE

In an attempt to construct the early common ancestor of the modern
human and Neanderthal evolutionary lineages, we would eliminate
from each branch the features identified here as autapomorphic. The
product would be an archetype with the following cranial charac-

ters: (a) a face that is generalized in the sense explained earlier; (b)
thick, prominent brow ridges above the orbits, with a distinct supra-
toral sulcus that isolates them from the frontal squama; (c) a dental
arcade larger than that of H. sapiens, with more balanced propor-
tions between the anterior and posterior teeth than in Neanderthals;
(d) a chinless mandible lacking a retromolar space; (e) at the top of
the ramus, two similar-sized processes separated by a deep, sym-
metrically shaped notch; (f) in a superior view of the ramus, a later-
ally deviating crest of the mandibular notch, merging with the lat-
eral end of the condyle; and, finally, (g) a round foramen magnum
at the base of the skull. This cranial complex joins a Neanderthal-
like pelvis, in which a long, thin superior pubic ramus results from
a more posterior location of the acetabulum than in H. sapiens and
therefore indicates that the pelvis lacks the shock-absorbing mech-
anism referred to earlier (Figs. 66.3 and 66.4).

Figure 66.3 Morphoclines of the anatomy of the face, mandibular rami, and pelvis in two clades. Whereas the face and mandibular rami in H. sapiens
remain primitive and the pelvis becomes specialized during the evolution of the clade, the facial anatomy and mandibular morphology in Neanderthals
become specialized and their pelvis remains primitive.
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Figure 66.4 The proposed archetype. This common ancestor of H. sapiens
and H. neanderthalensis would be characterized by a primitive face, pro-
truding brow ridges, a primitive mandibular ramus, a primitive pelvis, and
the absence of a chin.

66.5 THE SEARCH FOR A CANDIDATE

The available inventory of Levantine hominid specimens yields not
one candidate for the role of the pursued archetype. (Note that the
geological age of the specimens is not of relevance to this dis-
cussion.) Each of these hominids already bears unique (autapo-
morphic) features of either Neanderthals orH. sapiens. The hominid
group from Skhul exhibits the primitive facial and mandibular
morphology expected of the archetype: the brow ridges are mas-
sive and pronounced, and the ramus displays the typical general-
ized configuration. However, the Skhul specimens cannot constitute
the archetype because they already bear two hallmarks of H. sapi-
ens, the chin and, as seen on Skhul IV, the specialized configuration
of the pelvis. A mandible from Tabun, Tabun C2, exhibits a chin
as well. Another group of hominids, from the Qafzeh Cave, pos-
sesses autapomorphic features of H. sapiens, such as a chin and a
modern pelvis (as seen on Qafzeh 9), and are therefore excluded as
well from candidacy for the archetype. Qafzeh 9 deviates from the

Figure 66.5 The facial fragment constituting the Galilee Man specimen,
from the Zuttiyeh Cave in the eastern Galilee, Israel.

other Qafzeh fossils in that it displays a derived, modern-looking
forehead, lacking the primitive brow ridges seen on the rest of the
group.
A number of Levantine hominids are clearly Neanderthals,

exhibiting the following Neanderthal traits: a derived mandibular
ramus (Tabun C1, Amud 1, and Kebara 2), a derived facial anatomy
(Tabun C1 and Amud 1), and an oval foramen magnum (Tabun
C1 and Amud 7). As such, these specimens cannot constitute the
archetype, even though all of them, including Amud 7, lack a chin,
and Tabun C1, Amud 1, and Kebara 2 have a primitive pelvis.
The face of the Galilee Man fossil (the Zuttiyeh hominid), its

prominent brow ridges, and a distinct supratoral sulcus separating
the brow ridges from the frontal squama are all primitive features
that a common ancestor would surely bear (Fig. 66.5). However,
in an analysis of the shape of Galilee Man’s frontal, Pesah (2010)
discovered some characteristics that this frontal shares with that of
Neanderthals. If Pesah’s conclusions are borne out, even this speci-
men would be too derived to serve as the archetype.
If the Zuttiyeh fossil were associated with a derived pelvis and

a mandible exhibiting a chin and a primitive ramus, the specimen
would be derived enough to be placed in the H. sapiens clade. On
the other hand, if the fossil were associated with a primitive pelvis
and a mandible exhibiting a derived ramus and lacking a chin, the
specimen would be placed in theH. neanderthalensis clade. Only if
Galilee Man were associated with a primitive pelvis and mandible
– that is, a primitive ramus and no chin – would the specimen be
able to serve as a morphological archetype, regardless of the fos-
sil’s geological age (as mentioned earlier). However, because of its
fragmentary nature, Galilee Man lacks sufficient taxonomic char-
acters to represent the archetype. This enigmatic specimen demon-
strates how tentative (indeed, even pretentious) claims about com-
mon ancestors can be.
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67 Neanderthals and Modern Humans in the Levant: An Overview

anne-marie tillier and baruch arensburg

67.1 INTRODUCTION

It is generally accepted that the Levant occupies a key position
in human evolution, with Neanderthals and early modern humans
alternating in living there between 160 and 50 ka. Given this pre-
vailing view, the Neanderthal expansion in southwest Asia could
have happened late, with the onset of severe climatic changes during
earlyMarine Isotope Stage (MIS) 4. All hominin remains recovered
from sites in Syria and Israel, whatever their assignment, were asso-
ciated with Mousterian techno-complexes of Levallois facies (Bar-
Yosef 2000). The archaeological record (material culture, funer-
ary practices, etc.) provides supportive arguments that behavioural
(‘cultural’) similarities between these Levantine hominins were
more important than differences in some technological processes
and typological composition.
Rather than providing a definitive statement, our purpose is

to examine the evidence relating to this Neanderthal/Modern
dichotomy and to emphasize that queries concerning the biodiver-
sity of Mousterian nomadic hunter-gatherers in the Levant are not
yet fully resolved. Furthermore, over recent years, new ages for the
fossils, together with new discoveries (Hershkovitz et al. 2015),
seem to challenge the previous sequencing model of human dis-
persal events in the region.

67.2 THE STATE OF ART

67.2.1 NORTHERN LEVANT

A few fragmentary hominin remains (e.g. a small portion of a radius,
occipital and parietal fragments, a permanent tooth) were recovered
from two open-air sites located in the El Kowm region: Umm el Tlel
and Hummal (Couture 1998; Le Tensorer et al. 2011; Le Tensorer,
Chapter 62 of this volume). The authors of preliminary reports sug-
gest that there is no clear evidence of any anatomical feature in these
remains from central Syria that could align them exclusively with
Neanderthals.

From Dederiyeh Cave (Akazawa & Nishiaki, Chapter 36 of this
volume) in the Afrin valley, two children are thought to document
the presence of Neanderthals in northern Levant (Akazawa &Muh-
esen 2002).While Dederiyeh 1 and 2 are considered as quite similar
in morphology, bones of the latter are described as generally more
slender (Dodo et al. 2002; Ishida & Kondo 2002; Kondo & Dodo
2002). The two children, who had approximately the same age at
death (ca. 2 yrs), originated from two distinct levels, respectively
layer 11 in Unit SU-IV and the lowest part of layer 3. In the absence
of a precise age assigned to the skeletal remains, it seems premature
to assert that this individual variation can solely be interpreted as a
reflection of time-related differences.

67.2.2 SOUTHERN LEVANT

67.2.2.1 MOUNT CARMEL CAVES

The Tabun and Skhul caves (e.g. Ronen, Chapter 24 of this vol-
ume)were initially thought (McCown 1936) to contain two different
human groups, Neanderthals and modern humans, roughly contem-
poraneous. Yet, three years later, all the specimens were assigned to
the same Levantine species of Neanderthals (called Paleoanthropus
palestinensis), and the Skhul type was assumed to be the younger
of these (McCown & Keith 1939). McCown (1936) was the first to
suggest that two adult mandibles from Tabun (C1 and C2) could not
belong to the same human group as each other.
Indeed, the Tabun C1 skeleton retains more archaic features and

therefore is currently seen as a Neanderthal-like specimen (e.g. Van-
dermeersch 1981; Howell 1995; Rak 1998; Hublin 2000). Pecu-
liarities documented in the specimen led scholars to question the
Neanderthal affiliation (e.g. McCown 1934; Howell 1958; Mann
1995; Arensburg & Belfer-Cohen 1998; Tillier 2005). Garrod her-
self made interesting comments on the overall morphology of the
specimen: ‘ . . . the head appears to be small and the bone relatively
thin . . . the skeleton is small and delicate . . . ’ (Garrod, December
1932, quoted by Bar-Yosef & Callander 1999: 881). In contrast,
the modern-like morphology is often emphasized in the mandible

607
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Tabun C2 (e.g. Vandermeersch 1981; Rak 1998; Quam & Smith
1998), despite features shared with other archaic humans, including
European Neanderthals. It should be mentioned that the new ages
provided for the Tabun C1 specimen (Grün & Stringer 2000; Rink
et al. 2001; Mercier & Valladas 2003) are compatible with the view
that this individual was probably earlier than previously thought,
and perhaps contemporaneous with some of the Skhul specimens.
There is today an overall consensus that the human remains

recovered from level B at Skhul should be seen as closer to modern
humans, as originally suggested by McCown and Keith, and con-
firmed later by Howell in 1958. Yet, as documented inMcCown and
Keith’s monographic treatment, the Skhul human sample displays
a marked variability and a mixture of primitive and modern fea-
tures (e.g. Arensburg & Belfer-Cohen 1998; Wolpoff 1999). In the
last decade, new ages for both human and faunal skeletal remains
favour chronological differences between the specimens within the
site. Radiometric ages provide, for instance, an early age (�131 ka,
Grün et al. 2005) for the Skhul IX specimen commonly described
as less advanced or less modern-like (Wolpoff 1999).
The hominin remains from southern Mount Carmel, at Kebara

Cave (Meignen et al., Chapter 27 of this volume), suspected from
the beginning of possessing Neanderthal affiliation (Tillier et al.
1989; Rak 1991; Vandermeersch 1991), display a set of primi-
tive retentions and traits shared with Neanderthals, together with
modern-like and ‘unique’ features (Tillier et al. 2003). Among sev-
eral traits resembling the Neanderthal condition are features that
are not unique to the group. One such trait is the configuration
of the scapular axillary border (right Kebara 2 scapula), which is
known on European Upper Palaeolithic bones (Frayer 1992; Jelinek
1992). The elongation of the superior pubic ramus (Kebara 2) is not
unique to Neanderthals, as shown by non-Neanderthal specimens
such as Skhul IX (Arensburg & Belfer Cohen 1998; Tillier et al.
2008) or Jinnuishan and Minatogawa from East Asia (Rosenberg
1998; Wolpoff 1999). The Kebara hominins do not possess a set
of uniquely apomorphic traits that supports a diagnosable entity.
They are either seen as Levantine Neanderthals (e.g. Rak 1993, this
volume; Howell 1995; Trinkaus 1995; Vandermeersch 1995; Klein
1999; Hublin 2000) or placed within the Homo sapiens range of
variation (e.g. Mann 1995; Arensburg & Belfer-Cohen 1998; Tillier
et al. 2008). The Kebara Mousterian lithic assemblages are ca. 64–
48 ka (Valladas et al. 1987; Bar-Yosef et al. 1992; Meignen et al.,
this volume).

67.2.2.2 LOWER AND WESTERN GALILEE SITES

In lower Galilee, the adult Amud 1 skeleton (e.g. Hovers et al.,
Chapter 29 of this volume) found in the 1960s was thought to rep-
resent an intermediate stage between the Tabun and Skhul groups
of Mount Carmel (Suzuki & Takai 1970). Lack of diagnostic fea-
tures and presence of similarities with other fossil hominins led
some scholars to reconsider the Neanderthal affiliation of Amud
1 (e.g. Mann 1995; Arensburg & Belfer-Cohen 1998; Wolpoff
1999). New excavations provided additional specimens, including
an infant partial skeleton, Amud 7, which was interpreted as being
fully Neanderthal-like (Rak et al. 1994; Rak, Chapter 66 of this vol-

ume) and is dated to ca. 60 ka (Valladas et al. 1999; Rink et al.
2001). Yet the two criteria claimed to support this phylogenetic attri-
bution in a preliminary study (an elongated foramen magnum and
a prominent medial pterygoid tubercle on the mandible) are age-
related features that can be seen in extant children (Creed-Miles
et al. 1996; Tillier 1998; Coqueugniot 1999).
First excavations at Qafzeh Cave (see Vandermeersch & Bar-

Yosef, Chapter 28 of this volume, for a summary) in lower Galilee
have produced a few Mousterian human fossils (Qafzeh 3 to 6)
that have enhanced the significance of the Skhul hominins (How-
ell 1958: 191). A first study of Qafzeh 6 led the authors (Vallois &
Vandermeersch 1972) to place the specimen between the so-called
classic Neanderthals from western Europe and modern Homo sapi-
ens. More hominin remains (both adult and non-adult specimens)
were later recovered from the site and seen as modern human-like
(Vandermeersch 1981; Tillier 1999) in most of their features (e.g.
high skull, vertical forehead, reduced face, noticeable chin emi-
nence). But analysis of the juveniles provides additional data with
regard to the concept of ‘biological modernity’: plesiomorphic fea-
tures (primitive retentions) are identified on the specimens that can
be found to some degree in Upper Palaeolithic children (Tillier
1989, 1999), but are lacking on extant children. The Mousterian
layers are 92±5 ka (Valladas et al. 1988).
The chronology (by thermoluminescence, electron spin reson-

ance, and uranium series) of the western Galilee Hayonim Cave
implies that the Mousterian sequence runs from at least 220 ka to
�115 ka, encompassing MIS 7–5 (Rink et al. 2004; Mercier et al.
2007). Thus, the site provides the best evidence of early Mous-
terian inhabitants in the Levant, prior to the Skhul and Qafzeh
toolmakers. Unfortunately, most of the Hayonim hominin remains
are unsuitable for taxonomic assignment. The isolated skeletal
elements lack the general robustness usually claimed by scholars to
distinguish non-modern (i.e. Neanderthals, in current terms) from
modern humans. Yet this overall slenderness, and the absence of
strong muscle insertion sites as well, might be explained by the
preponderance of sub-adults and young adults. In light of the bio-
logical diversity present in the available hominid sample from
southern Levant, it is not possible to conclude whether or not the
human remains from Hayonim Cave can be predominantly aligned
with the Skhul–Qafzeh individuals (Tillier et al. 2012).

67.3 CONCLUDING REMARKS, OR A FAREWELL
TO LEVANTINE NEANDERTHALS?

In sum, the Levantine hominin record documents the lack of unique
association between Mousterian techno-complexes and one popu-
lation. There are certain consistent differences between the regional
hominins and, in the appreciation of these differences, scholars
have to be aware of a Eurocentric bias. What appears likely is that
non-modern has been confused with Neanderthal. Consequently,
regional differences between the Levantine hominins and European
Neanderthals served to substantiate the idea of a Near Eastern Nean-
derthal entity, based on noticeable differences from the European
fossil record. Most of the scholars do not deny this distinction. In
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this context, one can question the use of the Kebara 2 pelvis (which
is the most complete and least distorted of all Mousterian hominins)
in the reconstruction of a European Neanderthal skeleton.
The idea that hominin remains from Kebara, Tabun, Amud, and

Dederiyeh caves represent a biologically homogeneous sample and
a diagnosable entity seems less reasonable on present evidence.
The Tabun C1 adult skeleton retains more primitive (plesiomorphic)
features (low endocranial capacity, prominent supraorbital torus,
receding symphyseal profile, etc.) than do the Amud 1 and Kebara
2 specimens. Tabun C1 also differs markedly from the other two
specimens in terms of size and overall slenderness of infra-cranial
bones. It is not clear to what extent this contrasting anatomy can be
solely interpreted as a reflection of sexual dimorphism.
Of special relevance concerning the Levantine populations is the

evidence of intra-site (Tabun, Skhul, Qafzeh) and inter-site (Tabun–
Amud–Kebara) marked variability. This individual variation exists
across both time and space. As M.H. Wolpoff (1999) pointed out,
as far as the Skhul–Qafzeh sample is concerned, the use of Skhul
V or Qafzeh 9 as the prototypes of early ‘modern’ humans from
southwestern Asia can be questioned. However, the Skhul–Qafzeh
sample offers the first evidence of modern human-like people in the
region. The idea that these people were replaced by other human
groups in the Levant was recently challenged by the Manot Cave
discovery in western Galilee (Hershkovitz et al. 2015). The Manot
1 cranium, unquestionably modern in appearance, is certainly much
younger (ca. 55 ka) than the Skhul and Qafzeh specimens (120–90
ka) and fills a gap between the latter and Early Upper Palaeolithic
humans.
In other words, genetic exchanges between distinct human groups

cannot be excluded in the southern Levant. Clearly, in place of
the Neanderthal versus modern human model frequently proposed,
the idea of a more complicated situation in the Levant cannot be
rejected. Are morphological differences more probably attributable
to regional or evolutionary levels of variation? Southwestern Asia,
in the words of O. Bar-Yosef, is the Central Bus Station of Pleis-
tocene migration routes spanning from Africa, Europe, and Asia.
To what extent can we minimize the importance of gene flow from
regions other than Europe in the Levant?
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68 Human Fossils from the Upper Palaeolithic through the
Early Holocene

israel hershkovitz and baruch arensburg

68.1 THE UPPER PALAEOLITHIC PERIOD

Owing to the scarcity of human fossils (Table 68.1) from the late
Middle Palaolithic (ca. 55–45 ka) and early Upper Palaeolithic
periods (ca. 45–30 ka) and their limited chronology, hypotheses
relating to the origin of Levantine modern humans and their phy-
logenesis in the Levant have remained untestable.
The idea of morphological transition from archaic to more mod-

ern human forms in the Levant goes back to McCown and Keith’s
(1939) study of the Mount Carmel hominins. Stunned by the great
morphological variability, they grouped the fossils from Skhul
and Tabun caves into a distinct species named Palaeoanthropus
palestinensis and suggested a morphological continuum from
more archaic (Tabun = Neanderthal-like) to more fully modern
(Skhul = Homo sapiens). Later studies suggested that the evolu-
tionary chain of anatomically modern humans (AMHs) in the south-
ern Levant could be stretched even further back, to the Zuttiyeh
specimen (possibly>150 ka) (Vandermeersch 1981;Wolpoff 1989;
Zeitoun 2001). Recent genetic and archaeological studies (Lahr &
Foley 1994; Ingman et al. 2000; Mellars 2006; Soares et al. 2012;
Mellars et al. 2013; Reyes-Centeno et al. 2014), however, excluded
this ‘extension’ hypothesis; they suggested that the colonization of
the eastern Mediterranean by ‘modern humans’, most probably of
African origin, took place around 50–70 ka, presumably replacing
the local Neanderthals (e.g. Amud, Kebara, and Dederiyeh fossils;
Hovers et al., Chapter 29 of this volume; Meignen et al., Chapter 27
of this volume; Akazawa and Nishiaki, Chapter 36 of this volume)
in the region (50–65 ka).
The almost complete calvaria (Manot 1) from Manot Cave dates

to �55 ka and can shed light on one of the most crucial events
in eastern Mediterranean and world prehistory (Hershkovitz et al.
2015). It represents the first fossil evidence from the critical period
at which genetic and archaeological models predict successful
migration of African modern humans to colonize Eurasia. It also
represents the first fossil evidence that the Levant was not occu-
pied just by Neanderthals (e.g. Kebara/Amud) during the late Mid-

dle Palaeolithic but also by modern humans. Shape analysis of the
calvaria (Hershkovitz et al. 2015) shows that Manot 1 is a mod-
ern human (Fig. 68.1) and links its morphology to recent African
skulls as well as to some early European, Upper Palaeolithic fossils.
We suggest that Manot 1 belongs to a population that had recently
migrated out of Africa and established itself in the Levantine cor-
ridor during the late Middle/Early Upper Palaeolithic period, later
to move into the European continent. The appearance of Manot 1
in the Levant at �55 ka is not surprising, considering the abun-
dant evidence which suggests that this time span was climatically
favourable for human migration ‘out of Africa’(Bar-Matthews et al.
2003).
In the absence of sufficient anthropological material (Table 68.1),

it is difficult to draw a phylogenetic line between Manot 1 and later
Upper Palaeolithic Levantine populations (Fig. 68.2). The fossils
that could bridge between Manot 1 and later Upper Palaeolithic
populations are a few cranial fragments from the Mousterian lay-
ers of Geula Cave (Wreschner 1967) and the small skull fragment
from Emireh Cave (Turville-Petre 1927), all identified as modern
humans (Turville-Petre 1927; Arensburg 2002). The skull parts (H1
and H2) discovered by Neuville and Stekelis during their 1933 to
1935 Qafzeh Cave excavations, and recently published as 25–27
ka BP (Vandermeersch et al. 2013), do not anatomically overlap
withManot 1, thus ruling out the possibility of direct morphological
comparisons. As earlier or contemporaneous specimens to Qafzeh
Upper Palaeolithic fossils are either isolated teeth or of very young
developmental age (e.g. Abri Antelias and Ksar ‘Akil ‘Egbert’ fos-
sils), comparison can be made only with later Upper Palaeolithic
Levantine specimens such as the Nahal Ein Gev I female, 27–25 ka
(Arensburg 1977), and the Ohalo II male, 21–19 ka (Hershkovitz
et al. 1995) (Fig. 68.2). This comparison, greatly limited by the
nature of the fossils available, does not supply enough evidence to
suggest phylogenetic continuum from Manot 1 to Nahal Ein Gev I
or Ohalo II.
Taking all the human fragments from the late Upper Palaeolithic

period (mainly of Ohalo II and Qafzeh I and II), the following
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Table 68.1 Human skeletal remains from Israel from the late Middle Palaeolithic to the Geometric Kebaran period

Site Specimen no. Skeletal elements Date Culture Location Publication

Manot Cave MC1 Calvaria 55 ka Late
Mousterian/
Initial Upper
Palaeolithic

TAU Hershkovitz et al.
2015

Geula Cave GC-1 Fragments of
humerus, ulna,
tibia, and frontal
bone

Over 42 ka Mousterian TAU Dart 1967; Wreschner
1967; Arensburg
2002

Emireh Cave EM-1 Fragment from right
parietal

? Palaeolithic Not
clear

TAU Turville-Petre 1927

el-Wad EM-3915–
3937

Fragments of
mandible, phalanx,
talus, vertebrae,
tibia, teeth, and
cranium

? Aurignacian Harvard;
Natural
History
Museum
(London)

Garrod & Bate 1937;
McCown & Keith
1939; De Groote
et al. 2014

Kebara EM-3901–
3911

Fragments of
mandible,
humerus, and ulna

? ? Natural History
Museum
(London)

McCown & Keith
1939; De Groote
et al. 2014

Tabun Tb-1 ? ? ? Harvard McCown & Keith
1939

Hayonim
Cave

? Few fragments 29–27 ka BP Aurignacian TAU Arensburg et al. 1990

Nahal Ein
Gev I

NEG-1 Female skeleton 27–25 ka BP Possibly Atlitian TAU Bar-Yosef 1973;
Arensburg 1977;
Belfer-Cohen et al.
2004

Qafzeh Qafzeh I Frontal 27–25 ka Ahmarian IAA Vandermeersch et al.
2013

Qafzeh II Frontal upper face
Mandible Isolated
teeth

27–25 ka Ahmarian IAA Vandermeersch et al.
2013

Ohalo Ohalo I Complete skeleton 21–19 ka BP Mazraqan
industry

TAU Hershkovitz et al.
1995; Nadel et al.
1995

Ohalo II Mandible 21–19 ka BP Mazraqan
industry

TAU N.P.

Ohalo III Two humeri 21–19 ka BP Mazraqan
industry

TAU N.P.

Ein Gev I EG-1 Skull + postcranial
bones

16–15 ka BP Kebaran TAU Arensburg &
Bar-Yosef 1973

Heftziba ? Two isolated teeth ? ? ? Ronen et al. 1975
Neve David ND-1 Skull + long bones 13 ka BP Geometric

Kebaran
TAU Bocquentin et al.

2011; Kaufman &
Ronen 1987

N.P. = Not published, TAU = Tel Aviv University, IAA = Israel Antiquities Authority.

morphology emerges: robust face with pronounced supracilliary
eminences, wide interorbital region, depressed nasion, low, wide,
obliquely oriented rectangular orbital cavities, and massive, robust
jaws (Fig. 68.2). The cranium is rather small, and bone thickness
is within the range of modern populations. According to Vander-
meersch et al. (2013), the Qafzeh hominins resemble, in size and
shape, contemporaneous and later populations of the Levant up to

the Natufians. The Natufians of the Levant are variable in skull
shape and robusticity (Arensburg 1973). Nevertheless, on average
they are less robust than the preceding Upper Palaeolithic skulls
(Fig. 68.3), mainly as regards certain parameters of the masticatory
system (Vandermeersch et al. 2013).
From the anthropological perspective, therefore, there is no clear

association between the late Mousterian/Initial Upper Palaeolithic
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Figure 68.1 Manot 1 calvaria (55 ka); lateral view. The skull is modern human in its general shape. The parietal bones are rather short whereas the occipital
bone is deeply concave.

periods (Manot) human populations and later (<30 ka) Upper
Palaeolithic populations in the Levant (e.g. Qafzeh). The former is
associated with early Upper Palaeolithic central European popula-
tions (e.g.Mladeč) bearingmany archaic traits, whereas the later are
more of the Cro-Magnon type. This may imply population move-
ments in and out of the southern Levant from/to western Asia,
Europe, and Africa during the Upper Palaeolithic.

68.2 THE NATUFIAN–NEOLITHIC PERIOD

The transition from hunting and gathering to farming was one of
the most significant cultural processes in human history and forever
changed the face of humanity. Natufian communities (15.1–12 ka
cal BP) planted the seeds of change, and the Pre-Pottery Neolithic
(ca. 12 to ca. 8.35 ka cal BP) people were the first to establish farm-
ing communities. The revolution was not fully realized until quite
late in the Pre-Pottery Neolithic and then in the Pottery Neolithic

period. As no phylogenetic continuum can be traced from the
Levantine Upper Palaeolithic populations to the Natufian popula-
tions, their origin is still much of a mystery.

68.2.1 DEMOGRAPHY

Demography is the key to our understanding of the complex inter-
action between the Natufian and Neolithic populations and their
natural, economic, and socio-cultural environments. The data pre-
sented in this section were gathered from Hershkovitz and Gopher
(1990, 2008), Belfer-Cohen (1991), Bocquentin (2003), and Eshed
et al. (2004a).
Themost striking demographic characteristic shared by the Natu-

fian and Neolithic populations is the very high sex ratio among
the specimens found: on average, there are two adult males (>18
years) to every adult female. Many hypotheses have been proposed
to explain this discrepancy (see Hershkovitz & Gopher 1990), but
none is satisfactory.
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Figure 68.2 Nahal Ein Gev 1 (NEG 1, top) and Ohalo 2 skulls (bottom) from the late Upper Palaeolithic period. Note the massive supraorbital ridges, the
wide interorbital area and the rectangular-shaped orbital cavities in the Ohalo 2 male skull. NEG 1 is female: the skull is relatively small, more rounded,
and lacks the pronounced supraorbital ridges.

Assuming stationary populations, life expectancy at birth was
slightly higher for the Neolithic population (25.4 years) compared
with the Natufian (24.6 years). Yet, if the Neolithic population-
growth rate were 1%, life expectancy would have been 31.1 years.
Mean age at death for adult Neolithic males was 37.6 years and for
females 30.1 years. In the adult Natufian populations, the opposite
was observed, at 35.5 years for females and 32.2 years for males.
It would take another 10,000 years for this demographic pattern to
reverse itself again, i.e. for females to live longer than males.
Both populations present high mortality rates among infants and

young children (0–5 years): 16.5% of individuals in the Neolithic

sample and 13.9% in the Natufian sample. The weight of child mor-
tality, measured as N(0–5)/N(0–20) (i.e. number of children who
died at 0 to 5 years of age / number of individuals who died at
0 to 20 years of age), is slightly higher for the Neolithic popu-
lation (38.7%) than for the Natufian population (36.5%). The death
rate between the ages of 20 and 50 years in the Natufian population
(58.9% of all deaths) is much higher than for the Neolithic popu-
lation (48.1%). Individuals over the age of 50 years are slightly
more common in the Neolithic skeletal populations (9.7%) than in
the Natufian population (3%). Mortality by sex for the three first
adult age cohorts (15–20; 21–30; and 31–40 years) differs between
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Figure 68.3 Natufian skulls from Eynan (left) and Hayonim cave (right); frontal view. Largemorphological variations between sites exist in this population.

Natufian and Neolithic populations. Among Natufians, under the
age of 40, males represent a larger proportion of deaths than
females. The trend is reversed for adults over the age of 40, for
which male mortality (19%) is lower than female mortality (36%).
In the Neolithic population, female mortality is higher than male
mortality in the younger-adult age category of 15–40 years (78%
vs 58.3%) and more males are found over 40 years of age. It is
important to note that a considerable number of Neolithic females
(24.4%)met their death at the earlier childbearing age (15–20 years)
whereas among the Natufians only 3.3% of the females died at this
age. This may imply an earlier age for first child delivery in the
Neolithic and/or shorter birth interval.
With regard to population growth, the 15P5 values (proportion

of the immature skeletons in a cemetery) for the Natufian popu-
lations range from 0.22 to 0.42. At Eynan (Mallaha), 15P5 values
increase from 0.27 for the Early Natufian (15.1–13.2 ka cal BP)
to 0.38 for the Late Natufian (13.2–12.55 ka cal BP), indicating a
relatively rapid population growth. Yet the 15P5 decreased sharply
in the Final Natufian (12.55–12 ka cal BP), reaching a low value
of 0.16. In the following Pre-Pottery Neolithic A (12–10.5 ka cal
BP), a sharp population growth is witnessed (15P5 values ranging
from 0.37 to 0.52). Population growth slows during the Pre-Pottery
Neolithic B (10.5–8.9 ka cal BP) with an average 15P5 value of 0.23,
and increases again during the Pre-Pottery Neolithic C (8.9–8.35 ka
cal BP) (0.32–0.40).

68.2.2 HEALTH

It is generally assumed that the transition to food production econ-
omy promoted elements that could induce new health hazards not
previously encountered by human populations (Armelagos et al.

1991). Such elements include diet composition, physical burden,
housing standards and settlement organization, presence of domes-
ticated animals, intra- and inter-community violence, division of
labour, and social ranking.

68.2.2.1 ORAL HEALTH

One of the major sources of knowledge on human health and dis-
ease relates to the masticatory system, specifically to the teeth. Data
presented here are mainly based on studies by Eshed et al. (2006),
Solell-Sharon (1992) and Hershkovitz (1998). Other relevant data
were derived from Smith (1970, 1972, 1989 and 1991), Smith et al.
(1984), El-Din Al-Abbasi and Sarie (1997), Lipschultz (1997), and
Mahoney (2006).
No significant differences in rate of caries between Natufian and

Neolithic populations are evident. The prevalence of caries (all
teeth combined) in the Natufian and Neolithic was 6.4% and 6.7%,
respectively. When only the molars are considered, the prevalence
of caries rises to 13.6% and 14.7% in the Natufian and the Neolithic
populations, respectively. Smith (1991) reported 16.5% of teeth
with caries among the Natufians and 12% in the Neolithic popula-
tion. Rate of antemortem tooth loss is also similar in the two popu-
lations: 3.7% and 4.5% in the Natufian and the Neolithic popula-
tions, respectively. The Natufians lost significantly more anterior
teeth (incisors and canines) and the Neolithic people more lower
molars. This may be due to the custom of dental avulsion of the
incisors among the Natufian populations, as evident in Eynan, el-
Wad, and Nahal Oren. Analysis of striations on mandibular molars
suggests that tooth loss among the Neolithic people (e.g. Atlit-Yam)
is partially due to their habit of holding staves between the poste-
rior teeth while making baskets. The rate of periodontal disease was
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significantly higher in the Natufian population (36.4%) than in the
Neolithic population (19%). This is probably due to the extensive
occlusal forces generated by their very developed masticatory sys-
tem (Hershkovitz et al. 1995) to cope with their abrasive foods.
In general, dental attrition is more pronounced in the Natufians

than the Neolithic population (Eshed et al. 2006). The differences
are more pronounced in the anterior (I1, I2, C) and first lower molar
teeth. Nevertheless, large variability was observed among commu-
nities between and within periods: the coastal Pre-Pottery Neolithic
C people of Atlit-Yam (8.9–8.35 ka cal BP) manifested extremely
worn upper and lower central incisors and first molars compared
with other Pre-Pottery Neolithic populations. The Hatoula Pre-
Pottery Neolithic A population manifested heavily worn upper and
lower premolars and molars. Factors promoting attrition in one
community (like sand and dried fish at Atlit-Yam) may be absent
in another. In the Natufian, attrition severity of the anterior teeth
compared with posterior ones may be attributed to anterior teeth
functioning as tools. This was likely in the Eynan/Mallaha popula-
tion, where wear grooves were noted on the anterior teeth of several
jaws. The differences between Natufian and Neolithic populations
relates not just to the intensity of attrition but also to the macro- and
micro-wear pattern (Eshed et al. 2006; Mahoney 2006).
Based on the study of the central upper incisors, an increase in the

prevalence of enamel hypoplasia from Natufian (25%) to Neolithic
period (29%) was observed. The peak of hypoplastic activity was
observed in children aged 2.5–5 years old for the I1, I2, C, Pm1, and
M1, and 5–7 years for Pm2 and M2. Few of the defects observed
occurred between 0 and 2.5 years. In most cases, the hypoplastic
lesions were located on the cervical third of the crown, with the
exception of the upper central incisors.
No major changes in dental health were observed between the

Natufian and Neolithic populations. This generally indicates con-
sumption of similar food ingredients. Changes in food-preparation
techniques and non-dietary usage of teeth explain much of the vari-
ation in tooth condition in Natufian and Neolithic populations.

68.2.2.2 GENERAL HEALTH

Whatever the cause of cribra orbitalia (anaemia, dietary deficien-
cies), its presence indicates the existence of prolonged health haz-
ards. The prevalence of moderate and severe cribra orbitalia in
the adult Natufian (21.4%) is slightly lower compared with the
Neolithic (28.5%). Cribra orbitalia prevalence among children of
both populations is high (47%). Later populations (Chalcolithic,
Roman–Byzantine) show a higher rate of cribra orbitalia (Same-
ora 2006); this may suggest less reliance on cereals (low nutritional
value) and goat milk (preventing iron absorption in the intestine) in
the earlier populations.
It is generally accepted that many infectious diseases in humans

appeared with the advent of agriculture owing to increased popu-
lation size and density (allowing the maintenance of virulent
pathogens) and the presence of domestic animals. Prevalence of
infectious diseases was found to be more common in the Neolithic
population (28.5%) compared with the Natufian (21%; Eshed

2001). Both factors probably contributed to the reduced general
health of the population from the Natufian to the Neolithic.

68.2.3 PHYSICAL APPEARANCE (STATURE)

While Natufian and Neolithic males are of similar height (165 cm
vs 164 cm respectively), Natufian females are taller than Neolithic
females to some extent (159 cm vs 155 cm, respectively). Neverthe-
less, stature varied considerably among coeval populations: Belfer
et al. (1991) have shown, for example, that average male stature at
Eynan was 174 cm tall and females 162 cm, whereas in other Natu-
fian sites (Hayonim Cave, Nahal Oren, el-Wad), males were <170
cm tall and females <160 cm.

68.2.4 PHYSICAL LOAD

Deducing diverse activities and their respective physical load on
past people from their skeletal remains is rather complicated. We
concentrated on physical load levels for which we used mainly
muscle markings and midshaft cross-sectional geometry. The data
presented in this section were gathered from Knopp-Steinberg
(2000), Eshed et al. (2004b), May and Ruff (2016), and Russeva
et al. (in prep.). Cortical area is significantly larger inNatufianmales
thanNeolithicmales, while among females no significant difference
was identified (Knopp-Steinberg 2000). Although the femoral sec-
ond moment of area is slightly greater in the Natufian, it is insignif-
icantly different between the two populations.
Femoral midshaft ratios are similar in both Natufian and

Neolithic male populations (ca. 0.85) whereas Natufian females
manifest a lower anterior–posterior/medial–lateral ratio than
Neolithic females, indicating a shift from an oval cross-sectional
shape to a more rounded one. Humerus cortical areas in Natu-
fian males and females are similar to those in Neolithic males and
females. In both populations, cortical areas are significantly greater
in males than females. No statistical difference was found in rigidity
(humerus second moment of area) between Natufian and Neolithic
population. Nevertheless, both populations manifest a significantly
greater value for the males than for the females (Knopp-Steinberg
2000).
Muscle markings can also be a diagnostic parameter for evalu-

ating the level (and sometimes the type) of physical stress. From
muscle-marking analysis of the upper limb bones, Eshed et al.
(2004b) suggested a higher physical load in Neolithic populations
than in the Natufians, and that people in the Neolithic period were
engaged in different activities and occupations compared with the
Natufian. A detailed analysis by sex of the musculoskeletal stress
markers (MSMs) led Eshed et al. (2004b) to conclude that the pat-
tern of these markers indicates a division of labour by sex in both
the Natufian and the Neolithic populations. Comparisons between
Natufian and Neolithic MSM scoring distribution for the lower limb
bones did not reveal any significant change in marking intensity of
muscles. Physical load and fitness may also express themselves in
various pathologies, mainly arthritis. The rate of arthritis was rela-
tively low and similar in both populations around 5%.
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Neolithic innovations increased people’s workload, including
tillage, harvest, transport and the processing of crops, grinding
grains (Molleson 1994, 2000), tree felling, quarrying for flints,
mud brick production, and making lime plaster (Garfinkel 1987).
However, observations suggest that the magnitude (not the pat-
tern) of physical stress was similar in Natufian and Neolithic popu-
lations. The MSM study, however, suggests that daily life in the
Neolithic period was more physically demanding than in the pre-
ceding Natufian. Both parameters suggest a change in the sexual
division of labour, whereby Neolithic females took over a greater
proportion of the activities compared with Natufian females. The
lower limb bones indicate that the Neolithic population could have
been engaged in more strenuous static activities compared with the
Natufian. Physical load in the Natufianwas probably related tomore
mobile activities and is reflected in the high prevalence of deep epi-
condylar grooves in the femur.

68.2.5 INTENTIONAL AND UNINTENTIONAL
TRAUMA

These results are based primarily on Eshed (2001). Evidence for
bone fracture repairs is minute in both Neolithic and Natufian popu-
lations (<1% of the bone sample). The few fractured bones avail-
able for study had healed without marked angulations or significant
reduction in length.
Dental avulsion is among the few intentional traumas known; it

is evident only in the Natufian of El Wad, Nahal Oren, and Shukba,
and relates to the extraction of the maxillary central incisors. Its
presence may reflect the Natufian manner of treating diseases such
as diarrhoea or fever in children.

68.2.5.1 VIOLENCE

Opinions as to whether hunter-gatherers or farmers produce more
hostile encounters are divided among anthropologists (Walker
1989, 1997; Lambert 1997; Martin 1997). Intentional injuries are
not always easy to differentiate from accidental trauma, interper-
sonal violence, or inter-group conflict. Therefore, we refer only to
lesions observed on the cranium, as their occurrence is more likely
to be due to an intentional blow to the head.
The prevalence of head trauma was significantly higher in the

Natufian population than in the Neolithic population (Eshed 2001).
While hunting was on the decline during the Pre-Pottery Neolithic,
the numbers of arrowheads increased; had they become weapons
used in intra- or inter-community violent encounters?

68.3 SUMMARY

There are marked fluctuations in the population demography along
the Natufian and the Pre-Pottery Neolithic. A Late Natufian demo-
graphic peak period (13.2–12.55 ka cal BP) was followed by
a marked decline towards the Final Natufian. The Pre-Pottery
Neolithic A witnessed a rapid population growth. In the Pre-Pottery

Neolithic B, the population stabilized, and it increased again in the
Pre-Pottery Neolithic C.
The skeletal and dental analyses offer no indication for a major

shift in dietary components in the Natufian–Neolithic transition.
The differences observed suggest that the Levant’s Natufians and
Pre-Pottery Neolithic people managed their ecosystem differently,
but consumed similar types of food. Changes in food-preparation
techniques and non-dietary usage of teeth explain much of the vari-
ation in tooth condition in populations before and after the Neolithic
Revolution in the southern Levant. Furthermore, the increase, albeit
slight, in enamel hypoplasia in the Neolithic may suggest frequent
episodes of health problems, malnutrition, or deficiency in vitamins
A or D.
A reduction in health status from the Natufian to the Neolithic

period is observed mainly with regard to increased prevalence of
infectious diseases.
Physical load (stress) was similar for both Natufian and Neolithic

populations. Nevertheless, the pattern was different, suggesting dif-
ferent occupational stress.
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69 The Initial Upper Palaeolithic in the Levant

deborah i. olszewski

69.1 INTRODUCTION

The Early Upper Palaeolithic in the Levant, from about 47 to
30 ka cal BP, encompasses several traditions including the Ini-
tial Upper Palaeolithic (also called the Emiran in some cases), the
Early Ahmarian, and the Levantine Aurignacian (e.g. Garrod 1955;
Gilead 1981;Marks 1981; Marks & Ferring 1988; Kuhn et al. 1999;
Shea 2013: 148–54). Here, the focus is on sites with Initial Upper
Palaeolithic (IUP) deposits (47–40 ka cal BP) frequently used in dis-
cussing what might have (a) been involved in the transition from the
Middle Palaeolithic, and more important, (b) made the adaptations
of modern humans different from those of Neanderthals who also
had lived in the Levant. A brief overview of some of the main sites,
Boker Tachtit, Tor Sadaf, Mughr al-Hamamah, Ksar ‘Akil, Umm el
Tlel, and Üçağızlı Cave (Fig. 69.1), is followed by a discussion of
the place of the IUP in understanding behavioural variability in the
Levant.

69.2 OVERVIEW OF LEVANTINE INITIAL UPPER
PALAEOLITHIC SITES

Data from IUP sites in this part of the Middle East sometimes
include chronology. However, sites also are relatively dated to this
interval based on their lithic assemblages. In addition to lithic
descriptions, other materials can consist of fauna, marine shells,
bone tools, and isolated human remains.

69.2.1 BOKER TACHTIT

Boker Tachtit is an open-air site in the Negev that contains four IUP
levels separated by sterile deposits (Marks 1983b: 22). When their
conventional radiocarbon ageswere recently calibrated, Level 1 (the
oldest) was dated to 50.5–48.3 ka cal BP and Level 4 (the youngest)
around 39.3 ka cal BP (Kuhn & Zwyns 2014: 32). These four
levels have been interpreted as a transition from Levallois points
made using Levallois technique (Level 1) to points made using

prismatic blade technique (Level 4). The technologies were recon-
structed using extensive core refitting to examine point/blade pro-
duction (Level 4; Volkman 1983; Marks 1993: 6–12). The Level 4
points are morphologically similar to Levallois points. Faceted plat-
forms on blanks are common in Levels 1 and 2, where removals are
mainly bidirectional, while plain platforms are abundant in Level
4, which has predominantly unidirectional removals. Tools present
in the four levels are mainly Upper Palaeolithic types, e.g. end-
scrapers and burins (Fig. 69.2; Marks & Kaufman 1983). Emireh
points, often a typological marker in IUP assemblages (Copeland
2000; Volkman and Kaufman 1983), are present in Levels 1, 2, and
3. No fauna was recovered.

69.2.2 TOR SADAF

This small rockshelter (Fig. 69.3) in the Wadi al-Hasa region of the
western highlands of Jordan yielded lithic and faunal materials, but
has no dates (Olszewski et al. 1998; Coinman et al. 1999; Clark
et al., Chapter 37 of this volume). Animals exploited were gazelle
(Gazella sp.), tortoise (Testudo sp.), and hare (Lepus capensis), and
evidence from phytoliths and sediments indicates an arid habitat
with possibly late fall to winter occupation. The IUP deposits are
Strata IV and lower III (Tor Sadaf A and B assemblages, respect-
ively); these are overlain by deposits with Early Ahmarian lithics
(Fox 2003; Fox & Coinman 2004).
The Tor Sadaf A and B lithic assemblages are characterized by

unidirectional blade and point removals (Fox 2003; Fox&Coinman
2004). The points are Levallois-like and similar to Boker Tachtit
Level 4. Other frequent tools in these Tor Sadaf assemblages are
end-scrapers on blades; no Emireh points were found. One techno-
logical shift is a change from relatively frequent platform faceting in
Tor Sadaf A to unfaceted platforms in Tor Sadaf B. This shift coin-
cides with an increase in core tablet removals during Tor Sadaf B. A
modest increase in bladelet production in Phase B also characterizes
the shift from Phases A to B. Fox and Coinman (2004: 108) suggest
that the Tor Sadaf A and B lithic assemblages resemble features of
Boker Tachtit Level 4, and are similar to Ksar ‘Akil (Bergman et al.,
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Figure 69.1 Map showing locations of sites discussed.

Figure 69.2 Examples of Initial Upper Palaeolithic tool types. From left to
right: end-scraper on blade (cf. Marks & Kaufman 1983), burin (cf. Bour-
guignon 1998), Umm el Tlel point (cf. Bourguignon 1998), Emireh point
(cf. Marks & Kaufman 1983), chamfered piece (cf. Azoury 1986).

Chapter 30 of this volume) Levels XXIII–XXI, where one Emireh
point was recovered.

69.2.3 MUGHR AL-HAMAMAH

This recently discovered cave site in the western highlands of Jor-
dan overlooks the Jordan Valley to the west. The site yielded IUP
materials in Layer B (Stutz et al. 2012, 2015; Stutz &Nilsson Stutz,
Chapter 32 of this volume). Lithics include blade and bladelet tech-
nology with tools dominated by end-scrapers on cortical blades.
Rare tools include burins and el-Wad points, and two Emireh-like
points. An unusual feature is the high frequency of scaled pieces
(bipolar cores), which are not common in Levantine IUP assem-
blages. There also are a couple of bone tools (points, needles, or
awls).
The site has yielded several stratified hearth features, and

macrobotanical materials are especially well preserved. A series of
radiometric dates on a number of wood charcoal samples places this
IUP occupation between 45 and 39 ka cal BP (Stutz et al. 2015;
Stutz & Nilsson Stutz, this volume). Some areas of the Layer B
sediment also preserve fauna well.

69.2.4 KSAR ‘AKIL

This large rockshelter has significant archaeological deposits,
including Middle Palaeolithic, Upper Palaeolithic, and Epipalaeo-
lithic levels (Azoury 1986; Bergman 1987; see also Bergman et al.,
Chapter 30 of this volume). Levels XXV–XXI (Phase A) are
attributed to the IUP; Levels XXIII–XXI are 41.6–40.9 ka cal BP
(Douka et al. 2013). The Phase A assemblages were examined for
evidence of a technological shift (Copeland 1975, 1986; Azoury
1986), and initially described as containing an ‘evolved’ Levallois
technologymarked byUpper Palaeolithic tool types made on Leval-
lois blanks (Marks 1983a: 58). However, subsequent research found
blade technology in all Phase A levels (e.g. Ohnuma & Bergman
1990: 133–4), with Phase A similar to Boker Tachtit Level 4. One
unusual tool type is chamfered pieces (see Fig. 69.2; Azoury 1986),
which are mainly found at Lebanese sites of this time interval
(although see Üçağızlı Cave below).
Level XXV yielded a hominin maxilla (Ksar ‘Akil 2), which is

being restudied. Although originally described as ‘Neanderthaloid’
based on comparison with Skhul V (Ewing 1963, 1966), it may
represent an anatomically modern human because Skhul V now is
considered to be an early modern human (Douka et al. 2013). Its
position in Layer XXV indicates that it dates from before�41.6 ka
cal BP (see also the recently discovered modern human cranium
fromManot Cave, Israel, which dates to�54.7 ka; Heshkovitz et al.
2015). Among the Phase A marine shell ornaments are Nassarius
gibbosula, Columbella rustica, and Glycymeris (Kuhn et al. 2001:
7644). The faunal assemblage for the IUP levels includes abundant
fallow deer (Dama mesopotamica), ibex (Capra aegragrus spp.),
wild cattle (Bos), roe deer (Capreolus capreolus), red deer (Cervus
elaphus), some gazelle, and rare wild boar (Sus scrofa) and tortoise
(Hooijer 1961).
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Figure 69.3 View of the rockshelter at Tor Sadaf, Wadi al-Hasa region, Jordan (photo by the author).

69.2.5 UMM EL TLEL

At open-air Umm el Tlel in the el Kowm Basin of Syria, there are
Middle and Upper Palaeolithic deposits (Bourguignon 1998: 709).
Levels IIbase' and III2a' contain IUP assemblages (called Inter-
mediate Palaeolithic at this site, or Facies 3) for which analyses
indicate a volumetric Levallois point technology associated with
IUP tools (Boëda & Muhesen 1993; Bourguignon 1998: 711–12;
note that Boëda & Bonilauri (2006) identify four facies of IUP
in the el Kowm basin, with Umm el Tlel having all of them). In
Facies 3 (Levels IIbase' and III2a'), removals from cores are unidi-
rectional, and the tools include end-scrapers and burins, as well as
three Nahr Ibrahim truncated-faceted pieces. There are no Emireh
points or chamfered pieces. But there is a new type designated
as the Umm el Tlel point (see Fig. 69.2). It has small bladelet
removals from the proximal end which act to guide the removal
of the elongated Levallois point/blade. Boëda and Bonilauri (2006:
80–1) now consider these bladelet removals also to be intentional
for generating small blanks for use. Moreover, there are cores
specifically for the production of bladelets, which are twisted in
profile.
Fauna was recovered from Facies 3 at Umm el Tlel. The combi-

nation of IUP retouched tools with a Levallois-like technology may
indicate these levels are analogous to Ksar ‘Akil Phase A. Add-
itionally, Boëda and Bonilauri (2006: 91) suggest that the IUP
bladelet production at Umm el Tlel may have parallels in Tor Sadaf
B (see above). A thermoluminescence (TL) age from Level III2a' is
36,000±2,500 years; a radiocarbon date is ca. 40.9–37.2 ka cal BP
(calibrated from information in Ploux & Soriano 2003: 24).

69.2.6 ÜÇAĞıZLı CAVE

Situated along theMediterranean coast of south-central Turkey, this
site contains a sequencewith IUP overlain byAhmarian (Kuhn et al.
2009; Kuhn et al., Chapter 60 of this volume). The IUP deposits are
Levels I (the lowest) through F (the highest). Numerous radiocarbon
ages for the IUP at Üçağızlı Cave range between�45 and 39 ka cal
BP. The IUP lithic assemblages have Levallois-like features, includ-
ing faceted platforms in Level I, and some morphologically Leval-
lois points, flakes, and blades. Blades are mainly detached from uni-
directional cores. Upper Palaeolithic types dominate the tools: end-
scrapers, followed by retouched pieces, burins, and backed pieces.
Chamfered pieces were found in Layer I (Layer H also has one).
Interestingly, there are pièces esquillées (scaled pieces) a type not
common in Levantine Palaeolithic assemblages other than at Mughr
al-Hamamah (see above; Stutz & Nilsson Stutz, this volume). Lay-
ers G, H, and I resemble Phase A at Ksar ‘Akil, specifically Layer
XXI (Kuhn et al. 2001: 7642), while Layer F is similar to Umm el
Tlel Layer III2a' (Kuhn et al. 2009: 109). There also are broad paral-
lels to both Boker Tachtit and Tor Sadaf (see above) in the temporal
trend from faceted to plain platforms, as well as an emphasis on
unidirectional blade removals.
The IUP faunal assemblage yielded bezoar ibex (Capra aegagrus

aegagrus), wild boar, red deer, roe deer, fallow deer, and aurochs
(Bos primigenius), and some birds (e.g. chukar (Alectoris)), tor-
toise, hare, and edible shellfish. Bone tools include a few awls
and points. There are numerous IUP marine shell beads and pen-
dantsmade fromNassarius gibbosula,Columbella rustica, andGly-
cymeris (Kuhn et al. 2001: 7644, 2009: 100–3). Layers F, G, and
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H yielded hominin teeth, most likelyHomo sapiens. Small, discrete
lenses within the layers, particularly in the lowest part of the IUP
sequence, suggest short-term episodic visits/uses, as do relatively
thin hearth lenses.

69.3 DISCUSSION

Kuhn (2013), Kuhn and Zwyns (2014), Olszewski (2009), and Shea
(2011), for example, noted that as data accumulate for occupations
of specific time intervals, such as the IUP, older paradigms have
given way to a better understanding of the concept of behavioural
variability, and its implications for the hunter-gatherer-foragers who
engaged in those behaviours. Such variability is observed in the
abovementioned Levantine IUP sites. Some features of the lithic
assemblages appear relatively consistent: for example the early
use at most of these IUP sites of unidirectional blade removal
and a tool typology with Upper Palaeolithic types (end-scrapers,
burins, retouched blades). Other features are more variable and
include (a) a trend from bidirectional to unidirectional removals
over time (at Boker Tachtit), (b) a shift from faceted to plain
platforms (at Boker Tachtit, Tor Sadaf, and Üçağızlı Cave), (c)
a modest emphasis on bladelet production (at Tor Sadaf, Mughr
al-Hamamah, and Umm el Tlel), and (d) the sporadic appearance
of tool types (i.e. Emireh points, chamfered pieces, and Umm el
Tlel points) considered diagnostic for the IUP period. Additionally,
ornaments (Ksar ‘Akil and Üçağızlı Cave) and bone tools (Mughr
el-Hamamah, Ksar ‘Akil, and Üçağızlı Cave) are recorded at only
a few IUP sites, although lack of preservation may explain, in
part, absence of bone tools in, for example, Boker Tachtit and Tor
Sadaf.
Such comparisons between sites of a similar chronology and

shared geographical region are common in archaeological research.
However, agreement on what such similarities (or differences)
might mean in these contexts is not universal. This is partially
because of the degree (if any) to which similarities in technology
and/or tool types indicate cultural transmission, particularly with
respect to tracing human movements in the landscape both within
and between neighbouring regions (e.g. Kuhn & Zwyns 2014: 36).
For example, does the presence of chamfered pieces in IUP assem-
blages primarily at Lebanese sites indicate groups of people who
participated in a shared network of cultural responses (synchron-
ically and diachronically), with the rare appearance of this type
at Üçağızlı Cave thus indicating contact or movement of people
making chamfered pieces? Alternatively, can these be interpreted
more prosaically, in that chamfered pieces reflect a technologi-
cal/typological solution to a challenge and thus are only one of sev-
eral options available to solve a problem? Their appearance might
be due to a shared network of ideas, but more simply might be
an option that is occasionally chosen, thus reflecting plasticity in
human behaviours akin to the ‘rugged fitness’ and ‘mountaineering’
models/analogues used by Lombard (2012) to discuss variability in
the Middle Stone Age of Africa.
Beyond this, there are other important factors thatmust be consid-

ered when examining variability or similarity. For instance, to what

extent does ecological habitat influence choices of technologies or
tools and the intensity of their presence? For the Levantine IUP sites
discussed above, two are coastal (Ksar ‘Akil and Üçağızlı Cave),
three are steppic (Boker Tachtit, Tor Sadaf, and Umm el Tlel),
and one is either Mediterranean forest or open parkland (Mughr
al-Hamamah). That variability exists between these sites therefore
should not be surprising, at least in part because the food resources
of these habitats were different. The similarities between these IUP
sites include use of unidirectional blade technology and the manu-
facture of Upper Palaeolithic tool types, but the technology essen-
tially conditions at least some of the types of tools produced. For
example, when blanks struck from cores are long, linear, and rela-
tively narrow (i.e. blades), adding the type of retouch (semi-steep)
that archaeologists generally recognize as defining scrapers is most
easily done at the distal (or less frequently, proximal) end of the
blank rather than along the sides. Thus, end-scrapers are frequently
found in assemblages characterized by blade technology. This tool
type has little to do with cultural transmission over distance or time
or behavioural modernity (see below), and everything to do with the
constraints of linear pieces of stone.
Most importantly, however, the Levantine IUP assemblages do

not actually represent groups of people or their movements because
each of these site assemblages (which most often are associated
with particular site levels) is a time-averaged deposit that reflects
accumulations of behaviours at locales that occurred over unknown
intervals (e.g. Holdaway & Wandsnider 2006). These behaviours
might have been the same at each site visit or they may have var-
ied from visit to visit; in either case, they created combinations
of activities that were not evident in any one single prehistoric
visit. They offer a diachronic perspective on behavioural variabil-
ity at particular places in the landscape, whether within a given site
level or between levels. That some of these IUP time-averaged sets
of behaviours include attributes that are considered ‘behaviourally
modern’, such as personal ornamentation, while interesting, should
be neither remarkable nor the main point of Levantine IUP research.
This is partially because the chronological framework of the Lev-
antine IUP is so much later than the ‘appearance’ of poten-
tially symbolic behaviours in Middle Stone Age Africa, from
whence Homo sapiens originated some 200 ka ago, that it should
be expected that material features of symbolic behaviour were
well within the options available to Levantine IUP hominins.
As Shea (2011) remarked, understanding the extent of and rea-
sons for behavioural variability is a far more productive under-
taking than identifying instances of so-called behavioural moder-
nity, whether as a contrast with preceding temporal periods (e.g.
the Levantine Middle Palaeolithic) or with other hominin groups
(e.g. Neanderthals).
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70 The Upper Palaeolithic in Cisjordan

anna belfer-cohen and a. nigel goring-morris

An initial unilinear six-stage model for the Upper Palaeolithic
sequence of the Levant was proposed by Neuville (1934) and modi-
fied by Garrod (1951) (Table 70.1). This model formed the basis for
discussions on the Levantine Upper Palaeolithic through the 1970s
(e.g. Garrod 1957; Perrot 1968; Bar-Yosef 1970; Copeland 1975;
Ronen 1976). While the model was based on cave and rockshelter
sequences in the Judean Desert and Mount Carmel, the terminol-
ogy was European, as were the criteria for defining the various local
entities through the sequence. In addition, the reconstruction of cul-
tural processes was based on excavations conducted decades ago,
often using recovery techniques that are wanting by today’s stan-
dards, raising questions as to the validity of that model. Another

Table 70.1 Chronology of Upper Palaeolithic entities by main
environmental zones in the southern Levant

Socio-cultural entities

Dates (ka
cal BP)

Time-
stratigraphic
units Mediterranean

Steppe and
desert

25/23– Beginning of
Epipalaeolithic

Masraqan Nebekian,
Masraqan

27–25? Atlitian
30–23? Arqov/

Divshon
37–33 Levantine

Aurignacian
45–25 Early

Ahmarian
Early
Ahmarian

47–45 Initial Upper
Palaeolithic
(Emiran)

Initial Upper
Palaeolithic
(Emiran)

48–
25/23

Upper
Palaeolithic

–48 Middle
Palaeolithic

Late
Mousterian

Late
Mousterian

issue to be taken into consideration in reconstructing Upper Palae-
olithic developments is the involvement of numerous different
schools of research; this was and continues to be a prime mover
with regard to competing theoretical frameworks.
In the late 1960s, research led to the adoption of a new sta-

tus for the microlithic industries of the later part of the original
Upper Palaeolithic sequence (Phase VI/Kebaran), namely the Epi-
palaeolithic (Belfer-Cohen & Goring-Morris 2002, and herein).
But it was only later, in light of field research in the ecologi-
cally more marginal regions of the southern Levant, that the uni-
linear model was replaced by a new hypothesis encompassing the
entire Levant, positing the presence of parallel Upper Palaeolithic
phyla (Gilead 1981; Marks 1981). Notwithstanding new conceptual
approaches, much of the current research still relates to the orig-
inal framework, even if new cultural terminologies have evolved
(Table 70.1).

70.1 CHRONOLOGY

The Levantine Upper Palaeolithic begins ca. 48 ka cal BP and
ends with the shift to the Epipalaeolithic, ca. 25 ka cal BP,
approximately coinciding with the onset of the Last Glacial Max-
imum (LGM). The dating of the Middle to Upper Palaeolithic
transition in the Levant is currently based on thermoluminescence
readings of the latest Mousterian and the earliest radiocarbon ages
for the Initial Upper Palaeolithic, especially those from Kebara
Cave, although an actual Initial Upper Palaeolithic level is missing
there (Rebollo et al. 2011). These new ages document the Middle
to Upper Palaeolithic shift occurring between ca. 48.5 and 47.1 ka
cal BP, corroborating the earlier radiocarbon ages of ca. 50 ka cal
BP for the Initial Upper Palaeolithic at Boker Tachtit level 1, albeit
with large standard deviations (Volkman & Kaufman 1983). Radio-
carbon ages on shells from Ksar ‘Akil rockshelter (Bergman et al.,
Chapter 30 of this volume) variously place the transition at ca. 43
or 45.9 ka cal BP (Bosch et al. 2015a, b; Douka et al. 2013).

627
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While the fossil evidence is almost non-existent, there is
widespread consensus that the beginning of the Upper Palaeolithic
corresponds with the advent of modern humans and thus represents
the first undoubted link in the uninterrupted presence of modern
humans in the region. However, it is currently impossible to elu-
cidate the inter-relationships between newcomers and pre-existing
local populations in the Levant.
It is, of course, unclear whether the archaeologically defined

entities do indeed reflect discrete ethnic groups. However, cogni-
tive and ethnographic studies support this contention (e.g. papers
in Clark 1991; Clark & Lindly 1991; and debate in Goring-Morris
et al. 1996).

70.2 CULTURAL SEQUENCE

The local Upper Palaeolithic differs from the Middle Palaeolithic
in shifting emphasis from a surficial approach in preparing blanks
to a generally volumetric approach for serial blade (or bladelet)
blank production; though see below regarding the Aurignacian
and Arqov/Avdat industries (Belfer-Cohen&Goring-Morris 2009).
Through time, the narrow-fronted volumetric approach with lit-
tle subsequent modification is adapted to systematic production of
microliths by backing, bringing about yet another tempo-cultural
subdivision, the Upper/Epipalaeolithic transition (Belfer-Cohen &
Goring-Morris 2002).
Identifying cultural changes during the Palaeolithic is based espe-

cially on the techno-typological attributes of the chipped stone
artefacts. Although there is the technological shift noted above, it
seems that the ‘radical’ aspect of this change has sometimes been
over-emphasized (Belfer-Cohen & Goring-Morris 2007, 2014a).
A shift from platform faceting to removal surface preparation is
already observed in the latest Mousterian (e.g. Sharon & Oron
2014). Amongst the tools, the emergence of the Upper Palae-
olithic is indicated by the dominance of end-scrapers, burins, and
blade forms (including points and backed pieces) over the relatively
squat points and side-scrapers characteristic of the late Middle
Palaeolithic.

70.2.1 THE INITIAL UPPER PALAEOLITHIC

Pioneering research assumed that Early Upper Palaeolithic lithic
assemblages comprised both Middle Palaeolithic elements (i.e.
Levallois products and side-scrapers) and new tool types (i.e. elon-
gated points, retouched blades, end-scrapers, and burins), thus
heralding the fully fledged Upper Palaeolithic. Garrod (1955) sug-
gested labelling the first post-Mousterian entity from Emireh Cave
and el-Wad Cave layer E as the ‘Emiran’, while Neuville (1951)
referred to this stage as ‘Upper Palaeolithic Phase I’ in his Upper
Palaeolithic scheme.
Subsequently, at least two Initial Upper Palaeolithic variants were

recognized in the Levant. First, there is a northern ‘Transitional
Industry’ (previously ‘Ksar ‘Akil Phases A and B’) at Ksar ‘Akil,
still the most important Upper Palaeolithic sequence in the Levant,
with a continuation of Levallois blanks modified into chamfered

pieces (Bergman et al., this volume). Additional important Initial
Upper Palaeolithic sites in the northern Levant include Umm el Tlel
in the el Kowm Basin (Ploux & Soriano 2003) and the northern
coastal site of Üçagizli (Kuhn et al., Chapter 60 of this volume).
The other, southern variant with ‘transitional’ characteristics, i.e.

a blend of ‘old’, Middle Palaeolithic, and ‘new’, Upper Palaeolithic,
traits was first identified at Emireh Cave in Galilee (Garrod 1951)
and later at Boker Tachtit in the Negev (Fig. 70.1B) (Marks 1983;
Marks & Kaufman 1983; Volkman 1983). At the latter, refitted
cores demonstrated that morphologically Upper Palaeolithic points,
including bifacially basally thinned Emireh points, were produced
by an Upper Palaeolithic bidirectional blade technology: a change
in the knappers’ concept of the nodule’s volume (Fig. 70.2) (Belfer-
Cohen & Goring-Morris 2007, 2009).
It is of interest to note that chamfered items characteristic of the

northern ‘Transitional Industry’ were reported from the local Ini-
tial Upper Palaeolithic culture at Haua Fteah Cave in Cyrenaica
(McBurney 1967), at the surface site of Nag Hamadi (Nile valley),
and in one small surface assemblage collected in theNegev (Goring-
Morris & Rosen 1989).
Similarity across long distances has been observed also for the

southern variant, characterized by Emireh points. Such assemblages
are known mostly from the southern Levant, including surface
finds in Lebanon, claimed by Copeland (2001) to overlap chrono-
logically with the chamfered elements. Boker Tachtit levels 1–
2 bear remarkable similarities to the distant Moravian ‘Bohuni-
cian’ entity (Svoboda & Bar-Yosef 2003; Tostevin 2003). Accord-
ingly, it seems plausible that both Initial Upper Palaeolithic variants
may reflect diffusions by long-range, ‘leap-frogging’ movements of
highly mobile groups.
Layers overlying the ‘chamfered’ Initial Upper Palaeolithic at

Ksar ‘Akil exhibit single-platform pyramidal cores producing serial
convergent blades and elongated, faceted Levallois-type points
(Ohnuma & Bergman 1990), resembling the Initial Upper Palaeo-
lithic ‘Emiran’ variant at Boker Tachtit. Moreover, somewhat simi-
lar techno-typological attributes were uncovered in southern Trans-
jordan (Olszewski, Chapter 69 of this volume). The production of
an ‘old’ tool form using ‘new’ core-reduction strategies testifies to
some continuity. Blade production, a distinctive characteristic of
Levantine Initial Upper Palaeolithic industries, has been observed
in the Nile valley Mousterian (Vermeersch 2001; Van Peer 2004).
This may correlate with genetic evidence for a ‘wave of advance’
of new people from Africa (Olivieri et al. 2006) through the Levant
rather than from the Horn of Africa by way of Yemen.

70.2.2 THE EARLY UPPER PALAEOLITHIC

Early Upper Palaeolithic sites in the Mediterranean zone are quite
numerous. The revolutionary notion that there are more Early
Upper Palaeolithic cultural entities than the ‘Aurignacian’ and its
derivatives was suggested independently by Gilead (1981) and
Marks (1981) based on research in the Negev and Sinai. This
was reinforced by new discoveries, publication of previously exca-
vated sites, or the reinterpretation of previous finds from the
Mediterranean zone (Bachdach 1982; Azoury 1986; Bergman 1987;



Upper Palaeolithic in Cisjordan 629

Figure 70.1 Upper Palaeolithic sites in the southern Levant: A, Erq el-Ahmar; B, view north from Sde Divshon to Sde Boker (village in background) and
Boker Tachtit and Boker, respectively on the right and left bank of Nahal Zin; C, Qadesh Barnea 601; D, Lagama VII. (A black and white version of this
figure will appear in some formats. For the colour version, please refer to the plate section.)
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Figure 70.2 Characteristic cores and points in the Initial Upper Palaeolithic (IUP) Emiran and the Ahmarian (summary of ages in Table 70.1).

Ohnuma 1988; Bar-Yosef et al. 1996; Bar-Yosef & Belfer-Cohen
2004; Lengyel et al. 2006). The distinct characteristics of this
techno-complex (subsequently called the ‘Ahmarian’) were already
noted in early excavations at Qafzeh and Erq el-Ahmar (Neuville
1951) (Fig. 70.1A); yet preconceptions limited awareness of this
Upper Palaeolithic variant and its significance (see also Ronen
1976).
The Ahmarian was eventually subdivided into an Early phase,

ca. 45–30 ka cal BP, and a Late phase, ca. 30–23/22 ka cal BP
(Belfer-Cohen & Goring-Morris 2003). Still, after accumulation of
data during the years following that initial subdivision, it appears
that there are very few, if any, Ahmarian assemblages postdating ca.
30–29 ka cal BP. Other Upper Palaeolithic assemblages recognized
in the southern Levant, namely the Atlitian and the Arqov/Divshon
entities (see below), lack reliable absolute ages; the next clearly
dated entity is the Masraqan (initially included under ‘Ahmarian’;
see below), which appears with the onset of the LGM (Goring-
Morris & Belfer-Cohen, in press).

70.2.3 THE EARLY AHMARIAN (ca. 42–30 ka cal BP)

The Early Ahmarian is distributed throughout the Levant, most
clearly documented in the semi-arid margins (Fig. 70.3). In the
Mediterranean zone, its sequence was interrupted by the arrival of
the Levantine Aurignacian at ca. 37–33 ka cal BP.
It is important to note that there is variability between assem-

blages from the Mediterranean and semi-arid steppe regions.
Nevertheless, the common denominator of all Early Ahmarian
assemblages is the single-platform, narrow-fronted core to pro-
duce series of standardized, symmetrical convergent blade/bladelet
blanks. Initial setting up of the core preform and later maintenance
produced blanks for scrapers and burins, as reflected by systematic
refitting studies (Becker 2003; Davidzon & Goring-Morris 2003;
Monigal 2003). Prominent among the tool types is the el-Wad point
initially cited by Garrod (1957) as a fossile directeur of the Levan-
tine Aurignacian. Yet today the primary association of this rather
amorphous type is within Early Ahmarian contexts (Fig. 70.2). In
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Figure 70.3 Map of Ahmarian sites in the southern Levant.
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addition, ochre is quite common in many sites, and there are Den-
talia (Antalis) shells in small quantities, as well as rare unmodified
grinding stones documented at Qafzeh and Boqer (Gilead 1991).
In the south, with the exception of a couple of possible base-

camps, i.e. Sde Divshon (Fig. 70.1B) and Qseimeh (Ferring 1976;
Phillips & Saca 2003), most sites are small and relatively ephemeral
open-air occupations in the lower-lying (contra Gladfelter 1997)
steppe regions, usually located near springs, e.g. Boqer D, A, BE,
Lagama sites, Qadesh Barnea, Ain Qadis, Abu Noshra and Nahal
Nizzana (Figs. 70.1C, 70.1D) (Bar-Yosef & Belfer 1977; Marks
1977; Gilead & Bar-Yosef 1993; Goring-Morris 1995; Phillips
1990; Davidzon & Goring-Morris 2003). When preserved, sites
are often characterized by numbers of hearths and larger fire-pits
(Marks 1983; Gilead & Bar-Yosef 1993; Monigal 2003; Becker
2003).
Geographical differences in terms of raw materials and decorti-

cation are apparent. Toolkits reflect considerable variability in tool
classes between the two site types, with an emphasis on points in the
more ephemeral ones, probably representing small groups of highly
mobile foragers. Additional factors may be the presence of different
Ahmarian facies, although marked similarities occurring between
sites in the Negev highlands and southern Transjordan (Wadi Hasa)
and Sabra are notable (e.g. Olszewski, Chapter 69 of this volume;
Schyle and Richter 2015).
Within the Mediterranean zone the Ahmarian is documented in

caves and rockshelter sites, e.g. Erq el-Ahmar E–F, Kebara III–IV,
Qafzeh E, D (= layers 8–11), and Manot, as well as further north
in Lebanese and Syrian sites (Neuville 1951; Bar-Yosef & Belfer-
Cohen 2004; Marder et al., Chapter 31 of this volume; Meignen et
al., Chapter 27 of this volume). Here, there is greater variability in
terms of the proportional representation of the tool classes recov-
ered, especially the points.

70.2.4 THE LEVANTINE AURIGNACIAN (ca. 37–33
ka cal BP)

Definitions of the local ‘Aurignacian techno-complex’ initially fol-
lowed the precepts of the Aurignacian as defined in western Europe.
Just as its bearers there, the Cro-Magnons, became synonymous
with modern humans, the term ‘Aurignacian’ came to designate
virtually all Early Upper Palaeolithic industries globally. Mate-
rial culture hallmarks of the Aurignacian have commonly focused
on the presence of carination sensu lato, without awareness that
this technique appears more than once in the prehistoric record
(Belfer-Cohen & Goring-Morris 1986; Bar-Yosef 1991; Marks
2003; Belfer-Cohen & Grosman 2007). The search for the familiar
– that is, European – types in assemblages was sometimes accom-
panied by ignoring local lithic elements or associations not found
in Europe. It is instructive to follow Garrod’s unease with this sit-
uation: ‘ . . . the small, sharp Font-Yves point, which is the special
feature of Upper Paleolithic III [i.e. the Levantine Aurignacian of
today], is hardly known in theWest’ (Garrod 1953: 25); and ‘ . . . the
Upper Paleolithic III represents the stage at which an incoming
Aurignacian group made contact with the natives, adopting and
developing the Font-Yves point, which was missing from their orig-

inal toolkit, and which in any case rather soon went out of fashion
again’ (Garrod 1953: 33).
Nonetheless, during the 1968 ‘Ksar ’Akil conference’ it was

decided to incorporate all pre-LGM Upper Palaeolithic variants
in the Levant under the term ‘Levantine Aurignacian’ (Copeland
1975). Notwithstanding the subsequent definition of a quite separ-
ate and distinct Upper Palaeolithic strand (the Ahmarian), the issue
of coupling the Early Upper Palaeolithic with the ‘Aurignacian’ still
hovers over much of European and Near Eastern research. In the
Levant, uncoupling of this automatic association has been under
way for some time (Goring-Morris & Belfer-Cohen 2006; Williams
2006).
The geographic distribution of the Levantine Aurignacian is

restricted to cave and rockshelter sites within the Mediterranean
zone (Fig. 70.4), e.g. el-Wad D, Kebara I–II, Raqefet III, Sefunim
8–10, HayonimD, andManot (also Ksar ‘Akil VII–VIII and Yabrud
II/3) (Garrod & Bate 1937; Rust 1950; Belfer-Cohen & Bar-Yosef
1981; Ronen 1984; Bar-Yosef et al. 1996; Lengyel 2007; Bergman
et al., this volume; Marder et al., Chapter 31 of this volume). While
the available radiocarbon ages are quite dispersed (ca. 40–35 ka cal
BP), the Aurignacian probably reflects merely a short incursion into
the region, probably from Europe (Belfer-Cohen & Goring-Morris
2014b). It was thus briefly contemporaneous with the Early Ahmar-
ian in the steppic regions. Occupations are quite limited in scope,
e.g. Hayonim Cave, where the Aurignacian horizon was located in
a small depression, with a few hearths and accompanied by ‘kitchen
midden’ deposits (Belfer-Cohen & Bar-Yosef 1981).
The technological attributes of the Levantine Aurignacian lithic

industry are rather complex; while most tool blanks are blades and,
to a lesser degree, (twisted) bladelets, the vast majority of the deb-
itage items consists of flakes (Fig. 70.5). The tool assemblages
include classic Aurignacian features (in the manner of the West-
ern European ‘Aurignacian I’): frontally nosed and shouldered car-
inated items on flake blanks, Dufour bladelets, scalar retouched
items, and a rich bone and antler industry including bi-points at
Hayonim, Kebara, and Manot caves (Belfer-Cohen & Bar-Yosef
1981; Marder et al. this volume; Meignen et al. this volume). Two
split-base points, a hallmark of the Early Aurignacian in western
Europe, were reported from Kebara and Hayonim caves (Fig. 70.5).
The bone/antler points may correspond to the flint points of the
Ahmarian.
Other unique finds were two engraved limestone slabs at Hay-

onim, and numbers of pierced pendants on teeth of medium-sized
mammals (Belfer-Cohen & Bar-Yosef 1981, 1999). There are indi-
cations at Hayonim D that raptor remains may have been utilized,
perhaps in symbolic contexts (Belfer-Cohen & Bar-Yosef 1981).

70.2.5 THE ATLITIAN ENTITY (ca. ?27/26
ka cal BP)

Sites assigned to the Atlitian (in the past associated with the ‘Aurig-
nacian’) were also centred in the Mediterranean zone (Fig. 70.4),
e.g. Meged C, el-Wad C, Nahal Ein Gev I, Fazael IX, el-
Khiam E (9–10), and Ksar ‘Akil VI (Garrod & Bate 1937;
Neuville 1951; González Echegaray 1978; Goring-Morris 1980;
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Figure 70.4. Map of Levantine Aurignacian, Arqov/Divshon, and Atlitian sites in the southern Levant.
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Figure 70.5 Characteristic tools of the Levantine Aurignacian, Atlitian, and Arqov/Divshon entities in the southern Levant.
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Belfer-Cohen et al. 2004; Kuhn et al. 2004). The chronostratig-
raphy of this entity remains problematic, being dependent primarily
on limited stratigraphic correlations (Copeland 1975).
This is a flake-based technology featuring a preponderance

of truncation burins on thick flakes, and a virtual absence of
blade/bladelet production (Fig. 70.5). Of note is a single burial from
the open-air site of Nahal Ein Gev I (Arensburg & Bar-Yosef 1973).

70.2.6 THE ARQOV/DIVSHON ENTITY (ca. 30–25/23?
ka cal BP)

This poorly defined Upper Palaeolithic industry (also previously
attributed to the ‘Aurignacian’) is distributed primarily in the arid
zones of the Levant (Fig. 70.4). Its chronology remains problematic;
while some radiocarbon ages are available, most sites lack chrono-
stratigraphic control. It seems likely that most are 30–25/23 ka cal
BP. The meagre stratigraphic evidence indicates that it postdates the
Ahmarian – but not the Masraqan (Goring-Morris & Belfer-Cohen,
Chapter 71 of this volume).
These assemblages are characterized by laterally carinated items

on thick flakes (scrapers, burins, and/or cores?) that differ signifi-
cantly from classic Aurignacian frontally carinated items (Fig. 70.5)
(Williams 2003; Belfer-Cohen & Grosman 2007). Sites in the
Negev and Sinai include Har Horesha I, Ein Aqev, Boqer C, Qadesh
Barnea 602, Qseimeh II, Ramat Matred/Har Lavan, and Shunera
XV (Belfer-Cohen & Goring-Morris 2003 and references therein).

70.3 UPPER PALAEOLITHIC ADAPTATIONS

The small scale of most Upper Palaeolithic occupations generally
reflects considerable group mobility focusing on locally available
resources. Exploitation ranges were unlikely to be larger than 10–15
km from sites, although annual ranges probably extended overmuch
more extensive areas, e.g. from the central Negev across the Rift
Valley to the Transjordanian highlands. The ecological and topo-
graphic zonation in the Levant was such as to provide a mosaic
patchwork of plant and animal resources (Rabinovich, Chapter 40
of this volume). However, reconstruction of subsistence practices
is hampered by the absence of plant remains and by poor faunal
preservation, especially in the semi-arid margins.

70.4 CONCLUDING REMARKS

In the Levant, the transformation fromMiddle to Upper Palaeolithic
was relatively rapid, and characterized by considerable techno-
typological variability. The Initial Upper Palaeolithic developed
into the blade-based pan-Levantine Ahmarian tradition, thriving
especially in more steppic regions. There may be evidence that
some Ahmarian groups left their historical ‘core-area’ and, by
way of Anatolia, reached central and western Europe, where they
may be responsible for the so-called ‘Proto-Aurignacian’ (e.g. Bon
2002; Teyssandier 2008). Subsequently, following the emergence
of the ‘classic’ Aurignacian in Europe, a ‘brief’ incursion to the

Levant corresponds to the ‘Levantine Aurignacian’, which appears
to have had a very limited impact on local developments. Later west-
ern Asian and, especially, Levantine, Upper Palaeolithic develop-
ments primarily appear to reflect local processes, especially with
the advent of the Epipalaeolithic at the onset of the LGM.
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71 The Early and Middle Epipalaeolithic of Cisjordan

a. nigel goring-morris and anna belfer-cohen

71.1 INTRODUCTION

Research in the late 1960s led to the adoption of a new status for the
microlithic industries of the later part of the local prehistoric Upper
Palaeolithic sequence in the Levant, namely the ‘Epipalaeolithic’
(for history of research see Belfer-Cohen & Goring-Morris 2002).
Although some argued that its original inclusion within the Upper
Palaeolithic should be retained (Gilead 1984), there is a marked
increase in the settlement densities and in the tempo of cultural
change, eventually culminating in the transformation from mobile
foragers to sedentary, incipient agriculturalists. Also, the shift to
the Epipalaeolithic, at ca. 25 ka cal BP, coincides with the onset of
the Late Glacial Maximum (LGM). The Levantine Epipalaeolithic
is divided into Early, Middle (together ca. 24/23–15.0 ka cal BP),
and Late phases, the latter being almost entirely represented by the
Natufian complex, ca. 15–11.5 ka cal BP (Belfer-Cohen & Goring-
Morris 2002; Grosman & Munro, Chapter 77 of this volume).
Although the Epipalaeolithic entities are defined on the basis of

technological and typological criteria together with chronological
and geographical constraints, it is unclear whether these archaeo-
logical ‘cultures’ reflect discrete ethnic groups. Nevertheless, cog-
nitive and ethnographic studies do provide support for this con-
tention (e.g. see debate in Goring-Morris et al. 1996 and references
therein).

71.2 LANDSCAPE AND ENVIRONMENTS

Terminal Pleistocene geomorphic changes differentially affected
theMediterranean and semi-arid zones of the southern Levant. Oro-
graphic and ‘rain shadow’ effects by the central mountain ranges
(see topography in Avni, Chapter 2 of this volume) directly affected
precipitation distribution (e.g. Kushnir et al., Chapter 4, this vol-
ume). This interplay of topography and climate led to distinct phyto-
geographical zonation, culminating in a mosaic pattern of ecolog-
ical niches over small distances, especially notable between the
Early and Middle Epipalaeolithic.

There is evidence that the LGMwas cold and wet, while south of
the Dead Sea cold and hyperarid conditions resulted from lowered
sea levels affecting the paths of storm fronts (Enzel et al. 2008).
Lisan Lake levels record an initial decline some time after 24
ka cal BP (Bartov et al. 2003; Lisker et al. 2010). Following the
LGM, climatic amelioration, corresponding to the Bølling–Allerød
oscillation, is particularly evident in the marginal zone of the
southern Levant when global sea levels began to rise.

71.3 CHRONOLOGY AND CULTURAL SEQUENCE

Initially, the first entity recognized as belonging to the Epipalaeo-
lithic was Phase VI of Neuville (1934, 1951) and Garrod’s (1934)
Upper Palaeolithic sequence (see Belfer-Cohen & Goring-Morris,
Chapter 70 of this volume). This phase incorporated the Kebaran
entity discovered in the excavations of Kebara Cave by Turville-
Petre (1932) and defined by Garrod (1954). The following entity
defined by the research pioneers was the Natufian, considered by
them to be a ‘Mesolithic’ culture (Garrod 1932). Since then, many
entities have been identified based on lithic techno-typological cri-
teria and radiometric ages as belonging to this period. Even the ori-
ginal ‘Kebaran’ assemblages were subsequently shown to include
other, Middle Epipalaeolithic elements (Belfer-Cohen & Goring-
Morris 2007).
The Epipalaeolithic trend towards standardized microlithization

(and especially backing) within the chipped stone tool component
apparently reflects developments in hafting techniques associated
with composite tools, a sign of increasing efficiency (Bar-Yosef
1987; Belfer-Cohen & Goring-Morris 2002; Yaroshevich et al.
2009). It appears that hafting concerns necessitated the application
of abrupt retouch and bipolar backing to the bladelet blanks.

71.4 EARLY EPIPALAEOLITHIC

Several distinctive early Epipalaeolithic entities are currently rec-
ognized: Masraqan (previously called ‘Late Ahmarian’), Kebaran,

639
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Table 71.1 Chronology of cultural entities in the main regions in
Cisjordan (entities in italics with habitual use of the microburin
technique)

Socio-cultural entities
Age (ka
cal BP)

Time-
stratigraphic
units Mediterranean Steppe & desert

15–13.5 Late
Epipalaeolithic

Early Natufian Terminal
Ramonian
Early
Natufian

17.75–15 Mushabian/
Early
Ramonian

18.5–15 Middle
Epipalaeolithic

Geometric
Kebaran

Geometric
Kebaran

20–18.5 Early
Epipalaeolithic

Nizzanan Nizzanan

22–18.5 Kebaran Kebaran
25–22 Nebekian

(Transjordan)
25.5–20 Masraqan

(Late
Ahmarian)

Masraqan (Late
Ahmarian)

25–11.6 Epipalaeolithic
48–25 Upper

Palaeolithic

Nebekian, and Nizzanan (e.g. Garrod & Bate 1937; Goring-Morris
1987, 1995; Rust 1950).
Most entities are present on both sides of the Dead Sea rift valley,

albeit with different intensities. Kebaran sites are located primarily
in and west of this valley, while Nebekian sites are almost entirely
located to the east. Masraqan and Nizzanan sites are found on both
sides of the rift valley. Radiometric ages and stratigraphic correla-
tions indicate that the Nebekian and Masraqan pre-date much of the
Kebaran and the Nizzanan (Table 71.1). The range of the date sets
available remains open to interpretation for most of the described
entities, with obvious outliers; accordingly, we provide conserva-
tive estimates of the date distributions.
The lithic assemblages of these entities display diverse sets of

techno-typological traits, i.e. specific technologies of core reduc-
tion and blank production, presence/absence of themicroburin tech-
nique and typological variability, especially amongst the microliths
(Fig. 71.1).
Few data are available concerning the spatial organization of

Early Epipalaeolithic occupations, although there are a series of sin-
gle flimsy fonds de cabane at Masraqan Ohalo II and Azariq XIII,
and Kebaran Ein Gev I and Jiita rockshelter (Fig. 71.2; Stekelis &
Bar-Yosef 1965; Goring-Morris & Belfer-Cohen 2003;Melki 2004;
Nadel, Chapter 33 of this volume).
The few early Epipalaeolithic burials documented in recent years

are single articulated burials in shallow pits. The single complete
burial at Ohalo II is located in an exterior area (Nadel, this volume).
Kebaran burials include a female adult under a floor at Ein Gev I

(Fig. 71.2; Arensburg & Bar-Yosef 1973). The general paucity of
burials could be explained by the presence of seven seemingly cre-
mated remains at Kebara C (Smith et al. 1984).
Notable innovations at this time include the appearance of

groundstone tools such as mortars, bowls, pestles, and mullers,
often on basalt or phosphorite, supplementing the occasional grind-
ing slabs of the Upper Palaeolithic (e.g. Wright 1991). These con-
stitute a minor but significant component in occupations, attesting
to the presence of site furniture and greater emphasis on process-
ing vegetal foodstuff in addition to ochre (Zackheim 1997). Almost
all the information available concerning the exploitation of plants
derives from Ohalo II, which portrays unparalleled organic preser-
vation (Nadel, this volume).
The bone tool repertoire of the early Epipalaeolithic is quite

impoverished, with occasional awls, points, and spatulas, some-
times with notational marks (Nadel, this volume).
Mediterranean marine molluscs are usually present, but are not

particularly abundant in most sites; in addition to Dentalia (Antalis
sp.), common species include Nassa sp. and Columbella rustica
(Bar-Yosef Mayer 2005, Chapter 44 of this volume). Art objects
during the Early Epipalaeolithic occur only sporadically, as with
the lightly engraved stone plaques from Kebaran Urkan e-Rubb
II and ‘En Qashish (Fig. 71.2; Hovers 1990; Yaroshevich et al.
2014, 2016).

71.4.1 MASRAQAN (FORMERLY ‘LATE
AHMARIAN’) (ca. 25–20 ka cal BP)

Sites of this entity were originally viewed as directly continuing
the ‘Early Ahmarian’ tradition, and designated as ‘Late Ahmarian’
(but see Goring-Morris &Belfer-Cohen, in press). Themost notable
site is Ohalo II, which furnished a large series of radiocarbon ages
(Nadel, this volume).
While basic technological similarities between the earlier ‘clas-

sic’ Ahmarian and Masraqan demonstrate considerable continu-
ity, the latter assemblages are characterized by an emphasis on
bladelet production from narrow-fronted cores and a separate
reduction strategy for massive tools. Amongst the tools, high
frequencies of non-twisted, narrow finely retouched (‘Ouchtata’)
bladelets occur, while the el-Wad point of the Ahmarian disappears
(Fig. 71.1; Ferring 1988; Goring-Morris 1995; Goring-Morris &
Belfer-Cohen 1997; Kuhn et al. 2004). Scrapers, burins, and mas-
sive tools are also found in variable frequencies.

71.4.2 NEBEKIAN (ca. 25–22 ka cal BP)

The Nebekian, first identified and defined at Yabrud III/4–7 (Rust
1950), is distributed almost exclusively in steppe areas east of the
rift valley, with no sites reported from Cisjordan. Broadly con-
temporary with the Masraqan and the Kebaran, its lithic techno-
typological characteristics differ distinctly from those of the former.
Its main component is the narrow, elongated bladelet blank, which
is backed and bi-truncated by the microburin technique – the first
habitual application of this technique in the Levant.
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Figure 71.1 Characteristic microliths of the various Epipalaeolithic entities in the southern Levant.
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Figure 71.2 A: Plan of fond de cabane at Kebaran Ein Gev I; B: incised plaque from Kebaran Urkan e-Rubb II; C: outline of probable fond de cabane at
Masraqan Azariq XIII.
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71.4.3 THE KEBARAN COMPLEX
(ca. 21–18 ka cal BP)

This complex is centred primarily in the Mediterranean zone, espe-
cially in and west of the rift valley, although also including the
Azraq basin in Transjordan (Bar-Yosef 1970; Maher, Chapter 75
of this volume). Research incorporating work by Hours (1976) in
Lebanon and later investigations elsewhere documented consid-
erable regional and chronological diversity (Bar-Yosef & Vogel
1987). Detailed observations on the microlithic classes, together
with stratigraphic considerations, led to the identification of early
and late phases of the Kebaran.
There is a general chronological progression from inverse and

fine retouch to more abrupt backing techniques, initially typified
by curved ‘micropoints’ and later by backed and obliquely trun-
cated ‘Kebara’ points (Fig. 71.1). These and other stylistic char-
acteristics enabled the definition of geographical subdivisions that
probably reflect the ranges (ca. 1,250–2,000 km²) of specific groups
in the local landscape (Goring-Morris et al. 2009; Belfer-Cohen &
Goring-Morris 2011). Thus, while some groups would have sea-
sonally shifted from the coastal plain to the lower Jordan Valley
(Fig. 71.3), other groups circulated within the southern coastal plain
and the Negev (Goring-Morris 2009).
Occupation sites in the coastal plain occur as clusters atop ae-

olianite sandstone (kurkar) ridges (Harel et al., Chapter 50 of this
volume), then in the centre of the coastal plain, close to breaches
by major wadis draining westwards (Bar-Yosef 1970). Many local-
ities were repeatedly reoccupied. Kebaran sites are generally quite
small, usually extending over ca. 25–100 m² and rarely exceeding
250 m².

71.4.4 NIZZANAN (ca. 20–18.5 ka cal BP)

Assemblages characterized by minute scalene and isosceles tri-
angles made by the microburin technique together with micro-
gravettes (‘spiky points’) were described in the past at Wadi Dhobai
(= Kharaneh IV) and Ein Gev IV (Waechter et al. 1938; Bar-Yosef
1970). Then undated, they were initially thought to be of Middle
Epipalaeolithic age. Subsequent investigations in the coastal plain at
Nahal Hadera V (Shimelmitz 2002), in the Negev at Hamifgash IV
and Azariq IX, adjacent to Nahal Nizzana (Goring-Morris 1987), in
Transjordan at Kharaneh IV and Jilat 6 (Garrard, Chapter 76 of this
volume; Maher, this volume), as well as in Lebanon at Ksar ‘Akil
(Bergman et al., Chapter 30 of this volume), including radiomet-
ric ages necessitated revision, and the designation ‘Nizzanan’ has
been proposed (Tixier 1970; Goring-Morris 1987; Goring-Morris
& Belfer-Cohen 1997; Marder 2002).
Most Nizzanan sites are small occupations, though huge aggre-

gation sites are located in the Azraq basin (Garrard, this volume;
Maher, this volume), on the east Jordanian plateau that may repre-
sent the seasonal ingathering of populations, some perhaps based
part of the year west of the rift valley.
The Nizzanan lithic industry is characterized by a laminar aspect.

Cores commonly have single platforms and are pyramidal, though
opposed platform varieties also occur. The tools include elegant,

well-made scrapers and burins, particularly dihedral variants, and
sometimes scaled pieces. The dominant microlithic form is the
small lamelle scalène (scalene triangle), while the microgravette
comprises but a small component (Fig. 71.1). The triangles are
habitually fabricated using the microburin technique, making the
Nizzanan a possible successor to the Nebekian and, perhaps, an
antecedent to the Middle Epipalaeolithic Mushabian (see below).

71.5 MIDDLE EPIPALAEOLITHIC

This period displays significant climatic amelioration, correspond-
ing to the Bølling–Allerød event. Accordingly, while considerable
continuity is displayed within the Mediterranean region, expansion
of the steppic Irano-Turanian zone into peripheral areas enabled
populations to exploit them more intensively (Fig. 71.4). Two dis-
tinctive cultural complexes have been defined, the pan-Levantine
Geometric Kebaran and the Mushabian (including also the Ramon-
ian), the latter restricted to the Negev and Sinai.
During theMiddle Epipalaeolithic, there is evidence for advances

in pyrotechnology. This is reflected in the variability of hearths and
roasting pits with numerous stones for cooking in theMushabian, as
well as the initiation of small-scale lime-plaster production used as
an adhesive for bindingmicroliths to hafts in theGeometric Kebaran
(Fig. 71.5; Goring-Morris 1988; Kingery et al. 1988).
Bone tools are rare, as are groundstone utensils (i.e. bowls, pes-

tles, and hand-stones) that were most probably employed in food
processing and other activities. Marine shells are not common, per-
haps because of rapid sea level rise, and reflect a preference for
Mediterranean species (Bar-Yosef Mayer 2005).

71.5.1 GEOMETRIC KEBARAN
(ca. 18.5–15 ka cal BP)

Sites of this entity were recorded throughout the entire Levant, from
the middle Euphrates to southern Sinai. The Geometric Kebaran
seems to derive directly from the Kebaran, as indicated by strati-
graphic evidence at Fazael III, Kharaneh IV and Yabrud III (Bar-
Yosef et al. 1974; Maher, this volume). It is characterized by vari-
able technologies of blade/bladelet blank production, while the
microliths so produced are highly standardized, mostly compris-
ing variants of the trapeze-rectangle form (Fig. 71.1; Goring-Morris
1995; Marder 2002; Bar-Yosef & Belfer-Cohen 2010).
Within the Mediterranean zone, site distributions are similar to

those of the Kebaran. However, few Geometric Kebaran sites have
been extensively excavated, and it remains difficult to adequately
characterize the nature of the sites and the degree to which they
presage the late Epipalaeolithic Natufian in terms of a shift towards
sedentism (Kaufman 1992; but see Yeshurun et al. 2015). Part of
a wall was identified in a test pit at Ha’on (Bar-Yosef 1975) and
a small feature at Ein Gev III (Martin 1978). Smaller, ephemeral
occupations up to 75 m² in extent with a single hearth exemplify the
semi-arid steppes of the Negev and northern Sinai lowlands, reflect-
ing highly mobile adaptations over large areas by small bands.
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Figure 71.3 Epipalaeolithic sites in the Mediterranean zone. A: Meged rockshelter in western Galilee (view to the northeast); B: Fazael III and X in the
lower Jordan Valley (view to the west); C: Givat HaEsev on the bank of Nahal Soreq in the coastal plain (view to the north); D: Newe David at the foothills
of Mt Carmel (view to the east). (A black and white version of this figure will appear in some formats. For the colour version, please refer to the plate
section.)
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Figure 71.4 Epipalaeolithic sites in the marginal zone. A: Geometric Kebaran (left) and Mushabian occupations at Mushabi XIV in northern Sinai; B:
Ramonian site K5 atopHar Harif (view to the southwest); C: RamonianNahal Neqarot rockshelter in the central Negev (view to the northwest); D: Ramonian
Nahal Lavan 1009 in the western Negev dunes (view to northeast).
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Figure 71.5 Epipalaeolithic features and pyrotechnology. A: Cache of large artefacts (Qadesh Barnea 8); B: hide smoking(?) installation associated with
hearth (Lagama North VIII); C: geometric microlith with plaster adhesive (Lagama North VIII); D: hearth with stones (Mushabi I); E: cross-section of
hearth feature (Mushabi XIV/1). (Photos from the archives of the Institute of Archaeology, the Hebrew University of Jerusalem, courtesy of O. Bar-Yosef.)
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A few burials have been reported from Geometric Kebaran con-
texts, including Neve David in Mt Carmel (Bocquentin et al. 2011).
These burials, whether isolated or a few together, may herald the
Natufian cemeteries that date to some centuries later.

71.5.2 MUSHABIAN AND RAMONIAN (CA. 17.5–15
KA CAL BP)

AnotherMiddle Epipalaeolithic complex is recognized in the Negev
and Sinai, namely the Mushabian including the slightly later Ramo-
nian – originally named ‘Negev Kebaran’ and ‘Late Mushabian’
(Bar-Yosef & Phillips 1977; Marks & Simmons 1977; Goring-
Morris 1987). A possible precursor is the Nizzanan. There are radio-
carbon ages and stratigraphic evidence (Mushabi XIV/1–2 and Har
Harif I-II) to indicate that, locally, it briefly co-existed with the Geo-
metric Kebaran. However, subsequently the Geometric Kebaran and
Mushabian segregated and developed in parallel in different areas,
the former in the Mediterranean region and the latter in the Negev
and Sinai.
The Mushabian industry is characterized by arched backed

bladelets on short blade/bladelet blanks from wide-fronted cores
habitually fashioned using the microburin technique (Fig. 71.1). It
subsequently transformed into the Ramonian with an added exploit-
ation of the higher elevations of the central Negev as well as the
lowlands.
Typologically, this is accompanied by a shifting emphasis

towards concave backed and truncated bladelets – Ramon points
(hence it was originally called ‘Negev Kebaran’) – by means of the
microburin technique, and a later addition of semi-abrupt bifacial
(Helwan) lunates (Fig. 71.1). In this final stage, the Terminal Ramo-
nian appears contemporaneous with the Late Epipalaeolithic Early
Natufian, which by now had replaced the Geometric Kebaran in the
Mediterranean region.
Mushabian and Ramonian sites display a hierarchy from small,

ephemeral sites with a single hearth, to more extensive sites with
multiple hearths and fire-pits probably representing some degree of
aggregation. There are likely to have been highland/lowland sea-
sonal movements.

71.6 SUBSISTENCE IN THE EPIPALAEOLITHIC
LEVANT

The small scale of most Epipalaeolithic occupations generally
reflects a high degree of mobility, with groups focusing on locally
available resources, so that exploitation ranges were unlikely to
extend more than 10–15 km from sites. The ecological and topo-
graphic zonation in the Levant was such as to provide a mosaic
patchwork of plant and animal resources. However, reconstruction
of subsistence practices is hampered by the virtual absence of veg-
etal remains. As stated above, a notable exception vis à vis plant
preservation is the Early Epipalaeolithic site of Ohalo II. The ed-
ible plant species recovered include numerous small-seeded grasses
in addition to cultivated cereals, as well as a wide range of fruits and
nuts (see Nadel, Chapter 33 of this volume; Snir et al. 2015).

The faunal remains are also quite scanty owing to poor preser-
vation, especially in the semi-arid margins. Notwithstanding the
biases of early retrieval methods, the faunal species documented
display site-specific ecological and topographic settings (Bar-Oz
and Weissbrod, Chapter 42 of this volume). Thus, amongst the
larger species, fallow deer, red deer and roe deer, together with
bezoar goats, wild boar, cattle, and gazelle are found in the forested
hilly regions of the Mediterranean Levant. The semi-arid steppes
were populated by gazelle, ibex, hartebeest, and onager. Amongst
small prey, fox, hare, and tortoise are found in most sites. The
former may reflect the attraction of foxes to garbage and the
value of their pelts, while hare and tortoise indicate different hunt-
ing/gathering techniques (Stiner 2005). Another feature illustrated
by Ohalo II is the practice of fishing when sites are located in rele-
vant locations (Nadel, this volume).

71.7 CONCLUDING REMARKS

It is important to stress that, prior to the Natufian, the vast majority
of the Epipalaeolithic material cultural remains comprised chipped
stone artefacts, with only minor components of bone tools, ground-
stone utensils, and artistic manifestations. Architectural remains
become more common only during the course of the Epipalaeo-
lithic. Stratigraphy and techno-typological seriation remain the
principal means for ordering the cultural record and, with few
exceptions, the radiometric ages are often problematic.
With the onset of the LGM, the pace of cultural developments

increased significantly, as again documented primarily in the Epi-
palaeolithic of the southern Levant. Such techno-typological and
stylistic variability reflects demographic increases, together with
increasing territoriality, eventually leading to the more sedentary
Natufian techno-complex.
A distinctive and noteworthy feature separating the Upper

Palaeolithic from the Epipalaeolithic was the increasing territori-
ality just mentioned, as denoted especially by the stylistic proclivi-
ties of the microlithic assemblages (Goring-Morris & Belfer-Cohen
1997). This reflects increasing demographic pressures within refu-
gia, i.e. territorial packing, eventually leading to the emergence of
sedentism in the Natufian.
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72 The Early Epipalaeolithic in the Eastern Levant
Wadi al-Hasa Region

deborah i. olszewski

72.1 INTRODUCTION

The Early Epipalaeolithic (EEPI) in the Levant (25,000 to 18,700
cal years BP) is characterized in part by a Nebekian (Initial Epi-
palaeolithic) and later Qalkhan phase (Byrd & Garrard 2013;
Richter et al. 2013). This is the period of the Last Glacial Max-
imum (LGM) and its immediate aftermath, which was a generally
cold and xeric climate that presented challenges for plant, animal,
and human communities in many parts of the region. In Europe,
it corresponds broadly to the latter part of the Gravettian/Eastern
Gravettian, Solutrean, and early Epigravettian, which saw innova-
tions in tailored clothing, well-built structures of mammoth bones
and hides, and far-flung social networks indicated by long-distance
transport of marine shell, stone rawmaterials, and art such as the so-
called Venus figurines (e.g. Hoffecker 2005). The Levant is a much
smaller geographical area, although containing coastal, mountain-
ous, forest, steppe, and desert habitats. In contrast to Europe during
the LGM, while the Levant has evidence for long-distance transport
of marine shells, it does not seem to have had widespread artistic
traditions nor does it necessarily show uniformity in lithic com-
plexes during the EEPI.

72.2 THE HASA REGION SITES

The Wadi al-Hasa is one of the main drainages in the western high-
lands of Jordan. Its eastern end is an open, gently rolling hill topog-
raphy, with remnants of paludal sediments indicating a wetter envir-
onment during the late Pleistocene, described previously as a shal-
low lake (Schuldenrein & Clark 1994, 2001; Schuldenrein 1998),
but more recently as a series of marshes characterized as in-stream
wetlands (Winer 2010; Rech et al., Chapter 14 of this volume). The
topography steepens to the west-northwest, and Wadi al-Hasa and
its tributaries are deeply incised. At its confluences with the wadis
er-Ruweihi, Khasra, and Ahmar (Fig. 72.1) there are Pleistocene
paludal sediments indicating localized ponding and in-stream wet-
lands. On the Kerak Plateau to the north, playa-like Pleistocene

environments have been identified (B. Khrisat, personal commu-
nication, 2009). The ecological setting for the Wadi al-Hasa region
thus indicates ameliorated habitats prior to and during the LGM, as
well as afterwards.
Fresh water from the ponds, in-stream wetlands, and springs,

and animals and plants thriving in such a setting, were available
resources during the Pleistocene. Stone raw materials are abundant
as fine-grained cherts/flints, as well as chalcedonous stone, suitable
for making lithic artefacts (Olszewski et al. 2001, 2004; Olszewski
& al-Nahar 2006; Olszewski & Schurmans 2007).
Extensive surveys across this region (MacDonald et al. 1980,

1982, 1983; Clark et al. 1992, 1994, Chapter 37 of this volume)
identified 78 Upper Palaeolithic to Epipalaeolithic sites; few (�11)
are Epipalaeolithic. Of these, several have been excavated (Wadi
Hasa Paleolithic Project (G. A. Clark), Eastern Hasa Late Pleis-
tocene Project (N. R. Coinman and D. I. Olszewski), and Western
Highlands Early Epipaleolithic Project (D. I. Olszewski and M. al-
Nahar)). Sites with EEPI occupations include Tor Sageer, Yutil al-
Hasa, Tor at-Tareeq, and KPS-75 (Fig. 72.1 and Clark et al., this
volume).

72.2.1 TOR SAGEER

Tor Sageer is a small rockshelter in the Wadi Khasra tributary
(Fig. 72.2) (Olszewski et al. 1998; Coinman et al. 1999) with Strata
II, III, and V containing a late Upper Palaeolithic assemblage, simi-
lar to the Wadi Madamagh lower assemblage in the Petra region. It
is overlain by the Nebekian (Stratum I) (Olszewski 2016). A radio-
carbon age for the Nebekian at Tor Sageer is �24,700–22,200 cal
years BP. The Stratum I lithic assemblage is bladelet/blade oriented,
with removals from single or opposed platform cores. Microburin
technique is present, as indicated by the restricted microburin index
(IMBTR, e.g. Goring-Morris 1987) (Tor Sageer IMBTR = 23.6).
Retouched tools are dominated by non-geometric microliths (58%)
and retouched pieces (13.5%) with uncommon end-scrapers (3%),
burins (3%), and notch/denticulates (3%). The non-geometric com-
ponent consists of backed and truncated (23%), curved (22%), La
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Figure 72.1 Map showing Wadi al-Hasa region sites (line map template by Bradley M. Evans).

Mouillah (10%), and attenuated curved backed (double arched;
8%) bladelets, with a few Ouchtata bladelets, Qalkhan points, and
Dufour bladelets (Fig. 72.3). There are also geometric microliths
(2.5%); these are mainly narrow trapezes, often with one or both
ends showing microburin scars, and thus most likely variations in
the production of attenuated curved backed bladelets. There is also
one adze.
Fauna (NISP = 1,110) includes gazelle (Gazella sp.), equids

(Equus sp.), Bos, tortoise (Testudo), hare (Lepus), and medium-

sized birds (Kennerty 2010; Munro et al. 2016). Compared with
the sites discussed below, Tor Sageer presents nearly exclusive
exploitation of gazelle. Gazelle are typical in open steppe regions,
with access to wetter environments indicated by the equids and
Bos. A pollen sample from Stratum I also indicates a steppe with
riparian elements (S. Fish, personal communication). Ongoing phy-
tolith research yielded abundant grass husks and dicots (woody
plants), and sedge and reed (Rosen 2000; Nicolaides 2015; Ram-
sey & Rosen 2016).
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Figure 72.2 Early Epipalaeolithic sites in the Wadi al-Hasa region: A: Tor Sageer; B: KPS-75; C: Yutil al-Hasa (Area C is marked by the person at the
lower right, while Area F is to the left of that person and the intervening boulders); and D: Tor al-Tareeq (note that the opening in the bedrock ledge is not
a rockshelter but the result of enhancement to construct a shelter with a door, which was still in place in 1984). Photographs by the author. (A black and
white version of this figure will appear in some formats. For the colour version, please refer to the plate section.)

72.2.2 YUTIL AL-HASA AREAS C AND F

At Yutil al-Hasa, a collapsed rockshelter (see Fig. 72.2) in the
main Wadi al-Hasa drainage, several occupations were identi-
fied (Clark et al. 1987, 1994, this volume; Olszewski et al.
1990, 1994; Coinman et al. 1999; Olszewski & al-Nahar 2011).
These include late Upper Palaeolithic (Areas A and B, and pos-
sibly lower deposits in Area C), EEPI (Areas C and F), and
Late Epipalaeolithic (Early Natufian; Area D). In Areas C and
F, the Nebekian EEPI lithic assemblage features microburin tech-
nique, an emphasis on bladelets and blades, and a retouched tool
component dominated by non-geometric microliths (Clark et al.
1994; Coinman et al. 1999; Olszewski & al-Nahar 2011). The
2010 excavations yielded 60% non-geometrics compared with 8%
notch/denticulates and 7% retouched pieces. As at Tor Sageer, end-
scrapers (3%) and burins (2%) in Yutil al-Hasa Areas C and F
are not common. Non-geometrics contain 40% attenuated curved
backed, 17% curved, and 10.5% Ouchtata; rarer forms include

backed and truncated (7%), truncated (5%), la Mouillah points
(3%), and inversely retouched bladelets (3%), as well as a few
Qalkhan points and Dufour bladelets. Geometric microliths (5%)
are mainly narrow trapezes along with a few narrow rectangles.
The IMBTR is 55.3, indicating a heavy reliance on microburin
technique.
Radiocarbon ages for Areas C and F indicate Nebekian occupa-

tion between 25,300 to 22,400 cal years BP, thus overlapping with
Tor Sageer. Fauna (NISP = 302) includes gazelle, aurochs (Bos
primigenius), equids, tortoise, and birds (Olszewski et al. 1994;
Kennerty 2010; Munro et al. 2016). There are also a few Cretaceous
fossil shark teeth. Bedrock mortars and cup marks in the bedrock
ridge above the site might be associated with one of the occupa-
tions at the site. Phytolith analyses identified dicot (woody plants)
and monocot (grasses, sedges, reeds) specimens, and barley husks
(Rosen 2000; Nicolaides 2015), pointing to a steppe habitat ame-
liorated by locally wet areas.
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Figure 72.3 Examples of microliths of the Early Epipalaeolithic period: a,
e: attenuated curved bladelet; b: trapeze; c: Qalkhan point (distal end is bro-
ken); d: backed and truncated (artefacts shown are from Tor Sageer; draw-
ings by Bradley M. Evans).

72.2.3 TOR AT-TAREEQ

Tor at-Tareeq is the only excavated open-air site (Clark et al. 1987,
1992; Neeley et al. 1998; Olszewski et al. 2001; Olszewski & al-
Nahar 2014) (Fig. 72.2). It is on a hillside slope in close prox-
imity to the marshes of the eastern Hasa basin. The deposits in
Areas A, B, and C (lower) contain the EEPI overlain by a Middle
Epipalaeolithic occupation in Area C. Radiocarbon ages place the
EEPI between 21,800 to 18,300 cal years BP; i.e. Tor at-Tareeq is
late in the Nebekian sequence. This age range and the lithics may
indicate that Tor at-Tareeq has both Nebekian and later Qalkhan
phases. Pollen analyses indicate a shift from a drier to wetter habi-
tat during the EEPI (Neeley et al. 1998). The fauna (NISP = 636)
included gazelle, equids, aurochs, and tortoise, along with a few
birds and hare (Lepus sp.) (Munro et al. 2016). A small number
of marine shells, including Dentalium beads, exist throughout the
EEPI deposits and there is one fossil shark tooth and a few pieces of
ochre. Several informal hearth features were identified. The bedrock
mortars and cup marks identified above the site may be related
to one of the occupations at Tor at-Tareeq (Olszewski & al-Nahar
2014).
Lithics are divided into two EEPI assemblages (Olszewski & al-

Nahar 2014; al-Nahar & Olszewski 2016). The lower Levels 4, 5,
and 5c are Nebekian, with bladelet/blade production from single
and opposed platform cores. The IMBTR is 35.7, indicating mod-
erate use of this technique. The retouched tools contain numer-
ous non-geometric microliths (52%), followed by retouched pieces
(8%), geometric microliths (7%), notch/denticulates (3.5%), end-

scrapers (3.5%), truncations (2%), and burins (1.5%). The non-
geometric types are attenuated curved backed bladelets (38%), with
pointed backed bladelets (17%), Ouchtata (11%), curved (9%),
backed and truncated (7%), and truncated bladelets (7%). A few
examples of Dufour and inversely retouched bladelets are present
and there are some Qalkhan points. The geometric microliths con-
sist mainly of narrow trapezes and rectangles.
In Level 3 deposits, which may contain a Qalkhan occupation,

the basic bladelet and blade manufacture from single-platform and
opposed-platform cores persists. Microburin technique continues,
although at a decreased incidence, with IMBTR = 27.7. Non-
geometric microliths are abundant (43%), with retouched pieces
(10%), geometric microliths (10%), notch/denticulates (5.5%), end-
scrapers (4%), burins (3%), and truncations (2%) present. Among
the non-geometrics, attenuated curved backed bladelets are the
most abundant (29%); other common types include pointed backed
bladelets (17%), Ouchtata (14%), truncated bladelets (12%),
backed and truncated (4.5%), and La Mouillah points (4.5%).
Qalkhan points represent 3.4% of the non-geometrics (about twice
their frequency in Levels 4, 5, and 5c). Geometric microliths are
dominated by narrow trapezes and rectangles.

72.2.4 KPS-75

KPS-75 is a small rockshelter on the Kerak Plateau,�12 km north-
northwest of Tor Sageer, with a large open-air context in front (see
Fig. 72.2). Excavations yielded three EEPI occupations (al-Nahar
et al. 2009; al-Nahar & Olszewski 2016). The lower deposits are
Nebekian, overlain by Qalkhan, overlain by a later facies, possibly
also Qalkhan (but not Nizzanan, which has triangle geometrics).
Although described here as probable (middle deposits) and possible
(upper deposits) Qalkhan EEPI, it should be noted that the KPS-
75 lithics do not meet the Qalkhan profile described for the Azraq
region by Byrd & Garrard (2013: 380). No charcoal was recovered
for radiocarbon analyses, although fauna is currently being assessed
for collagen for dating. The fauna (NISP= 1,477) includes gazelle,
equids, aurochs, tortoise, hare, and a few bird elements (Munro et al.
2016).
The lowest deposits are Nebekian, and have single and opposed

platform cores with bladelet and blade removals. The most com-
mon tools are non-geometric microliths (64%), many of which
were manufactured using microburin technique (IMBTR = 28.6);
other tools include retouched pieces (7%) and geometric microliths
(6%), with rare end-scrapers and burins. Among the non-geometrics
are attenuated curved backed (49%), curved backed (12%), and
backed and truncated bladelets (11%). Ouchtata bladelets are rare
(4%) compared with the middle and upper occupations. Geometric
microliths mainly are narrow rectangles.
The middle deposit (probable Qalkhan occupation) is character-

ized by bladelet and blade removals from single and opposed plat-
form cores and an IMBTR of 25.2. Retouched tools are mainly
non-geometricmicroliths (56%); other common classes are geomet-
ric microliths (8%) and retouched pieces (5%). Both end-scrapers
(4.5%) and burins (1%) are few, as are notch/denticulates (3%)
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and truncations (2%). The non-geometric component consists of
16% attenuated curved backed, 23% Ouchtata, 11% backed and
truncated, 12% pointed backed bladelets, and 7% Qalkhan points;
others include 3.8% truncated bladelets. The geometric microliths
are mainly narrow trapezes and rectangles.
In the upper deposits, which possibly also are Qalkhan, the same

bladelet/blade focus from single and opposed platform cores is seen.
The IMBTR is lower, at 15.1, suggesting that microburin tech-
nique is relatively rare. Although non-geometric microliths are still
the most abundant class (49%), they are less frequent than in the
underlying deposits. Other tools are geometric microliths (12%),
retouched pieces (6%), end-scrapers (5%), and notch/denticulates
(2%). Burins are rare (0.3%). Among the non-geometric microliths
are Ouchtata (31%), backed and truncated (14%), pointed backed
bladelets (10%), truncated bladelets (4%), LaMouillah points (2%),
and Qalkhan points (2.5%). Most geometric microliths are narrow
trapezes and rectangles.

72.3 DISCUSSION

The in-stream wetlands of the Wadi al-Hasa during the LGM and
subsequent millennia attracted human groups in this otherwise gen-
erally xeric Pleistocene landscape. Occupations of the Nebekian
and likely Qalkhan are found here, but the sites are few in number,
and each is areally small (�20–225 m2). It is possible that open-air
sites especially were removed by streams incising the paludal sedi-
ments but, alternatively, groups of hunter-gatherer-foragers were
composed of small numbers of people and overall population den-
sity across the landscape was low. This is supported by hearths (Tor
Sageer and Tor at-Tareeq) without other features, no structures, and
exotics such as marine shells in small numbers. The fauna indicate
light use of small, fast game such as hares, along with the relatively
large size of the tortoises exploited, concurring with a low intensity
use (Munro et al. 2016). These groups also exploited whichever

stone raw materials were near the sites (Olszewski & Schurmans
2007).
All the Hasa region sites, Tor Sageer, Yutil al-Hasa Areas C and

F, Tor at-Tareeq, and KPS-75, contain �0.75 to >1 m thick EEPI
deposits from repeated reuse of these ‘persistent place’ locales (e.g.
Anschuetz et al. 2001; David & Thomas 2008). They do not record
individual visits, but are time-averaged activities at each place in
the landscape (e.g. Stern 1993; Bailey 2005; Holdaway & Wand-
snider 2006). These sites register the same signature with respect
to the major tool classes, regardless of the individual phase of the
EEPI at a site. Each has a tool component with few end-scrapers or
burins, but abundant microliths. Even in the context of variation in
the abundance of microliths from site to site (or occupation to occu-
pation), the frequency of end-scrapers and burins does not change
much (Table 72.1).
Diversity in the EEPI tool component can be monitored through

examination of non-geometric microlith types. However, while
there are certain types that more or less mark chronological phases
in terms of either their presence or their abundance, these types
are not exclusively linked to temporal phases. Thus, for example,
Qalkhan points are found in the early Nebekian (Tor Sageer) and
then throughout the EEPI sequence, with peaks in frequency at Tor
at-Tareeq upper (Levels 2, 3) and KPS-75 middle (Table 72.2). At
Tor Sageer, the Nebekian occupation has the lowest frequency of its
‘signature’ microlith (attenuated curved backed bladelet), but there
are moderate to high frequencies at Nebekian occupations at Yutil
al-Hasa, Tor at-Tareeq lower (Levels 4, 5, 5c), and KPS-75 lower,
and somewhat lower frequencies at the presumably Qalkhan occu-
pations at Tor at-Tareeq upper (Levels 2, 3) andKPS-75middle (and
possibly upper). Other differences are moderate to high frequencies
of La Mouillah, curved, and backed and truncated bladelets at Tor
Sageer, moderate frequencies of pointed backed bladelets in both
occupations at Tor at-Tareeq, as well as an elevated frequency of
truncated bladelets in the upper occupation at Tor at-Tareeq, and a
high frequency of Ouchtata bladelets in the middle and upper occu-
pations at KPS-75. This lithic variation may partially reflect subtle

Table 72.1 Relative frequency of major tool classes∗ (note: not all are shown and thus the columns do not sum to 100%). Moving from
left to right across the table roughly mirrors the chronological sequence for the sites, although Tor Sageer and Yutil al-Hasa are
archaeologically contemporaneous, while Tor at-Tareeq Level 3 may coincide very approximately with middle KPS-75.

Type
Tor Sageer
Stratum I

Yutil al-Hasa
Areas C & F

Tor at-Tareeq
Levels 4, 5, 5c

Tor at-Tareeq
Level 3

KPS-75
lower

KPS-75
middle

KPS-75
upper

End-scraper 2.9 3.1 3.5 3.8 1.9 4.5 4.6
Burin 3.1 2.2 1.5 2.6 2.3 1.2 0.3
Retouched piece 13.5 7.0 7.6 10.3 6.6 4.9 6.4
Notch/denticulate 2.9 8.3 3.5 5.5 3.9 3.3 2.1
Non-geometric

microliths
57.6 60.4 51.2 42.6 63.8 56.3 48.9

Geometric
microliths

2.4 4.6 7.1 9.8 6.0 7.8 11.8

∗ Unidentifiable microlith fragments were not included in the calculation of these frequencies of the non-geometric microlith types.



D.I. Olszewski 656

Table 72.2 Relative frequency of selected non-geometric microlith types∗ (note: not all are shown and thus the columns do not sum to
100%). Moving from left to right across the table roughly mirrors the chronological sequence for the sites, although Tor Sageer and Yutil
al-Hasa are archaeologically contemporaneous, while Tor at-Tareeq Level 3 may coincide very approximately with middle KPS-75.

Type
Tor Sageer
Stratum I

Yutil al-Hasa
Areas C & F

Tor at-Tareeq
Levels 4, 5, 5c

Tor at-Tareeq
Level 3

KPS-75
lower

KPS-75
middle

KPS-75
upper

Attenuated
curved

8.0 39.9 37.9 28.7 49.2 15.7 14.4

Curved 22.2 16.8 9.3 3.9 11.9 13.7 12.6
Backed and
truncated

23.4 6.6 7.3 4.5 11.1 11.1 14.4

Truncated 6.9 4.6 6.9 11.8 3.8 3.1 3.9
Pointed backed 9.2 7.4 17.4 17.4 7.0 12.3 10.2
La Mouillah 10.3 2.9 1.3 4.5 2.2 2.6 2.1
Ouchtata 4.6 10.5 10.9 14.0 3.8 22.8 31.4
Qalkhan 1.2 1.9 1.7 3.4 2.4 7.1 2.5

∗ Unidentifiable microlith fragments were not included in the calculation of the frequencies of the non-geometric microlith types.

differences in the frequency of particular, possibly different, activ-
ities that accumulated in the time-aggregated levels at each site,
thus making each site’s occupation ‘look’ slightly different (see also
Olszewski 2006, 2011; Maher & Richter 2011; Richter 2011).
The light intensity of use of the Hasa region during the EEPI,

despite its attractive wetlands resources, results in a different scen-
ario from other LGM contexts in the Levant. For example, at Ohalo
II (Nadel, Chapter 33 of this volume) hunter-gatherer-foragers dur-
ing the LGM established a small year-round basecamp, including
a burial (Nadel 2002, this volume). Excellent organic preservation
allowed reconstruction of the brush structures, some indication of
separate uses of the structures, and insight into the importance of
wild barley in the diet many millennia before cereals became a
domesticate (Kislev et al. 1992; Nadel, this volume). The Azraq
basin region has also yielded LGMsettlement distinct from theHasa
region. At Kharaneh IV, for example, the EEPI (Kebaran) yielded
hut structures, a couple of burials, and caches of marine shells
(>240 items) and ochre, of burnt horn cores, and of lithics (Richter
et al. 2011; Maher et al. 2012; Maher, Chapter 75 of this volume).
The occupations are interpreted as long-term encampments during
which hunter-gatherer-foragers from across the region aggregated.
Importantly, Kharaneh IV is not the only large ‘mega-site’ of the
EEPI in the Azraq region; Jilat 6 is another (Garrard & Byrd 1992;
Garrard, Chapter 76 of this volume).
TheWadi al-Hasa region EEPI sites exemplify one strategy avail-

able to hunter-gatherer-foragers during the LGM and its after-
math: high mobility engaged in by relatively few people and/or few
groups. Their pattern included repeated visits to favoured locales
resulting in the time-averaged, somewhat thick deposits present
at Tor Sageer, Yutil al-Hasa Areas C and F, Tor at-Tareeq, and
KPS-75. Their impact on the landscape was negligible in intensity
of use of faunal resources, and while their behavioural decisions
and the activities they pursued involved cultural niche construction
(e.g. Smith 2011), this was through use of expertise and knowledge

about resources available in the Hasa region rather than deliberate
manipulation of the landscape to alter its features.
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73 The Upper and Epipalaeolithic of Southern Jordan

donald o. henry

Much of our understanding of the Epipalaeolithic and Upper
Palaeolithic of southern Jordan comes from research efforts under-
taken along the edge of the Ma’an Plateau in the western Hisma
and the eastern flank of the Wadi Araba (Rift Valley) in 1976–1999
by teams from the University of Tulsa. Although several multi-year
studies were conducted, each with a specific geographic, temporal,
and topical focus, all of the studies shared an overarching interest
in the prehistoric human behavioural ecology and evolution of the
region (Henry 1982, 1986, 1987, 1988, 1994, 1995a, 1997, 1998;
Henry et al. 2001).

73.1 PHYSIOGRAPHIC SETTINGS

In an effort to better understand the palaeoclimatic/environmental
succession and the attendant evolution of prehistoric land-use
strategies of the region, a study was designed to investigate eleva-
tionally staggered units along a 35 km long transect stretching from
>1,600 m above sea level (asl) on the Ma’an Plateau to �100 m
asl in the Wadi Araba Rift Valley. Beyond the striking elevation
diversity of the study areas, this transect encompassed different
biotic zones (Mediterranean woodland, steppe, and desert), land-
forms (high plateau, piedmont, basin floor, rift valley) and litholo-
gies (limestone, chert, sandstone, and granite).

73.2 LANDSCAPE AND SITE DISTRIBUTION DATA

The survey involved five study areas (total ca. 46 km2) and resulted
in the discovery of 101 prehistoric sites (Fig. 73.1). Of these, Epi-
palaeolithic occupations accounted for 22% of those discovered
with a time-averaged density of 0.05 occupations per km2 per 1,000
years, whereas Upper Palaeolithic occupations were less frequent
with only 8% of the prehistoric occupations with a time-averaged
density of 0.01 occupations per km2 per 1,000 years (Table 73.1).
Whereas time-averaged site densities may provide some insight as
to prehistoric population densities, geomorphic succession (Henry

1997, 2006) and settlement strategies (Henry 2002) also have to
be considered. For example, the Upper Palaeolithic occupations are
largely limited to the silt deposit confined to the Jebel Qalkha study
area (Fig. 73.1) and the lowest time-averaged density of the study
was associated with the Early Natufian, which was also uniquely
tied to a permanent/semi-permanent settlement strategy.
Sites of the two periods also varied significantly in distribu-

tions with Epipalaeolithic occupations being recorded in all of the
study areas, while Upper Palaeolithic sites were restricted to the
Jebel Qalkha and rift flank. Relative to immediate site settings,
Epipalaeolithic occupations were found in both rockshelters

Figure 73.1 Map of the region showing the prominent landforms and the
locations of the five study areas: A – Ma’an Plateau and Judayid Basin, B –
Jebel Qalkha, C – Jebel Mishraq and Mueisi, D – Jebel Hamra and E – Rift
Valley.
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Table 73.1 The relative abundance, density, duration, and
time-averaged density of the sites discovered in the southern
Jordan study areas organized by period/industry.

Period/Industry Abundance
Density
(km−2)

Duration
(ka)

Density
Time-
averaged
(ka−1 km−2)

Epipalaeolithic 22 0.478 10 0.048
Late Natufian 2 0.043 1.7 0.026
Early Natufian 1 0.022 1.8 0.012
Mushabian 2 0.043 2.1 0.021
Late to Final
Hamran

2 0.043 1 0.043

Middle Hamran 4 0.087 1 0.087
Early Hamran 7 0.152 4 0.038
Qalkhan 4 0.087 4.5 0.019
Upper Palaeolithic 8 0.170 20 0.009

(n = 10) and open air (n = 8), but Upper Palaeolithic occupations
were predominantly situated in rockshelters (n = 6) with only two
found in the open.
From an environmental and elevational perspective, Epi-

palaeolithic sites were concentrated in rockshelters overlooking

Pleistocene lakes on the floor of the broad Wadi Hisma (Hisma
Basin in Fig. 73.1) between 800 and 900 m asl (56%) and in the
lower piedmont (22%), whereas the highest and lowest elevations
were less well represented (6% and 17%, respectively). In contrast,
Upper Palaeolithic sites were most abundant in the lower piedmont
(75%) with the rest recorded at the lowest elevations of the study
area along the rift flank.

73.3 TECHNO-TYPOLOGICAL SERIATION,
STRATIGRAPHY, AND CHRONOMETRY

The Epipalaeolithic and Upper Palaeolithic occupations yielded
relatively large artefact assemblages that allowed for detailed
techno-typological analyses accompanied by intra- and inter-site
stratigraphic comparisons and correlations. Chronology (all con-
ventional 14C), however, was limited to late Epipalaeolithic sites.

73.3.1 EPIPALAEOLITHIC SEQUENCE

The Epipalaeolithic sequence was developed on the basis of techno-
typological seriation (determined from local and regional compar-
isons), local stratigraphic successions, and a few 14C determin-
ations. In many ways, the Epipalaeolithic sequence follows two

Figure 73.2 Histogram showing the relative proportions (relative to total tool inventories) of the prominent techno-typological elements of the Epipalaeo-
lithic assemblages. Key to elements: 1 – Qalkhan point, 2 – narrow arched backed and pointed bladelet, 3 – straight backed bladelet, 4 – arched backed
bladelet, 5 – medial segment of straight backed bladelet, 6 – straight backed and truncated bladelet opposite snap, 7 – trapeze /rectangle, 8 – abrupt backed
lunate, 9 – Helwan lunate, 10 – microburin (IMbt).



Upper and Epipalaeolithic, Southern Jordan 661

paths or parallel phyla: the Hamran–Natufian progression and the
Qalkhan–Mushabian progression (Henry 1995c: 337–43).
The Hamran–Natufian progression, the better defined of the two,

shows strong technological and chronological similarities to the
Kebaran/Geometric Kebaran/Natufian evolutionary track as defined
regionally (Henry 1995c: 337–8), but with significant local vari-
ations. From a techno-typological perspective, the microlithic
industries are best defined in the time-trends displayed by the tool
classes of non-geometric and geometric microliths and use of the
microburin technique (Fig. 73.2).
The Early Hamran is a non-geometric industry dominated by

straight backed bladelets, medial segments of backed bladelets, and
backed and truncated bladelets (Table 73.2). Early Hamran assem-
blages were recovered from six sites with stratigraphic successions
revealed at two of these. At site J201, an Early Hamran occupation
was associated with Layer C underlying a Middle Hamran occupa-
tion in Layers A and B, whereas at J406a an Early Hamran occupa-
tion was found overlying a Qalkhan horizon.
The Middle Hamran continued to display high proportions of

medial segments of backed bladelets and backed and truncated
bladelets, but a geometric element in the form of trapeze-rectangles
was added to the microlithic component of the industry.
Late and Final Hamran assemblages revealed a declining rep-

resentation of trapeze-rectangles accompanied by the introduc-
tion and increasing abundance of abrupt backed lunates and the
microburin technique. Whereas the Middle Hamran assemblages
closely resemble those of the Geometric Kebaran, those of the Late
and Final Hamran differ significantly from the Geometric Kebaran
with respect to the representation of lunates and microburins. Strati-
graphically, a Middle Hamran occupation was found underlying a
Late Hamran horizon in J203 and a Late Hamran occupation was
found underlying the Final Hamran at J202.
The Natufian continued the techno-typological trends initially

seen in the Late and Final Hamran assemblages, as evidenced
by declining proportions of medial segments of backed bladelets,
backed and truncated bladelets, and trapeze-rectangles accompa-
nied by greater proportions of lunates and microburins. The Early
Natufian assemblage of Wadi Judayid (J2) (Fig. 73.1) fits comfort-
ably within the broader techno-typological parameters of the indus-
try, especially in the prevalence of Helwan backed lunates. Simi-
larly, the Late Natufian assemblages from J406a and J614 (Beaver
2000) follow regional techno-typological trends as reflected in the
dominance of small, abruptly backed lunates. Radiocarbon ages for
site Wadi Judayid place it very early within the Natufian succession
at ca. 15.1 cal BP, whereas the single age from site J614 of ca. 10.6
cal BP is two to three centuries younger than the latest age of the
industry (Henry 2013).
The Qalkhan–Mushabian progression traces a distinct path with

techno-typological signatures that differ from those of the Hamran–
Natufian sequence. The presence of the unique Qalkhan point type,
large blade/bladelet blanks, and prevalent use of the microburin
technique characterize the Qalkhan industry (Henry 1995a: 339–
40). Although the Qalkhan is undated in southern Jordan, the
Qalkhan point type has been reported from the upper deposits of
sites in Wadi Hasa of west central Jordan that are 20.2–18.7 cal

BP (Olszewski 2006). The point type also traces a wider distribu-
tion; from southern Jordan (sites near Jebel Qalkha (Henry 1995a)
and those of Ad Dhaman and Sabra 3 near Petra (Schyle & Uerp-
mann 1988)), through central Jordan (Wadi Hasa (Olszewski 2006)
and Azraq Basin (Garrard & Byrd 2013)) to Jabrud III (Rust 1950)
and El Kowm (Arida 8 and El Kowm 1 (Cauvin & Coqueugniot
1988)) in Syria (Fig. 73.3). Although the industrial designation of
the Qalkhan has been questioned, with proposals that it be consid-
ered part of the Nebekian (Olszewski 2006;Maher &Richter 2011),
Garrard and Byrd (2013) in a recent detailed, comprehensive review
argue for retention of the Qalkhan’s industrial designation, plac-
ing it between the earlier Nebekian and later Nizzanian industries.
Moreover, based on the chronology and stratigraphy from the Azraq
Basin, Garrard and Byrd (2013) suggest an age between 21.3 and
19.7 cal BP for the Qalkhan industry.
The succeeding microlithic assemblages, recovered from sites

J431 and J436, reveal strong similarities to those of the Mushabian
Complex recovered from sites in the Negev and Sinai (Henry &
Shen 1995). The dominance of arched backed bladelets, backed and
truncated bladelets, and microburins, coupled with the presence of
Helwan lunates, form the techno-typological similarities. Also, the
mean of radiocarbon ages from themiddle of theMushabian deposit
at Tor Hamar is 14.8 cal BP (see Henry & Shen 1995: 298; dates
calibrated with CalPal), consistent with the chronology of the later
part of theMushabian and also synchronous with the Early Natufian
(Henry 1995a: 337; Henry 2013). The two assemblages were ini-
tially labelled Madamaghan, but the techno-typological similarities
to themicrolithic assemblage fromWadiMadamaghweremistaken,
as noted by Olszewski (2006), and the term should be replaced by
Mushabian Complex.

73.3.2 UPPER PALAEOLITHIC SITES

In the absence of radiometric ages, the temporal placement of
the Upper Palaeolithic sites is based upon the techno-typological
signatures, regional correlations of their lithic assemblages and
limited stratigraphic information. The earliest Upper Palaeolithic
sites would appear to be J433 and J602 based upon their strati-
graphic positions and their lithic assemblage characteristics. The
J433 assemblage was recovered from the Q1 Red Sand unit that is
largely associated with Middle Palaeolithic occupations in the Jebel
Qalkha area (Coinman & Henry 1995; Henry 1997) and the assem-
blage from site J602 was found eroding from relict drift sand on
the shore of the late Pleistocene wetlands near Gharandel in the rift
valley (Henry et al. 2001). The assemblages, lacking a Levallois
component, are characterized by large pointed blades with single,
unlipped platforms (many with bulbar scars) struck from unidirec-
tional, convergent cores. Well-formed end-scrapers on blades and
burins dominate the formally retouched tools.
Three of the sites (J412, J431-Layer F and J432) yielded assem-

blages identified as Early Ahmarian as evidenced by a dominance
of pointed blade/bladelets struck from cores of sub-pyramidal shape
with single, unfaceted platforms strengthened by edge grinding and
rejuvenated with core tablet removals (Coinman & Henry 1995;
Williams 1997a, 1997b). Moreover, typological similarities to the



Table 73.2 The relative proportions of selected techno-typological elements for the Epipalaeolithic assemblages of the study areas organized by complex/industry (after Henry 1994; 1).

Complex
ASSEMBLAGE (number
of tools/artefacts)

Qalkhan
Point

Narrow
Ptd Bldt

Straight
Bkd Bldt

Arch
Bkd Bldt

Medial Seg
Bkd Bldt

Bkd & Trunc
Bldt Rect-Trapeze

Lunate Abrpt
Ret

Lunate
Helwan

Mburin
Imbt

Late Natufian J416 (229/6431) 0.0 0.0 6.5 0.4 0.0 0.0 0.0 18.3 2.6 9.1
J406a (91/2042) 0.0 0.0 2.1 0.0 0.0 0.0 0.0 20.8 0.0 11.7

Mean 0.0 0.0 4.3 0.2 0.0 0.0 0.0 19.6 1.3 10.4
SD 0.0 0.0 3.1 0.3 0.0 0.0 0.0 1.8 1.8 1.8
Med 0.0 0.0 4.3 0.2 0.0 0.0 0.0 19.6 1.3 10.4

Early Natufian J2 (651/35148) 0.0 0.0 0.8 0.2 0.1 0.1 0.3 31.4 21.5 32.9
Mushabian J431 (1443/24186) 0.0 0.0 6.2 10.0 2.5 2.0 0.5 0.2 0.5 39.0

J436 (160/2697) 0.0 0.0 2.2 15.1 12.8 9.8 0.0 0.0 0.0 19.9
Mean 0.0 0.0 4.2 12.6 7.7 5.9 0.3 0.1 0.3 29.5
SD 0.0 0.0 2.8 3.6 7.3 5.5 0.4 0.1 0.4 13.5
Med 0.0 0.0 4.2 12.6 7.7 5.9 0.3 0.1 0.3 29.5

Final Hamran J202, A-B2 (1070/8213) 0.0 0.0 0.3 0.4 6.5 16.8 6.7 12.9 0.0 13.2
Late Hamran J202, C (380/3354) 0.0 0.0 0.0 0.3 13.4 22.5 10.2 3.4 0.0 6.9

J203, A Up (481/4061) 0.0 0.0 0.0 0.0 23.6 35.6 11.8 1.7 0.0 0.4
J203, A Lw (675/4175) 0.0 0.0 0.0 0.0 26.0 43.0 9.9 0.3 0.0 0.0

Mean 0.0 0.0 0.0 0.1 21.0 33.7 10.6 1.8 0.0 2.4
SD 0.0 0.0 0.0 0.2 6.7 10.4 1.0 1.6 0.0 3.9
Med 0.0 0.0 0.0 0.0 23.6 35.6 10.2 1.7 0.0 0.4

Middle Hamran J201, A (179/1033) 0.0 0.0 9.5 0.0 12.8 37.4 19.6 0.0 0.0 0.0
J201, B (321/2300) 0.0 0.0 0.7 0.3 15.6 30.5 15.0 0.0 0.0 0.0
J203, B (75/445) 0.0 0.0 0.0 0.0 26.7 38.7 6.7 0.0 0.0 0.0
J26 (140/1015) 0.0 0.0 0.3 0.6 5.7 22.1 9.2 0.0 0.0 0.1
J31 (149/1319) 0.0 0.0 0.0 0.0 12.8 24.1 10.1 0.0 0.0 0.0

Mean 0.0 0.0 2.1 0.2 14.7 30.6 12.1 0.0 0.0 0.0
SD 0.0 0.0 4.1 0.3 7.6 7.5 5.2 0.0 0.0 0.0
Med 0.0 0.0 3.1 0.2 11.2 19.0 8.6 0.0 0.0 0.0



Early Hamran J201, C (154/1445) 0.0 0.0 0.0 6.5 26.0 7.8 0.0 0.0 0.0 0.0
J504 (297/2064) 0.0 0.0 1.0 0.7 9.1 9.1 0.3 0.0 0.0 1.0
J520 (280/3302) 0.0 0.0 2.9 0.4 4.3 3.6 0.8 0.0 0.0 8.0
J406b (369/3601) 0.0 0.0 2.7 0.0 11.1 12.8 0.3 0.0 0.0 6.0
J21 (56/1012) 0.0 0.0 0.0 0.0 3.6 1.8 0.0 0.0 0.0 0.0
J22 (23/357) 0.0 0.0 0.0 0.0 4.5 9.1 0.0 0.0 0.0 0.0
Mean 0.0 0.0 1.1 1.3 9.8 7.4 0.2 0.0 0.0 2.5
SD 0.0 0.0 1.4 2.6 8.5 4.0 0.3 0.0 0.0 3.6
Med 0.0 0.0 0.5 0.2 6.8 8.5 0.2 0.0 0.0 0.5

Qalkhan J405 (49/500) 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.9
J406b, Lw (377/3792) 2.1 6.1 0.8 3.4 2.1 4.3 0.0 0.0 0.0 5.9
J407 (51/436) 13.2 0.0 0.0 0.0 0.0 1.9 0.0 0.0 0.0 8.9
J431, E Up (270/5390) 1.4 10.3 7.0 4.8 7.7 4.8 0.7 0.0 0.0 38.9
J431, E Md (93/2912) 4.3 12.9 4.3 8.6 0.0 8.6 2.1 0.0 0.0 18.4
J431, E Lw (112/2697) 1.7 4.4 0.0 6.2 2.6 6.2 3.5 0.0 0.0 11.8
Mean 4.1 5.6 2.0 3.8 2.1 4.3 1.1 0.0 0.0 14.6
SD 4.6 5.3 3.0 3.4 3.0 3.1 1.5 0.0 0.0 12.9
Med 2.1 5.3 0.4 4.1 1.1 4.6 0.4 0.0 0.0 10.4
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Figure 73.3 Map of the southern Levant showing the location of the study areas and the distributions of related Epipalaeolithic complexes/industries: A –
Mushabian Complex and Qalkhan Industry, B – Kebaran, Geometric Kebaran and Natufian Complexes.

Early Ahmarian include tools consisting of el-Wad points, end-
scrapers on blades and flakes, and various types of burins. Site
J412, initially viewed as Levantine Aurignacian or non-Ahmarian
(Coinman & Henry 1995), was reclassified as Ahmarian after add-
itional excavation of the site enlarged the artefact sample size and,
more importantly, revealed significant intra-site activity differences
and attendant techno-typological variability (Kerry 1997, 2000;
Kerry & Henry 2003). Cross-referencing with dated Early Ahmar-
ian occupations indicates an age of 43–25 ka (Coinman 2003;
Copeland 2003).
Site J403 yielded an assemblage that failed to fit comfortably

within either Early Ahmarian or Levantine Aurignacian traditions.
Despite a dominance of flake blanks, the lack of high proportions
of carinated elements, Aurignacian retouch and lamelles Dufour
within the assemblage reduces its affinity to the Levantine Aurig-
nacian and prompts the classification of simply ‘Non-Ahmarian’
(Coinman & Henry 1995; Kerry & Henry 2003).

73.4 PALAEOCLIMATES AND ENVIRONMENTS

The palaeoenvironmental reconstructions for Upper Palaeolithic
and Epipalaeolithic occupations were deduced from geomorphic

(Henry 1997), microbotanical (Henry et al. 1985; Emery-Barbier
1995; Rosen 1995) and faunal (Henry & Garrard 1988; Klein
1995) evidence. The sedimentary succession in southern Jordan
is defined by thick aeolian red sand units (Q1 and Q3) separated
by a yellow silt deposit (Q2) (Henry 1997). Upper Palaeolithic
assemblages were found buried within an extensive, >2 m thick
aeolian silt (Q2 Yellow Silt) that was recorded in several sites to
overlie an aeolian sand unit (Q3 Red Sand), which yielded Mid-
dle Palaeolithic assemblages. Moreover, the Q2 Yellow Silt under-
lies a Q1 Red Sand containing an early Epipalaeolithic (Qalkhan)
assemblage.
The Yellow Silt appears to correlate with a better studied episode

of loess deposition in the Negev associated with Upper Palaeolithic
sites, and largely thought to be ca. 40–22 ka (Henry 1997). Recent
research, however, shows that the accumulation of loess in the
Negev was continuous with varying rates between 95 and 10 ka
(Crouvi et al. 2009, Chapter 53 of this volume). The somewhat sur-
prising differences in depositional successions between the Negev
and southern Jordan may be explained by differences in directions
of prevailing palaeo-winds and attendant sediment sources. While
westerly winds across Sinai supplied loess to the Negev (e.g. Enzel
et al. 2008; Crouvi et al. 2008, and this volume) and possibly also
to southern Jordan, easterly winds were responsible for the thick
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accumulations of Q1 and Q3 red sands in southern Jordan (Henry
1997; Cordova et al. 2014).
The Upper Palaeolithic occupations appear to correspond to rel-

atively moist conditions, as evidenced by the presence of a calcic
buried soil horizon in the lower part of the Q2Yellow Silt with Stage
III carbonate morphology indicating some 10–20 ka of soil devel-
opment. This calcic soil indicates a stable landscape supported by
plant cover. Pollen studies (Emery-Barbier 1995) indicate a gener-
ally grassland environment, interspersed with oak and alder stands
in protected, better-watered settings.
The following Epipalaeolithic sequence (ca. 18–10 ka) is associ-

ated with the Q1 Red Sand deposition during a series of climatic–
environmental fluctuations based on Emery-Barbier’s (1995) pollen
studies. The Early Hamran appears to have been associated with
a humid interval accompanied by an expansion of woodland in
the piedmont, as evidenced by high frequencies of arboreal pollen
dominated by oak. The succeeding Middle Hamran occurred dur-
ing the onset of cold, dry, steppic environment characterized by
high percentages of Chenopodiaceae (type Atriplex) and during
a later climatic amelioration. This trend of elevated temperature
and humidity continued into the Late and Final Hamran as evi-
denced by a peak in arboreal pollen (oak, alder, elm, and hornbeam)
and grasses. The following Early Natufian palynological sequence
at Wadi Judayid pointed to an initial cold, dry setting succeeded
by warmer, more humid conditions (Emery-Barbier 1995; Henry
2013).

73.5 SEASONALITY, SETTLEMENT–
PROCUREMENT AND LAND-USE STRATEGIES

The relatively large number and widespread, environmentally
diverse distribution of Epipalaeolithic sites revealed patterned co-
variation in the elevation, exposure, size, thickness of cultural
deposit, artefact density and content, and the presence of features.
The pattern was interpreted as evidence of scheduled seasonal
movements to different elevations by Epipalaeolithic groups. This
was accompanied by adjustments in their group sizes and mobil-
ity levels in response to seasonal changes in the abundance of
resources and creature comfort. In following this transhumant strat-
egy, early and middle Epipalaeolithic (Early to Late and Final Ham-
ran) groups appear to have coalesced into large social units (macro-
bands) in long-term encampments during the winter, the wet season.
These occupations were principally situated in south-southwest-
facing rockshelters at relatively low elevations in the lower pied-
mont and floor of the Wadi Hisma. In contrast, the sites in the
upper piedmont are all in the open and suggest much smaller, more
ephemeral occupations consistent with a population dispersal to the
uplands during the warm, dry season when water and food sources
waned at lower elevations.
During the late Epipalaeolithic, however, this transhumant pat-

tern appears to have changed. First, with the Early Natufian we see
a shift to greater residential permanence as evidenced at the site
of Wadi Judayid (J2), and the establishment of long-term encamp-

ments at higher elevations (Henry 1995b; Lieberman 1995). Wadi
Judayid’s setting in the upper piedmont, accompanying pollen, and
radiocarbon ages appear related to the climatic amelioration accom-
panying the Boølling–Allerød (Henry 2013). Second, during the
Late Natufian, a more mobile settlement–procurement pattern fol-
lowing transhumance appears to have returned in response to the
onset of colder conditions of the Younger Dryas. But unlike that
of the early–middle Epipalaeolithic, long-term encampments in the
Late Natufian were established at the lowest elevations of the study
area in the lower piedmont and on the edge of theWadi Araba (Wadi
Humeima J406a and J614). This down-slope shift in settlement ele-
vation probably reflects Late Natufian groups seeking warmer con-
ditions during the Younger Dryas.

73.7 SUMMARY

From an environmental perspective, the study encompassed the
fluctuating interface of Mediterranean woodland and arid zones in
the diverse topography of southern Jordan during the Upper and
Epipalaeolithic periods and as such recorded the occupations of pre-
historic groups adapted to these contrastive environments.
The Epipalaeolithic sites in the study areas yielded parallel

sequences of lithic assemblages; one consisting of the Hamran–
Natufian and the other the Qalkhan–Mushabian. The Hamran–
Natufian progression shows strong affinities to the Kebaran/
Geometric Kebaran/Natufian developmental sequence defined
regionally and largely tied to the Mediterranean zone of the Le-
vant. The sequence as defined in southern Jordan stands out in two
ways. First, the presence and increasing representation of lunates
and the microburin technique in the Late and Final Hamran suc-
cession differs from that seen in the Geometric Kebaran regionally
in which both lunates and microburins are largely missing. While
this indicates strong techno-typological ties and transitional indica-
tors to the succeeding Natufian, the dominant Helwan retouch of the
Early Natufian is not present in the Late and Final Hamran assem-
blages. Second, when compared to the time–space distribution of
other southern Levantine Natufian sites, the ages (>15 ka cal BP)
of the Early Natufian occupation at Wadi Judayid (in addition to
those of Beidha) point to the presence of a second Early Natufian
core area in southern Jordan as early as that in the Mount Carmel
area of northern Israel (Henry 2013).
The Qalkhan–Mushabian developmental path and regional con-

nections are less clearly defined, but show regional associations
mainly restricted to the arid zone of the southern Levant. The earl-
ier Qalkhan industry can be traced east of the rift valley from the
study area northward through central Jordan to Syria, while the suc-
ceeding Mushabian displays strong ties westward to the Mushabian
Complex that is mainly situated in Sinai and the Negev. In that
the microburin technique represents a technological signature of
the Qalkhan and succeeding Mushabian, this raises the question of
an eastern origin of the Mushabian Complex rather than one from
northeast Africa as traditionally held. From another perspective, the
close proximity and synchroneity of Mushabian and Early Natufian
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occupations in southern Jordan, in conjunction with some of their
common techno-typological characteristics, suggest a cross-sharing
of lithic attributes as expressed in use of Helwan retouch and the
microburin technique (Henry 1995c).
The Upper Palaeolithic sites, found mostly in rockshelters at

moderate and low elevations, yielded assemblages indicative of
transitional and Early Ahmarian placement. None showed a clear
Levantine Aurignacian association, but they are best described as
Non-Ahmarian.
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74 The Upper and Epipalaeolithic of the Azraq Basin, Jordan

brian f. byrd and andrew n. garrard

74.1 INTRODUCTION

The Azraq Basin covers 12,000 km of the north-central Jordanian
Plateau and currently ranges from moist steppe in the north and
west through to desert in the southeast (Fig. 74.1). At its centre are
the Azraq oases with their copious perennial springs, which until
recently supported extensive marshland. The Azraq Basin Prehis-
tory Project was undertaken between 1982 and 1989, with the aim of
reconstructing environments through the late Pleistocene and early
Holocene, and looking closely at the record of human settlement
and activity in this area through the Epipalaeolithic and Neolithic.
There was a particular interest in the degree to which this region,
which currently lies at the arid margins of the Levantine corri-
dor, although with an oasis at its centre, was engaged in the major
economic and cultural transformations of the later Epipalaeolithic
and Neolithic. Following a survey in which over 100 sites were
recorded, one Upper Palaeolithic, nine Epipalaeolithic, and eight
Neolithic sites were the subject of small-scale excavations. These
were mainly located in the Wadi Jilat, Wadi Uwaynid, and around
the Azraq oases (Fig. 74.1). Numerous publications emerged from
this work, including studies on the lithic technology (Byrd 1998;
Wright 1991, 1992, 1993; Baird 1993, 1994, 1995; Byrd & Garrard
2013); on stone bead production (Wright & Garrard 2003; Wright
et al. 2008); on the structural remains (Garrard et al. 1994a); on
the use of plant and animal resources (Colledge 1994, 2001; Mar-
tin 1994; Garrard et al. 1996; Martin et al. 2010, 2013); and on the
palaeoenvironmental reconstruction (Hunt & Garrard 2013). Sum-
maries are in Garrard et al. (1994b), Garrard (1998), and Garrard
and Byrd (2013: Section A).
Here the focus is on the development of technology in the region

through the Epipalaeolithic (Byrd & Garrard 2013). Eleven sites
were studied from this interval with 19 distinctive occupation hori-
zons, which included both short-term and repeated or longer occu-
pation. The largest is at the multi-phase site of Jilat 6 (Fig. 74.2),
which covers 19,000 m2 and probably represents a seasonal aggre-
gation locality (Garrard & Byrd 1992), analogous to Kharaneh IV
(Muheisen 1983, 1988; Maher et al. 2012; Maher, Chapter 75 of

this volume). With 26 radiocarbon ages from the Azraq project, we
refined our three-part Epipalaeolithic chronology (Byrd 1998), into
a four-part sequence including Initial, Early, Middle, and Late Epi-
palaeolithic (24,000–21,300, 21,300–17,400, 17,400–14,700, and
14,700–12,000/11,600 cal BP, respectively).

74.2 UPPER AND EPIPALAEOLITHIC LITHIC
ASSEMBLAGES

In presenting the lithic assemblages and their broad temporal
trends, eight late Pleistocene industries are distinguished includ-
ing: Late Upper Palaeolithic Ahmarian; Initial Epipalaeolithic
Nebekian; Early Epipalaeolithic Qalkhan, Nizzanan, andKharanan;
Middle Epipalaeolithic Jilatan; Middle/Late Epipalaeolithic Azraq
Mushabian; and Late Epipalaeolithic Natufian. These terms are
heuristic devices used to convey spatial–temporal trends in the
Azraq Basin, and to focus future research on understanding regional
variability and patterning.

74.2.1 LATE UPPER PALAEOLITHIC AHMARIAN
(30–24 ka cal BP)

Based on radiocarbon ages, stratigraphy, and palaeoenvironmen-
tal context, four Late Upper Palaeolithic occupation horizons were
distinguished between 30 and 24 ka cal BP (Azraq 17 Trench 2,
Jilat 6 Basal Phase, Jilat 9, and Uwaynid 18 Lower Phase). The
lithic assemblages from several of these sites were small but reveal
diverse reduction strategies dominated by blade sensu stricto and
bladelet reduction, supplemented (except at Azraq 17) with flake
core reduction. Blade/bladelet core types are most often narrow
ended or broad faced. Tools blanks were highly varied, with fre-
quent use of flakes, overshot blades, and primary elements. The
most prevalent tool classes were end-scrapers, burins, and non-
standardized retouched pieces. Backed or retouched bladelet tools
(termedmicroliths in this study) are present but not dominant, typic-
ally made with Ouchtata or marginal retouch (often on the interior
side), and only occasionally backed or truncated. As a group, these
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Figure 74.1 Map showing key archaeological localities within the Azraq Basin.

assemblages are most similar to Ahmarian rather than Aurignacian,
although there are differences (Belfer-Cohen 1995; Coinman 1998).

74.2.2 NEBEKIAN LITHIC INDUSTRY
(24–21.3 ka cal BP)

The Nebekian industry consists of four occupation horizons (Jilat 6
Lower Phase, Uwaynid 14 Lower and Upper Phases, and Uwaynid
18 Upper Phase) that yielded moderate-sized samples and as a
whole represent the most homogeneous group of any time interval
in this study. Three of these horizons are tightly dated, and the
undated Jilat 6 Lower microliths are almost indistinguishable,
visually and statistically, from those from Uwaynid 14 Lower.
These sites represent the earliest classic manifestation of the
Epipalaeolithic in the southern Levant and are referred to as the
Initial Epipalaeolithic; they are mainly short-term occupations
except at Uwaynid 18, where the occupation is thicker (Garrard &
Byrd 2013).
The assemblages are dominated by bladelet production from nar-

row single-platform cores. Tool assemblages are almost exclusively
composed of microliths (75%). These are primarily small, narrow
arched backed curved pointed bladelets (mean length<23mm in all

occupation horizons except Uwaynid 14 Upper) with length : width
�5.4 (Fig. 74.3). There is also a temporal trend towards longer
and wider double truncated tools with straighter backed edges and
oblique truncations between Uwaynid 14 Lower and Upper. Import-
antly, Nebekian microliths are made with the microburin technique,
with adjusted microburin indexes (aMBI) of 22–60 (Marks & Lar-
son 1977), representing the earliest habitual use of this technique to
truncate bladelets in the Levant.
Other occupation horizons within the Azraq Basin and the east-

ern Levant fit the techno-typological parameters of the Nebekian.
These include Layers 6 and 6a from Sounding 3 at the initial exca-
vations at Kharaneh IV (Muheisen 1983: 277–94, fig. 18), Area D at
Ayn Qasiyya, in the centre of the Azraq Basin (Richter et al. 2009;
Richter 2011), Yabrud Shelter II Layers 6 and 7 (Rust 1950: 107–
10), and Madamagh Rockshelter A1–A2 (Olszewski 2006, 2011;
Byrd 2014).

74.2.3 QALKHAN LITHIC INDUSTRY (CIRCA
21.3–19.7 ka cal BP)

The Qalkhan is represented by Jilat 6 Middle Phase and Azraq
32, both of which lack radiocarbon ages. However, at Jilat 6 the
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Figure 74.2 View south across Wadi Jilat with a portion of Jilat 6 in foreground.

horizon is stratified between the well-dated Nebekian and Niz-
zanan. The Qalkhan contrasts with Nebekian assemblages in having
blade/bladelet production correlated with significantly larger tool
blanks, less reliance on single-platform narrow ended core types
(�50%), and a predominance of larger and wider microliths (mean
lengths 38.2–24.8 mm, mean widths 8.3–8.9 mm and length : width
4.6–2.8). Both are primarily microlithic (73% and 77%), with regu-
lar use of the microburin technique (aMBI 28 and 40), but with sig-
nificantly fewer arched backed curved pointed pieces and double
truncated tools than in the Nebekian. Robust La Mouillah points
dominate Jilat 6 Middle, and similarly formed asymmetrical dou-
ble truncated tools dominate Azraq 32 (Fig. 74.3).
Rather than abandoning the term (see Olszewski 2006; Maher &

Richter 2011), we argue that the Qalkhan lithic industry be narrowly
applied to encompass the assemblages in the northern Hisma, where
it was initially defined by Henry (1983, 1995), and several sites out-
side this area that meet its criteria, including in the Petra area and
El KowmBasin (Cauvin &Coqueugniot 1988; Schyle &Uerpmann
1988). Distinguishing attributes include: core reduction focused on
large blade/bladelet blanks and fewer small narrow ended cores, and
a dominance of larger and wider non-geometric microliths (mean
dimensions: length�34.6 mm, width� 8.3 mm, and length : width
2.5–4.6). Microliths are dominated by asymmetric double truncated
tools resembling large triangles and large LaMouillah points, along

with large asymmetric triangles and robust double truncated and
straight-backed tools (symmetrical and asymmetrical). Their manu-
facture involved regular use of the microburin technique to truncate
at least one end (aMBI is 20–40).

74.2.4 NIZZANAN LITHIC INDUSTRY
(20–18.7 ka cal BP)

Two occupation horizons in the Azraq Basin are regarded as having
a Nizzanan industry, but their occupation horizons have very dif-
ferent settlement characteristics. Jilat 6 Upper Phase with six dates
between 20–18.7 ka BP is a major base-camp of large size with a
thick occupation deposit that included the floor of a potential pit
structure (Fig. 74.2). Azraq 17 Trench 1 is a small, undated short-
term campsite with thin deposits.
These two assemblages are dominated by blade/bladelet produc-

tion, and many blanks from Jilat 6 Upper are blade (sensu stricto)
size. Cores are significantly smaller than in Qalkhan assemblages.
At Jilat 6 blade sensu stricto, bladelet and flake core reduction was
well represented, and smaller bladelet and flake core production
increased over time. The microlithic tools from these two sites rep-
resent 62–78% of the assemblage and are dominated by small and
medium-sized symmetrical and asymmetrical triangles (often made
with the microburin technique; overall aMBI 51 and 75), along with



Figure 74.3 Characteristic tools from different lithic industries within the Azraq Basin.
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small numbers of microgravette points or pointed pieces. At Jilat 6
Upper, asymmetrical triangles and arched backed curved pointed
pieces are more frequent in the lower deposits, while very small
symmetrical triangles and microgravette points are more prevalent
in the upper deposits (Fig. 74.3). Associated non-microlithic tools
are diverse, with burins common.
Assemblages with numerous small and medium-sized triangles

made with the microburin technique are documented in several set-
tings in the southern Levant including the Negev, east JordanValley,
Sea of Galilee, and possibly Kharaneh IV in the Azraq Basin (Bar-
Yosef 1970: 126–30; Muheisen 1983: 210; Goring-Morris 1987:
147–200; Edwards et al. 1999). Some sites in the coastal Levant
have low frequencies of small triangles but lack the use of the
microburin technique (Valla 1988: 318).

74.2.5 KHARANAN INDUSTRY
(19.1–16.9 ka cal BP)

The termKharanan was proposed to designate a lithic industry char-
acterized by wide symmetric and asymmetric microliths that are
morphologically most similar to trapezes and lunates. We argue that
subsuming these assemblages under the broad rubric of the Geomet-
ric Kebaran masks clear variation in metric and formal attributes. A
single Kharanan assemblage was obtained from the surface of the
small site of Jilat 28. It includes very distinctive pseudo trapeze-
lunates not present in any other assemblages from the Azraq Project
(Fig. 74.3). Technically non-geometric in form, they often have a
slightly convex backed lateral or convex truncation, and are not
always fully backed. Abruptly retouched and not made with the
microburin technique, they are long and wide, associated with trun-
cations of similar size, and with narrow and long backed bladelets.
The Kharanan industry is best documented in the thick Phase

D occupation deposit in Area B at Kharaneh IV (Muheisen 1988;
Muheisen &Wada 1995). The microlithic assemblage is dominated
by trapezes and pseudo-trapezes (similar to trapezes in form and
size, but with one end obliquely snapped rather than truncated)
along with some lunates and proto-lunates, which are more frequent
in the upper levels.Moreover, significant percentages are not backed
on the short end and hence could be termed double truncated tools.
Made by abrupt to marginal exterior retouch and without the use of
the microburin technique, they are typically more than 10 mm wide
and nearly 20 mm long. This industry has also been documented at
Tor al-Tareeq in the Wadi Hasa (Neeley et al. 1998; Donaldson &
Olszewski 2000: fig. 15.2; Clark et al., Chapter 37 of this volume;
Olszewski, Chapter 72 of this volume). Based on dates from Kha-
raneh IV, this industry does not appear to be temporally contempo-
raneous with the currently defined Geometric Kebaran (Muheisen
1983; Richter et al. 2013). It dates to the latter half of the Early
Epipalaeolithic and postdates the Nizzanan triangle industry.

74.2.6 JILATAN LITHIC INDUSTRY
(16.30–14.9 cal BP)

The distinctive Jilatan lithic industry is documented only in Jilat
22 Middle and Lower occupation horizons. Core reduction strat-

egies are primarily characterized by large blade sensu stricto pro-
duction (along with some bladelet production), generally from
single-platform or opposed-platform cores. Notably, the tool assem-
blage is dominated by large blade sensu stricto tools. Distinc-
tive tools are hafted Jilat knives (50%), strangulated tools, burins
and infrequent microliths (<10%) (Fig. 74.3). The Jilat knives
are a unique, tanged and truncated multipurpose tool made on a
blade (Garrard & Byrd 1992). The non-tanged end was typically
retouched along one lateral edge to create a point, which was most
commonly fashioned by oblique retouch or backing and occasion-
ally the remnant of a negative microburin scar has remained vis-
ible. Microliths include a variety of non-geometric forms (often
truncated) and occasional small geometric trapezes. Themicroburin
technique was habitually used to truncate microliths, truncations
and Jilat knives (aMBI 49.0 inclusive of Jilat knives).
The industry in Jilat 22 Middle and Lower is from the end of

the Middle Epipalaeolithic with four dates between 16.3 and 14.9
cal BP. The presence of a non-microlithic, blade dominated assem-
blage from the Epipalaeolithic is not unprecedented. For example,
Jilat 10 (with three Middle Epipalaeolithic dates) is dominated by
massive non-standardized retouched pieces, burins, scrapers, and
truncations made on large blades, along with occasional microliths
(10%) that include finely retouched bladelets and backed truncated
fragments. However, it does not contain Jilat knives, strangulated
tools, or microburins. There are also other examples of Epipalaeo-
lithic sites not dominated by microliths including Initial Epipalaeo-
lithic Wadi Hammeh 52 (Edwards et al. 1996; Edwards 2001), and
the likely Middle Epipalaeolithic Falitian at Yabrud Shelter 3 Layer
3 characterized by numerous blade points sensu stricto termed Fali-
tian points, which are backed on one side (Rust 1950). Such sites
potentially provide novel insights into variation in technology, site
function, settlement patterns, and group territorial ranges (al-Nahar
2000) that should not be overlooked (e.g. Maher 2010: 37–8; Maher
& Richter 2011).

74.2.7 AZRAQ MUSHABIAN (DATES UNCERTAIN
BUT CIRCA 16–13.5 ka)

Two assemblages not fitting easily into existing lithic industry cat-
egories are Jilat 8, which has a series of thin artefact lenses in ae-
olian sediments with a Middle and a Late Epipalaeolithic age (ca.
15.8 and 12.5 ka cal BP), and Jilat 22 Upper Phase, which has a
thick ashy cultural deposit with a single Late Epipalaeolithic age
(ca. 13.8 ka cal BP). These tool assemblages are similar as both are
microlith-dominated (69% and 45%, respectively), habitually using
the microburin technique (aMBI of 30 and 52, respectively) and had
more non-geometric than geometric forms (ratios of 2.3:1 and 1.2:1,
respectively). There are no microgravettes or Qalkhan points or use
of bifacial retouch.
The two lithic assemblages differ significantly. Jilat 8 is domin-

ated by short, broken fragments of backed bladelets with straight
backing. Complete microliths are thin, small to medium in size, and
include La Mouillah points, asymmetric double truncated pieces,
arched backed pieces, lunates, and small trapezes (Fig. 74.3). Jilat
22Upper hasmore flake core reduction, and its non-geometrics vary
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Figure 74.4 Timeline showing rela-
tionships between lithic industries in
Azraq Basin. LEP, MEP, EEP, IEP
indicate Late, Middle, Early, Initial
Epipalaeolithic.

more in size and types, with one truncation and arched backed curve
pointed pieces most common. Geometrics are represented by small
to medium-sized lunates, rectangles, and trapezes (trapezes include
both symmetric and asymmetric varieties, which are similar to those
from Jilat 22 Middle). Straight backed microliths are commonest,
but there are also convex backed forms.
These two sites are more similar to Mushabian than to Geomet-

ric Kebaran assemblages (Bar-Yosef 1981; Goring-Morris 1987;
Henry 1989, 1995; Fellner 1995). This includes moderate to heavy
use of the microburin technique, the higher frequency of non-
geometrics versus geometrics, the presence of La Mouillah points,

the size of non-geometric microliths, and the relatively narrow
widths of the microliths. Much more work is required to determine
their spatial–temporal relationships.

74.2.8 NATUFIAN LITHIC INDUSTRY
(CIRCA 14–13 ka cal BP)

The thick occupation deposit with burials at Azraq 18 is the only
Natufian site (Garrard 1991). Blades and flakes have almost equal
proportions, but the latter were not used as tool blanks. They typi-
cally used small and wide bladelets. Microliths dominate (87%)
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the assemblage with microburin technique infrequently used (aMBI
10). Lunates (20.5 mm mean size) and probable lunate fragments
constitute the vast majority of the assemblage and triangles are
infrequent. The occasional non-geometric microliths (most with
truncations and modified bases) are generally long and narrow.
Bifacial retouch is most frequent on lunates (33.5%), followed by
steep abrupt, alternate series and semi-steep interior retouch. Bi-
polar retouch is also common. Non-microlithic tools are typi-
cally non-standardized retouched pieces, end-scrapers, and trunca-
tions, while notches and denticulates are rare. Based on microlithic
attributes and comparisons with other sites (Byrd 1989; Betts 1991,
1998; Byrd & Colledge 1991; Richter & Maher 2013), the site is
estimated to lie between the mid-Early Natufian and the early-Late
Natufian (ca. 14–13 ka cal BP).

74.3 SUMMARY OF DEVELOPMENTS
IN LITHIC TRADITIONS

Analyses of late Pleistocene Azraq Basin lithic assemblages have
documented a series of techno-typological trends significant to per-
ceptions of how the Levantine Epipalaeolithic evolved, as well as
to the temporal and geographical extent of its various industries
(Fig. 74.4). These have implications for interpreting hunter-gatherer
interactions. Much of the Azraq Basin Epipalaeolithic sequence is
represented by regionally distinctive industrial traditions, with only
the Natufian having strong similarities with southwestern Levant
assemblages.
The Azraq Project has provided ages and technological data to

assert that the onset of the Epipalaeolithic (defined by the shift
to a heavy reliance on backed bladelets) is at least 24 ka cal BP.
The backed bladelet assemblages from the Initial Epipalaeolithic
Nebekian industry represent the best evidence for the origins of
the Epipalaeolithic (Goring-Morris et al. 2009). The contemporan-
eous site of Ohalo II (Nadel 2003) is dominated by finely retouched
bladelets rather than backed bladelets, indicating that such changes
in composite tool technology had yet to be adopted or developed
west of Lake Lisan.
TheAzraq Project has also revealed that themicroburin technique

was used for truncating backed tools earlier than previously recog-
nized, starting by 24 ka cal BP (see also Byrd 1988, 1994). The
technique was then employed routinely throughout the Epipalaeo-
lithic in a number of different ways depending on the tools being
manufactured, which included the untanged ends of Jilat knives.
However, it does not occur in some assemblages, such as the Kha-
ranan industry. Currently, this technological trait is widely consid-
ered a seminal attribute in distinguishing social groups and tracking
movements between the eastern and western portions of the south-
ern Levant (Stutz & Estabrook 2004; Goring-Morris et al. 2009;
Richter et al. 2009).
Another notable finding is the consistent use of several differ-

ent core reduction strategies within many occupation horizons. The
use of separate blade sensu stricto and bladelet reduction trajector-
ies was widespread, occurring at all post-Nebekian sites except in

the Natufian. Flake core reduction also had a particularly prominent
role at the larger base camps from various periods.
A number of the repeatedly used residential camps from the latter

part of the Early Epipalaeolithic onwards have moderate frequen-
cies of larger, non-microlithic tools indicative of diverse activities
(this is in contrast to the short-term hunting camps that appear to
have characterized most Initial Epipalaeolithic occupations). The
presence of several Epipalaeolithic occupation horizons with very
few microliths demonstrates the complexity and wider range of site
types from the late Pleistocene of the Azraq Basin.
Overall, the high-resolution evidence derived from this project

suggests that trends or styles in microlith production were rela-
tively short-lived. The study has documented at least six prominent
changes and, with further field research, it is likely that several more
shifts in microlith production patterns will be revealed within this
long temporal sequence.
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75 Late Quaternary Refugia, Aggregations, and Palaeoenvironments in the
Azraq Basin, Jordan

lisa a. maher

75.1 INTRODUCTION

This chapter focuses on palaeoenvironmental reconstructions and
the aggregation site of Kharaneh IV to suggest that certain parts
of the Azraq Basin (Fig. 75.1) served as refugia during the Epi-
palaeolithic period. Current reconstructions indicate that the harsh
and then ameliorated conditions of the late Pleistocene noted in
the western portion of the Levant (e.g. Bar-Matthews et al. 1997;
Enzel et al. 2008) did not have a similar impact on Azraq’s local cli-
mate, hydrology, or landscape, highlighting the importance of local
palaeoenvironments for reconstructing activities of regional human
populations.

Figure 75.1 Map of Jordan showing the extent of the Azraq Basin and
marking the locations of sites discussed in the text (redrawn and modified
from Cordova et al. 2013).

Several palaeolandscapes throughout the basin experienced
moist, well-vegetated conditions during the Last Glacial Maximum
(LGM; 27–21 ka), with the onset of warm, dry conditions during
the Bølling–Allerød interstadial (onset 14.7 ka). Early and Middle
Epipalaeolithic (ca. 23–16 ka) occupation of the basin was concen-
trated in the southern and western portions and includes at least
two large aggregation sites. These sites contain evidence for many
repeated, prolonged occupations, leaving a rich record of hunter-
gatherer behaviours throughout the basin.

75.2 PALAEOENVIRONMENTS AND PREHISTORIC
OCCUPATION

Recent work by the Epipalaeolithic Foragers in Azraq Project or
EFAP (e.g. Jones & Richter 2011; Richter et al. 2013) and others
(Cordova et al. 2013; Ames et al. 2014) indicates that the Azraq
basin palaeoenvironmental record does not always follow the same
pattern of wet and dry cycles documented to the west. The purported
models for culture change based on these regional climate models –
focusing on activities within a core area in the Mediterranean zone
to the west (Bar-Yosef 1998; Belfer-Cohen & Bar-Yosef 2000) –
may need to be reconsidered in light of the Azraq basin archaeo-
logical record. The key, it seems, to understanding the relationships
between prehistoric occupation and use of eastern Jordan and the
role or impact of palaeoenvironmental factors is the small scale of
local landscapes.
Recent projects in the Levant have provided us with palaeo-

environmental datasets of climate, moisture, precipitation, and tem-
perature changes over the last several hundred thousands of years
(e.g. Bar-Matthews et al. 1997, Chapter 17 of this volume; Enzel
et al. 2008; Rohling et al. 2013; Stein et al., Chapter 8 of this
volume). These data have been used to interpret palaeoclimatic
changes (and their impacts) over the larger Levant region. Yet, as
today, the region was a mosaic of microenvironments and climates
(e.g. Goring-Morris et al. 2009; Belfer-Cohen & Goring-Morris
2011). Current palaeoclimate reconstructions may be too simplistic
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regarding regional environmental variability throughout the Epi-
palaeolithic period. Recent work in Azraq is proving particularly
enlightening on this front.

75.2.1 THE AZRAQ BASIN

The Azraq Basin (�12,000 km2) ranges in elevation between 500
and 900 metres above sea level (m asl), and includes a diverse
array ofmicroenvironments from basalt desert to limestoneHamada
to lush oases (Nelson 1973; Garrard & Byrd 2013) (Fig. 75.1).
Although fluctuating greatly in size and character, a wetland or
marsh has been present at the centre of the basin throughout pre-
history. Wetlands, especially in dry environments, often provide
attractive locales for human settlement and, consequently, a valu-
able record of human occupation. In addition, these relatively con-
sistent wetland depositional contexts preserve long-term records of
environmental change (e.g. Jones & Richter 2011).
The basin’s boundaries are loosely defined by hydrological

drainage patterns that place the oasis at the centre, receiving sur-
face and groundwater from Jebel Druze in the north to the head-
waters of the Wadi Sirhan to the south, and including much of
the basalt Harra and limestone Hamada to the west and east.
Mean annual precipitation in the Azraq watershed is 50–500 mm
(Al-Kharabsheh 2000; El-Naqa 2010). Rainfall is highest around
Jebel Druze, but most of the basin experiences less than 100 mm
yr−1. Groundwater feeds the central Azraq Oasis and a series of
freshwater springs (Al-Kharabsheh 2000) forming a mosaic of
microhabitats for local and migratory wildlife. The most notable
springs in the oasis are Ayn Qasiyya and Ayn Soda. Until recent
pumping largely drained these sources, they provided an incredi-
bly lush habitat for a range of wildlife, including as a refuge for
migratory birds travelling between Europe and Africa. Most sig-
nificantly, archaeological work at the oasis (e.g. Rollefson et al.
1997, 2001; Cordova et al. 2009, 2013; Jones & Richter 2011;
Ames et al. 2014) demonstrates that the oasis also served as
a refuge for human populations in prehistory, especially in dry
periods, and may have served as an important locale sustaining
human groups.
Less is known about the Epipalaeolithic palaeoenvironmental

record in the basin outside the oasis (although see Garrard et al.
1988; Byrd 1994; Betts 1998; Garrard & Byrd 2013). A refined
picture of the relationship between landscape change and prehis-
toric occupation of the Wadi Jilat is provided by the work of
A. Garrard and colleagues, who conducted a series of surveys
and excavations at several Epipalaeolithic and Neolithic sites in
the 1980s (Garrard & Byrd 2013). Aside from several smaller
campsites and base camps located approximately 20 km due
south from the Wadi Kharaneh, the Early and Middle Epipalaeo-
lithic site of Jilat 6 is the only other site of comparable size and
density to Kharaneh IV (Fig. 75.1). Although only limited test exca-
vations have been conducted at the site so far, a comparison of
its multi-phase stratigraphy, lithic assemblages, and other features,
including high densities of marine shell and possible evidence for
structures, suggest that Jilat 6 is a repeatedly occupied, prolonged-
use aggregation site similar to Kharaneh IV.

Ongoing work by the EFAP at the Early and Middle Epipalaeo-
lithic site of Kharaneh IV sheds light on human occupation during
these phases of the Epipalaeolithic outside the oasis. Intense occu-
pation of the basin suggests that it was a favourable place for set-
tlement throughout much of the Pleistocene. The oasis served as a
buffer against harsher, drier conditions elsewhere; specific refugia
locations changed over time within the basin, owing to changing
water availability. For example, Kharaneh IV (see below) and Jilat
6 were preferred locales in the Early and Middle Epipalaeolithic,
while areas in the basalt desert to the north appear to have beenmore
appealing in the Late Epipalaeolithic and Early Neolithic (Richter
& Maher 2013).

75.2.2 THE AZRAQ OASIS

Sedimentological records from the oasis provide a well-dated
sequence of environmental change in the oasis throughout the
last glacial and glacial–interglacial transitions from �300 to 9 ka
(Besançon & Sanlaville 1988; Besançon et al. 1989; Copeland
1989; Hunt 1989; Kelso & Rollefson 1989; Cordova et al. 2009,
2013; Jones & Richter 2011). While the role of the oasis as a
refugium throughout the Palaeolithic is likely (and work on this is
ongoing), the focus here is on the Epipalaeolithic to compare events
in the oasis with those in other parts of the basin.
The oasis was well fed by its two main springs, Ayn Soda and

Ayn Qasiyya. Recession of a shallow palaeolake(s) or playa in
the LGM is noted by substantial marsh formation and Early Epi-
palaeolithic occupation at Ayn Qasiyya where Jones and Richter
(2011; Richter et al. 2010a, 2010b) identified a substantial Early
Epipalaeolithic (20,900–19,200 cal BP) site. Stratigraphy of Ayn
Qasiyya sediments indicates a depositional hiatus after 16,000 cal
BP that may relate to spring drying or regional drought, although
rainfall still supported occupation of the larger basin. By the end
of the Late Epipalaeolithic and early Holocene, wetter conditions
had returned, and occupation of the area is once again documented
around these springs. Regardless of these fluctuations, the oasis
would have provided permanent water sources to sustain human
populations (and the flora and fauna they would have relied on)
throughout the last glacial period and well into the Holocene (Jones
& Richter 2011).

75.3 AGGREGATIONS IN THE AZRAQ BASIN: THE
CASE OF KHARANEH IV

Excavations and local geomorphological surveys have been con-
ducted at the site of Kharaneh IV since 2007. The site is a dense
accumulation of Epipalaeolithic cultural debris protected from ero-
sion by a deflated flint-paved surface (Fig. 75.2). The >21,000 m2

site preserves thick, well-stratified deposits and sits approximately
2 m above the present-day channel along the banks of Wadi Kha-
raneh (Maher et al. 2012b).
Off-site work since 2008 has focused on reconstructing landscape

change since the late Pleistocene and relating the site to the sur-
rounding landscape. Mapping and stratigraphy of the site, fluvial
terraces, and excavation document similar stratigraphy and indicate
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Figure 75.2 An aerial photograph of the Epipalaeolithic site of Kharaneh IV documenting the extent of the site and noting the chipped stone pavement on
its surface. The Wadi Kharaneh is visible in the foreground, to the south of the site, and the military berms are visible to the east and north (photo courtesy
of the Fragmented Heritage Project).

the presence of a palaeolake during the late Pleistocene (Fig. 75.3)
(Jones et al. 2016). An erosional boundary marks the onset of cycles
of erosion and the Holocene fill at most locations. A U-series age of
the upper portion of these lacustrine deposits at Section 5 (Fig. 75.3)
places the drying of this lake around 20–22 ka (M. Jones, personal
communication, 2009).
On-site, EFAP excavated a series of 1× 1 m soundings and one 9

× 1 m geological trench to reconstruct broader site-formation pro-
cesses and integrate with the off-site data (see also Ryan 2013). In
each of these soundings, we identified lacustrine deposits at the base
and underlying occupational horizons. In the western and north-
ern portion of the site, these lacustrine deposits are ostracod-rich,
carbonate-cemented greenish marls interstratified with the earliest
Early Epipalaeolithic occupation of the site and visible at the base
of excavations in Area A (e.g. Area A: Fig. 75.4). To the east,
and underlying Epipalaeolithic occupational deposits in Area B, the
lacustrine deposits are a tan-coloured, archaeologically sterile clay

with little carbonate formation and an abrupt boundary (i.e. no vis-
ible mixing) with the occupational deposits (Fig. 75.4).
Fourteen radiocarbon dates from the deep trench in Area B (Early

Epipalaeolithic) and from the excavated levels in Area A (Mid-
dle Epipalaeolithic deposits) cluster tightly, showing a relatively
uninterupted sequence of occupations for �1,200 years, between
19,830 and 18,600 cal BP (Area A 18,850–18,600 cal BP and Area
B 19,830–18,730 cal BP) (Richter et al. 2013). Combining Area A
(�50 cm) and Area B (�1.4 m) deposits, a total of 1.9 m of occupa-
tional deposits is represented at the site by this 1,200 year time span.
Given the density of artefacts and their spatial extent, Kharaneh IV
remains unparalleled in size and occupational intensity in compar-
ison to contemporary sites throughout the Levant (except Jilat 6).
The on- and off-site stratigraphy indicates that the landscape was

dotted with water sources – wadis, playas, wetland, and possibly
even a lake. The earliest occupation seems to be by Early Epipalae-
olithic groups camping at the lake’s or marsh’s edges. It is assumed
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Figure 75.3 Five off-site sections and three on-site excavation areas document relative topography of the site and its surrounding environs (redrawn and
modified from Jones et al. 2016, 2017). An east–west transect through the Wadi Kharaneh shows the relative heights of the occupational horizons at
Kharaneh IV and the off-site sections discussed in the text. The present-day surface of the lake sediments is noted by a dashed line and runs parallel to the
wadi gradient, sloping east towards the Azraq Oasis. Detailed stratigraphic sections of Area A and Area B are shown in Fig. 75.4; however, the level of the
lake sediments in each profile is noted.
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that episodic rises and declines of the lake produced the earliest
stratified deposits where Epipalaeolithic groups occupied the site
during low water levels or seasonal drying, and higher levels con-
tinued to deposit marls and clays. Drying of this lacustrine envi-
ronment, at least over the area now covered by the site, occurred
sometime during the beginning of the Early Epipalaeolithic, prob-
ably between 20 and 22 ka, when intensified occupation of the site
over a larger area and construction of several huts and other site
features are observed (Maher et al. 2012a). It is likely that during
earlier times, this proposed wetland or lake did not dry completely
and Early and Middle Epipalaeolithic groups occupied its margins
for prolonged intervals. In any case, once the lake retreated, the site
was occupied on a ‘regular’ basis for about 800–1,000 years. Work
is ongoing to establish the nature and boundaries of this freshwater
body, specifically its spatial and temporal extent and depth.
The Early Epipalaeolithic occupation of the site is best known

from Area B where we have excavated two hut structures, with
at least one more in this area, and another one in a sounding to
the north. Hut structure 1 exhibits a complex history of construc-
tion, maintenance and use, as well as a unique suite of associated
artefacts (Maher et al. 2012a; Maher 2016). A series of floor-fill
sequences suggest multiple episodes of maintenance and use of the
hut; however, whether these occurred during one occupation, or sev-
eral, remains unknown.What is more certain is the intentional aban-
donment and destruction of the structure, with the burnt superstruc-
ture covered by multiple caches of marine shell and red ochre, and
sealed with a non-local orange sand (Maher et al. 2012a). These
intentional acts are interpreted as marking the end of the use of this
structure.
There are several related features in the spaces between struc-

tures 1 and 2, including a hearth partially lined by several large,
flat rocks, several intact tortoise carapaces, the remains of a fox pelt
bag containing a partially worked flint core (Maher et al. 2012a:
Figs. 6 and 7), several burnt gazelle horn cores still articulated to
the frontal bone and placed upright, a cache of gazelle and ibex
(L. Martin, personal communication, 2010) horn cores, and several
caches of flint that represent in situ knapping events and sometimes
include bone tools. Thus, the hut structures are amongst extremely
dense occupational areas, midden deposits, and pits, as well as add-
itional compact surfaces (without clear traces of hut boundaries) and
lithic concentrations suggestive of knapping areas. These finds indi-
cate repeated, intensive, and prolonged occupation of the site dur-
ing the Early Epipalaeolithic. Dense occupational deposits extend
another �70 cm below the hut structure levels until the sterile lake
clays, reinforcing the conclusion that Early Epipalaeolithic occupa-
tion here followed the shrinking of the lake or wetland.
In Area A, probable Early Epipalaeolithic levels have been iden-

tified in soundings below the Middle Epipalaeolithic deposits. The
soundings north and east of Area B indicate that Early Epipalaeo-
lithic occupations extended over a large portion of the site. In the
western portion of the site, there are extensive and intensive Middle
Epipalaeolithic deposits. Our work there has focused on horizontal
exposure of two superimposed extramural compact surfaces, each
associated with a least one hearth and several post-holes and mid-

dens. Each compact layer is�5 cm thick and represents a trampled
earthen surface. The uppermost of these surfaces has at least one
re-used large hearth surrounded by several small post-holes. The
positioning of these small diameter (5–10 cm) post-holes around
the hearth suggests that they may be the remains of one or sev-
eral racks placed over the fire, perhaps to roast, dry, or smoke meat.
The abundant gazelle remains in association with the compact sur-
face and hearth indicate intensive processing of gazelle. With faun-
al evidence for communal hunting during the Middle Epipalaeo-
lithic (Martin et al. 2010), groups may have participated in en
masse cooperative gazelle hunting, with the meat possibly being
processed (and consumed) communally in these outdoor activity
areas.
Analyses of the artefacts from both excavation areas are suggest-

ive of the aggregation of hunter-gatherer groups from within and
outside the Azraq Basin. Marine shell is abundant in virtually
every context at Kharaneh IV (Richter et al. 2011; Maher et al.
2012a; Maher 2016). The most common species, Nerita sanguino-
lenta and Mitrella scripta, are native to the Red Sea and Mediter-
ranean Sea, respectively (Richter et al. 2011). Antalis sp. (dental-
ium), Columbella rustica and Conus mediterraneus are also abun-
dant (Richter et al. 2011). Most of these shells are modified by
piercing, denticulating, sawing, cutting, and ochre-staining. Micro-
scopic examination of the shells also shows use-wear traces sug-
gesting that they were strung together, hung or sewn onto cloth-
ing or other objects (Allcock 2009). Given the distance these small
objects travelled to reach Kharaneh IV, and their possible role as
decoration, symbolic markings of status, or even currency, it is not
surprising that they were strung together and care was taken to
curate them during transport. More significantly, the presence of
these shells at Kharaneh IV and in other Azraq Basin Epipalaeo-
lithic sites where they are found in smaller numbers (Reese 1991)
or elsewhere (Bar-Yosef Mayer 2005) tells us that the occupants
of the site and the larger basin were involved in long-distance net-
works of communication and exchange. It is possible that hunter-
gatherer groups from coastal areas travelled these great distances to
participate in aggregation activities, or that the shells were traded
between groups moving in smaller, overlapping circles and grad-
ually made their way to the site. In either case, the occupants of
Kharaneh IV were connected, directly or indirectly, to other groups
in surrounding regions through the movement of material items
(Maher 2016).
Ongoing analyses of the lithic assemblages from the Early

and Middle Epipalaeolithic phases at the site indicate differences
between reduction strategies and targeted microlith tools over time
(Maher & Macdonald 2013). Most notably, Early Epipalaeolithic
groups frequently utilized a locally available grey-brown flint to
produce narrow, gracile non-geometric microlithic tools. Narrow
nodules were carefully shaped in the initial stages of reduction to
produce the desired narrow bladelet blanks, with little maintenance
required after initial shaping. These blanks were then minimally
retouched into non-geometric forms. Caches of cores and their asso-
ciated bladelets are common in the Early Epipalaeolithic levels.
In contrast, Middle Epipalaeolithic knappers used a wide array of
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locally available flint, and heat treatment was also used regularly.
Raw material survey of the area suggests they did go somewhat
farther afield than Early Epipalaeolithic groups (Mangado et al.
in press). Nodule selection was not as particular, and effort was
instead invested in maintaining the desired core shape throughout
its reduction. The result is more variable bladelet (sometimes even
flake) blanks that required more time spent in secondary modifica-
tion (retouching) to produce the desired geometric microlithic tools.
The finished geometrics also exhibit an unusually high degree of
variability. Maher and Macdonald (2013) suggest that this variabil-
ity represents a mixture of knapping traditions from distinct groups
deposited at the site during times of aggregation. The people con-
gregating at Kharaneh IV brought their own skills and knowledge of
tool production with them, so that the variability we see in the geo-
metric microlith forms might reflect a number of mixed regional
variations or lithic traditions (Maher 2016). As an aggregation site,
we should expect to see material traces of many different groups
congregating, interacting, sharing and exchanging material goods
and knowledge.
The faunal assemblage from all contexts and all phases of occu-

pation is extremely rich and varied. The faunal remains are over-
whelmingly dominated by gazelle, especiallyGazella subgutturosa.
Other species are also present throughout the occupations (Mar-
tin et al. 2010: Table 2 and Fig. 5), suggesting that one partic-
ular species (even gazelle, with its high relative frequency) was
not targeted by the site’s occupants. Instead, the remains present
probably reflect the relative abundance in the local environs (Mar-
tin et al. 2010). Of interest are the several water-dependent taxa,
such as aurochs, wild boar, tortoise, and waterfowl that reinforce
the well-watered conditions at or adjacent the site. As these flat,
well-watered and grassland/shrub environments are ideal for gazelle
(Martin 2000), it is not surprising that Epipalaeolithic occupation
and gazelle remains are in such high frequencies.
Hunting of gazelle in all seasons, albeit with evidence for a main

cull in winter/spring, is evident in the mortality profiles as well as
an analysis of gazelle cementum (Martin et al. 2010; Jones 2012).
It thus seems possible that the site was occupied during all seasons,
although perhaps not continuously. While duration and seasonality
of occupation are difficult to judge with a high degree of resolution,
the faunal evidence points towards occupation over multiple sea-
sons (Martin et al. 2010; Jones 2012; Maher et al. 2012a; Richter
et al. 2013).
Preliminary analyses of faunal assemblages from main areas and

phases of occupation show differences between the Early and Mid-
dle Epipalaeolithic. Cutmarks are abundant in all contexts, but espe-
cially from midden deposits and pits containing high densities of
gazelle remains (Spyrou 2012). The Early Epipalaeolithic huts (or
in between huts) are associated with pairs of burnt gazelle horn
cores and caches of gazelle and ibex horn cores (see above), as
well as one large pit containing articulated carcase fragments (A.
Allentuck, personal communication, 2014). Canids (wolf and fox)
remains are common in the Early Epipalaeolithic deposits, particu-
larly in association with the huts. The gazelle remains suggest that
Early Epipalaeolithic hunters targeted individual adult male gazelle,

and the Middle Epipalaeolithic hunters targeted entire herds, which
may reflect communal hunting (Martin et al. 2010). Middle Epi-
palaeolithic levels show evidence for communal food-processing in
the form of high densities of disarticulated and heavily processed
remains in association with a compact extramural surfaces, fire-pits
and post-holes for racks for meat smoking/drying and storage or
feasting (A. Spyrou, personal communication, 2012).
Most of the archaeobotanical remains are in the form of pre-

served charcoal. Initial Early Epipalaeolithic samples indicate the
abundance of tamarisk and chenopods, and a variety of grasses (E.
Asouti, personal communication, 2010). Ongoing analyses of the
seeds (L. Bode, in prep.), phytolith, and starch grains (Ramsey et al.
2016) from Early and Middle Epipalaeolithic phases will refine our
knowledge of the variety of plants utilized. Preliminary phytolith
analyses indicate an abundance of reeds and grasses throughout the
Early Epipalaeolithic levels (Nicolaides 2012; Ramsey & Rosen
2016) and together with the other evidence already point to a lush
grassland habitat, dotted with stands of trees and shrubs.
On-site work with the stratigraphy and analysis of the material

culture indicate both a hunter-gatherer campsite and an aggregation
site that probably repeatedly attracted groups from near and far for
prolonged intervals and for undertaking a variety of economic and
social activities. Why did Early and Middle Epipalaeolithic groups
choose this locale for settlement? Jointly, geographical, hydrologic-
al, and ecological factors made Kharaneh IV hospitable for Early
and Middle Epipalaeolithic groups: abundant water resources, a
well-vegetated landscape, and abundant wildlife attracted hunter-
gatherer groups to this site and made it a hub or place of connection
between west and east, north and south.
Unlike the aquifer-fed Azraq Oasis, once the lake and other water

sources dried up around Kharaneh IV the local landscape changed
dramatically. The Kharaneh IV, and likely the Wadi Jilat areas,
served as well-watered and lush refugia throughout much of the late
Pleistocene. However, Kharaneh IV was abruptly abandoned in the
Middle Epipalaeolithic, and no subsequent substantial archaeolog-
ical material dating to the Late Epipalaeolithic or Early Neolithic
is anywhere nearby. The local area, although not the site itself, was
not reoccupied until the PPNB. Reduced water availability after 18
ka cal BP is documented here and in the oasis (Bajjali & Abu-Jaber
2001; Jones & Richter 2011). Of particular interest for regional-
scale models of climate change, it seems the effects of the warm
and wet Bølling–Allerød in the western portion of the Azraq Basin
reflect a period of local aridity and this part of the basin was no
longer the refuge it once was during earlier times (Jones et al.
2017).
The two large aggregation sites of the Azraq Basin, Kharaneh IV

and Jilat 6, are located only approximately 25 km apart, although
several major wadis and highlands are crossed to reach from one
location to the other (Fig. 75.1). While today (and possibly in the
past) both sites are on low fluvial terraces adjacent to main wadis,
Wadi Jilat has a wider channel and is incised deeper. Thus, the
aggregation site of Jilat 6 presents a different geomorphological
setting, and it is probable that its inhabitants selected the area for
settlement for different resources. It is not inconceivable that both
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aggregation sites could have been occupied at the same time by
either the same or different groups of hunter-gatherers for differ-
ent reasons, but both as acted as local refugia within the Azraq
Basin.

75.4 LATE QUATERNARY REFUGIA

A refugium is defined as an area in which a population can survive
through a period of unfavourable conditions. It is a region or a niche
with favourable environmental circumstances that remains compar-
atively unaltered by a climate change more severely affecting the
surrounding areas. This concept is applied, for example, in referring
to the movements of Pleistocene human populations within glacial
Europe (e.g.Willis &Whittaker 2000) or as desert refugia inMiddle
Stone Age Africa (e.g. Stewart & Stringer 2012) or Middle Palaeo-
lithic groups in Arabia (Petraglia et al. 2011; Rohling et al. 2013)
and the Levant (Cordova et al. 2013). The concept of desert refu-
gia features frequently in current reconstructions of human move-
ments out of Africa through the Levant and Arabia; refugia prob-
ably played a key role in determining the nature and timing of
migrations.
The idea of the Azraq Basin as a prehistoric refugium has been

posited since archaeologists began working in the region (Copeland
1988, 1989; Copeland & Hours 1988, 1989; Garrard et al. 1988;
Rollefson et al. 1997; Garrard & Byrd 2013) and is the focus of
the Druze Marsh Archaeology and Palaeoecology Project (Cordova
et al. 2009, 2013; Ames et al. 2014). However, these projects have
typically focused on the Middle Palaeolithic, when human groups
were migrating out of Africa through the Levant. During this time,
the presence of lakes and wetlands in the Azraq Oasis would cer-
tainly have made it an attractive settlement or waypoint locale.
While modern geo-political borders might obscure our picture
of prehistoric land-use and movements (e.g. Maher 2009, 2016),
nevertheless, the Azraq Basin is located at a nexus between major
potential migration routes (Fig. 75.5). Reliable water sources, and
the wild flora and fauna that depend on these, may have drawn
Palaeolithic and Epipalaeolithic groups here for short- and long-
term occupation.
Beyond consideration of early human migration routes, these

Azraq Basin refugia may have been important to human groups
in the Epipalaeolithic as well, especially in relation to sustaining
populations at aggregation sites. Some of the hydrological fluctu-
ations documented in the Azraq Oasis correlate with larger-scale
evidence of climate change; however, some of them do not. Noble
(1998) noted that water can reside in the Azraq aquifers for thou-
sands of years, perhaps longer. Thus, as suggested by Jones and
Richter (2011) and also Cordova et al. (2013), the Azraq oasis
hydrology may not have been in phase with regional climatic
changes, and notably dry or harsh intervals elsewhere in the Levant
may have seen persistence of lake or marsh habitats here. A simi-
lar refugia situation, with an abundance of springs and lakes during
the LGM associated with Early Epipalaeolithic occupations, is sug-
gested for the Wadi Jilat (Garrard et al. 1988), in the Azraq Basin,

and the Wadi al-Hasa to the southwest (Clark et al. 1988, Chapter
37 of this volume; Coinman 2004).
While they do not address the controversy regarding human

migration routes out of Africa, the very sparse data for the termin-
al Pleistocene sites in Arabia suggest refugia existed there. South
of Azraq in the Wadi Sirhan of northern Saudi Arabia (Fig. 75.1),
Early Epipalaeolithic existed when the climate was wetter (Zarins
1998; Maher 2009). Lush Pleistocene landscapes at inland oases
and occasionally along the western and southern coasts probably
provided ameliorated locales for humans migrating across Arabia
since the Middle Palaeolithic (e.g. Petraglia & Rose 2009 and refer-
ences therein; Petraglia et al. 2011; Rosenberg et al. 2011; Groucutt
& Petraglia 2012; Delagnes et al. 2013). In addition to the centrally
located oasis, the refugium in the Azraq Basin included other areas
and, therefore, the densest Epipalaeolithic occupations are not at the
oasis itself; it is in the western (and likely eastern) margins of the
basin, where hunter-gatherer groups aggregated and created dense
sites like Kharaneh IV and Jilat 6. The Azraq Oasis may have been a
refugium during the Middle Palaeolithic, but the larger basin served
as refugium during the terminal Pleistocene.

75.5 CONCLUSIONS

Long-term changes in the availability of water in the Azraq Basin
show how ancient human societies in the region adjusted their ways
of life to continually changing habitats. Located in the heart of
the Azraq Oasis, the small groups of hunter-gatherers were sus-
tained at Ayn Qasiyya and its immediate vicinity throughout the
Epipalaeolithic period (Richter 2014). Despite minor fluctuations,
the oasis was a reliable locale for these populations. Further west,
conditions were more variable. In the Early and Middle Epipalaeo-
lithic, Kharaneh IV was situated in a lush grassland habitat, with
abundant wildlife and several seasonal (and possibly permanent)
rivers, lakes, and playas. The local environment was clearly able
to sustain large numbers of people, repeatedly, for prolonged
periods, and during multiple seasons over a relatively short span
of the Epipalaeolithic. By 18,000 years ago, during a warm and wet
period to thewest, conditions at Kharaneh IVwere dry enough (with
increased evaporation) to force abandonment of the site, probably
as water and wildlife resources dwindled. This marks the begin-
ning of the present-day dry, desert conditions documented at the
site. Elsewhere, especially in the vicinity of Jebel Druze, Late Epi-
palaeolithic groups relocated, taking advantage of higher rainfall
and more reliable water sources in this area (Richter &Maher 2013;
Richter 2014). It seems that throughout the Late Pleistocene, the
Azraq Basin was an important and central landscape for Epipalaeo-
lithic groups.
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76 The Epipalaeolithic and Pre-Pottery Neolithic of Lebanon

andrew n. garrard

76.1 ENVIRONMENTAL CONTEXT

The topography of Lebanon is dominated by two parallel mountain
ranges (see also Avni, Chapter 2 of this volume): Mount Lebanon
to the west rises to >3,000 m, and Mount Hermon and the Anti-
Lebanon range to the east rise to 2,800 and 2,600 m respectively.
These are separated by the major fault valley of the Bekaa, which
is drained by the Litani River and by the Assi River, the head-
waters of the Orontes. These ranges are bounded on the west by the
Mediterranean coast (Fig. 76.1). The current annual rainfall varies
according to altitude and the impact of the rain shadows created by
the two mountain ranges (Kushnir et al., Chapter 4 of this volume).
It varies from 700 mm along the coast to a maximum of 1,500 mm
over Mount Lebanon. It drops to 300–400 mm in the Bekaa before
rising to 500–600 mm over the Anti-Lebanon. Finally, on the east-
ern Syrian side of the range, it drops to 200–300 mm (e.g. Service
Météorologique du Liban 1977; Fig. 3.1). The vegetation in un-
disturbed areas shows marked zonation according to rainfall and
altitude. On the western flanks of Mount Lebanon, it varies from
evergreen oak and pine forest below 1,000 m, to deciduous oak
woodland up to ca. 1,500 m, to cedar, fir, and juniper forest up to
ca. 2,000 m, to sub-alpine habitats above. In those parts of the Anti-
Lebanon where woodland survives, it ranges from deciduous oak to
juniper at higher elevations (Abi-Saleh & Safi 1988).
In recent years, several palaeoenvironmental projects have been

undertaken in Lebanon, which have provided information on con-
ditions through the late Pleistocene and early Holocene. The most
detailed data has come from a 36 m core drilled in the karstic Yam-
mouneh Basin, which lies at 1,360 m on the eastern flanks of Mount
Lebanon (Figure 76.1; Develle et al. 2010; Gasse et al. 2011, and
this volume). A combined study of the sedimentation record, pollen
samples, and the δ18O analysis of carbonates from ostracods has
indicated a harsh Last Glacial Maximumwith little arboreal vegeta-
tion. There appears to have been a drop in the circulation of karstic
groundwater at that time, and it has been suggested that this may
have resulted from it being stored in ice above 2,000 m on Mount
Lebanon. Evidence for possible glacial moraines have been found

in the upper Qadisha (Cedar) Valley as well as elsewhere (Moulin
et al. 2011). From ca. 16 ka BP, there appears to have been a rapid re-
establishment of humid or warmer conditions, and deciduous oaks
appear to have recolonized ca. 13 ka. Two other records were
obtained for the terminal Pleistocene and early Holocene from an
oxygen and carbon isotopic analysis of speleothem deposits from
Jiita (Jeita) Cave just north of Beirut, and from a pollen core from
the Aammiq wetland area in the southern Bekaa Valley (Hajar et al.
2008; Verheyden et al. 2008). Both of those hint at higher aridity
around the time of the Younger Dryas.

76.2 RESEARCH ON THE EPIPALAEOLITHIC AND
PRE-POTTERY NEOLITHIC

The most active period of archaeological field research on the
Palaeolithic and Neolithic of Lebanon occurred in the 15 or so years
prior to the outbreak of war in 1975. There were a wide range of
surveys and excavations undertaken at this time, and good recent
reviews are in Yazbeck (2004), Häidar-Boustani (2013) and Shaw
(Chapter 61 of this volume). Earlier accounts are in the syntheses
of Cauvin (1968), Besançon et al. (1972, 1975–1977), Copeland
(1975) and Hours (1975, 1992). The inventories of Stone Age sites
in Lebanon produced by Copeland and Wescombe (1965, 1966),
and Copeland and Yazbeck (2002), are useful sources on the indi-
vidual sites. However, in spite of the relative surge of fieldwork at
that time, the Epipalaeolithic is less known than the late Lower,
Middle, and Upper Palaeolithic; the Pre-Pottery Neolithic is poorly
known relative to the Pottery Neolithic.
Since the late 1990s, archaeological field research has restarted

in Lebanon, but in relation to the Epipalaeolithic and Neolithic this
has been largely restricted to excavations at the cave sites at Moghr
el-Ahwal in the Qadisha Valley (Garrard & Yazbeck 2004, 2008,
2013) and to small-scale re-evaluations of the Pre-Pottery Neolithic
A site of Nachcharini in the Anti-Lebanon and the late Pre-Pottery
Neolithic B site of Tell Labwe South in the Bekaa (Garrard et al.
2003; Häidar-Boustani 2013) (Fig. 76.1).
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Figure 76.1 Palaeolithic and Neolithic sites in Lebanon and adjacent areas. 1 – AbuHalka (Upper Palaeolithic); 2 – Keoué (Middle Palaeolithic); 3 –Moghr
el-Ahwal (Middle and Epipalaeolithic, Neolithic); 4 – Masloukh (Lower Palaeolithic); 5 – Byblos (Neolithic); 6 – Nahr Ibrahim (Middle Palaeolithic); 7 –
Ras el Kelb (Middle Palaeolithic); 8 – Jiita (Epipalaeolithic); 9 – Ksar ‘Akil (Middle, Upper, and Epipalaeolithic), Abri Bergy (Epipalaeolithic), Antelias
(Upper and Epipalaeolithic); 10 – Ras Beirut (Lower and Middle Palaeolithic); 11 – Borj Barajne (Epipalaeolithic, Neolithic); Tell aux Haches (Neolithic);
Tell aux Scies (Neolithic); 12 – Naamé (Middle Palaeolithic); 13 – Mouktara (Neolithic); 14 – Borj Qinnarit (Lower Palaeolithic); 15 – Bezez (Lower,
Middle, and Upper Palaeolithic, Neolithic), Abri Zumoffen (Lower Palaeolithic); 16 – Qana (Middle Palaeolithic); 17 – Joub Jannine (Lower Palaeolithic);
18 – Saaidé (Epipalaeolithic, Neolithic); 19 – Tell Ard Tlaili (Neolithic); 20 – Tell Labwe (Neolithic); 21 – Nachcharini (Epipalaeolithic, Neolithic); 22 –
Tell Nebe Mend (Neolithic); 23 – Yabrud (Lower, Middle, Upper, and Epipalaeolithic); 24 – Baaz (Epipalaeolithic, Neolithic); 25 – Ghoraifé (Neolithic);
26 – Tell Aswad (Neolithic); 27 – Tell Ramad (Neolithic); 28 – Berekhat Ram (Lower Palaeolithic); 29 – Quneitra (Middle Palaeolithic); 30 – Ain Mallaha
(Epipalaeolithic), Beisamoun (Neolithic).
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The following provides a brief review of our knowledge of the
Epipalaeolithic and Pre-Pottery Neolithic in Lebanon, and this is
followed by a summary of the excavation results from Moghr el-
Ahwal, with its Kebaran to Late Neolithic sequence.

76.3 THE KEBARAN

The Kebaran is the best known of the Epipalaeolithic periods, hav-
ing been excavated at three sites in the foothills of Mount Lebanon
northeast of Beirut, and from the surface of a small number of
open-air sites. The excavated sites are Ksar ‘Akil (Bergman et al.,
Chapter 30 of this volume) and Abri Bergy in the Nahr Antelias,
�3 km inland from the present coast, and Jiita II in the Nahr el
Kelb, �8 km inland (Fig. 76.1). The small cave at Abri Bergy was
excavated several times between 1900 and 1948, the last being by
Ewing (Copeland & Waechter 1968). The cave was destroyed by
quarrying in 1969. The large rockshelter of Ksar ‘Akil was the sub-
ject of two major excavations, the first being undertaken by Ewing
and others (1937–38 and 1947–48), who excavated extensive 20 m
Middle and Upper Palaeolithic deposits as well as 2 m of Epipalae-
olithic (Bar-Yosef 1970: 48–50; Copeland 1975; Bergman et al.,
this volume). This was followed later by the rigorously controlled
excavations of Tixier (1969–1975) who excavated to a depth of 7 m
(Tixier & Inizan 1981; Mellars & Tixier 1989). The rockshelter at
Jiita II was carefully excavated by Hours (1964–75) (Chavaillon &
Hours 1970; Hours 1973, 1976, 1992).
Hours (1976, 1992) divided the Kebaran in Lebanon into two

phases: the Early and Classic Kebaran. The Early Kebaran was
found at Jiita II (levels IV–II2) and Ksar ‘Akil (Tixier levels 3–
1, Ewing levels IV–II). There were variations in the assemblages
between the sites, but typical features included small bladelets with
semi-abrupt fine inverse or direct retouch, tiny scalene triangles and
Dhour Choueir bladelets. In later stages, abruptly retouched or trun-
cated pieces also appeared. The Classic Kebaran was found at Jiita
II (level II1–I), Ksar ‘Akil (Ewing level I), and Abri Bergy (level
V). It was variously characterized by Kebara points, Jiita points,
bladelets with acute truncations, and long bladelets with single or
double oblique truncations; in later stages, bipointed bladelets and
micro-gravettes, small borers and micro-end-scrapers also appeared
(Besançon et al. 1975–1977: 38–41; Copeland & Yazbeck 2002:
144–5).
Apart from flaked stone assemblages, bone points including one

with incised decoration were obtained from Jiita II (Copeland &
Hours 1977), and both bone points and perforated marine shell
beads have been described from the Kebaran levels at Ksar ‘Akil
(Newcomer 1974; Inizan & Gaillard 1978). At Jiita II the rubble
footings of a probable shelter measuring ca. 5.5× 2.5 mwere found
constructed against the inner rock face of the locality with hearths
inside (Melki 2004). Kersten (1987, 1989, 1991, 1992) reported
the faunal assemblages from the Ewing excavations at Ksar ‘Akil.
Within the Epipalaeolithic levels, Dama mesopotamica accounted
for 41% of the large mammal fauna, followed by Capra aegagrus
(19%), Capreolus capreolus (4.5%), and Sus scrofa (3%) (Kersten
1989: 187). J. Clutton-Brock (pers. comm.) has studied the fauna

from Jiita II, which lies in a deeply incised craggy valley slightly
further inland, and at this site, Capra is the dominant species with
Dama forming a lower percentage.

76.4 THE GEOMETRIC KEBARAN AND NATUFIAN

Until the recent excavations at Moghr el-Ahwal (see below), the
Geometric Kebaran was only known from the excavated cave-site
of Abri Bergy levels II–I in Nahr Antelias (Copeland & Waechter
1968) and from the surface of a number of open-air sites. These
included Neba’a el-Mghara, located at about 1,200 m elevation in
theNahr el Salib to the northeast of Beirut (Hours 1970), and several
sites in the Sands (fossil sand dunes with palaeosols) to the imme-
diate south of Beirut (Fleisch 1970). The industries are character-
ized by geometric microliths and particularly by oblong, abruptly
backed and bi-truncated trapeze-rectangles, and by other tools such
as short borers and Falita points (Besançon et al. 1975–1977: 42–
43; Copeland & Yazbeck 2002: 145). Apart from the lithic assem-
blages, very little other data is available from the sites except for
a few details on the fauna of Abri Bergy, which includes Dama,
Capra, Capreolus, rare Sus, and a single specimen of Ursus (Hooi-
jer 1961: 56).
Prior to work at Moghr el-Ahwal, the Natufian was also only

known from a few localities in Lebanon (Copeland 1991; Garrard
& Yazbeck 2013). The only reported site with a rich and exten-
sive occupation is Saaidé II, which lies beneath the modern vil-
lage on a low promontory on the western side of the Bekaa Valley
with springs and marshland at its base (Fig. 76.1). Schroeder (1991)
excavated three test trenches at the locality in 1970. Although
it is disturbed by modern terracing and house building, the site
appeared to have covered several thousand square metres. The
lithic industrywas dominated by blade tools including end-scrapers,
burins, borers, notches and denticulates, truncations and backed
pieces. The microliths were characterized by lunates, the major-
ity with abrupt backing and only one with Helwan retouch. The
geometrics also included triangles and trapezes. An extensive lime-
stone and basalt groundstone industry was recovered from the sur-
face of the site including boulder mortars, deep cylindrical mor-
tars, and shaft-straighteners. A longitudinally split limestonemortar
was found above a human burial during the excavations (Solivères
1975–1977). Churcher (1994) studied the diverse fauna, finding
species characteristic of woodland, open country, and marshland.
The larger mammals included Bos primigenius, Capra aegagrus,
Gazella gazella, Cervus elaphus, Capreolus capreolus, and Lepus
capensis. There was also a wide range of carnivores and birds as
well as many fragments from Testudo.
Apart from Saaidé andMoghr el-Ahwal (see below), the Natufian

has only been reported from four localities on the western side of
Mount Lebanon and two in the Anti-Lebanon Mountains. The for-
mer are surface collections from the open-air site of Borj Barajne
in the Sands south of Beirut and excavated disturbed material from
Jiita II East, the large cavern of Jiita III and Antelias Cave northeast
of Beirut (Fig. 76.1; Copeland 1991; Garrard &Yazbeck 2013). The
sites in the Anti-Lebanon include surface material from Ain Chaub
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Figure 76.2 View southwest of Nachcharini Cave.

and excavated finds from Nachcharini Cave (Copeland 1991). No
traces of the Natufian were found during recent reinvestigations at
this cave (Pirie 2001; Garrard et al. 2003).

76.5 THE PRE-POTTERY NEOLITHIC

The Pre-Pottery Neolithic is very poorly known in Lebanon rela-
tive to the Pottery Neolithic, and, so far, no definite traces have
been found of the Early or Middle Pre-Pottery Neolithic B (Haïdar-
Boustani 2013). The Pre-Pottery Neolithic A has been identified
in surface collections from the multi-period open-air site of Borj
Barajne in the Sands south of Beirut and at Tell aux Haches in
the same area. At both sites, the Pre-Pottery Neolithic A is char-
acterized by el-Khiam points (Cauvin 1968; Fleisch 1970; Kukan
1978; Copeland 1991). This period is best known fromNachcharini,
a small cave within a craggy chain of dolines, high in the Anti-
Lebanon at 2,120m (Fig. 76.1, 76.2). It was excavated by Schroeder
in 1972 and 1974 (Kukan 1978; Copeland 1991), and reinvesti-
gated in 2001 (Pirie 2001; Garrard et al. 2003). The reinvestigation
involved cleaning the old sections and sieving the contents of a large
looter’s pit cut through the original trenches. There were hints of
Natufian and Pre-Pottery Neolithic B from the original excavations,
but the densest occupation was Pre-Pottery Neolithic A. It was char-
acterized by Hagdud truncations (bi-truncations on bladelets) and

by el-Khiam and Salibiya points. The industry was bladelet domin-
ated and appeared specialized relative to those from contemporary
village sites in the southern Levant. Given the high elevation of the
site, it is likely to have been used seasonally by hunting groups.
Faunal remains from the original excavations of Schroeder have
been studied by S. Rhodes (pers. comm.) and include Ovis orien-
talis, Capra aegagrus, Cervus elaphus, Dama mesopotamica, and
Gazella sp.
The Late Pre-Pottery Neolithic B is known from a small number

of localities in western Lebanon and in the Bekaa. On the coastal
side of the mountains, this includes surface collections from Tell
aux Scies in the Sands south of Beirut and Dik el Mehdi II in the
foothills, 12 km northeast of Beirut (Cauvin 1968; Fleisch 1970).
It is also known from Moghr el-Ahwal in the Qadisha Valley. In
the Bekaa, Late Pre-Pottery Neolithic B has been found in the
basal levels of Tell Labwe South (Kirkbride 1969), in small-scale
excavations at Saaidé I on the western side of the Bekaa (Hours
1969), and in the basal levels of a deep trench in the Great Court-
yard of Jupiter’s Sanctuary at the Roman site of Baalbek (Rokitta-
Krumnow 2011). At Tell Labwe South, it was characterized by
Byblos and Amuq points, long denticulated sickle blades and the
use of naviform bipolar blade core technology as well as obsid-
ian. Recently, the site has been reinvestigated by Häidar-Boustani,
Ibáñez and colleagues who identified Late Pre-Pottery Neolithic
B at the base of the mound (Haïdar-Boustani 2013; Khalidi et al.
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Figure 76.3 View north over Timsah Rock at Moghr el-Ahwal. (A black and white version of this figure will appear in some formats. For the colour
version, please refer to the plate section.)

2013). No animal or plant remains have been reported from these
Late Pre-Pottery Neolithic B localities, so it is uncertain whether
domesticates were present.

76.6 EXCAVATIONS AT MOGHR EL-AHWAL IN THE
QADISHA VALLEY

The scarcity of information relating to late Palaeolithic and
Neolithic settlement from the coastal mountains of Lebanon as well
as further north in western Syria and the Hatay province of Turkey
resulted in the initiation of a survey and excavation project in the
Qadisha Valley of northwest Lebanon between 2003 and 2008. The
valley drains the highest sector of Mount Lebanon to the southeast
of Tripoli, and its vegetation zones were described in Section 76.1.
Approximately 20 Palaeolithic and Neolithic sites were identified,
and excavations focused on two adjacent caves at Moghr el-Ahwal,
�620 m asl, overlooking the Qadisha ravine (Fig. 76.1; Garrard &
Yazbeck 2004, 2008, 2013).

The south-facing caves are contained in a karstic rock formation
known locally as Timsah (Crocodile) Rock (Fig. 76.3) and whilst
the smaller cave/shelter (Cave 2) is 3–5 m deep and 11 m wide, the
larger cave (Cave 3) is 30 m deep by 5–8 m wide. The radiocar-
bon ages from Cave 2 indicate Geometric Kebaran, Natufian, Late
Pre-Pottery Neolithic B, and Late Neolithic; Cave 3 ages indicate
Kebaran and Geometric Kebaran to Natufian (Garrard & Yazbeck
2008, 2013). In both cases, the Geometric Kebaran formed the
densest occupations, characterized by microlithic trapezes and rect-
angles in association with many end-scrapers and retouched pieces
on blades, alongside a smaller number of burins, notches, and den-
ticulates. The Natufian contained a small number of lunates with
abrupt retouch. In the two caves, a portion of a bone sickle haft
and a uniserial bone harpoon were found, closely paralleling exam-
ples from the Natufian at Kebara Cave (Garrard & Yazbeck 2013;
Meignen et al., Chapter 27 of this volume). At Cave 3, a stone-lined
pit with a plaster base was found stratified within Natufian levels.
Cave 2 has several human burials. At least one of these was Geo-

metric Kebaran and comprised the articulated lower legs and one
foot of an adult with two small polished pebbles in association.
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Several of the other burials were Late Pre-Pottery Neolithic B
(based on direct dating of the bones) and comprised the disarticu-
lated remains of at least two adults, a juvenile, and an infant. Apart
from two small fragments, no cranial remains were found in asso-
ciation, suggesting that the skulls may have been separated before
final burial.
The fauna from the Epipalaeolithic levels at the caves (Y.

Edwards, pers. comm.) is dominated by Capra aegagrus, but
includes Bos primigenius, Cervus elaphus, Dama mesopotamica,
Capreolus capreolus, Sus scrofa, and Lepus capensis, plus a range
of rodents, carnivores, birds and Testudo. No faunal remains were
found that could be definitely attributed to the Neolithic.

76.7 DISCUSSION

Both the Middle and Late Epipalaeolithic and the Pre-Pottery
Neolithic are poorly known from Lebanon relative to other regions
of the Levant. The recent excavations at Moghr el-Ahwal in the
Qadisha Valley have provided new data on these periods, but many
uncertainties remain about the overall distribution of population and
the economic status of the Pre-Pottery Neolithic B communities.
On the coastal side of Mount Lebanon, detailed survey has been

inhibited by the rugged terrain and extensive surviving forest, and
with the exception of the Sands south of the Beirut promontory
and the Akkar Plain in the north, the coastal plain is narrow, as
it has been at periods of lower sea level. It is quite likely that the
Epipalaeolithic communities were small and widely dispersed, and
with the extent of forest in the early Holocene (Gasse et al. 2011;
Chapter 19 of this volume), it is unlikely that the area would have
been attractive to early farmers.
Within the Bekaa, extensive survey of the tells has only yielded

a few surface traces of Pre-Pottery Neolithic B, whilst earlier sites
may be hidden under deep alluvium. The Late Pre-Pottery Neolithic
B in the deep sounding at Baalbek raises the possibility that Pre-
Pottery Neolithic B may be found at the base of other major sites
(Haïdar-Boustani 2013). So far no plant or animal remains have
been reported from any of the Pre-Pottery Neolithic B excavations
in Lebanon, and it is uncertain if domestication began early or later
in this region. Wasse (2001) speculated that wild goat populations
would have been widespread in Lebanon in the terminal Pleistocene
and early Holocene, and that it could have been one of the core areas
for their domestication in the Levant. However, so far there is no
supporting evidence. Cauvin and Cauvin (1993) and Cauvin (1994)
have suggested that Lebanon may have been a secondary centre of
neolithization.
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77 The Natufian Culture
The Harbinger of Food-Producing Societies

leore grosman and natalie d. munro

77.1 INTRODUCTION

The Near East in general and the ‘Levantine Corridor’ in par-
ticular provide archaeological evidence for the unique transition
from hunter-gatherer to agricultural village societies. The Natu-
fian culture (15,000–11,500 cal BP; Grosman 2013) is recognized
as the harbinger of food-producing cultures in the southern Le-
vant. Its importance lies both in the significant cultural changes that
emerge as human settlements became more permanent, and in set-
ting the stage for the fundamental transformation to agriculturally
based societies. Important trajectories of socio-economic change
that began in the Natufian include increasingly permanent settle-
ment infrastructure, intensified foraging strategies, heightened sym-
bolic communication and ritual practice, and more concentrated
burial of human remains in settlements.
The Natufian culture was first identified by Garrod (1932) during

excavation of Shukbah Cave in Samaria and el-Wad at Mt Carmel.
Since the 1930s, many Natufian sites have been reported from the
Mediterranean Hills, the Jordan Valley, the Negev desert, and the
Jordanian Plateau (Bar-Yosef & Valla 2013; Fig. 77.1). The Natu-
fian is an Epipalaeolithic industry for which the lunate, the most
abundant geometric flint microlith, serves as an important chrono-
logical marker. The Natufian has traditionally been divided into
Early and Late phases at 13,000 cal BP (Grosman 2013) based
on differences in burial customs (decorated early Natufian bur-
ials), the richness of art and ornament assemblages, the size of built
structures, and, most importantly, the average greatest length of the
lunate and the type of retouch employed in its manufacture (Hel-
wan versus backed, Fig. 77.2) (Bar-Yosef & Valla 1979; Bar-Yosef
1983). Based on the stratigraphic sequence at Eynan, Valla (1984;
see also Valla et al., Chapter 34 of this volume) renamed the end of
the Late Natufian phase the Final Natufian (ca. 11,800–11,500 cal
BP;Valla 1984), but only a few radiocarbon ages have been assigned
to this phase.
The most important lithic tool introduced by the Natufians is the

sickle blade, a hallmark of the Natufian culture used for harvest-

ing plant foods, namely cereals. Material remains such as ground-
stone and bone tools diversify in this period (Fig. 77.2), especially
in the Mediterranean geographic zone often termed the ‘core area’
(Belfer-Cohen 1991).

77.2 CLIMATIC OSCILLATIONS DURING THE
NATUFIAN

Chronologically, the Natufian period encapsulated extreme global
climatic events (Bar-Yosef 2011; Grosman 2013). The Early Natu-
fian began under the relatively unfavourable conditions of the cold
Older Dryas, but corresponded primarily to the warmer Bølling–
Allerød phase that replaced it. This was followed by a transition to
the Younger Dryas (Y-D) cold event, which corresponded primarily
to the Late Natufian (e.g. Bar-Matthews & Ayalon 2003). The Pre-
Pottery Neolithic A appeared immediately after the end of the Y-D,
when the Holocene climatic regime began. The correlation of the
Early-to-Late Natufian transition with the Y-D is complex.When all
Natufian dates are combined, the Late Natufian appears to begin ca.
600 years before the Y-D (Grosman 2013). However, whenNatufian
dates are separated into Mediterranean and arid zones, differences
emerge. In theMediterranean zone, the EarlyNatufian leads directly
to the Late Natufian prior to the Y-D event, whereas in the more arid
regions, there is a gap between the Early and Late Natufian, and the
earliest Late Natufian dates coincide with the beginning of the Y-D
(Grosman 2013). Some arid Late Natufian sites were clearly occu-
pied only during the Y-D event. The roles of the unique cultural
dynamics of the Natufian, the shifts in subsistence strategies, and
the geographical setting of the various sites are key to understand-
ing the expansion of Late Natufian sites during the Y-D, although
debate remains over the degree of its impact in the southern Le-
vant. Recently published data suggest that although conditions dur-
ing the YD were significantly colder, at least in the growing season,
they were probably not drier than before this event (Hartman et al.
2016).

699
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Figure 77.1 General map indicating location of Natufian sites mentioned in the text. (A black and white version of this figure will appear in some formats.
For the colour version, please refer to the plate section.)
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Figure 77.2 Selected Natufian artefacts. 1–2: Backed lunates; 3: micro-burin; 4: sickle blades; 5: perforators; 6–7: exhausted cores; 8: burin; 9: perforated
limestone pebble; 10–15: groundstone tools, mortars and pestles; 16: pointed bone tool (figure produced by the Computerized Archaeology Laboratory at
the Institute of Archaeology, Hebrew University of Jerusalem, following the methods described in Grosman et al. 2014).
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77.3 NATUFIAN SITES

Natufian site locations are shown in Fig. 77.1. Several caves and
rockshelters inhabited during the Upper Palaeolithic (Bar-Yosef &
Martin 1981), but abandoned in the Early Epipalaeolithic periods,
were reoccupied during the Early Natufian. These include Shuk-
bah, Kebara, and el-Wad caves in the Carmel region (Garrod 1957;
Weinstein-Evron et al. 2012); Hayonim Cave and Terrace in the
western Galilee (Belfer-Cohen 1988a); and Erq el Ahmar in the
Judean Desert (Neuville 1951). In addition, Early Natufian open-
air occupations were located at Eynan (Perrot 1960; Valla 1991),
Wadi Hammeh 27 (Edwards 2013), Fazael VI, Salibiya XII (Bar-
Yosef et al. 1974; Goring-Morris 1980), Hof Shahaf (Marder et al.
2013), Wadi Mataha (Baadsgaard et al. 2010), Beidha, and pos-
sibly Jericho (Goring-Morris 1980) in the Jordan rift valley. Except
for the significant architectural remains recovered from the lower
level of Upper Besor VI (Goring-Morris & Belfer-Cohen 2013),
Early Natufian Negev sites such as Har Harif K7, Nahal Sekher
23, Mushami IV, and Nahal Lavan IV were small and ephemeral
(Goring-Morris 1987).
Ephemeral seasonal camps were also unearthed at Moghr el-

Ahwal (Garrard & Yazbeck 2013) and Yabrud III/2 in the north-
ern Levant, at Azraq 18 in the Azraq basin of the Jordanian High-
lands (Garrard 1991; Richter & Maher 2013; Maher, Chapter 75 of
this volume), and in the Wadi al-Hasa where steppic Early Natufian
populations practised more mobile settlement and subsistence
strategies (Olszewski 2010). More recently, architecture has been
uncovered at Early Natufian sites (Qarassa 3 and Jeftelik) in the
northern Levant (Rodriguez et al. 2013; Terradas et al. 2013) and at
Shubayqa 1 in the Harra desert (Richter 2014; Richter, Chapter 79
of this volume).
Late Natufian sites are geographically widespread. In some areas,

sites are more or less sedentary, while in others, adaptations are
more mobile and seasonal, depending on environmental conditions.
Late Natufian sites have been recorded as far north as Syria (Ded-
eriyeh: Nishiaki et al. 2011; Akazawa & Nishiaki, Chapter 36 of
this volume;Mureybet: Stordeur&Evin 2008; AbuHureyra:Moore
et al. 2000; Baaz rockshelter and Kaus Kozah Cave: Conard et al.
2013) and Lebanon (Jabel Saaide: Solivères 1975). Several Early
Natufian sites such as Hayonim Terrace and Cave, Eynan, and el-
Wad remained in use during the Late Natufian, but underwent major
changes (Belfer-Cohen 1988a; Valla et al. 2010, and this volume;
Weinstein-Evron et al. 2013, Chapter 25 of this volume). At Hay-
onim Cave, for example, large structures were constructed during
the Early Natufian whereas only burials and a few flimsy struc-
tures date to the Late Natufian, suggesting that different activities
were practised (Bar-Yosef 1991; Bar-Yosef et al., Chapter 26 of
this volume). An abrupt change reflected in the complete disap-
pearance of lunates with Helwan retouch is also observed in the
Negev. Aggregation sites appear in the Rosh–Horesha–Saflulim
area (Henry 1976; Marks & Larson 1977; Goring-Morris et al.
1999), while smaller sites are found at Rosh Zin and Upper Besor
VI (Henry 1976; Goring-Morris 1998).
Many new sites were established during the Late Natufian, and

continued to be used in the succeeding Pre-Pottery Neolithic A

period. These include Hatula on the western fringes of the Judean
Lowlands (Ronen & Lechevallier 1991), Nahal Oren Terrace at the
base of Mount Carmel (Noy et al. 1973; Noy 1989), possibly Jeri-
cho in the lower Jordan Valley (Goring-Morris 1980), and Wadi
Mataha (Baadsgaard et al. 2010) and Iraq ed-Dubb (Kuijt 2004) on
the Jordan Plateau, all of which were occupied into the Pre-Pottery
Neolithic A. Late Natufian occupations were uncovered at Sefunim
in southern Mount Carmel (Ronen 1984) and Salibiya I and Fazael
IV in the lower Jordan Valley, a favoured settlement area during
this time (Bar-Yosef et al. 1974; Crabtree et al. 1991). Other Late
Natufian sites functioned primarily as burial sites, including Raqe-
fet Cave in the Carmel, which was reoccupied in the Late Natu-
fian following its abandonment in the Geometric Kebaran (Nadel
et al. 2008), Nahal Oren (Stekelis & Yisraeli 1963; Grosman et al.
2005), and Hilazon Tachtit, a small Late Natufian burial site in the
western Galilee (Grosman 2003; Grosman &Munro, Chapter 35 of
this volume). Nahal Ein Gev II, east of Lake Kinneret (Grosman
et al. 2016) and Huzuk Musa (Nadel & Rosenberg 2013) are Late
Natufian sites with large structures indicating the sedentary or semi-
sedentary habitation of large groups in the final stages of the Late
Natufian culture in the Jordan Valley.
Based on distinct features of Natufian sites such as permanent

architecture and microfaunal remains, including the first commen-
sal species (domestic mice, rats, and the sparrow), Tchernov (1984)
suggested that sedentary settlements (residentially stationary year-
round occupations), emerge in the Natufian. Belfer-Cohen and Bar-
Yosef (2000) referred to the sedentarization process as a ‘bumpy
ride to village life’ that ultimately produced more overt expressions
of territorial boundaries (see also Weissbrod et al. 2012; Yeshurun
et al. 2014). At the beginning of the Late Natufian, some commu-
nities reverted to more mobile strategies (Belfer-Cohen & Goring-
Morris 2013). Yet, toward the end of the Natufian and throughout
the Pre-Pottery Neolithic A, various loci of incipient sedentism and
cultivation reformed.

77.4 SUBSISTENCE PRACTICES

The Mediterranean southern Levant was rich in food plants, includ-
ing cereals, pulses, and nuts. Unfortunately, botanical evidence
from Natufian sites is scarce, owing to poor preservation. Although
the Natufians continued the Epipalaeolithic tradition of nut con-
sumption (Olszewski 2004), evidence from phytoliths, ground-
stones, and sickle blades indicates that reliance on large-grained
grasses increased significantly during this period (Wright 1994;
Weiss et al. 2004). The lack of archaeobotanical evidence makes
it difficult to evaluate whether or not the Natufians harvested wild
plants or engaged in small-scale cultivation (Rosen & Rivera-
Collazo 2012). Some researchers have argued that the Natufians
were, at minimum, undertaking experiments that ultimately led to
plant domestication during the Pre-Pottery Neolithic A (Bar-Yosef
2011).
Although dog domestication is purported to have taken place by

the Natufian, based on the discovery of joint canid–human burials
at Eynan and Hayonim Terrace (Davis & Valla 1978), herd animal
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domestication did not occur until the Pre-PotteryNeolithic (Horwitz
et al. 1999). The Natufians used a variety of technologies including
nets, traps and bows and arrows to capture a wide spectrum of large
and small wild animal taxa. Large prey included aurochs, red deer,
fallow deer, and wild boar, but the small-bodied mountain gazelle
was the staple species. Small game including slow-moving tortoises
as well as quicker species such as hares, groundbirds, waterfowl,
and fish were routinely collected throughout the Natufian (Tcher-
nov 1993; Bar-Oz 2004; Munro 2004, 2009; Bar-Oz & Weissbrod,
Chapter 42 of this volume). Intensive human hunting comparedwith
earlier Epipalaeolithic assemblages is attested by high diversity of
low-ranked prey, and large numbers of juvenile gazelles (Munro
2009). This probably resulted from increased sedentism and terri-
toriality, which required hunters to extract more energy from each
resource patch. The depression of slow-reproducing species such as
tortoises further exacerbated this process (Stiner et al. 1999).

77.5 ARCHITECTURE

Increases in the scale of the built environment had a significant
impact on Natufian landscapes. Architecture includes rounded pit
houses, with foundations made of local, undressed stones and
retaining walls supporting the perimeter of the structure. Although
semi-subterranean structures first appear in the region during the
Early Epipalaeolithic (Ohalo II; Nadel, Chapter 33 of this volume),
more work was invested in the Natufian circular or semi-circular
stone structures and their interior features. Structures were not iso-
lated but clustered with others. Interior features include hearths,
bins, work surfaces, storage pits, and paved floors (el-Wad Terrace
and Eynan; Garrod 1932; Samuelian et al. 2006). The massive scale
of Early Natufian structures in hamlets such as Wadi Hammeh 27
(Edwards 2013), el-Wad (Weinstein-Evron et al. 2013), and Eynan
(Samuelian et al. 2006) is unparalleled at later Natufian sites except
for Nahal Ein Gev II (Grosman et al. 2016) and Dederiyeh Cave
(Nishiaki et al. 2011; Akazawa & Nishiaki, this volume).

77.6 BURIALS

The Natufian presents a striking increase in the number of human
burials and in the size and scale of cemeteries. This is exemplified at
the Late Natufian sites of Hilazon Tachtit and Raqefet Cave, which
functioned nearly exclusively as cemeteries (Grosman et al. 2008;
Nadel et al. 2013). About 500 Natufian burials have been recov-
ered and reflect diverse burial strategies with few underlying pat-
terns (Bocquentin 2003). Natufians were most commonly buried
in flexed position, but extended burials also occur. Both individ-
ual and collective burials include diverse age and sex groups. Some
of the dead were decorated with jewellery, ornamental clothing,
and in rare cases, portable art (Belfer-Cohen 1991; Byrd & Mon-
ahan 1995). Sometimes stones were placed under the head or on
top of the body of the deceased, perhaps to keep the body in a
desired position. Many of the graves show no particular arrange-
ment and consist only of pits that were refilled after the deposition

of the body. Other graves show significant investment and were
constructed specifically for burial purposes (pits were partially or
completely lined with flat stone slabs). More complex examples
involved stone paving (Erq el-Ahmar), or the introduction of a large
breachedmortar into the grave (e.g. Nahal Oren; Stekelis &Yisraely
1963). Stones, lying flat or in standing position, were sometimes
placed as external grave markers. These stones, however, did not
extend above the surface and would not have been visible. Burials
are sometimes found within the fill or at the base of some structures,
but were never placed beneath active living areas, as if there were
strict separation between the living and the dead (Belfer-Cohen
1991).
A rise in the percentage of secondary burials, combined with

skull removal and subsequent reburial in new locations, sometimes
with other crania, first emerges in the Late Natufian and continues
into the Neolithic Period (Belfer-Cohen 1988b). Decorated individ-
uals are present in only 10% of known Natufian burials, and all of
these were recovered from Early Natufian contexts. An exception is
the Late Natufian shaman burial at Hilazon Tachtit Cave, which was
accompanied by remarkable grave goods including shells from>90
tortoises (at final count), a leopard pelvis, and a complete human
foot among other unusual items (Grosman et al. 2008; Grosman
& Munro, Chapter 35 of this volume). Late Natufian graves from
Raqefet Cave were lined with flowers (Power et al. 2014). Finally,
burials at Hilazon Tachtit and Raqefet present evidence of funerary
feasting (Yeshurun et al. 2014; Munro & Grosman 2010, this vol-
ume). The appearance of specialized funerary sites and associated
feasting and other ritual practices indicates increased visibility of
ritual practice in the Natufian.

77.7 ARTISTIC EXPRESSION

The Natufian also marks a threshold in the scale of artistic expres-
sion. Stone objects bearing incised patterns were recovered from
Mediterranean sites, such as Hayonim Cave (Bar-Yosef et al.,
Chapter 26 of this volume). Flat limestone slabs from Hayonim
Cave were incised with a ladder-pattern motif (Shaham & Belfer-
Cohen 2013; Fig. 77.3) which has been interpreted as accumula-
tions of notational marks. Carved basalt bowls fromWadi Hammeh
27 (Edwards 2013) show a finely executed meander pattern. Ani-
mal and human figurines carved from bones and stones have been
found at the Mt Carmel sites Kebara, el-Wad, and Nahal Oren. The
majority of bone art objects are animal heads carved on long bone
epiphyses. Most of the human figurines are shaped schematically
and, like the animal figures, follow a naturalistic approach (Belfer-
Cohen 1991).
Far larger numbers of personal ornaments are recovered from

Natufian sites than any preceding context. For example, 25% of
the 1,000 worked bone items from the Natufian layer at Hayonim
Cave were personal ornaments, including pendants and beads made
of animal bone and teeth (Belfer-Cohen 1991). Finely shaped, oval
bone pendants manufactured from gazelle metapodials and perfor-
ated at the narrow end have been recovered from several Natufian
sites. Most of the pendants were recovered from burials, and only a
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Figure 77.3 Incised plaque, Hayonim Cave, 17× 9× 3 cm (photo by Gabi
Laron, after Shaham & Belfer-Cohen 2013).

few from living floors. Several fox teeth fromHayonim and Hilazon
Tachtit Caves were perforated and potentially strung into necklaces
or belts or sewn to clothing (Belfer-Cohen 1988b). Shells are abun-
dant from the Natufian onward, despite their relative paucity dur-
ing the Upper and Epipalaeolithic (Bar-Yosef Mayer 2005). Marine
shell beads, imported from the Red and Mediterranean seas, are
dominated by Dentalium (up to 90% at Hayonim Cave and Hay-
onim Terrace) and are most common in graves. They were prob-
ably strung as headdresses, necklaces, bracelets, belts, or garment
decorations (Belfer-Cohen 1991). Belfer-Cohen & Goring-Morris
(2013) have argued that variability in the frequency of ornament
types among sites reflects specific communities from the same area.

77.8 BONE TOOLS

Natufian occupations are marked by larger and more diverse bone
tool industries than any preceding Levantine archaeological entity.
Objects were most often made from the long bone shafts and teeth
of gazelle, fallow deer, foxes, hares, and birds (e.g. Ashkenazy et al.

2011; Fig. 77.2). Use-wear analysis indicates that bone tools were
primarily used for hide working, weaving, and basketry (Campana
1989).

77.9 GROUNDSTONE TOOLS

Groundstone tools are rare prior to the Natufian, but are common
in Natufian base camps (Rosenberg & Nadel 2011). They com-
prise mortars of various sizes and a variety of bowls, mullers,
and pestles made of limestone, basalt, and sandstone (Fig. 77.2;
Dubreuil 2004). These include very large fixed mortars, including
boulder mortars, which weigh up to 100 kg and are 70–80 cm deep.
The expansion of groundstone industries is interpreted as evidence
for intensified use of cereal grains, central to the shift to agricul-
tural lifeways (Wright 1991; Belfer-Cohen &Hovers 2005). Heavy,
non-mobile, groundstone tools indicate a more sedentary or semi-
sedentary way of life (Belfer-Cohen & Bar-Yosef 2000). Ground-
stone tool production was labour-intensive, especially when they
were decorated with carvings or paint (Wright 2000). Rosenberg
and Nadel (2014) argued that Natufian boulder mortars retrieved
from Mediterranean sites share specific traits that reflect com-
mon practices related to Natufian burial and commemorative cer-
emonies.

77.10 SOCIAL ORGANIZATION AND RITUAL
PRACTICE

Human burial inclusions indicate that the Natufians were egalitar-
ian and lacked differentiation by wealth (Byrd & Monahan 1995).
Kuijt (1996) argues that egalitarianism was maintained through
burial practices that minimized special treatment to downplay social
differences as a strategy to cope with huge social and economic
changes. Although a few individuals were specially treated in death,
these people probably achieved their status during life (for example
as ritual practitioners; Grosman et al. 2008). Many of the social
and economic changes associated with the transition to agricul-
ture began or at least intensified during the Natufian and undoubt-
edly entailed substantial ideological changes. In thematerial record,
these are expressed in ritual practice associated with human burials,
such as arrangements of burial inclusions and the consumption of
large quantities of food. The increasingly public dimension of rit-
ual practice suggested by these communal events implies a greater
need for integrative mechanisms as the Natufians settled into more
permanent communities.

77.11 DISCUSSION

The Natufian culture is characterized by remarkable changes in sub-
sistence, settlement, technology, social structure, and ritual practice.
These changes were central to the transformation from Epipalaeo-
lithic hunter-gatherer to Neolithic agricultural communities (Bar-
Yosef 2011; Belfer-Cohen & Goring-Morris 2011 and references
within). The small seasonal occupations and aggregation sites of
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the Geometric Kebaran transitioned to more sedentary villages in
the Mediterranean zone during the Early Natufian. Which popula-
tion began this process still eludes us. Initially, it was suggested to
be a local Geometric Kebaran population within the ‘core area’ (e.g.
Henry 1989; Bar-Yosef 1998). Yet, because there is little continuity
between the Geometric Kebaran and Early Natufian archaeological
record, it has recently been suggested that the Natufians may have
emerged from a Mushabian population from the southern Negev
and Sinai (Goring-Morris & Belfer-Cohen 2013).
During the Late Natufian there was a reversion back to smaller

sites, some of which may have served as cultic centres or ceme-
teries in the Late Natufian. Despite signs of less intensive occupa-
tion during the Late Natufian in the Mediterranean zone, the Natu-
fians expanded northward (Syria and Lebanon), and into the Jordan
Valley and the arid zones. Evidence of large permanent villages,
such as Nahal Ein Gev II, in favourable areas in the Jordan Val-
ley, indicates that this shift, at least partially, reflects the movement
of Natufian groups into habitats rich in wild cereal resources, and
perhaps less intensely affected by the Y-D, as an immediate pre-
cursor to cultivation. Despite the sporadic appearance of invested
architecture, elaborate burial customs, and artistic expression dur-
ing the Geometric Kebaran period (Maher et al. 2011), the Natufian
constitutes cultural change on a much larger scale, as evidenced by
the routine recovery of these features in numerous Mediterranean
sites. Finally, toward the end of the Natufian and throughout the
Pre-Pottery Neolithic A, various loci of incipient sedentism and cul-
tivation formed in the Near East. In the southern Levant, the local
Pre-Pottery Neolithic A culture emerged from the Natufian. Still,
despite the wealth of information obtained on the Natufian in the
past few decades, the relationship between local (e.g. Galilee ver-
sus Jordan Valley) and distant neighbouring communities (northern
and southern Levant) is not yet defined.

REFERENCES

Abbo, S., Lev-Yadun, S. & Gopher, A. 2012. Plant domestication and crop
evolution in theNear East: On events and processes.Critical Reviews
in Plant Sciences 31: 241–57.

Ashkenazy, H., Belfer-Cohen, A. & Rabinovich, R. 2011. Natufian bone
artefacts from Nahal Oren, Mt. Carmel, Israel. Paléorient 37: 189–
99.

Baadsgaard, A., Chazan, M., Cummings, L.S. & Janetski, J.C. 2010. Natu-
fian strategy shifts: Evidences from Wadi Mataha 2, Petra, Jordan.
Eurasian Prehistory 7: 9–29.

Bar-Matthews, M. & Ayalon, A. 2003. Climatic conditions in the eastern
Mediterranean during the Last Glacial (60–10 ky bp) and their rela-
tions to the Upper Palaeolithic in the Levant: Oxygen and carbon iso-
tope systematics of cave deposits. InMore ThanMeets the Eye: Stud-
ies on Upper Palaeolithic Diversity in the Near East, ed. A. Belfer-
Cohen & A.N. Goring-Morris. Oxford: Oxbow Books, pp. 13–8.

Bar-Oz, G. 2004. Epipaleolithic Subsistence Strategies in the Levant: A
Zooarchaeological Perspective. Cambridge: Brill Academic Pub-
lishers.

Bar-Yosef, O. 1983. The Natufian of the southern Levant. In The Hilly
Flanks and Beyond, ed. Smith, P.E.L. & Mortensen, P. Chicago:
Chicago University Press, pp. 11–42.

Bar-Yosef, O. 1991. The archaeology of theNatufian layer at HayonimCave.
In The Natufian Culture in the Levant, ed. O. Bar-Yosef & F.R. Valla.
Ann Arbor: International Monographs in Prehistory, pp. 81–92.

Bar-Yosef, O. 1998. The Natufian culture in the Levant, threshold to the
origins of agriculture. Evolutionary Anthropology 6: 159–77.

Bar-Yosef, O. 2011. Climatic fluctuations and early farming in west and east
Asia. Current Anthropology 52: S175–93.

Bar-Yosef, O. & Martin, G. 1981. Le probleme de la ‘sortie des grottes’ au
Natoufien. Bulletin de la Societe Prehistorique Francaise 78: 187–
92.

Bar-Yosef, O. & Valla, F.R. 1979. L’évolution du Natoufien: nouvelles sug-
gestions. Paléorient 5: 145–52.

Bar-Yosef, O. & Valla, F.R. 2013. The Natufian Culture in the Levant, ed.
O. Bar-Yosef & F.R. Valla. Ann Arbor: International Monographs in
Prehistory.

Bar-Yosef, O., Goldberg, P. & Leveson, T. 1974. Late Quaternary stratig-
raphy and prehistory of Wadi Fazael, Jordan Valley – a preliminary
report. Paléoriént 2: 415–26.

Bar-Yosef Mayer, D.E. 2005. The exploitation of shells as beads in
the Palaeolithic and Neolithic of the Levant. Paléorient 31:
176–85.

Belfer-Cohen, A. 1988a. The Natufian Settlement at Hayonim Cave: A
Hunter-Gatherer Band on the Threshold of Agriculture. Unpub-
lished Ph.D. thesis, Hebrew University of Jerusalem.

Belfer-Cohen, A. 1988b. The Natufian graveyard in HayonimCave. Paléori-
ent 14/2: 297–308.

Belfer-Cohen, A. 1991. The Natufian in the Levant. Annual Review of
Anthropology 20: 167–86.

Belfer-Cohen, A. &Bar-Yosef, O. 2000. Early sedentism in the Near East – a
bumpy ride to village life. In Life in Neolithic Farming Communities.
Social Organization, Identity, and Differentiation, ed. I. Kuijt. New
York: Kluwer Academic/Plenum, pp. 19–38.

Belfer-Cohen, A. & Goring-Morris, A.N. 2011. Becoming farmers: The
inside story. Current Anthropology 52: S209–S220.

Belfer-Cohen, A. & Goring-Morris, A.N. 2013. Breaking the mold: Phases
and facies in the Natufian of the Mediterranean zone. In Natufian
Foragers in the Levant, ed. O. Bar-Yosef & F.R. Valla. Ann Arbor:
International Monographs in Prehistory, pp. 544–61.

Belfer-Cohen, A. & Hovers, E. 2005. The groundstone assemblages of the
Natufian and Neolithic societies in the Levant – a brief review. Jour-
nal of the Israel Prehistoric Society – Mitekufat Haeven 35: 299–
308.

Bocquentin, F. 2003. Pratiques Funéraires, Parametres Biologiques
et Identités Culturelles au Natoufien: Une Analyse Archeo-
Anthropologique. Unpublished Ph.D. thesis, L’Université Bordeaux
1.

Byrd, B.&Monahan, C.M. 1995. Death,mortuary ritual, andNatufian social
structure. Journal of Anthropological Archaeology 14: 251–87.

Campana, D.V. 1989. Natufian and Protoneolithic Bone Tools: The Manu-
facture and Use of Bone Implements in the Zagros and the Levant.
Oxford: British Archaeological Reports.

Conard, N., Bretzke, K., Deckers, K. et al. 2013. Natufian lifeways in the
eastern foothills of the Anti-Lebanon Mountains. In Natufian For-
agers in the Levant, ed. O. Bar-Yosef & F. Valla. Ann Arbor: Inter-
national Monographs in Prehistory, pp. 1–16.

Crabtree, P.J., Campana, D.V., Belfer-Cohen, A. & Bar-Yosef, D.E. 1991.
First results of the excavations at Salibiya I, lower Jordan Valley. In
The Natufian Culture in the Levant, ed. Bar-Yosef, O. & Valla, F.R.
Ann Arbor: International Monographs in Prehistory, pp. 161–72.

Davis, S.J.M. & Valla., F.R. 1978. Evidence for domestication of the dog
12,000 years ago in the Natufian of Israel, Nature 276: 608–10.

Dubreuil, L. 2004. Long-term trends in Natufian subsistence: A use-wear
analysis of ground stone tools. Journal of Archaeological Science
31:1613–29.

Edwards, P.C. (ed.) 2013. Wadi Hammeh 27, an Early Natufian Settlement
at Pella in Jordan. Leiden: Brill.



L. Grosman and N.D. Munro 706

Garrard, A.N. 1991. Natufian settlement in the Azraq Basin, eastern Jor-
dan. In The Natufian Culture in the Levant, ed. O. Bar-Yosef &
F.R. Valla. Ann Arbor: International Monographs in Prehistory,
pp. 235–44.

Garrard, A. & Yazbeck, C. 2013. The Natufian of Moghr el-Ahwal in the
Qadisha Valley, northern Lebanon. In Natufian Foragers in the Le-
vant, ed. O. Bar-Yosef & F.R. Valla. Ann Arbor: International Mono-
graphs in Prehistory, pp. 17–27.

Garrod, D.A. 1932. A new Mesolithic industry: The Natufian of Palestine.
Journal of the Royal Anthropological Institute 62: 257–69.

Garrod, D.A. 1957. The Natufian culture: The life and economy of a
Mesolithic people in the Near East. Proceedings of the British
Academy 43: 211–27.

Goring-Morris, A.N. 1980. Late Quaternary Sites in Wadi Fazael, Lower
Jordan Valley. Unpublished M.A. thesis, Hebrew University of
Jerusalem.

Goring-Morris, A.N. 1987. At the Edge: Terminal Pleistocene Hunter-
Gatherers in the Negev and Sinai. BAR International Series 361(i).
Oxford: British Archaeological Reports.

Goring-Morris, A.N. 1998. Mobiliary art from the Late Epipalaeolithic of
the Negev, Israel. Rock Art Research 15: 81–8.

Goring-Morris, N. & Belfer-Cohen, A. 2013. Ruminations on the role of
periphery and centre in the Natufian. In Natufian Foragers in the Le-
vant, ed. O. Bar-Yosef & F.R. Valla, Ann Arbor: International Mono-
graphs in Prehistory, pp. 562–83.

Goring-Morris, A.N., Goldberg, P., Goren, Y., Baruch, U. & Bar-Yosef,
D.E. 1999. Saflulim: A Late Natufian base camp in the cen-
tral Negev Highlands, Israel. Palestine Exploration Quarterly 131:
1–29.

Grosman, L. 2003. Preserving cultural traditions in a period of instability:
The Late Natufian of the hilly Mediterranean Zone. Current Anthro-
pology 44: 571–80.

Grosman, L. 2013. TheNatufian chronology scheme – new insights and their
implications. In Natufian Foragers in the Levant, ed. O. Bar-Yosef
& F.R. Valla. Ann Arbor: International Monographs in Prehistory,
pp. 622–37.

Grosman, L., Ashkenazy, H. & Belfer- Cohen, A. 2005. The Natufian occu-
pation of Nahal Oren, Mt. Carmel, Israel – the lithic evidence.
Paléorient 31: 5–26.

Grosman, L., Munro, N.D. & Belfer-Cohen, A. 2008. A 12,000-year-old
Shaman burial from the southern Levant (Israel). Proceedings of the
National Academy of Sciences, USA 105: 17665–9.

Grosman, L., Karasik, A., Harush, O. & Smilansky, U. 2014. Archaeology
in three dimensions – computer-based methods in archaeological
research. The Journal of Eastern Mediterranean Archaeology and
Heritage Studies 2: 48–64.

Grosman, L., Munro, N.D., Abadi, I. et al. 2016. Nahal Ein Gev II, a Late
Natufian community at the Sea of Galilee. PLoS ONE 11, e0146647.

Hartman, G., Bar-Yosef, O., Brittingham, A., Grosman, L. & Munro, N.D.
2016. Hunted gazelles evidence cooling, but not drying, during the
Younger Dryas in the southern Levant. Proceedings of the National
Academy of Sciences 113: 3997–4002.

Henry, D.O. 1976. Rosh Zin: a Natufian settlement near Ein Avdat. In
Prehistory and Paleoenvironments in the Central Negev, Israel.
The Avdat/Aqev Area, Part 1, ed. A.E. Marks. Dallas: SMU Press,
pp. 317–47.

Henry, D.O. 1989. From Foraging to Agriculture: The Levant at the End of
the Ice Age. Philadelphia: University of Pennsylvania Press.

Horwitz, L.K., Tchernov, E., Ducos, P. et al. 1999. Animal domestication in
the southern Levant. Paléorient 25: 63–80.

Kuijt, I. 1996. Negotiating equality through ritual: A consideration of Late
Natufian and Pre-Pottery Neolithic A period mortuary practices.
Journal of Anthropological Archaeology 15: 313–36.

Kuijt, I. 2004. Pre-Pottery Neolithic A and Late Natufian at Íraq ed-Dubb,
Jordan. Journal of Field Archaeology 29: 291–308.

Maher, L.A., Stock, J.T., Finney, S. et al. 2011. A unique human–fox burial
from a Pre-Natufian cemetery in the Levant (Jordan). PLoS ONE 6:
e15815.

Marder, O., Yeshurun, R., Smithline, H. et al. 2013. Hof Shahaf: A new
Natufian site on the shore of Lake Kinneret. In Natufian Foragers in
the Levant, ed. O. Bar-Yosef & F.R. Valla. Ann Arbor: International
Monographs in Prehistory, pp. 505–526.

Marks, A.E. & Larson, P.A. 1977. Test excavations at the Natufian site of
Rosh Horesha. In Prehistory and Paleoenvironments in the Central
Negev, Israel. Vol. II. The Avdat/Aqev Area, Part 2, and the Har
Harif, ed. A.E. Marks. Dallas: SMU Press, pp. 191–232.

Moore, A.M.T., Hillman, G.C. & Legge, A.J. 2000. Village on the
Euphrates. From Foraging to Farming at Abu Hureyra. Oxford:
Oxford University Press.

Munro, N. 2004. Zooarchaeological measures of hunting pressure and occu-
pation intensity in the Natufian. Current Anthropology 45: S5–S34.

Munro, N. 2009. Epipaleolithic subsistence intensification in the southern
Levant: The faunal evidence. In The Evolution of Hominin Diets, ed.
J.J. Hublin & M.R. Richards. Dordrecht: Springer, pp. 141–55.

Munro, N.D.&Grosman, L. 2010. Early evidence (ca. 12,000B.P.) for feast-
ing at a burial cave in Israel. Proceedings of the National Academy
of Sciences 107: 15362–6.

Nadel, D., Lengyel, G., Bocquentin, F. et al. 2008. The Late Natufian at
Raqefet Cave: The 2006 excavation season. Journal of the Israel
Prehistoric Society – Mitekufat Haeven 38: 59–131.

Nadel, D. & Rosenberg, D. 2013. The Final Epipaleolithic/PPNA site of
Huzuq Musa. In Natufian Foragers in the Levant, ed. O. Bar-Yosef
& F.R. Valla. Ann Arbor: International Monographs in Prehistory,
382–98.

Nadel, D., Danin, A., Power, R.C. et al. 2013. Earliest floral grave lin-
ing from 13,700–11,700-y-old Natufian burials at Raqefet Cave, Mt.
Carmel, Israel. Proceedings of the National Academy of Sciences,
USA 110: 11774–8.

Neuville, R. 1951. Le Paleolithique et le Mesolithique du Desert de
Judee, Archives de l’institut de Paleontologie Humaine, Archives de
l’Institut de Paleontologie Humaine – Memoire 24. Paris: Masson et
Cie.

Nishiaki, Y., Muhesen, Y. & Akazawa, T. 2011. Newly discovered Late Epi-
palaeolithic assemblages from Dederiya Cave, the northern Levant.
In Studies in Technology, Environment, Production, and Society, ed.
E. Healey, S. Campbell & O. Maeda. Berlin: ex oriente.

Noy, T. 1989. Some aspects of Natufian mortuary behaviour at Nahal Oren.
In People and Culture in Change, ed. I. Hershkovitz, BAR Inter-
national Series 508(i). Oxford: British Archaeological Reports,
pp. 53–7.

Noy, T., Legge, A.J. & Higgs, E.S. 1973. Recent excavations at Nahal Oren,
Israel. Proceedings of the Prehistoric Society 39: 75–99.

Olszewski, D.I. 2004. Plant food subsistence issues and scientific inquiry
in the Early Natufian. In The Last Hunter-Gatherer Societies in the
Near East, ed. C. Delage. Oxford: John and Erica Hedges, pp. 189–
209.

Olszewski, D. 2010. On the margins: Early Natufian in the Wadi al-Hasa
Region, Jordan. Eurasian Prehistory 7: 85–97.

Perrot, J. 1960. Excavations at Eynan (Ain Mallaha): Preliminary report on
the 1959 season. Israel Exploration Journal 10: 14–22.

Power, R.C., Rosen, A.M. & Nadel, D. 2014. The economic and ritual uti-
lization of plants at the Raqefet CaveNatufian site: the evidence from
phytoliths. Journal of Anthropological Archaeology 33: 49–65.

Richter, T. 2014. Preliminary report on the second season of excavations at
Shubayqa 1. Neo-Lithics 1: 3–10.

Richter, T. &Maher, L.A. 2013. The Natufian of Azraq Basin: An appraisal.
In Natufian Foragers in the Levant, ed. O. Bar-Yosef & F.R. Valla,
Ann Arbor: International Monographs in Prehistory, pp. 429–48.

Rodriguez, A.d.C., Haidar-Boustani, M., Urquijo, J.E.G. et al. 2013. The
Early Natufian site of Jeftelik. In Natufian Foragers in the Levant,



Natufian Culture 707

ed. Bar-Yosef, O. & Valla, F. Ann Arbor: International Monographs
in Prehistory, pp. 61–72.

Ronen, A. (ed.) 1984. The Sefunim Prehistoric Sites Mount Carmel, Israel,
BAR International Series 230(ii). Oxford: British Archaeological
Reports.

Ronen, A. & Lechevallier, M. 1991. The Natufian of Hatula. In The Natufian
Culture in the Levant, ed. O. Bar-Yosef & F.R. Valla. Ann Arbor:
International Monographs in Prehistory, pp. 149–60.

Rosen, A.M. & Rivera-Collazo, I. 2012. Climate change, adaptive cycles,
and the persistence of foraging economies during the late Pleis-
tocene/Holocene transition in the Levant. Proceedings of the
National Academy of Sciences 109: 3640–5.

Rosenberg, D. &Nadel, D. 2011. On floor level: PPNA indoor cupmarks and
their Natufian forerunners. In The State of the Stone: Terminologies,
Continuities and Contexts in Near Eastern Lithics, ed. E. Healey, S.
Campbell & O. Maeda. Berlin: ex oriente, pp. 99–108.

Rosenberg, D. & Nadel, D. 2014. The sounds of pounding: Boulder mortars
and their significance to Natufian burial customs. Current Anthro-
pology 55: 784–812.

Samuelian, N., Khalaily, H. & Valla, F.R. 2006. Final Natufian architec-
ture at Eynan (Ain Mallaha). Approaching the diversity behind uni-
formity. In Domesticating Space, ed. E.B. Banning & M. Chazan.
Berlin: ex oriente, pp. 35–42.

Shaham, D. & Belfer-Cohen, A. 2013. Incised slabs from Hayonim Cave: A
methodological case study for reading Natufian art. In Stone Tools in
Transition: FromHunter-Gatherers to Farming Societies in the Near
East, ed. F. Borrell, J.J. Ibáñez & M. Molist. Barcelona: Universitat
Autònoma de Barcelona, pp. 293–4.

Soliveres, O. 1976–1977. Restes humains Natoufiens du Jebel Saiide (Epi-
paleolithique du Liban. Paléorient 3: 293–4.

Stekelis, M. & Yisraely, T. 1963. Excavations at Nahal Oren. Israel Explor-
ation Journal 13: 1–12.

Stiner, M.C., Munro, N.D., Surovell, T.A., Tchernov, E. & Bar-Yosef, O.
1999. Paleolithic population growth pulses evidenced by small ani-
mal exploitation. Science 283: 190–4.

Strodeur, D. & Evin, J. 2008. Chronostratigraphie de Mureybet Apport des
datations radiocarbone. In Le site néolithique de Tell Mureybet (Syrie
du Nord), ed. J.J. Ibáñez. Oxford: Archaeopress, pp. 21–32.

Tchernov, E. 1984. Commensal animals and human sedentism in theMiddle
East. In Animals in Archaeology 3. Early Herders and their Flocks,
ed. J. Clutton-Brock & C. Grigson. Oxford: British Archaeological
Reports, pp. 91–115.

Tchernov, E. 1993. The impact of sedentism on animal exploitation in the
southern Levant. In Archaeozoology of the Near East, ed. H. Buiten-
huis & A.T. Clason. Leiden: Universal Book Service, pp. 10–26.

Terradas, X., Ibanez, J.J., Braemer, F., Gourichon, L. & Teira, L.C. 2013.
The Natufian occupations of Qarassa 3. In Natufian Foragers in the
Levant, ed. O. Bar-Yosef & F.R. Valla. Anna Arbor: International
Monographs in Prehistory, pp. 45–60.

Valla, F.R. 1984. Les Industries de Silex de Mallaha (Eynan) et du Natoufien
dans le Levant, Mémoires et Travaux du Centre de Recherché
Français de Jerusalem 3. Paris: Association Paléorient.

Valla, F.R. 1991. Les Natoufiens de Mallaha et l’éspace. In The Natufian
Culture in the Levant, ed. O. Bar-Yosef & F.R. Valla. Ann Arbor:
International Monographs in Prehistory, pp. 111–22.

Valla, F.R., Khalaily, H., Samuelian, N. & Bocquentin, F. 2010. What hap-
pened in the Final Natufian? Journal of the Israel Prehistoric Society
– Mitekufat Haeven 40:131–48.

Weinstein-Evron, M., Yeshurun, R., Kaufman, D., Eckmeie, E. & Boaretto,
E. 2012. New 14C dates for the Early Natufian of el-Wad Terrace,
Mount Carmel, Israel. Radiocarbon 54: 1–10.

Weinstein-Evron, M., Kaufman, D. & Yeshurun, R. 2013. Spatial organi-
zation of Natufian el-Wad through time: Combining the results of
past and present excavations. In Natufian Foragers in the Levant, ed.
O. Bar-Yosef & F.R. Valla. Ann Arbor: International Monographs in
Prehistory, pp. 88–106.

Weiss, E., Wetterstrom, W., Nadel, D. & Bar-Yosef, O. 2004. The broad
spectrum revisited: Evidence from plant remains. Proceedings of the
National Academy of Sciences, USA 101: 9551–5.

Weissbrod, L., Bar-Oz, G., Yeshurun, R. & Weinstein-Evron, M. 2012.
Beyond fast and slow: Themole rat Spalax ehrenbergi (order Roden-
tia) as a test case for subsistence intensification of complex Natufian
foragers in southwest Asia, Quaternary International 264: 4–16.

Wright, K. 1991. The origins and development of ground stone assemblages
in Late Pleistocene southwest Asia. Paléorient 17: 19–45.

Wright, K.I. 1994. Ground-stone tools and hunter-gatherer subsistence in
southwest Asia: Implications for the transition to farming. American
Antiquity 59: 238–63.

Wright, K.I. 2000. The social origins of cooking and dining in early vil-
lages of western Asia. Proceedings of the Prehistoric Society 66:
89–121.

Yeshurun, R., Bar-Oz, G. & Weinstein-Evron, M. 2014. Intensification and
sedentism in the terminal Pleistocene Natufian sequence of el-Wad
Terrace (Israel). Journal of Human Evolution 70: 16–35.





78 The Natufian Period in Syria

juan josé ibáñez, jesús gonzález-urquijo, and xavier terradas

78.1 GENERAL

The name Natufian had been used for decades after its recognition
as a culture by Dorothy Garrod (1942) (see also Grosman &Munro,
Chapter 77 of this volume) to define archaeological sites in Pales-
tine/Israel. When M.C. Cauvin (1991) used this name to ascribe
the basal levels of a northern Syrian site (Phase I at Tell Mureybet)
in the early 1980s, some controversy was aroused (Moore 1991).
Over the following decades, many archaeological sites reasonably
attributed to the Natufian have been found all over Syria. This chap-
ter describes the results obtained in three main areas (Fig. 78.1), all
of them located in the western Syrian fringe, in the north (the mid-
dle Euphrates and the Afrin Valley), the centre (the Bouqaia basin
and the eastern foothills of the Anti-Lebanon Mountains), and the
south (the Hauran region). The main characteristics of the Natufian
technocomplexes in Syria are also succinctly discussed.

78.1.1 THE NORTH

Tell Abu Hureyra (Moore et al. 2000), located by the Euphrates
River, was occupied by Epipalaeolithic communities from 13,100
to 12,200 cal years BP. In the early levels, shallow pits constitute
the foundations of partially buried habitation structures. Beginning
in 13,000 cal years BP, Natufian houses were built at ground level,
with walls and roofs made of plant material and floors made of com-
pacted earth. The main plants exploited for food were einkorn, rye,
several species of pulses, and pistachio fruits. By 12,900 cal years
BP, aridification during the Younger Dryas presents a decrease in
the total consumption of fruits such as Pistacia and wild cereals
in a context of open steppe forest throughout the entire 13th mil-
lennium. Under these environmental conditions, cereals would not
have grown near the site. Therefore, together with an increase in
putative weed plants, this suggests that cereal cultivation was taking
place for the first time (Hillman et al. 2001); however, this interpret-
ation has been questioned (Colledge & Conolly 2010). The main
classes of lithic instruments found in the site were scrapers, notched

pieces, microlithic lunates, and groundstone rubbing-tools, while
glossed tools used for cereal harvesting and some obsidian pieces
were also recovered. Hunting resources were based on the massive
slaughtering of gazelles, although some onagers, sheep, and hares
were also killed.
Natufian groups settled at Mureybet, located 30 km upriver from

AbuHureyra, at around 12,200 cal years BP (J. Cauvin 1977; Ibáñez
2008). Charred remains of barley and rye are evidence for the gath-
ering of wild cereals, while at the same time terebinths and the
edible plants in the floodplain area (Polygonum corricoides and
Scirpus maritimus) were widely exploited. Wild barley and rye
demand soil and climate different from those in the Mureybet
region, especially during the Younger Dryas, so either they were
gathered in distant areas (at least 60 kilometres away) or they were
cultivated (Willcox 2008). Similar to the Abu Hureyra, massive
hunting of gazelles is observed. Equids were also important in the
diet, while other large and medium-sized mammals (aurochs, wild
sheep, Mesopotamian fallow deer, and boar), hares, fox, birds, and
fish were also consumed (Gourichon & Helmer 2008). Domesti-
cated dogs are documented in both Abu Hureyra and Mureybet.
The lithic industry is made of flint, although a very small number of
obsidian fragments were also recovered. Dominant lithic tools are
herminettes, micro-borers, tanged points, and geometric microliths,
the most characteristic tools defining the Euphrates Natufian (M.C.
Cauvin 1991), although there are also scrapers, burins, denticulates,
and truncations.
The Natufian levels in the Dederiyeh rockshelter (Nishiaki et al.

2011; Tanno et al. 2013; Akazawa & Nishiaki, Chapter 36 of this
volume) are�13 km south of Afrin and�65 km from the Mediter-
ranean coast in northwest Syria. Five semi-sunken rounded struc-
tures lined with limestone rocks used as dwellings are grouped into
three phases of occupation. The two more recent phases are dated
to the Late Natufian, while the older is still waiting for precise ages,
though it is likely to correspond to the Early Natufian. The burn-
ing of structure 1, dated 13,180–12,950 cal years BP, preserved
numerous charred plant remains. The consumption of fruits was
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Figure 78.1 Map with the sites referred to in the text.

important, especially of pistachio and, in second place, almonds.
Interestingly, cereals were a relevant part of the diet, and Dederiyeh
is the first site from the Younger Dryas where founder crops (emmer
and barley) have been documented (Akazawa & Nishiaki, this vol-
ume). Faunal remains also show a wide variety of prey, includ-
ing land turtles, fish, and birds, while aurochs, boar, and deer were
huntedmore often than gazelles (Gourichon in Nishiaki et al. 2011).

78.1.2 THE CENTRE

Baaz rockshelter, Kaus Kozah, Yabrud III, and Jeyrud sites are all
located 40–60 km north and northwest from Damascus in the east-
ern foothills of the Anti-Lebanon Mountains. Layer II at Yabrud
shelter III excavated by A. Rust in the early 1930s (Rust 1950)
provided an assemblage of several hundred lithic tools, of disputed
Early (Hillgruber 2013) or Late (Conard et al. 2013) Natufian age.
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Several sites at Jayroud (1, 2, 3, and 9) also yielded Natufian
material in small excavations or surface collections (M.C. Cau-
vin 1991). All of them provided large assemblages of character-
istic lithic tools, including lunates, mortars, and pestles, and per-
sonal ornaments made of marine shells (Maréchal 1991). Jayroud 1
probably contained a circular hut with a prepared floor. Typological
considerations on lunate morphology suggest that Jayroud 2 was
occupied during the Early Natufian and the other sites in the Late
Natufian (M.C. Cauvin 1991).
Baaz rockshelter and Kaus Kozah cave are situated in a lime-

stone cliff-line, at�1500 m asl. Three radiocarbon ages place Baaz
levels III and II at 12,900–12,100 cal years BP (Conard et al. 2013).
Level III includes a roundhouse (3 m in diameter, �7 m2 in area)
inside the dripline of the rockshelter and slightly dug into the under-
lying levels; it has limestone based walls and a packed earth floor
constructed with red-brown silty clay, which underpins the wall
and also a pebble-constructed fireplace and an installed mortar.
Botanical remains suggest milder conditions than expected during
the Younger Dryas with charcoal dominated by almond as well as
hydrophilic taxa such as Fraxinus (ash) and Populus/Salix. Very few
edible seeds (hackberries) and no cereals were found at the site. Ani-
mal remains are comparatively abundant; hunted fauna consists of
goitered and mountain gazelle, wild sheep, and onager, with large
quantities of hare and tortoise, and the presence of birds and brown
trout (Napierala 2012). Heavy lithic equipment comprises mor-
tars made of local limestone and pestles made from exotic basalt.
Backed pieces, laterally retouched tools, and small backed lunates
dominate in the inventory of knapped tools (Hillgruber 2013). Per-
sonal ornaments made of shell are also present. The site has been
interpreted as a semi-permanent campsite, a base from which hunts
were staged (Conard et al. 2013).
Kaus Kozah is located 3 km from Baaz rockshelter. The stratig-

raphy at Kaus Kozah does not allow a clear separation of the Late

Natufian, the Khiamian, or the early PPN (Hillgruber 2013). Six
radiocarbon ages spread over a millennium and a half (13,250 to
11,700 cal years BP). The site contains two infant burials and two
bedrock mortars in the western entrance. Lithic industry is typically
Late Natufian, with small single-backed lunates. Perforated shells
are also present. The wood charcoal from the site shows again that
almond dominated, and there are several types of hydrophilic plants.
Hunted mammals comprise gazelle and other animals that point to
moister conditions, such as fallow deer and red deer as well as har-
tebeest. As at Baaz, there is no evidence of either cereal seeds or
macroscopic sickle gloss (Conard et al. 2013).
The open-air site of Jeftelik, located west of Homs at the edge of

the Bouqaia basin, was discovered in 2005 (Haïdar-Boustani et al.
2007) and excavated from 2008 to 2010. A structure in the form of
a truncated cone, 70 cm in height and 6 m in diameter, with the
sides reinforced by stones, was documented (Fig. 78.2). In add-
ition, some circular alignments of stones, which probably corres-
pond to dwellings, were also observed (Ibáñez et al. 2013). Three
radiocarbon ages place the Natufian occupation between 14,200 and
13,800 cal years BP (Rodríguez et al. 2013). The site contains a rich
lithic industry in flint with characteristic large lunates with Helwan
retouch, while some few unretouched bladelets are made of obsid-
ian; two tools show macroscopic gloss (González Urquijo et al.
2011). A possible figurine and two engraved pebbles in secondary
contexts aremost probably of Natufian chronology (Rodríguez et al.
2013) (Fig. 78.3).

78.1.3 THE SOUTH

In southwestern Syria, archaeological surveys along theHauran vol-
canic plateau discovered new Natufian evidence. In the Qarassa
area, �20 km to the west of the city of Sweida, preliminary sur-
veys succeeded in documenting several signs of an Epipalaeolithic

Figure 78.2 The rounded platform at Jeftelik, zenithal view and details of the surrounding wall.
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Figure 78.3 Decorated objects from Jeftelik.

occupation on the basalt hills and the surrounding lowland, along-
side an ancient lake (Braemer 2007).
Among these, Qarassa 3 is the most remarkable site. Twelve

round dwellings, each 4–5 m in diameter, were discovered, placed
directly on the basaltic bedrock (Ibáñez et al. 2013; Terradas et al.
2013a) (Fig. 78.4). The distribution of ten of these followed a con-
tinuous arched line, next to each other without overlapping, sug-
gesting that all could have been used at the same time. Eight of the
dwellings, those located to the east, are very simple. Some stones
arranged in a circular outline indicate the shape and size of the struc-
tures. In some of the dwellings, the basalt bedrock is lowered in a
roughly circular shape, which was probably done intentionally. The
stone alignment is not continuous, so most probably the stones did
not make up a wall, but just were used to reinforce a superstructure
made with perishable materials. The existence of some post-holes,
reinforced with stones, confirm the presence of such a light super-
structure.
The two westernmost dwellings are more complex, with outer

walls made up of rows of stones. Dwelling number 9 displays inter-
nal segmentation consisting of the construction of a central squared
surface delimited by three lines of stones. From the corners of the
squared surface, lines of stones reaching the exterior stone align-
ment divide the inner space into segments, with one paved with

pebbles. In dwelling number 10, the inner surface of the outer wall
is carefully and regularly arranged, while the outer surface is more
irregularly reinforced with larger stone blocks. A pit excavated in
the bedrock is observed in its centre. Two long rectangular platforms
are attached to the round structure towards the southeast. However,
they need to be excavated to confirm whether they are contempor-
aneous with the dwelling or were added later.
The abundant lithic artefacts found inside the structures form a

coherent assemblage and are clearly attributable to the Natufian
period. The fauna, all of wild species, reflects a typical hunting
spectrum of the last hunter-gatherers, settled in a lacustrine environ-
ment (analysis by L. Gourichon). The huts are spatially associated
with a large number of bedrock mortars (Terradas et al. 2013b). A
burnt flint recovered in dwelling number 10 is 13,335±855 years
old (dated using thermoluminescence).
Other Epipalaeolithic sites, such as Kôm as-Zebdeh, Qirata, or

Tell Shinan, have been discovered in the area (Boix & Abdo 2012).
All of them have provided characteristic Natufian flint artefacts
on the surface. In addition, Qirata has some circular structures
similar to those discovered in Qarassa 3, and also bedrock mortars
excavated in the basalt flow. These data indicate that southwest-
ern Syria will, in the future, be a privileged area for the study of
the last hunter-gatherer communities and the adoption of a farming
economy.

78.2 CONCLUSIONS

Local facies of Natufian technocomplexes are well documented in
Syria. They display similar characteristics to Natufian sites in the
so-called Natufian ‘core area’ in Palestine/Israel: populations in the
process of becoming sedentary, inhabiting settlements consisting of
circular houses with some in association with bedrock mortars, liv-
ing in a broad-spectrum economy including the massive hunting
of gazelles. The material culture presents Natufian landmarks: flint
knapping strategies aimed at the production of flakes and bladelets,
projectiles made with lunate insertions, numerous pounding/milling
tools, personal ornaments, and symbolic objects with geometric
decoration.
If we accept the ‘core area’ (Bar-Yosef 1998) as the cradle of

the Natufian culture, the first expansion northward seems to take
place around 14,000 cal years BP; i.e., during the warm and moist
Bølling–Allerød as observed in Jeftelik and most probably in Ded-
eriyeh, Yabroud III, and Jayroud 2. This first expansion seems to
have taken place in the Mediterranean forest zone. However, the
more generalized occupation took place later, during the Younger
Dryas in the 13th millennium cal BP, when Natufian groups are
documented in the southern, central, and northern areas of western
Syria, as well as in Lebanon. The impact of the Younger Dryas in
western areas (as seen in Baaz, Kaus Kozah, and Dederiyeh) seems
to have been relativelyminor, while its drying effect was remarkable
in the middle Euphrates reaches (Abu Hureyra and Tell Mureybet),
where, at that moment, precocious experiences of cereal cultivation
may have been taking place. Late Natufian groups evolved to the
Neolithic through a transitional Khiamian period, which has been
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Figure 78.4 Qarassa 3. The site, with the dwellings (numbers 1 to 12) and mortars (white symbols).

documented by excavations in the middle Euphrates (Tell Murey-
bet) and the Bal’as Mountains, 80 km to the east of Hama (Abbès
2014).
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79 Natufian and Early Neolithic in the Black Desert, Eastern Jordan

tobias richter

79.1 INTRODUCTION

79.1.1 RESEARCH HISTORY

Until recently, the late Pleistocene and early Holocene occupation
of the Black Desert of Jordan, Syria, and Saudi Arabia was rela-
tively poorly documented in comparison to other regions of the
Levant. The first intensive survey work was spearheaded by Ali-
son Betts (1988, 1991, 1998). In addition to the survey, Betts exca-
vated what was, until recently, the only known late Epipalaeolithic
site in the Black Desert, Khallat Anaza (Betts 1991, 1998). It rep-
resented one of only three Natufian sites excavated in eastern Jor-
dan until 2012, the other two being Azraq 18 (Garrard 1991 and
Chapter 74 of this volume) and Bawwab al-Ghazal (Rollefson et al.
1999). The only other Natufian sites excavated nearby are Taibe to
the southwest of Jebel Druze (Cauvin 1973) and Qarassa 3 (Ter-
radas et al. 2013; see Ibáñez et al., Chapter 78 of this volume). The
majority of sites in the Black Desert were therefore known only
from surface collections, and neither Khallat Anaza, Azraq 18, nor
Bawwab al-Ghazal produced material suitable for radiocarbon ana-
lyses. The typological characteristics of the geometric microliths
were therefore the only chronological indicators available to date
the late Epipalaeolithic occupation of eastern Jordan (for a detailed
discussion see Richter & Maher 2013). Betts (Betts 1998) and
others (e.g. Henry 1989, 2013; Bar-Yosef & Meadow 1995; Bar-
Yosef 1996, 1998, 2002; Bar-Yosef & Belfer-Cohen 2000) have
therefore argued that the Black Desert was sparsely settled dur-
ing the early Natufian and more densely occupied only during the
late Natufian as part of a redistribution of late Epipalaeolithic set-
tlements owing to the influence of the Younger Dryas. Given the
state of knowledge, many of these sites were considered short-
term camps focused predominantly on gazelle hunting (Henry 1989,
2013; Bar-Yosef 1998, 2002, 2004; Bar-Yosef & Belfer-Cohen
2002). Recent fieldwork in the Qa’ Shubayqa (Fig. 79.1) indicates
that this concept needs to be rethought.

79.1.2 GEOGRAPHY

The Black Desert, or Harra, is an extensive Miocene and Pliocene
lava field (Bender 1974). It is interspersed by shallow wadis, mud-
flats or playas, and, in the southeast, mesas. The area lies between
the Jebel Druze to the northwest and the an-Nafud desert to the south
(Fig. 79.1). To the east it borders the Hamad desert, to the west it
is defined by the Wadi Sirhan. The climate is semi-arid to arid with
mean annual precipitation <200 mm, falling primarily in winter;
parts of the region experience<100 mm yr−1. Perennial springs are
rare inside the Harra; the only permanent ones were those of the
Azraq Oasis at the southern edge of the basalt area. Seasonal rain-
fall from November to March leads to occasional flooding in some
areas, creating shallow ephemeral lakes that can exist for several
months (Betts 1998: 2–4). In the Qa’ Shubayqa (Qa’ means pan
or playa), discussed below in more detail, is one of these seasonal
lakes. While historic and present-day environmental and climatic
data from the Harra provide a baseline for considering the environ-
mental parameters of human settlement in this region, little direct
palaeoenvironmental data has been available. This lack of palaeoen-
vironmental evidence continues to be a stumbling block to devel-
oping a fuller understanding of late Pleistocene and early Holocene
settlement patterns in the Harra. Nevertheless, current data suggests
that the Harra and adjacent areas may have been more water-rich
than at present (Garrard et al. 1988, 1994; Jones & Richter 2011).

79.2 LATE EPIPALAEOLITHIC AND EARLY
NEOLITHIC SITES

79.2.1 SURVEY SITES

Archaeological sites in the Harra are only known from select areas
where more intensive surveys have been carried out (Fig. 79.1).
These include theWadi ’Ajib, theWadi Rajil and the Qa’ Shubayqa.

715
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Figure 79.1 Natufian site locations in the Harra (main image) and late Epipalaeolithic and early Neolithic site distribution in the Qa’ Shubayqa (inset,
bottom right). 1: Shubayqa 1; 2: Shubayqa 6; 3: Shubayqa 3; 4: Kef el-Kalb.

Isolated late Epipalaeolithic sites are known from the Jebel Qurma,
Jebel Subhi, and Khabrat Abu Hussein (Betts 1998: 11–35; Richter
et al. 2012, 2014; Richter & Maher 2013). So far, the only PPNA
sites are the three early Neolithic sites from Qa’ Shubayqa and one
in the Wadi ’Ajib (Betts 1998: 29). Although settlement density
would therefore on the face of it appear to be low, a high concen-
tration of Epipalaeolithic occupations have been found where more
intensive pedestrian survey has been carried out. In an area cover-
ing �15 km2 in the Qa’ Shubayqa alone, seven late Epipalaeolithic
and three PPNA sites have so far been located (Fig. 79.1, inset, bot-
tom right). Of these seven late Epipalaeolithic sites, at least three
have confirmed or suspected architectural remains (Shubayqa 1,
Shubayqa 3, and Kef el-Kalb) and most have abundant groundstone
artefacts (Richter et al. 2012, 2014). Based on the results from the
excavations at Shubayqa 1 (see below), three of these sites (all those
with architecture and groundstone) would appear to date to the early
Natufian. The other four sites are smaller, more ephemeral flint scat-
ters, with as yet unclear chronological position within the Natufian.
The Natufian site Shubayqa 3 appears to have also been occupied
during the PPNA, as attested by the recovery of several el-Khiam
points. Two further PPNA sites have been located to date, one of
which (Shubayqa 6) will be discussed in more detail below. A high

concentration of sites has also been found along the Wadi ’Ajib by
Betts (1998). Little detail beyond brief descriptions is known from
most of these sites, andmany are in need of revisiting. Huwaynit and
Wadi ’Ajib 24 (Betts 1998: 28–29) appear to have traces of circular
structures, which could be related to late Epipalaeolithic occupa-
tions. It has become apparent that additional surveys may turn up a
denser concentration of Epipalaeolithic and early Neolithic sites in
the Harra, and that the scarcity of sites may have more to do with a
lack of research, rather than a lack of occupation.

79.2.2 KHALLAT ANAZA

Khallat Anaza is situated on a small outcrop aboveWadi Rajil (Betts
1998) and was dated to the late Natufian on the basis of chipped
stone typology. The site, which was estimated to measure ca. 2000
m2 in area, consists of several walls, bedrockmortars, and one circu-
lar building, which was excavated (Fig. 79.2). Apart from chipped
stone, a very small faunal assemblage, some greenstone beads, a
small number of marine shells, and a small number of groundstone
tools were recovered from the excavation and surface of the site.
Betts (1998: 24) noted that several other round structures may be
present on the same escarpment and suggested that Khallat Anaza
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Figure 79.2 The excavated Natufian structure and bedrock mortars (inset) at Khallat Anaza. (A black and white version of this figure will appear in some
formats. For the colour version, please refer to the plate section.)

was a substantial settlement. Although it was otherwise a fairly typ-
ical Natufian site, Betts noted that the enclosure walls associated
with the late Epipalaeolithic occupation represent unusual features,
suggesting that they may have been a simple animal trap or early
form of desert kite. Betts concluded that Khallat Anaza and sites
like it (Taibe, Mugharet al-Jawa) were seasonal hunting camps that
were likely occupied in winter/spring, when water would be avail-
able in the Wadi Rajil.

79.2.3 SHUBAYQA 1

Shubayqa 1 was found by Betts (1998) and briefly test-excavated
in 1996 (A. Betts, personal communication). The site sits atop a
low basalt outcrop immediately north of the Qa’ Shubayqa. Sev-
eral boulder mortars and dense concentrations of chipped stone and
other groundstone artefacts were found lying on the surface. Since
2012, the site has been subject to renewed excavations (Richter et al.
2012, 2014), which have focused on one main area, targeted over
Betts’ 1996 trial trench (Fig. 79.3). Three seasons of excavation
have produced evidence for two superimposed buildings. Structure
2 is the uppermost building documented so far (Fig. 79.4). It consists
of a flagstone paved floor partially enclosed by a semi-circular wall.
This wall originally enclosed more of this structure, but most has
been lost through erosion and later activity. The pavement of Struc-

ture 2 produced a large number of groundstone artefacts, some of
which were incorporated into the pavement as installations, includ-
ing two boulder mortars. The pavement saw several episodes of
repair. Radiocarbon analyses indicate that this phase is 13.3–13.2
ka cal BP. The remains of seven individuals were interred beneath
the pavement. Six of these are the remains of neonates in varying
degrees of preservation. One set of remains belonged to a juvenile
who was buried in a flexed position lying on the side (Fig. 79.5).
While the neonatal burials appear to have been primary inhum-
ations, the tightly flexed legs of the juvenile burial suggest sec-
ondary burial. Two pierced marine shells were found in close asso-
ciation with this grave.
Below Structure 2 and above Structure 1 lies an intermediate

phase of occupation characterized by lower densities of finds. Only
one feature in the form of a stone-lined fireplace is associated
with this phase. It produced a dense concentration of charred plant
remains, radiocarbon-dated to 14.6–14.4 ka cal BP. Beneath the fire-
place, there was a further 30–40 cm of a deposit with low find den-
sity. This deposit filled the interior of Structure 1. Structure 1 rep-
resents the earliest occupation yet known at the site. This building
is roughly oval, measuring ca. 6 m north–south and 4 m east–west
(Fig. 79.6). The simple outer wall was constructed using largely
unworked, upright basalt boulders. A pavement made of basalt flag-
stones occupies the interior of Structure 2. A fireplace measuring
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Figure 79.3 Aerial view of Shubayqa 1 showing the main area of excavation.

1 m in diameter was sunk into the pavement. This fireplace also
produced a rich concentration of plant remains.
Finds from Shubayqa 1 include a large chipped and groundstone

industry (the latter numbering>600 pieces) and large faunal assem-
blage. Intensive floatation has also produced a comparatively large
and rare assemblage of charred macrobotanical remains. Miscellan-
eous finds include worked bone, marine shell and stone pendants,
as well as a small collection of incised objects. The Shubayqa 1
chipped stone assemblage is overall very diminutive: few pieces are
longer than 5 cm and cores are very small. Fine quality flints were
the dominant raw materials used, but chalcedony is also fairly com-
mon. Primary pieces and core trimming elements are rare, and there
is an interesting tendency to reuse debitage as small cores, as many
showmultiple burin scars. This is a result of the site’s distance to the
nearest flint raw material sources, which are ca. 40 km away at the
edge of the basalt desert (Betts 1998). A longer period of residence
by Shubayqa 1’s inhabitants may have further increased the need
to recycle waste material. Elongated and wide Helwan retouched
lunates are common in the earlier phase. Somewhat shorter and nar-

row Helwan lunates also occur in the phase associated with Struc-
ture 2, and are at that point accompanied by backed lunates of
increasingly small size. The large groundstone industry includes
mortars cut into large basalt boulders, vessel fragments, cup-marked
stones, pestles, and many handstones (Fig. 79.7). Preliminary ana-
lysis of the faunal remains suggests that gazelle dominates the
assemblage. Other species present include sheep/goat, equids, cat-
tle, hare, fox, and tortoise. A large number of bird bones were
also recovered. The botanical material from Shubayqa 1 is one of
the best-preserved Natufian assemblages from the southern Levant.
It includes tubers, cereals (Hordeum spontaneum, Triticum spp.),
charred wood (e.g. Tamarix sp., Chenopodiaceae and Vitex agnus-
castus) and a range of other wild plants (e.g. Heliotropium sp.,
Buglossoides sp.). The dominant presence of tubers is particularly
noteworthy, especially because they appear to outnumber the cere-
als. A considerable number of pierced marine shells and stone pen-
dants have been recovered. The former include Dentalium, Nassar-
ius, Columbella, and Cypraea shells. Stone beads were made using
limestone, basalt, and greenstone. A small number of bone beads
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Figure 79.4 Shubayqa 1: overhead view of Structure 2.

are also attested. The marine shell beads, as well as the greenstone
beads, suggest that Shubayqa 1 was part of a wide regional network
of social interaction and exchange.

79.2.4 SHUBAYQA 6

Shubayqa 6 was discovered in 2012, and test excavations were car-
ried out in August 2014. The site is situated ca. 900 m east of
Shubayqa 1 at the northern edge of the Qa’. It is a low mound not
dissimilar to Shubayqa 1 (Fig. 79.8). A 1 × 1 m test unit (Area
B) was excavated at the top of this mound, and a 6 × 2 m long
evaluation trench (Area A) was targeted over the eastern part of the
site. These preliminary test excavations produced abundant chipped
stone, groundstone, faunal and botanical remains, as well as a large
number of greenstone beads. Part of a curved wall built of medium-
sized, worked basalt stones was found in Area A. This structure was

associated with dense concentrations of Neolithic material culture,
suggesting a substantial Neolithic occupation.
The chipped stone industry is overall quite similar to the Natufian

industry from Shubayqa 1, although it appears to be more reliant on
bladelets. However, cores are very small and exhausted, and deb-
itage is generally small. Flint and chalcedony continued to be used
for tool production. A small amount of obsidian was also found. The
retouched chipped stone is characterized by many drills and per-
forators. Short backed lunates, Hagdud truncations, el-Khiam and
Salibiya points, as well as various other retouched pieces, make up
the rest of the retouched tool component. The high number of drills
is particularly interesting with respect to the large number (160+)
of greenstone beads, preforms, fragments, and roughouts that have
been recovered from the site. This suggests not only that bead pro-
duction was an important activity at Shubayqa 6, but also that this
is not just a temporary hunting camp. Other finds include a small
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Figure 79.5 Shubayqa 1: burial of a juvenile below the pavement of
Structure 1.

number of worked bone, shell beads, and a humanoid figurine
carved out of soft, chalky stone.

79.4 CONCLUSION

Research into the late Epipalaeolithic period of the Levant has
produced evidence for the emergence of the Natufian culture in
a ‘core zone’ associated with the Mediterranean vegetation belt
along the Mediterranean coast and the adjacent highlands. Follow-
ing the discovery of early Natufian sites at Wadi Hammeh 27, Bei-
dha, and Wadi Judayid, this core zone was extended to include

Figure 79.6 Shubayqa 1: view of Structure 1.

Figure 79.7 Shubayqa 1: boulder mortars.

the Jordanian highlands and southern Jordan during the late 1980s
and early 1990s (Byrd 1989; Edwards 1991; Henry 1989, 1995).
The evidence emerging from the Black Desert and elsewhere (e.g.
Rodríguez et al. 2013; Terradas et al. 2013) should lead us to re-
think the size and nature of this Natufian ‘core zone’ once again.
Shubayqa 1 has substantial stone built architecture, thick occupa-
tional deposits, rich and varied material culture repertoire, heavy-
duty groundstone tools, and human burials: all the features that char-
acterize early Natufian ‘base camps’ in the core zone. Adding to
this, its earliest phase of occupation is now dated to ca. 14.6 ka
cal BP, at the beginning of the early Natufian cultural phase (Gros-
man 2013). Furthermore, Shubayqa 1 is not an isolated occurrence.
When the 14C determinations from Shubayqa 1 and the lunate typol-
ogy from the site are compared, it seems evident that the typologic-
al scheme established in the western Levant, i.e. the change from
large Helwan lunates to shorter backed lunates, also occurs in the
Black Desert and other sites in the Levantine drier interior. Based
on chipped stone surface collections, this allows us to suggest that
at least two other substantial early Natufian sites exist in the Qa’
Shubayqa (Shubayqa 3 andKef el-Kalb). Both of these sites are pos-
sibly associated with architecture. This chronological scheme also
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Figure 79.8 PPNA structure in Area A, Shubayqa 6.

ties in Azraq 18 and Khallat Anaza as likely late-phase early Natu-
fian sites. There is therefore now considerable evidence to suggest
that the BlackDesert and adjacent areas were not on the periphery of
theNatufian core zone, but should be considered to have beenwithin
a wider area of social and economic interaction that existed across
the Levant as early as 14.5 ka cal BP. The antecedents of this social
interactionmay in fact bemuch older still (Richter et al. 2011).With
the discovery of Shubayqa 6, there is now also evidence for a certain
degree of settlement continuity into the early Neolithic in the Black
Desert. Whereas until now no PPNA site had been clearly identi-
fied in eastern Jordan, Shubayqa 6 provides evidence for a substan-
tial presence of early Neolithic communities in the area, albeit one
that has to be further investigated. Evidence from the Levant had
previously led us to think that PPNA communities contracted their
settlement area to the Jordan Valley at the tail end of the Younger
Dryas and established some of the first cultivator-hunter settlements
there (e.g. Kuijt & Goring-Morris 2002). However, recent fieldwork
in the Black Desert shows that settlement appears to have been
more or less continuous from the Early Epipalaeolithic to the early
Neolithic. The Shubayqa evidence has implications for our under-
standing of the genesis of the Natufian culture and the emergence
of the early Neolithic in the southern Levant, highlighting that this
process occurred across the region more or less simultaneously and
did not have a single core or origin.
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80 The Archaeology of Early Farming in Southeast Turkey

mehmet özdoğan

80.1 INTRODUCTION

Until a few decades ago, southeastern Turkey was considered as
an area marginal to the primary core of neolithization. Now, how-
ever, it stands as a distinct entity. Although the number of exca-
vated sites is much smaller here than in other areas of the Near
East, large exposures in southeastern Turkey allow better detection
of the social structure of the Neolithic than in other regions. The
origins of the Neolithic of southeastern Turkey are far from clear;
featured Neolithic sites have no detectable antecedents, appearing
even in their basal levels as fully developed entities with indicators
of a strictly organized and controlled system, seemingly by clergy
(Belfer-Cohen & Goring-Morris 2014).
The Neolithic of this region is an integral part of the Near

East Neolithic. However, it reflects a social structure different
from both southern Levant and central Anatolia. As in north-
ern Iraq and Syria, the Neolithic of southeastern Turkey is dis-
tinguished by the rigid organization of the settlements, imposing
cult-buildings evocative of pristine (early form) temples, symbolic
art, craft specialization, and burial practices featuring a tightly
ordered/ranked social system (Özdoğan 2002, 2014b). From the
earliest stage on, sites are fairly large and mostly have 5–8 m thick
depositional sequences. Even though they show growing evidence
of manipulation and/or of experimentation with various plants
and animals from the earliest beginnings up to later in the Pre-
Pottery Neolithic B (PPNB), these settlements are those of seden-
tary hunter-gatherers, becoming true farmers only by the Pottery
Neolithic (PN).

80.1.1 ENVIRONMENTAL SETTING

Southeastern Turkey is the tip of the ‘Fertile Crescent’ extend-
ing from the Mediterranean littoral in the west to merge with the
Zagros Mountains in the east. Southeastern Turkey occasionally
has been defined as northern Levant or upper Mesopotamia (Bar-
Yosef 2014a: 294), covering most of Braidwood’s ‘Natural Habitat
Zone’ (Braidwood 1958). Documentation of the sites can be found

in Özdoğan et al. (2011a, 2011b). The region comprises four major
ecological zones (Fig. 80.1).

Zone A: Chain of intermountain plains north of the eastern
Taurus range, consisting of alluvial plains at �800 m asl, dis-
continued by tectonically or volcanically forming mountains.
With its mild continental climatic conditions, this is a buffer
zone between East Anatolian highlands and the semi-arid upper
Mesopotamia in the south. Owing to a high rate of alluvial depo-
sition, Neolithic sites are recovered either on high terraces or by
deep soundings below the present level of the plains. Important
obsidian sources are found in the eastern part of Zone A.

Zone B: Successions of mountains encircling Zone C, reaching
heights of 3,000 m, coalesce into what is customarily known as
the eastern Taurus. Both the Euphrates and Tigris cross this ter-
rain in deeply incised gorges. The terrain is rich in resources
including native copper, malachite, flint, and metamorphic
rocks.

Zone C: The northern part of Zone C is Braidwood’s ‘Hilly Flanks’
(Braidwood 1958, 1960). It is an undulating plateau at �800 m
asl in the northern parts, dropping down to �300 m to merge
with the flats in the south. Although the eastern and western parts
are not much different, Zone C comprises two distinct units, the
Tigris and the Euphrates catchments in the east and west, respect-
ively, separated by the volcanic height of Karacadağ.

Zone D: At the western edge of southeastern Turkey, this is separ-
ated from Zone C by the heights of the Amanos–Gavurdağ range
and contains the tectonic depressions of Amuq and Islahiye–
Maraş plains. Although the large deltaic plain with the Neolithic
sites (such as Yumuktepe (Fig. 80.1:1) and Gözlükule (Tarsus))
is not considered as southeastern Turkey, this region is still con-
nected.

80.1.2 STATUS OF RESEARCH

ZoneD andwestern parts of Zone Cwere the focus of early research
on the Neolithic (Balkan-Atlı 1994; Özdoğan 1995; Lichter 2007a),
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Figure 80.1 Zonal distribution of major Neolithic sites in southeastern Turkey and major mountain passes through Zone B.

mainly byWilliams (Waecher et al. 1951) at Sakçagözü (Fig. 80.1),
Braidwood (Braidwood and Braidwood 1960) in the Amuq Plain,
and Garstang (1936–1949; Garstang 1953) and Goldmann (1934–
1939; Goldman 1956) at Yumuktepe and Tarsus, who established
the basis of the PN sequence. The first organized undertaking
focused on the beginning of the Neolithic period was the sur-
vey of Çambel and Braidwood in 1963 (Çambel & Braidwood
1980) It covered the northern flanks of Zone C, revealing the pres-
ence of PPN sites in southeastern Turkey including Çayönü, Biris
Mezarlığı, Söğüt Tarlası, and Göbekli Tepe (Fig. 80.1). Test excava-
tions at Biris Mezarlığı and at Söğüt Tarlası in 1964 (unpublished)
recovered the earliest assemblage yet documented in the region. The
first season’s work at Çayönü (which was by Çambel and Braid-
wood) also took place in 1964, continuing, with interruptions, up
to 1991 for 17 field seasons, revealing an uninterrupted sequence
from late PPNA to PN with well-preserved architectural remains
(Özdoğan&Özdoğan 1990; A. Özdoğan 2011). Owing to the extent
of the excavated area, Çayönü became a landmark in the study of
the Neolithic of southeastern Turkey. It revealed substantial data
on development of architectural practices, from the round huts to
rectangular multi-storeyed buildings with in situ finds, and on pri-
mary issues including settlement organization, social stratification,
burial customs, obsidian trade, early metallurgy, craft specializa-
tion, and changes in subsistence. Likewise, the first examples of

cult-buildings or pristine temples with standing stones and terrazzo
floorings are also from Çayönü.
After 1978, most Neolithic research in Zones A, B, and C

involved rescue excavations along dam reservoirs, firstly on the
Euphrates and, after 2000, in the Tigris catchment. Thus, research
was not conducted according to academic priorities, but along the
river basins, although these efforts revised our perception of the
Neolithic era. The recovery of PPN sites such as Çınaz, Boytepe,
andCafer Höyük in ZoneA redefined the area of primary neolithiza-
tion to include environments beyond the ‘Natural Habitat Zone’.
These rescue recoveries included finds previously seen only in
Çayönü. Excavations at Nevalı Çori have revealed the first examples
of PPN figurative sculptures and reliefs, and substantiated results
from Çayönü. Extensive excavations at Göbekli Tepe (Fig. 80.1)
have produced the most impressive, and in the true sense of
the word, ostentatious examples of plastic art of the PPN. On-
going rescue projects within the Ilısu Dam reservoir on the Tigris
have been most informative on the earliest stages of the PPN,
elucidating what had previously been discerned at Hallan Çemi
and at Çayönü. Excavations at sites including Hasankeyf Höyük,
Gusir Höyük, and Körtik Tepe revealed the PPNA sequence of
development, with Körtik Tepe standing out because of the flam-
boyant decoration of stone vessels, plaques, and various other
finds.
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Understanding of the PN has been revolutionized through these
dam rescue excavations; in particular excavations at Salat Cami
Yanı, Hakemi Use, and Mezraa-Teleilat allowed researchers to
define the development sequence from the PPN–PN transition to the
appearance of Halaf painted wares (Özdoğan 2009; Miyake 2013).
Excavations of the PN layers at Yumuktepe and Domuztepe pro-
vided data on the connections with regions farther west (Balossi-
Restelli 2001, 2006).

80.2 THE EVIDENCE

80.2.1 CULTURAL SEQUENCE

All over Zones A, B, and C, evidence of Late Upper Palaeolithic and
Epipalaeolithic, as used in the Levant, is either absent or occurs as
ad hoc dubious scatters. Some microlitic assemblages reminiscent
of Epipalaeolithic material of southern Levant were recovered at
Söğüt Tarlası and Biris Mezarlığı (Fig. 80.1), but in deposits seem-
ingly mixed with Early PPNA material. Direkli Cave in Zone D
(Fig. 80.1), with a microlithic industry featuring lunates with radio-
carbon age of 10,730±42 cal years BC, is at present the only site
with a cultural horizon pre-dating the Proto-Neolithic period (Erek
2011). However, putting Direkli Cave into context and determining
its affiliation with the southern Levant or Central Anatolia is rather
problematic (Erek 2008).
In spite of underrepresentation of typical Epipalaeolithic sites,

there is an almost sudden appearance of sites throughout the region
by the end of the 11th millennium BC. Even if chronologically they
would fall into the Proto-Neolithic, as they are the direct forerunners
of the Neolithic of the region, they have conveniently been denom-
inated as Pre-Pottery and not Proto-Neolithic. In the considerable
area from the Euphrates to the Tigris catchment basin, quite large
and permanent settlements appear, sharing similar features without
going through any detectable evolutionary stages. From this stage
to the end of the PPNB is a cultural continuum, portraying a soci-
ety open to innovation with a notable momentum for change, with-
out apparent break. Transition between PPNA and PPNB is gradual.
This was determined from (a) the change in the ratio of certain tool-
types, such as the el-Khiam or Nemrik points giving way to larger
arrow points, (b) changes in building designs, and (c) subsistence
patterns becoming more dependent on food producing. By the later
stages of PPNB, there is a marked decline in the amount and quality
of non-utilitarian objects; this decline parallels the advent of food
production practices (Bar-Yosef 2014b).
A detectable break occurs by the end of PPNB, when some set-

tlements are abandoned and others shift location or shrink in size.
A transitional stage between Final PPNB/PPNC and PN is char-
acterized by reshaped cultural proxies and pottery vessels gradu-
ally introduced (Özdoğan 2014a). Pottery Neolithic settlements are
considerably smaller and lack all types of secular or cult-related
status buildings. Based on both stylistic and technological changes
in pottery vessels, and in the buildings’ plans, the PN period is
subdivided into Early, Middle, and Late Pottery Neolithic stages
(Özdoğan 2013).

80.2.2 SETTLEMENT ORGANIZATION

From the earliest stages onwards, settlements are permanent, with-
out evidence for seasonality of their occupation. Their locations
vary from on top of the low or high terraces of large rivers or small
perennial streams, to hanging terraces, gorges by small brooks or
springs, flats near ponds or springs, plateaus, rocky outcrops, or
hilltops. Even in the early stages, settlements are fairly large, with
densely packed freestanding buildings and functional open spaces
in between (Bartl 2004; Rosenstock 2014) (Fig. 80.2). By the late
PPNA stages, pre-design planning is apparent in the organization
of settlements; buildings are neatly set either parallel to each other
or as defined clusters. Buildings are repeatedly rebuilt in the same
sites over long periods and preserve the foundations of the earlier
ones. Yet, in certain cases, the location shifts altogether. At exten-
sively excavated settlements, such as Çayönü and Nevalı Çori, one
end is designated for cult-buildings with workshops at the opposite
end and domestic buildings in between. Göbekli Tepe stands out as
the exception where cult-buildings are scattered over a large part of
the site. Domestic activities are conducted in the open spaces or in
closed courtyards, as most buildings lack fireplaces or other domes-
tic installations. Only during the PN do hearths, ovens, and working
platforms appear in buildings.

80.2.3 ARCHITECTURE: DOMESTIC AND
COMMUNAL BUILDINGS

Up to the end of the PPNA, all buildings are round or ovoid (Bartl
2004; Schmidt 2006; Özdoğan 2010; McBride 2013) (Figs. 80.3
and 80.4). They are mostly semi-subterranean with stone revetment
walls of dry masonry or, as in Çayönü, of wattle and daub, occasion-
ally with stone-aligned foundations. Domestic buildings are �4 m
in diameter, occasionally up to 2 m high, without apparent door-
ways. Floorings are mostly of backed clay. Throughout the region,
cult or communal buildings are distinguished from domestic struc-
tures through their considerable size, impermeable floorings, either
in the form of terrazzo or polished stone, and niches and buttresses
along massive walls with benches in between. Cult-buildings have
revetment walls up to 5 m high with a diameter exceeding 30 m.
Almost all the >20 cult-buildings at Göbekli Tepe have T-shaped
monolithic standing-stones set into the revetment walls, and the
more substantial ones also have standing monoliths, either single or
in pairs, in the centre (Schmidt 2006, 2010). In the Tigris basin, sev-
eral cult-buildings have smaller and undecorated standing stones.
T-shaped monoliths, featuring humanoids, are adorned with natur-
alistic and/or stylized depictions; in and around the buildings there
are sculpted depictions of animals. Some cult-buildings of Göbekli
Tepe are entered through ramped corridors ending with a porthole.
Cult-buildings are all meticulously filled in and buried. Some have
had a smaller model of the same building inserted within at an
earlier stage of their lifetime; later they were buried with the rest
of the building (Özdoğan & Özdoğan 1998).
By the PPNB, all buildings are rectangular. Progressive struc-

tural stages from PPNA to PPNB in the development of rectangu-
lar plan type have been observed only at Çayönü and Nevalı Çori,
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Figure 80.2 Layout of selected Neolithic sites. a: Körtik Tepe – early PPNA; b: Gusir Höyük – PPNA; c: Hasankeyf Höyük – PPNA; d: Çayönü – PPNB.
(Courtesy of (a) Archaeology and Art Publications, (b) N. Karul, (c) Y. Miyake.)

with the succession of grill-plan, channelled-plan, and cobble-plan
types (Özdoğan 2010). Cult-buildings of this transitional stage are
known only from Çayönü, where there is also a plaza with rows
of standing stones. During the PPNB, domestic buildings are cel-
lular in plan, some two-storeyed with extensive use of mud bricks.
Cult-buildings of this stage are also rectangular in plan, and still
feature characteristics such as terrazzo floors, standing stones, and
benches, but are considerably smaller in size than the earlier ones;
the exception is the terrazzo-building at Çayönü. Corridor-buildings
of the Early PN evolved over time into an agglomeration of clusters
of multi-cellular buildings.

80.2.4 BURIAL CUSTOMS

Burial customs of the PPN are well documented by hundreds of
excavated burials (Verhoeven 2002; Le Mort 2007; Lichter 2007b;
Erdal in press). The most prolific burials, in Körtik Tepe and

Çayönü, present 743 and 626 skeletons, respectively. Diversity in
burial customs changed not only with time but from site to site, and
thus it is impossible to define specific patterns according to sex,
age, lineage, or social status. PPN sub-floor primary or secondary
burials are common in domestic buildings. They are very rare in
open areas. In singular or multiple primary burials, skeletons are
mostly in a tightly flexed position. There are also skeletal remains
of collective burials in pits or as caches. There is growing evidence
of skull removal and manipulation of skeletal remains; some were
painted after decomposition, with many wrapped in mats sprinkled
with red dye. Caches of detached skulls are common, a few found
with multiple layers of plaster, indicating they were frequently
used in rituals. Grave goods vary from none, to a few utensils, to
exotic riches such as in Körtik Tepe. The so-called skull-building at
Çayönü, housing 395 individuals of all ages, is the only communal
building designated exclusively for the deceased. After the PPNB
and in particular during the PN, intramural burials almost disappear.
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Figure 80.3 Domestic buildings of PPN. a: Çayönü, wattle and daub round hut – Middle PPNA; b: Hasankeyf Höyük, round house – PPNA; c: Gusir
Höyük, round house – PPNA; d: Çayönü, an early ‘open grill’ type building of PPNA–B transition, superimposed on a Late PPNA round house; e: Çayönü,
‘meandering grill’ type building – PPNA–B transition; f: Çayönü, ‘closed grill’ type building – PPNA–B transition; g: Çayönü, evolutionary stages of the
grill-buildings; h: Çayönü, ‘channelled type’ building – Early PPN; i: Nevalı Çori, ‘channelled type’building – Early PPN; j: Çayönü, ‘cobble-paved type’
building – Middle PPNB; k: Çayönü, ‘cell building’ type – Late PPNB; l: Mezraa Teleilat, ‘corridor building’ type – Early PN; m: Mezraa Teleilat, ‘cellular
buildings’ – Late PN. (Courtesy of (b) Y.Miyake, (c) N. Karul, (i) Archaeology and Art Publications.)

80.2.5 LITHIC ASSEMBLAGES

Rich and varied lithic assemblages have been recovered from exca-
vations and from surface collections (Cauvin & Balkan 1985;
Rosenberg 1994; Schmidt 1994, 1998; Kozlowski 1998; Caneva
et al. 2001; Peasnall & Rosenberg 2001; Astruc et al. 2003; Tsuneki

et al. 2006; Binder 2008). However, only detailed typological and
technological analysis are available, lacking up-to-date overviews.
Good quality flint is available all over the region. Obsidian, originat-
ing from different sources, is present in varying amounts from site to
site, and therefore tracing the obsidian trade network is difficult. At
Çayönü, the ratio of obsidian to flint changes from 20% in the PPNA
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Figure 80.4 Cult-buildings of PPN. a: Gusir Höyük – PPNA, round plan with two rebuilding phases and standing stones; b: Göbekli Tepe – PPNA, two
round-plan structures with T-shaped pillars along the walls and in the the centre; c: Çayönü – Late PPNA, round-plan with two rebuilding phases; d: Çayönü
– PPNB, the ‘skull-building’ early phase; e: Çayönü – PPNB, one of the cell-like crypts with skulls; f: Çayönü – PPNA–B transition, the ‘bench-building’;
g: Çayönü – PPNA–B transition, the ‘flagstone-building’ with standing stones; h: Göbekli Tepe – PPNB with standing stones; i: Nevalı Çori – PPNB with
standing stones. (Courtesy of (a) N. Karul, (b and h) L. Clare, (i) Archaeology and Art Publications.)
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to 65% in the PPC, while it is>65% at Hallan Çemi (PPNA),�1%
at Biris Mezarlığı in Urfa, and 0% at Nevalı Çori and Göbekli Tepe.
The use of blade and flake tools is continuous throughout the PPN.
During the PPNA, bladelets, microliths, microlithic triangles, and
Nemrik and el-Khiam points are more common. Gradually, these
lithics give way to the rise of macro blades and tanged arrowheads
of various types, in line with the increased use of pressure-flaking
and naviform cores. The so-called ‘Çayönü tools’ also appeared by
PPNB and become more frequent by early PN. The end of PPNB
marks a decline in the variety and quality of lithic production;
tanged points and standard blade segments of obsidian remained
the only clear tool types.

80.2.6 CRAFTS

Since the early PPNA, high-level craft specialization is evident in
utilitarian and status objects, particularly in decorated stone bowls,
batons, ornamental objects such as drilled obsidian beads, inlays,
sculpted and other plastic decorations, and bone plaques (Rosen-
berg & Redding 2000; Özdoğan 2014b). Use of exotic raw mater-
ials includes carnelian, chloride, marine shells, rock-crystal, and
malachite. The spatial pattern of these finds suggests production
centres and wandering craftsmen. The range and quality of such
status objects declines with time, but use of complex technologies
such as lime burning and heat-treating of native copper continues
throughout the PPN, giving way to clay objects during the PN.

80.2.7 SUBSISTENCE

Prior to the detectable appearance of farming by late PPNA,
there seems to be a long period of pre-domestic cultivation and
an extended period of interaction between humans and animals
through herd management (Cappers &Bottema 2002;Willcox et al.
2007, 2009; Abbo et al. 2012; Peters et al. 2014). A high degree
of variation in the management of animals and feasting events is
apparently incorporated into the process leading to domestication.
In spite of intensification of husbandry practices over time, subsist-
ence primarily depended on foraging for wild cereals and a broad
spectrum of gathered plants, nuts, and fruits, including almonds and
pistachios, and on hunting of gazelle, Asiatic wild ass, aurochs, and
red deer. Cultivation of founder crops – two-row and six-row bar-
ley, einkorn, emmer, hard and bread wheat, rye and pulses including
lentil, field pea, chickpea, grass pea, bitter vetch, and horse bean –
possibly takes place throughout the period, but with considerable
variation from site to site. There is considerable controversy over the
timeline and indicators of the domestication of pigs, cattle, sheep,
and goats by management in captivity, foddering, and early breed-
ing efforts, which led to detectable morphological changes by the
later stages of the PPNB. However, pigs may have been domesti-
cated earlier than the other species.

80.3 A SYNOPSIS OF PROSPECTS

The absence of Epipalaeolithic sites, and the almost abrupt appear-
ance of Neolithic sites as fully developed entities within this consid-

erable area, make the origins of these Neolithic communities rather
problematic. The uniform characteristics and symbols, standard set-
up of communal buildings, and evident dissemination of technolo-
gies and commodities consistent from the Euphrates through to the
Tigris basin is unprecedented. Excavations point to a fully devel-
oped society with standardized artistic styles, which must have
emerged over a long period of time, and this cannot be detected in
excavations. Likewise, a social structure tightly controlled by clergy
or an elite group can only emerge after an extended period of time,
as concluded from the artistic style in the earliest beginnings of Kör-
tik Tepe or Hallan Çemi. On the other hand, the emerging picture
is of a dynamic society with a high impetus for change; innova-
tive new technologies and practices developed in a particular area
are dispersed and shared throughout southern Turkey within a short
interval. With this intricate supra-regional network of collaborat-
ing knowledge and products, there is still considerable diversity in
habitat, subsistence, and exploitation of the environment. The PPN
communities did not identify themselves according to their means
of subsistence; knowledge and commodities were shared with
others regardless of whether they relied on hunting, foraging, or a
low or high level of farming. What brought an end to the PPN cul-
ture, whether ecological deterioration from exploitation of natural
resources, social turbulence, climatic instability, or a combination,
is unclear (e.g. Gronenborn 2009; Weninger et al. 2009); however,
the PN is a new beginning defined by a farming economy and a
shaded marker of social inequality.
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81 Early Agriculture in the Southern Levant

m.e. kislev and o. simchoni

81.1 INTRODUCTION

The evolution of an agro-pastoral economy involved plant cultiva-
tion and tending of animals, resulting in their domestication – a pro-
cess that lasted several thousands of years and was characterized by
a more efficient exploitation of resources that were available to pre-
vious hunter-gatherers (van der Veen 2010). The agricultural revo-
lution succeeded in increasing the amount of successful production
from the same area that was known to their ancestors. Undoubtedly,
the preceding evolutionary phase was the emergence of territorial
property, controlled by sedentary human groups who, once they had
begun cultivation, were forced to protect the fields from local rumi-
nants such as gazelle, wild goat, and sheep, as these could easily
have consumed the entire harvest before the farmers could do so.
Such a strategy required permanent residence and close control of
the cultivated fields.
The most appropriate location for either a village or hamlet was

next to water sources in an area where carrying capacity was high.
This process began in the Levant during the Epipalaeolithic, as
demonstrated in sites along the Jordan Valley such as Ohalo II
(Kislev et al. 1992; Nadel &Werker 1999; Nadel et al. 2003). Ohalo
II (Nadel, Chapter 33 of this volume), as a permanent settlement
on the shore of Lake Kinneret, enjoyed a wealth of fish as well as
migratory birds (Nadel et al. 1994; Simmons & Nadel 1998; Zohar
2003, Chapter 43 of this volume), with nearby areas rich in wild
barley (Hordeum spontaneum) in association with steppic vegeta-
tion including jujube (Ziziphus spina-christi) and an open wood-
land dominated by Tabor oak (Quercus ithaburensis). The location
was also a short distance from the slopes of the hilly eastern Galilee
mountains, where wild cereals ripened along the wide altitudinal
range of the wild fields, providing cereals for a longer season.

81.2 SUBDIVISION OF THE AGRICULTURE
REVOLUTION

The agriculture revolution can be divided into seven sub-
revolutions, as detailed below.

81.2.1 STORAGE

Already during the Epipalaeolithic, as demonstrated in the site of
Ohalo II, we assume that the inhabitants were the owners of the
immediate environment. There, they collected thousands of disper-
sal units, for instance collecting ripe wild barley grains from the
ground after the shattering of the ears, storing the hulled grains
after the removal of the sharp awn based, grinding them for mak-
ing flour, and baking them in different forms (Kislev et al. 1992;
Piperno et al. 2004). Before grinding, foragers would remove grains
of bitter species, if they had not already done it during collection in
the field. We assume that sometimes the wild barley was associ-
ated with a few grains of wild wheat (�5%) that resulted in tastier
pita bread. The common wild wheat in the southern Levant was
the tetraploid Triticum dicoccoides and in the northern Levant the
diploid T. boeoticum and its relatives (Willcox 2005). Storage of
wild cereal grains, together with the food preparation tools, formed
the necessary background for the agricultural revolution.

81.2.2 EARLY CULTIVATION

Sedentary settlements accompanied by annual exploitation of the
natural wild barley fields around probably caused the decrease of
this resource and opened a wider habitat for wild weeds. It seems
that humans solved the problem as far back as the Late Natufian,
and definitely during the Pre-Pottery Neolithic A period, by sowing
the fields with dispersal units, grains with awns and sharp bases that
could easily penetrate into the soil. This human involvement, shown
for example in the experimental processing of wild barley grains
at Huruk Musa (Kislev et al. 2004; Eitam et al. 2015), increased
the springtime abundance of this plant. During the early Neolithic,
preparations of fields for sowing encouraged intentional cultivation
that eventually led to the domestication of different cereals as well
as other plant species. It is assumed that the advantage of the wild
barley is its large grain and its naturally dense growth that facilitates
its expansion into steppe and parkland habitats, an association that
is common across the Fertile Crescent.
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The current information does not allow us to point to where the
transition from wild to cultural fields took place across the Levan-
tine region. Sowing fields with cereals could only occur when the
storage capacity was large enough to keep a portion of the harvested
grain for next-season sowing. We estimate that the best habitat for
such a change was on the eastern and western slopes along the Jor-
dan Valley where jujube grows and its fruits are available during
summer and fall. The fruits of the Tabor oak in this environment
are edible without special preparation in early winter. The fruits of
more northern species of oaks could be bitter and required invest-
ment in treatment prior to consumption. Therefore, it is possible
that the onset of cereal cultivation occurred along the western wing
of the Fertile Crescent. We believe that the domestication of the
dog, as a guardian against ruminants that would consume the cere-
als, was directly related to the emergence of systematic cultivation.
Until recently, the earliest evidence for dog domestication was from
two Late Natufian burials (Davis & Valla 1978; Tchernov & Valla
1997). Lately, evidence for dog domestication ca. 27,000 years ago
has been found in Siberia (Skoglund et al. 2015). Perhaps this might
assist us in understanding why the first evidence for experimen-
tal cultivation dates to 23,000 years ago in Ohalo II (Snir et al.
2015).

81.2.3 CULTIVATION OF ADDITIONAL PLANTS

Emmer wheat (T. dicoccum) joined the successful wild barley that
was mentioned above, as it produces denser stands and has a bet-
ter mechanism to make sure its seeds enter the soil (Elbaum et al.
2007). Barley ripens in April, but the advantage of wheat harvest
in May is its tastier bread. Soon after, humans planted flax and sev-
eral legume species such as lentil (Lens), pea (Pisum), broad bean
(Vicia faba), and chickpea (Cicer) (Bar-Yosef & Kislev 1989; Abbo
et al. 2009; Weiss & Zohary 2011). Wild legumes grow in nature
in small patches and do not form fields, and several of them lack
efficient means of burying their seeds in the soil. In addition, some
are poisonous if uncooked (Lev-Yadun et al. 2000). Experiments
with a few species such as with Vicia peregrina (Melamed et al.
2008) indicate that they did not spread well. Others such as wild
oat (Avena sterilis) were not domesticated in the Levant, in spite of
its presence in large amounts at Gilgal I, a Pre-Pottery Neolithic A
site in the Jordan Valley (Kislev et al. 2004).
The origins of agriculture raise the issue of whether plant culti-

vation preceded the domestication of goat, sheep, cattle, and pig.
Current literature indicates that plant cultivation came first (Vigne
et al. 2011). This indicates that flax cultivation was needed for pro-
duction of cord earlier than the wool of the sheep, and evidently
it was used during the Upper Palaeolithic (Kvavadze et al. 2009).
In the context of these questions, we suggest that the wild barley
was the first to be cultivated and eventually domesticated in the Le-
vant, owing to its dense stands and large tasty grains (Bar-Yosef &
Kislev 1989). The difficulty of tough husks covering the grain was
surmounted, among others, by the use of deep, conical mortars as
experimentally shown for a Late Natufian installation (Eitam et al.
2015). Another technique, common during the early Neolithic, was
to use querns to grind the grain with the chaff.

Wild barley domestication was followed by the inclusion of
wheat, rye, and legumes in the controlled fields. Except for the
flax, all domesticated species belong to two families, namely the
Poaceae–Graminae and Papilionaceae–Fabaceae. Therefore, the
strategy of early cultivators was to receive high return while eating
the cereal grains when still green and soft, close to ripening; later,
when the grains were almost matured and hard, they were collected
for storage. Legumes can also be eaten when green.
The necessary steps for grain consumption were conducted in

three spaces: (a) in the fields (tilling, sowing, harvesting or collect-
ing), (b) in the threshing floor – threshing, sprinkling and sieving
and (c) in the house or its courtyard, with food preparation by grind-
ing, pounding, cooking, and baking.
To uncover the sequence of plant domestication, we should take

into account their potential preservation and the species identifica-
tion. Findings differ among sites, as the current literature indicates.
In addition, the use of prehistoric tools was not always related to
farming activities. Sickles could have been used for cutting reeds
(Phragmites or Arundo) for building huts, houses, or making mats.
Similarly, grinding stones could have been used for preparing other
grains for food or employed in other activities such as crushing
ochre for painting. Undoubtedly, the archaeological experience is
that stones and bones are generally better preserved than archaeob-
otanical remains.

81.2.4 EXPANSION OF AGRICULTURAL SYSTEMS

It is no easy task to track the dispersal of the ‘agricultural package’,
in spite of the rapid increase in the number of available radiocar-
bon ages. In the Levant, to quote Willcox et al. (2007), ‘charred
remains from Tell Qaramel, Jerf el Ahmar, Dja’de and Tell ’Abr,
situated in northern Syria and dated to the tenth and ninth millen-
nia, demonstrate that wild emmer, einkorn and lentil occur outside
their natural distribution area’. Another form of information is the
distribution of plants common today in Europe, such as macaroni
wheat (T. turgidum) among which the small-grain wheat (T. parvi-
coccum) was uncovered in archaeological contexts, and breadwheat
(T. aestivum) in the northern latitudes. The spread of the different
species allows testing of the generic variability and how it adapted
to the new ecological conditions.

81.2.5 OUTCOME OF THE DOMESTICATION
PROCESS

The process of sowing and harvesting, incorporating conscious and
unconscious selection, resulted in ‘domestication syndrome’. In
reality, this meant that cereals lost their ability to spread their seeds
because the ear did not shatter as in nature, allowing the seeds to
penetrate the soil. In legumes, the fruits stopped opening and dis-
tributing the seeds of the next generation. Domestication increas-
ingly provided stable supplies of food for humans, but the survival
of the plants came to depend on human activities. Storage of grains
for the sowing season became a necessary step, and required large
yield during the harvest. Generally it is accepted that the amount
of storage, whether above or below ground, included the portions



Early Agriculture in the Southern Levant 735

needed for consumption, sowing in the fall, and the loss to natural
agencies such as mice, bacteria, moisture, and more. Undoubtedly,
identifying the process from the natural to the fully domesticated
assemblage of seeds among the available botanical remains is dif-
ficult (e.g. Ladizinsky 1987; Kislev 1992, 2002; Tanno & Willcox
2006; Fuller et al. 2010; Gopher et al., Chapter 82 of this volume).

81.2.6 GROWING FRUIT TREES

The agricultural revolution reached the phase of growing fruit trees
during the Chalcolithic. Findings of carbonized fig fruits in Gilgal
I, an early Neolithic site in the Jordan Valley, some 11,000 years
old, led to the proposal that trees were planted by humans in the
immediate environment of the site (Kislev et al. 2006). The advan-
tages of the fig (Ficus carica) are its easy rooting, and the milky,
bitter, and toxic juice that means that leaves of young plants are
not eaten by ruminants. However, the exploitation of the fig fruits
that is widely recorded in numerous Neolithic sites (Weiss 2015)
was not closely followed by the domestication of other fruit trees,
which took place later during the Chalcolithic period as predicted
by Zohary and Spiegel-Roy (1975). Most important in terms of eco-
nomic investment was the domestication of olive trees. Planting of
olive stones in the free spaces among living trees was perhaps the
first step of oleoculture (Kislev & Hartmann 2012). In addition, this
period saw the domestication of the grapevine (Vitis vinifera), and
its products (fresh fruits, raisins, but mostly wine) are better known
from the Bronze Age.

81.2.7 ADOPTION OF NEW SPECIES

New species and varieties appeared in the following millennia,
including the hexaploid spelt wheat (n = 42), which was the result
of spontaneous interbreeding of tetraploid hard wheat with a wild
weed, Aegilops tauschii (n= 14). Later, a mutation turned the spelt
wheat to bread wheat (Kislev 1985). These are only examples for
mutations that occurred in other regions with local climatic adapta-
tions. The search for new mutations continues today.
In summary, the emergence of a complex agro-pastoral system

started to evolve during the latest Pleistocene to early Holocene
and took several millennia in the Levant. During different times,
either the full agricultural package, or particular products, dispersed
into adjacent regions such as Mesopotamia, Anatolia, and the Nile
Valley and beyond.
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82 Domesticating Plants in the Near East

avi gopher, simcha lev-yadun, and shahal abbo

82.1 INTRODUCTION

Human societies abandoned their ancient hunting-gathering lifeway
in favour of food production in several independent centres around
the world, the Near East included (Harlan 1992; Bellwood 2005).
Major components of this change were the domestications of plants
and animals. Plant domestication was a major component of agri-
culture in the Near East, and many of these plants domesticated in
the Neolithic Near East still play a major role in today’s global agri-
cultural economy. This has inspired attempts to identify the geo-
graphic origins of plant domestication, and to determine the timing
of domestication and the underlying biological and cultural mecha-
nisms of plant domestication (e.g. de Candolle 1885; Childe 1951;
Binford 1968; Redman 1978; Harlan 1992; Lev-Yadun et al. 2000;
Fuller 2007; Purugganan & Fuller 2011; Abbo et al. 2012, 2014a,
2014b; Zohary et al. 2012).
Systematic studies on the origin of Near Eastern agriculture

and plant domestication, combining field work in archaeological
sites and the analysis of archaeobotanical finds, were pioneered by
Robert Braidwood in the late 1940s and the 1950s in Syria, Iraq,
and Turkey (Braidwood 1960, 1975). Developments in archaeol-
ogy and archaeobotany, and in botany, genetics, and plant evolution
over the past 70 years have yielded enormous amount of data and
literature on the subject, enabling evidence-based reconstruction of
plant domestication in the Near East.
Near Eastern agriculture is thought to have started with a crop

assemblage (Table 82.1); the wild progenitors of these were identi-
fied based on morphological similarity (botanical criteria) and cyto-
logical affinity (genetic criteria) (Zohary&Hopf 1988; Zohary et al.
2012).
Surveying the literature, the major issues regarding plant domes-

tication can be identified. These include (but are not limited to)
the geography of plant domestication, its temporal framework and
pace, the scope of plant domestication and the coalescence of the
founder package, and the question of human intentionality or con-
sciousness. Table 82.2 is a summary of plant domestication in the

Table 82.1 The ‘founder crops’ of the Near Eastern agriculture

Common name Scientific name Wild progenitor

Einkorn wheat Triticum
monococcum L.

T. monococcum ssp.
boeoticum (Boiss.)
A. et D. Löve.

Emmer wheat Triticum turgidum
ssp. dicoccum
(Schrank) Thell.

T. turgidum ssp.
dicoccoides
(Körn.) Thell.

Common barley Hordeum vulgare L. H. spontaneum C.
Koch

Pea Pisum sativum L. P. humile Boiss. et
Noë

Lentil Lens culinaris
Medikus

L. orientalis (Boiss.)
Handel-Mazzeti

Chickpea Cicer arietinum L. C. reticulatum Ladiz.
Bitter vetch Vicia ervilia (L.)

Willd.
V. ervilia (L.) Willd.

Flax Linum usitatissimum
L.

L. usitatissimum ssp.
bienneMill.

After Zohary and Hopf (2000).

Neolithic Near East, focused on these issues, with a selection of
literature sources. Whether framed as bipolar (either/or) questions
(Abbo et al. 2011b) or otherwise, the processes related to plant (and
animal) domestication were never simple, unifacial, unidirectional
dynamics, and the adoption of domesticates was not a simple move.
Opting for domesticates and establishing a rural agriculture was
a long socio-economic/cultural process (known as Neolithization)
involving major changes in lifeways and a new social organization
and structure. All these were based on a change in human perception
of both human–world and human–human relationships. The scope
of this chapter does not allow a fully detailed discussion; hence it is
focused on the above-mentioned aspects and summarizes our view
on Near Eastern plant domestication.

737
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Table 82.2 A selection of bipolar axes concerning the domestication of plants in the Neolithic Near East and prominent proponents of
each

Geography of plant domestication
The origin of Near Eastern plant domestication was either a highly localized
cultural phenomenon or a geographically diffused event sprouting in multiple
centres.

Diffused series of events – Willcox 2005; Weiss et al. 2006 Highly localized event – Heun et al. 1997;
Lev-Yadun et al. 2000; Salaminin et al. 2002;
Özkan et al. 2005; Kilian et al. 2009; Abbo
et al. 2010a; Gopher et al. 2013

Temporal framework and pace of plant domestication
The domestication of the main Near Eastern crops was either a singular, fast
(punctuated) move (episode) or a protracted, slow, gradual process unfolding
through repeated (multiple) processes/events.

Repeatedly recurring event – Willcox 2005; Allaby et al. 2008
Slow and gradual – Tanno & Willcox 2006; Allaby et al. 2008; Purugganan &
Fuller 2011

Single occurrence – Lev-Yadun et al. 2000;
Gopher et al. 2001

Fast-changing – Hillman & Davies 1990;
Ladizinsky 1987; Abbo et al. 2011b

Scope of plant domestication and the coalescence of the package
The scale of domestication was either an inclusive act of deployment involving
most crop plants together or an exclusive act by which domestication of each
and every species has occurred independently.

Exclusive, each species selected independently – Willcox 2005 Inclusive – Abbo et al. 2010b

Human intention in plant domestication
The process of domestication as a whole was either a conscious effort to select
and manipulate the various plant species, which were eventually transformed,
or a product of an unconscious dynamics and natural selection occurring
inadvertently in cultivated fields or via aboriginal resource management
operations often perceived as a private case of niche-construction similar to
adoption of fungi by termites or ants.

Unintentional, unconscious, incident – Harlan et al. 1973; Zohary 2004;
Purugganan & Fuller 2011

Intentional, conscious – Ladizinsky 1987; Abbo
et al. 2005, 2009, 2010b, 2014a; Kerem et al.
2007; Tzarfati et al. 2013

82.2 THE GEOGRAPHY OF PLANT
DOMESTICATION

To address the geography of plant domestication, evidence from
three major independent fields is required: (1) the geobotany and
genetics of living plants, (2) radiocarbon ages of archaeobotan-
ical remains from relevant archaeological sites and contexts, and
(3) archaeology – the sociocultural milieu.

82.2.1 GEOBOTANY AND GENETICS

All the wild progenitors of the Near Eastern founder crops (Table
82.1) are elements of the east Mediterranean oak–pistachio wood-
land with different ecological affinities. However, there is only one
region in southeastern Turkey and northern Syria where the nat-
ural distributions of all the progenitors’ taxa coincide (Lev-Yadun
et al. 2000; Fig. 82.1). Genetic analyses using DNA markers (e.g.
Heun et al. 1997; Salamini et al. 2002; Kilian et al. 2009) have
identified the closest wild genetic stocks of domesticated einkorn
and emmer wheats in this geographical region, and the wild stock

of lentil in nearby environs (Ladizinsky 1999). In addition, the wild
progenitor of domesticated chickpea is known only from this area.
No similar work was done with flax, bitter vetch, and pea. Barley is
suggested to have more than one geographic origin (e.g. Morrell &
Clegg 2007).

82.2.2 ARCHAEOBOTANY

The earliest remains of domesticated cereals (and associated
legumes) were excavated from archaeological sites within the same
region (termed the Core Area) depicted in Fig. 82.1 in southeast-
ern Turkey and northern Syria as early as ca. 10,500 cal years BP
or somewhat earlier (Lev-Yadun et al. 2000; Gopher et al. 2001;
Fuller et al. 2011; Purugganan & Fuller 2011; Willcox 2013; and
see Gopher et al. 2013).

82.2.3 ARCHAEOLOGY

The Core Area depicted in Fig. 82.1 was a centre of intensive cul-
tural dynamics in the early Neolithic. It shows the appearance of
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Figure 82.1 The geographic distribution of the seven Neolithic founder crops in the Fertile Crescent of the Near East. Large map shows the distribution of
wild chickpea (red line) in a Core Area (green line) within the upper reaches of the Tigris and Euphrates rivers (present-day southeastern Turkey/northern
Syria). Neolithic sites are numbered as follows: 1: Çayönü; 2: Cafer Hüyük; 3: Nevali Çori; 4: Göbekli Tepe; 5: Djade; 6: Jerf el-Ahmar; 7: Tell Mureybet;
8: Tell Abu-Hureyra; 9: Hallan Çemi Tepesi; 10: Qermez Dere; 11: Mlefaat; 12: Tell Aswad; 13: Yiftahel; and 14: Jericho. Inset maps show the natural
distributions of the wild progenitors of the founder cereal crops, einkorn wheat (cross indicates the putative site of its domestication), emmer wheat, and
barley, and the founder legumes, lentil, pea, and bitter vetch. The blue lines in the distribution maps indicate the area of the identified wild genetic stocks of
the domesticated forms, while the red lines indicate the distribution of the wild progenitors beyond that of the founder stocks. Reproduced with permission
from Lev-Yadun et al. 2000. (A black and white version of this figure will appear in some formats. For the colour version, please refer to the plate section.)

large-scale sites, innovative architectural features and lithic tech-
nology, as well as impressive sculpting in stone and a rich array
of imagery (symbolic) items – all in the millennium preceding
plant domestication. While large-scale sites continue to appear,
changes and innovations in architectural design, lithic technology,

clay sculpting, burial customs, and imagery (symbolic) items take
place in tandem with the appearance of domesticated plants ca.
10,500 cal years BP or somewhat earlier. Some of these innovative
aspects spread later to other parts of the Levant (e.g. Gopher et al.
2001) and Cyprus (e.g. Vigne et al. 2012).
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At present, there is no evidence-based, better alternative than the
Core Area reconstruction (sensu Lev-Yadun et al. 2000; Abbo et al.
2010a). This approach is, however, challenged by authors suggest-
ing multiple, genetically and culturally independent domestication
processes (e.g. Willcox 2005; Weiss et al. 2006; Brown et al. 2009;
Fuller et al. 2012; Riehl et al. 2013; Allaby 2015). None of these
suggestions hold upon careful evaluation of the botanical, genetic,
and archaeological evidence (e.g. Abbo et al. 2010a, 2012, 2013a,
2013b; Heun et al. 2012; Gopher et al. 2013).

82.3 THE TIME FRAME AND PACE OF PLANT
DOMESTICATION

Relatively rapid domestication was suggested (Hillman & Davies
1990, 1992, 1999; Zohary 2004), but in recent years a protracted,
millennia-long model has been advanced (e.g. Tanno & Willcox
2006; Allaby et al. 2008; Purugganan&Fuller 2011). To support the
protracted reconstruction, diachronic scatter plots were published
showing gradients in the proportion of domesticated vs wild cer-
eals remains in various Neolithic sites across the Near East (Tanno
& Willcox 2006; Purugganan & Fuller 2011). Similarly, scatter
plots showing an increase in seed size of cereals and legumes were
presented therein. In addition, it was hypothesized that owing to
the increased work load associated with non-brittle (domesticated)
spike phenotypes of wheat and barley, the Neolithic farmers may
have selected against the domesticatedmorphology, thereby extend-
ing the process of domestication over millennia (Fuller et al. 2010).
The major underlying assumptions of a protracted scenario are

weak from a population genetics perspective (Heun et al. 2012) as
well as from ecological, evolutionary, genetic, and cultural perspec-
tives (Abbo et al. 2012, 2013a, 2014b). In addition, controlled cul-
tivation experiments with wild and domesticated pea (Abbo et al.
2011a) have reaffirmed Ladizinsky’s (1987) hypothesis that domes-
tication of Near Eastern grain legumes cannot be discussed in the
context of long-term cultivation. Similarly, recent controlled thresh-
ing experiments of wild and domesticated wheat (Tzarfati et al.
2013) refuted Fuller et al.’s (2010) workload hypothesis. Thus,
when considered together, the available evidence suggests a rela-
tively short domestication episode.

82.4 THE SCOPE OF PLANT DOMESTICATION

Classical studies suggested that Near Eastern agriculture arose as a
crop assemblage (Helbaek 1959; Zohary&Hopf 1988; Zohary et al.
2012). This view is based on the archaeobotany of relevant sites, but
has agronomic and economical foundations too (Abbo et al. 2010b).
In recent years, various authors have suggested that single, different
crops were domesticated in isolation (i.e. independently) by differ-
ent Neolithic communities that relied on additional (wild) resources
for their dietary and other economic needs (e.g.Willcox 2005, 2012,
2013; Weiss et al. 2006).
Taking into account that, in ancient times, yield stability was

more important than yield maximization and the biology of the

founder crops, it was suggested (Abbo et al. 2010b) that the Near
Eastern crop assemblage was chosen to function within the east
Mediterranean climate and precipitation range, in which good rainy
years create the ‘normal surplus’ that sustains farming communi-
ties during drought years. This was possible because the three cere-
als provide a maturity gradient (with barley, emmer, and einkorn
being early, middle, and late to mature, respectively), and similarly
with pea, lentil, and chickpea (Abbo et al. 2010b). In addition, these
legumes and the cereals have a contrasting response to the seasonal
rain profiles, and therefore when cereals provide poor yields, the
grain legumes are likely to give higher yields and vice versa (Abbo
et al. 2009, 2010b and references therein). Therefore, based on agro-
nomic and economic considerations, as well as on archaeobotani-
cal assemblages from relevant sites, we favour the crop assemblage
concept (sensuHelbaek 1959; Zohary & Hopf 1988) rather than the
hypotheses positing independent domestications of single crops at
a time (Willcox 2005, 2012, 2013; Weiss et al. 2006).

82.5 HUMAN INTENTION (CONSCIOUSNESS)

Harlan et al. (1973) and Zohary (2004) advocated domestication via
an ‘automatic selection’ dynamic, viewing the emergence of domes-
ticated crop forms as the result of cultivation regimes operated by
the early Neolithic farmers. Related reconstructions conceptualize
plant domestication as occurring in the framework of prey–predator
co-evolutionary processes (e.g. Rindos 1984), via a cultural gradi-
ent of indigenous low-level food production strategies (e.g. Smith
2001) or as a private case of niche-construction (e.g. Smith 2007,
2011). The common denominator of these models is that they do
not attribute an important role to human initiative, choice, intention,
and indeed conscious selection (Abbo et al. 2005, 2011a, 2011b,
2014b).
We hold a different view, based on both published models (e.g.

Ladizinsky 1987) and field experience (e.g. Abbo et al. 2011a;
Tzarfati et al. 2013). As stated above, there is no justification to see
the domestication of the Near Eastern cereals (Abbo et al. 2010b;
Tzarfati et al. 2013) and grain legumes as an unconscious process
(e.g. Kerem et al. 2007; Abbo et al. 2003, 2009, 2011a, 2014b); we
see this, rather, as an intentional, knowledge-based move.

82.6 CONCLUSIONS

In assuming that Neolithic cultivators were unable to identify plant
types that exhibit better taste or aroma, a more nutritious com-
position, a non-brittle rachis, free germination, or other traits, a
protracted (circumstantial) domestication process is likely advo-
cated (e.g. Purugganan & Fuller 2011). Under such assumptions,
one must allow traits of the domestication syndrome to ‘present
themselves’ to the cultivator in such quantities and frequencies that
even our (presumably) incompetent Neolithic ancestors eventually
noticed them. Such reconstructions relying on random mutation
events rather than on human initiative do indeed make more sense
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in a framework of geographically scattered domestication episodes
of single plant species at a time.
However, evaluated against geobotanical, archaeological,

archaeobotanical, and genetic evidence, and based on agronomic
and nutritional considerations, plant domestication in the Near East
emerges as a single, localized event (Lev-Yadun et al. 2000; Abbo
et al. 2010a). It was a relatively fast move initiated by conscious
and capable people who used their ingenuity to domesticate a
highly successful plant package – the ‘founder crops’ – that form
a major part of the world’s agricultural economy and human
nutrition to this very day (Abbo et al. 2010b, 2012, 2014a, 2014b;
Zohary et al. 2012). It is important to note that similar independent
developments including the domestication of crop packages com-
prising cereals and legumes have taken place in other world areas
thousands of years ago, again introducing what are still some of
the most important crops for humanity (Harlan 1992; Ladizinsky
1998; Bellwood 2005).
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83 The Neolithic of Southern Jordan

bill finlayson and cheryl makarewicz

83.1 INTRODUCTION

The Neolithic represents both a chronological period and a pro-
cess, one that transformed human subsistence strategies from those
focused on the harvesting of wild resources to the production of
food culminating in the domestication of both plants and animals.
Equally significant social and ideological changes occurred in par-
allel, including the development of household societies, changing
concepts of privacy and property, and the gradual formalization of
religious practices, enabling people to live in increasingly large and
settled communities. Technological developments in tool manufac-
ture, architectural construction, storage, and symbolic representa-
tions fulfilled the requirements of the new societies and econo-
mies. The Neolithic as a process commenced slowly during the
Epipalaeolithic, and economy, society and ideology continued to
develop into the Chalcolithic and Bronze Age, while the Neolithic
period encompasses the crucial time over which relatively mobile
hunting and gathering ways of life were replaced by a reliance on
farming practised by sedentary communities.
Recent research shows that Jordan, rather than being marginal to

Neolithic developments taking place elsewhere in the Near East as
previously believed, was a key area of social, economic, and techno-
logical innovation in the long transition from hunter-gatherer life-
ways to agro-pastoral ones. During the 1980s and 1990s, the early
Neolithic archaeological record of southern Jordan was believed
to be quite scant, represented by only one ephemeral Pre-Pottery
Neolithic A site at Dhra’ (Bennett 1980), no Early PPNB occu-
pation (Kuijt 1997), and one Middle PPNB settlement at Beidha
interpreted as a delayed and derived expression of earlier northern
Levantine PPNB developments (Byrd 2005). Similarly, the devel-
opment of subsistence strategies from ones focused on hunting and
gathering to those concerned with plant cultivation and animal herd-
ing were also thought to have their origins elsewhere in the Near
East, with little or no contribution from southern Jordan (e.g. Bar-
Yosef 2000). The perceived marginal nature of the southern Jordan-
ian Neolithic conveniently fitted into a model of PPNA develop-
ment west of the Jordan Valley and PPNB expansion from a north

Syrian heartland (Cauvin 2000). As part of this schema, the south-
ern Jordanian Neolithic achieved significance only when a series
of substantial agglutinative settlements were constructed during the
LPPNB, although this was thought to reflect the influx of a wave of
colonizers from west of the Jordan Valley (Gebel 2004).
This model of southern Jordan as a peripheral province insignifi-

cant to the radically new social and economic developments taking
place in southwest Asia between 12,000 and 9,000 years ago has
now been completely overturned, largely owing to the discovery and
excavation of a number of PPN sites in southern Jordan combined
with the initial analyses of subsistence data (e.g. Carruthers & Den-
nis 2007; White & Makarewicz 2012) (Fig. 83.1). A dynamic and
innovative southern Jordanian Neolithic now plays a role in a model
that is based on a polycentric or un-centred Neolithic (Rollefson &
Gebel 2004).

83.2 THE PRE-POTTERY NEOLITHIC A (12,000 TO
10,800 CAL BP)

83.2.1 SETTLEMENT AND ARCHITECTURE

The southern Jordanian PPNA is represented by settlements located
in well-watered environments replete with substantial and diverse
architectural forms. Specialized stone and pisé architecture, much
of which epitomized the social and economic changes central to the
Neolithic, is common at PPNA settlements and includes workshops,
storage buildings, mortuary structures, and large communal build-
ings that served the social and ideological needs of the community
(Finlayson et al. 2011a; Makarewicz & Rose 2011; Fig. 83.2).
The earliest PPNA architecture so far identified for southern Jor-

dan is located at Wadi Faynan 16 (WF16) and dates to over 12,000
years ago. These early constructions consist of circular pits ca. 3.5m
in diameter, lined with rubble and mud mortar walls that supported
temporary organic covers and contained mud-plaster floors inset
with cup-hole mortars. Notably, these structures at WF16 are very
similar in construction to Harifian structures located nearby west of
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Figure 83.1 Map of sites mentioned in text. The base map is derived from
ArcGIS (sources: ESRI, USGS, NOAA), prepared by Pascal Flohr.

the Wadi Araba. The similarities in construction style and the tem-
poral overlap between the early PPNA at WF16 and the Harifian,
which continues to ca. 11,500 cal BP (Goring-Morris 1991), sug-
gests that the earliest PPNA in southern Jordan commences while
the Harifian is still an active society, hinting at a southern origin
for the Jordanian PPNA (Finlayson et al. 2011b). The most obvious
distinction between the Harifian and the earliest PPNA at WF16
is the presence of the PPNA el-Khiam point, although even these
have been reported from some Harifian sites. The presence of sub-
floor burials in the southern Jordanian PPNA, marked and subse-
quently re-opened over time, and successive mud-plaster flooring
events, suggests that although occupation may still not have been
permanent, there was a greater association with place during the
PPNA.
By ca. 11,800 cal BP, PPNA architecture, although generally still

semi-subterranean, was highly elaborated and varied, both within
settlements and between them. For example, at WF16, circular
foundation pits were furnished with a pisé wall lining the pit and
capable of supporting a solid roof, as evidenced by the remains of
a burnt and collapsed roof, made of a network of timbers and reeds
supporting a flat mud roof (Finlayson et al. 2011a). These walls
were sometimes coated with gypsum-rich mud plaster. The invest-
ment of labour and materials, as well as increased weather-proofing

and insulation, suggests an increasing permanence of occupation
during the PPNA. However, this may not have been in the form
of year-round residence, instead reflecting the use of buildings for
long-term storage.
Many early PPNA constructions appear to have had specific non-

residential functions. Several moderately sized pisé structures at
Dhra’ containing aligned notched stones, which probably supported
wooden beams to hold floors above the ground, may have served
as communal granaries (Kuijt & Finlayson 2009). Similar notched
stones have been found at WF16 in buildings with internal com-
partments (Finlayson et al. 2011a). Other lightly built, small-celled
structures appear to have functioned as workspaces, replete with
activity stations, rather than as residences. These include, at WF16,
a row of small-celled structures, including one with an anvil and
beads in various stages of manufacture, and at Dhra’, structures with
mud plaster floors containing cup-hole mortars and stone cutting
slabs, with the remains of light wattle and daub screen walls, and
rings of post-holes, presumably supporting a canopy screen. These
storage structures and workspaces may have been shared within the
community.
Large public architecture played an important role in structur-

ing PPNA social worlds, providing an arena for community per-
formance and celebration. The most spectacular example of such
architecture in southern Jordan is O75 at WF16, a large elliptical
structure, broadly symmetrical along its long (ca. 23 m) axis. The
interior is divided by a central trough 1 m deep, associated with a
herringbone pattern of ridges and gulliesmoulded into themud plas-
ter floor. Two tiers of benches, lining the wall and decorated with
wavy lines, suggest that the central interior served as a space for
public activities to be viewed by spectators. Although it is unclear
precisely what those activities may have entailed, a pair of cup-hole
mortars in the central floor, aligned either side of the head of the
trough, suggests that food, or harvest, processing may have been
the focus of activity.
At WF16, there is no clear indication of a specific structural type

that represents a standard house. At Dhra’, there is one form that
might have served as residences (Finlayson et al. 2011b). These
were revetted into the soft face of the slope of midden material that
was dumped around the site, with the upslope wall composed of
stone, comprising a combination of orthostats and coursed rubble.
Floors in these structures still contained cup-hole mortars and cut-
ting slabs, but the larger scale of the structures and their greater
solidity both imply that they were more than workrooms. This
diverse range of structures in PPNA settlements, especially the com-
munal stores and performance arenas, suggests a form of social
organization that is based around the community, and also suggests
that in contrast to most assumptions regarding early architecture
there is not simply a continuation of hunter-gatherer huts becom-
ing sedentary houses.

83.2.2 TECHNOLOGY

Chipped stone technology in the Early PPNA is based on single-
platform flake and bladelet cores. The el-Khiam point, known from
PPNA sites from the southern Levant to northern Iraq, is present at
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Figure 83.2 Semi-subterranean mud architecture at PPNA WF16. Photo by Sam Smith, Oxford Brookes University.

both WF16 and Dhra’. Groundstone tools are dominated by cup-
hole mortars and pestles, much as in the preceding and contempor-
aneous Harifian hunter-gatherer economy, suggesting that their pre-
sumed function in processingwild seeds and nuts changed little over
this period. There are other forms of groundstone objects, including
fragments of large stone bowls, cups, grooved stones, and decorated
items including figurines. Othermaterials were used, including bitu-
men, gypsum plaster, and possibly basketry. Worked bone items are
also commonly found at PPNA sites, including awls, bone pins, and
decorated plaques.

83.2.3 ECONOMY

An understanding of plant use during the southern Jordanian Early
PPNA is very limited, as post-excavation analyses have not yet
been completed for either Dhra’ or the main excavations at WF16.
There is currently no direct evidence for plant cultivation from
WF16, although micromorphological evidence for abundant barley
chaff at Dhra’ suggests that wild barley was consistently exploited
there (Finlayson et al. 2003). Information on animal exploitation
is equally limited, although preliminary data from WF16 show a
focus on caprine hunting that contrasts with a dominant role for
gazelle within assemblages from elsewhere in the southern Levant
(Carruthers & Dennis 2007).

83.3 LATE PPNA

83.3.1 SETTLEMENT AND ARCHITECTURE

Towards the end of the PPNA, in what increasingly appears to be
a distinct Late PPNA phase (ca. 10,800–10,300 cal BP), architec-
ture appears to change significantly (Fig. 83.3). The latest buildings
at WF16 are no longer semi-subterranean and instead are above-
ground, free-standing structures generally constructed out of stone.
Similar stone-walled structures have also been found at Zahrat adh-
Dhra’ 2 (ZAD2), a short-lived site occupied after the site of Dhra’
had been abandoned, and el-Hemmeh, located in the Wadi el-Hasa
(Edwards & Higham 2001; Makarewicz & Rose 2011). At both
late PPNA WF16 and ZAD2, there is no evidence for the spe-
cialized architecture of the early PPNA, although at el-Hemmeh
one of the structures contains a dense array of mortuary structures
(Makarewicz & Rose 2011).

83.3.2 TECHNOLOGY

The chipped stone assemblages from later PPNA sites are different
from their earlier PPNA predecessors. The el-Khiam point is strik-
ingly absent from the Late PPNA occupations at WF16 (Trench 3),
ZAD2, and el-Hemmeh (Finlayson et al. 2014; Smith et al. 2016).
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Figure 83.3 View west over Zahrat adh-Dhra’ 2. Photo by Phillip Edwards, La Trobe University.
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The decline of the el-Khiam point is associated with an increas-
ing concern for core maintenance and the production of blades on
opposed platform cores. While parallel to the development of bipo-
lar technology in the northern Levant that appears as part of the tran-
sition to the Early PPNB, this knapping technology does not reach
the same level of standardization or sophistication as seen in the
north, nor provide a direct route to PPNB chipped stone technology
(Finlayson et al. 2014; Smith et al. 2016).

83.3.3 ECONOMY

Late PPNA subsistence strategies focused on hunting and gather-
ing, although cultivation was also practised. The palaeobotanical
data set available indicates a wide variety of plants were exploited
including barley, lentils, vetch, legumes, fig, and pistachio. The
presence of both small- and large-sized barley (Hordeum sp.) grains
with a smooth abscission scar present on barley rachis remains
recovered from el-Hemmeh and ZAD2, and seeds from potential
weedy taxa suggests that predomestication cultivation took place
at both settlements (Edwards et al. 2004; Meadows 2004; White &
Makarewicz 2012).Wild emmer wheat grains have also been identi-
fied in a number of contexts, albeit at low frequencies. Wild barley
was native to southern Jordan during the early Holocene, but the
known natural biogeographic distribution of wheat is less certain.
Previous research has suggested that Triticum dicoccoides was a
cultivar imported from the northern Levant during the PPNA, based
on the argument that the distribution of wild emmer wheat did not
include the southern Levant during the early Holocene (Edwards et
al 2004). However, botanical surveys dating to the early twentieth
century note that wild barley always grows together with T. dicoc-
coides in very poor soils in the southern Levant (Özkan et al. 2011),
and the samples from ZAD2 and el-Hemmeh may reflect this asso-
ciation. While ZAD2 is unlikely to have ever received enough rain
for wheat to grow immediately around the site (Willcox 2005), the
local topography would have provided a suitable environment for
wheat cultivation within a short distance.
Animal exploitation strategies appear to have been shaped in part

by the availability of local resources. Faunal analyses at el-Hemmeh
are only preliminary, but indicate a broad exploitation strategy sim-
ilar to that seen at early PPNA Netiv Hagdud, one that included
hunting of wild goats, gazelle, aurochs, equids, and boar, and inten-
sive capture of migratory birds. Animal bone preservation at ZAD2
is extremely poor, although the bones of aurochs and wild goat have
been recovered there (Edwards et al. 2004). A kill-off pattern indi-
cating a concentration on juvenile goats at Late PPNA WF16 may
signal a new animal exploitation strategy that prefigures the inno-
vations that occur in the PPNB (Finlayson et al. 2014).

83.4 THE PPNB (10,300–8,700 CAL BP)

During the Pre-Pottery Neolithic B, the core elements of the so-
called ‘Neolithic package’, including domesticated plants, animals,
sedentary village life, and new ritual and social practices, emerge
and coalesce. Many of the traits seen as typical of the PPNB of

the wider southern Levant, such as an increasing density of settle-
ments, the emergence of rectilinear architecture, and ritual objects
such as plaster skulls, are specific to the Middle PPNB. In contrast,
in southern Jordan, Middle PPNB sites are rare, continue to employ
curvilinear architecture, and lack plaster skulls.
Excavations towards the end of the twentieth century in north-

ern Syria provided material evidence for the development of the
PPNB from the PPNA based on the gradual development of bipo-
lar chipped stone technology and shift from circular to rectangular
architecture (Stordeur & Abbès 2002; Abbès 2007). The absence
of so-called transition technologies or architecture in the southern
Levant led to the assumption that the middle Euphrates region pro-
vided the point of innovation from where the PPNB had spread,
with no indigenous development in the south from the PPNA (e.g.
Edwards et al. 2004). MPPNB sites in southern Jordan were there-
fore assumed to derive from the north, while the expansion of the
range, number, and size of sites in the Late PPNB was explained as
the result of a colonization process (Gebel 2004).
Recalibration of dates from Beidha and dates from Shkarat

Msaied demonstrate that these MPPNB sites actually extend back
(10,300–9,200 cal BP) into the conventionally defined Early PPNB
chronological phase (10,500–10,000 cal BP) elsewhere (Finlayson
et al. 2014; Fig. 83.4). The identification of a late phase of the
PPNA, as described above, means there is no chronological gap up
to the early dates from Shkarat Msaied and Beidha. The chrono-
logical continuity is matched by continuity in material culture from
PPNA to PPNB. Instead, the most apparent cultural break within
southern Jordan, in terms of settlement distribution, architectural
form, and technology, is between the Middle PPNB and the Late
PPNB (9,200–8,700 cal BP).

83.4.1 ARCHITECTURE AND SETTLEMENT

At MPPNB Beidha and Shkarat Msaied (Fig. 83.5), massive stone-
walled curvilinear structures, inset with post-holes for roof sup-
ports, appear to combine many of the architectural features of the
southern Jordanian PPNA, including near-identical roof construc-
tion found in collapse at both WF16 and Shkarat Msaied (Kinzel
et al. 2011), post ring roof supports independent of their associ-
ated walls, free-standing stone construction, and internal moulded
hearth features. There is little evidence for specialization of func-
tion, although there are exceptions, including a mortuary struc-
ture at Shkarat Msaied, reminiscent of the mortuary structure at
el-Hemmeh. Beidha has one large circular building that appears to
continue the PPNA tradition of communal architecture.
At Beidha there is a subsequent phase of construction, as yet

undated, where buildings become sub-circular, in what was ini-
tially interpreted as a local development of rectilinear architec-
ture. ‘Ain Abu Nukhayla, and parts of Ghuwayr 1 and Wadi Abu
Tulayha have produced MPPNB radiocarbon determinations and
sub-circular agglomerative architecture. There is one other site with
a reported MPPNB date, Khirbet Hammam, although the visible
architecture appears to be a large Late PPNB settlement (Rollefson
& Kafafi 1985).
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Figure 83.4 Southern Jordanian Neolithic Chronology.

The LPPNB of southern Jordan is known from a number of
sites, Basta (Gebel et al. 2006), Ba’ja (Gebel & Bienert 1997;
Fig. 83.6), al-Baseet (Fino 1997), Fidan 1 (Adams 1991), ‘Ain
Jammam (Waheeb & Fino 1997), es-Sifiya (Mahasneh 1997), el-
Hemmeh (Makarewicz et al. 2006), parts of Ghuwayr 1 with multi-
storey rectilinear buildings (Simmons & Najjar 2006), and recti-
linear elements which may be LPPNB in date at Wadi Abu Tulayha
(Fujii 2009), and probably Beidha (Byrd 2005). All of these sites are
readily identifiable from their densely packed, often multi-storey,
stone-built rectilinear architecture. Basta, ‘Ain Jammam, and es-
Sifiya are several hectares in size. The sudden appearance of so
many large new settlements has been explained as the result of
immigration from the west (Rollefson 2001). LPPNB architecture
in southern Jordan is distinctive, with walls up to 4 m high and clear
evidence for two-storey multi-roomed houses. Sub-floor channels
are preserved at Basta, es-Sifiya, el-Hemmeh, and Khirbet Ham-

mam. Lime plaster, often with red pigment, was used extensively
for robust floors.

83.4.2 TECHNOLOGY

MPPNB chipped stone assemblages in southern Jordan are best
known from preliminary analysis of the Beidha material and the
recently published material from ‘Ain Abu Nukhayla (Mortenson
1970; Henry & Beaver 2014). An analysis of some of the earli-
est material at Beidha shows that the bipolar naviform technique
was present early in the sequence, but initially the assemblage
was dominated by flake production. Most MPPNB sickles are pro-
duced on naviform blades. Despite the apparent demise of the el-
Khiam point in the Late PPNA, this typologically early point type
is present in the early phases of Beidha. The main point type pro-
duced during the MPPNB is the Jericho point, with a small number
of Byblos points; there is an increased diversity in point types over
time, possibly indicating their introduction into southern Jordan
(Hoffman Jensen 2007). The earlier phases of Wadi Abu Tulayha
are dominated by Jericho points, while the later material is domin-
ated by a mixture of Amuq and Byblos points, confirming a tran-
sition from MPPNB to LPPNB techno-typologies when this mix
becomes standard. At ‘Ain AbuNukhayla it is argued that the Amuq
point comes into use early, although the apparent chronological
anomaly is acknowledged in the report. LPPNB assemblages are
better known, and show a continued use of the bipolar technique,
but in a more irregular form, no longer producing the long regu-
lar blades of the MPPNB (Quintero 1998). Sickles are present at
lower frequencies, possibly reflecting a change in harvesting prac-
tices (Quintero et al. 1997).
Groundstone tool form changes radically in the PPNB. Querns,

many showing extensive use, probably reflect a massive increase
in cereal cultivation, processing and consumption, and replace the
cup-hole mortars of the PPNA. Pestles and handstones for the new
querns becomemore diverse in form, and were clearly not only used
for food processing but also for smoothing and burnishing plaster
surfaces, as demonstrated by several examples from es-Sifiya and
el-Hemmeh.

83.4.3 RITUAL

PPNB southern Jordan has relatively few manifestations of the new
symbolism that is observed elsewhere in the Levant and widely
seen as integral to the Neolithic process (Cauvin 2000). There are
no examples of plastered skulls or plaster figurines from MPPNB
southern Jordan. One cylindrical stone with red pigment was found
in a wall niche at es-Sifiya, red fresco paintings were located during
the excavations of a burial at Ba’ja, and small figurines and tokens,
including, at Tel Tif’dan, animals piercedwith flints; all are assumed
to relate to PPNB ritual activities.
At Beidha, set away from the built area of the settlement is a

collection of three annular buildings identified as a shrine (Kirk-
bride 1968). Each of these buildings is paved with stone cobbles,
one building exhibits one upright stone placed in its interior cen-
tre and a large carved bowl placed upright in the wall, while a
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Figure 83.5 MPPNB architecture at Shkarat Msaied.

large stone slab (ca. 3 m × 2.25 m) with a shallow basin carved
into its surface sits immediately outside the third building. A radio-
carbon date recently obtained from just below the floor of one of
the Beidha shrine buildings suggests that these structures may be
part of the Middle PPNB settlement. The only other site known to
have ritual structures beyond the immediate boundaries of the settle-
ment is Late PPNB ‘Ain Ghazal in northern Jordan, which also con-
tains several annular buildings, interpreted as cult shrines, within the
settlement.

83.4.4 SUBSISTENCE

Building on initial studies by Hecker (1982), ongoing research by
Makarewicz and Arbuckle suggests that age- and sex-specific goat
harvesting practices at MPPNB Beidha are consistent with those
of managed herds. By the LPPNB, domestic forms of goats and
sheep, imported from the northern Levant, were heavily exploited,
although morphologically wild forms of goat were still hunted
(Becker 1991). Recent analysis of faunal assemblages from es-
Sifiya, el-Hemmeh, Tel Tif’dan, Ba’ja, Basta, and Ain Jammam

indicate a varied and complex pattern of caprine management in
the LPPNB indicating that people were not only using their animals
for subsistence (milk as well as meat), but potentially for wealth
accumulation (Makarewicz 2009, 2013). The LPPNB expansion of
people dependent on domestic animals into desert areas reflects the
sophistication of management practices (Fujii 2009).
The lack of preserved carbonized seeds at MPPNB sites in south-

ern Jordan prevents any understanding of plant exploitation strat-
egies in use throughout this period. During the LPPNB, cultiva-
tion of morphologically domesticated barley, wheat, and pulses was
widespread, and wild plants were still collected (Neef 2004; White
& Wolff 2012).

83.5 THE LATE NEOLITHIC

Information on the late Neolithic remains very limited. Settlement
appears to have continued, with PPNC (8,700–8,300 cal BP) com-
ponents identified at several PPNB sites, including Beidha, where
Rollefson has argued that the (undated) pier buildings are likely to
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Figure 83.6 Massive stone walls at Late PPNB Ba’ja.

belong to the PPNC on the basis of architectural similarities shared
with ‘Ain Ghazal (Rollefson 2001). However, the identifications
remain tentative, and at present very little is known of this phase.
While there is no evidence for a Yarmoukian phase in the south of

Jordan, there are Pottery Neolithic (8,300 to 6,500 cal BP) remains
at Dhra’, Tell Wadi Feinan, ‘AinWaida, el-Hemmeh, and in the rub-
ble layer over LPPNB Basta. The material from Basta has not been
assigned to a specific Pottery Neolithic tradition. Dhra’ is one of the
few sites in Jordan to have Pottery Neolithic A (also known as Jeri-
cho IX, or Lodian) present. The configuration of Pottery Neolithic
settlements is hugely different from that of PPNB settlements. PN
settlements consist of free-standing, rectangular multi-room struc-
tures separated from each other. Settlement boundaries are diffuse,
with midden material scattered over the adjacent landscape pos-
sibly representing the spreading of organic waste over fields. The
presence of terrace walls, or check dams, at Dhra’ also suggests a
change in farmingmethods to amore intensive use of the land (Kuijt
et al. 2007). The Tell Wadi Feinan material may belong to the Wadi
Rabbah tradition (Rollefson 2001), but the excavators were reluc-
tant to assign their material to any tradition as they recovered few
decorated sherds (Najjar et al. 1990). Tell Wadi Feinan continues

to be occupied in the Chalcolithic, and this may have supported
the interpretation of its Neolithic component as Qatifian, a final
Neolithic/early Chalcolithic phase (Goren 1990). A Qatifian phase
has also been identified at ‘AinWaida, a Late Neolithic/Chalcolithic
site close to Dhra’ (Kuijt & Chesson 2002).

83.6 CONCLUSION

Southern Jordan was settled throughout the entirety of the Neolithic
period, from the earliest PPNA to the Late Neolithic/Chalcolithic
Qatifian, with no significant gaps in the sequence. While some tech-
nologies, such as naviform chipped stone reduction, and domestic-
ated sheep were imported to the region, indigenous innovations in
plant cultivation and herdmanagement, social developments as seen
in PPNA communal architecture, and LPPNB large-scale settle-
ments, indicate that southern Jordan was an active node in Neolithic
developments throughout the Pre-Pottery Neolithic. The relative
dearth of MPPNB sites and the rapid growth of new settlements
with new architectural forms during the LPPNB may indicate the
influx of new populations, but this may simply reflect difficulties in
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identifying a late MPPNB transitional stage. As yet, our knowledge
of PPNC and Pottery Neolithic occupation prevents any detailed
discussion of developments in these later Neolithic periods.
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84 The Beginning of Animal Domestication and Husbandry in
Southwest Asia

jean-denis vigne, lionel gourichon, daniel helmer, louise martin,
and joris peters

84.1 INTRODUCTION

Early and Middle Holocene animal domestications took place inde-
pendently in different regions of the world. Among them, southwest
Asia occupies a particular position: it witnessed both the earliest and
the most numerous local domestications (dog, cat, pig, sheep, goat,
cattle). This has been long acknowledged (Reed 1959; Zeuner 1963;
Harris 1996), and the numerous new data accumulated during the
last 15 years have not modified this assessment (Price & Bar-Yosef
2011).
These data have nevertheless refined our understanding of the

processes and of the role of animal domestication in the Neolithic
transition (Arbuckle 2014). It has become clear that the process
developed over several millennia, from the Late Epipalaeolithic to
the late Pre-Pottery Neolithic B, even though the earliest phenotypic
modifications of animals are not visible before the early Pre-Pottery
Neolithic B (ca. 10.5 ka cal BP). We cannot speak of husbandry
techniques before the first half of the 10th millennium cal BP or
even later, depending on which region is being considered (Vigne
2008). New data also demonstrate that domestication can no longer
be reduced to a deliberate intensification of the exploitation of ani-
mal resources by humans (Redding 2005). Rather, it is a more com-
plex relationship between humans and animals, driven by both the
ecological needs and behavioural traits of animal populations on the
one side and by the technical, economic, social, and symbolic char-
acteristics of diverse human communities on the other, and varying
according to local environment (Zeder 2008; Vigne 2011a; Peters
et al. 2013, 2014). Within this complexity, Zeder (2012), then Lar-
son and Burger (2014) distinguished three main, yet non-exclusive
pathways towards domestication: commensalism, prey (intensifica-
tion of game exploitation), and directed (capture of wild animals for
controlling their (re)production), whereby the latter is considered a
more recent development.
This chapter aims to present the spatio-temporal pattern of ani-

mal domestication in southwest Asia, focusing on its origins, how
it emerged, and of its role in the Neolithic transition within this

vast area, extending from southeast Anatolia to north Sinai, and
from Cyprus to the East Zagros region. It demonstrates that ani-
mal domestication in southwest Asia is a non-linear phenomenon of
long duration, which occurred following diverse modalities and dis-
tinct trajectories within a vast southeast Anatolian and north Levant
region, and which rapidly spread to peripheral areas. Some aspects
of the role of animal domestication in the Neolithic transition are
briefly discussed.

84.2 METHODS, TECHNIQUES, AND SITES

Bone remains from the archaeological sites are the main evidence
for early animal domestication and husbandry. Recent investiga-
tions have made it clear that the rate of size and shape changes of
the skeleton due to domestication could have been variable, accord-
ing to the (a) biological plasticity and behaviours of the different
species, (b) character taken into consideration, and (c) nature and
intensity of human control (Vigne 2011a; Zeder 2012; Peters et al.
2013; Arbuckle 2014; Larson & Burger 2014). It is therefore nec-
essary to address separately, and by using different analytical tech-
niques, the questions of the beginning of the domestication pro-
cesses, and of the delayed corresponding effect(s) on the animals’
skeletons (Vigne 2011a).
The first question is investigated through the transfer of ani-

mals out of the area of distribution of the wild ancestor (Davis
1989; Vigne et al. 2009), the context of the discovery (especially
animal skeletons in burials: Davis & Valla 1978; Vigne et al.
2004), changes in the animals’ diet based on stable isotope ana-
lyses (Lösch et al. 2006), or the proportions of sexes and age vis-
ible in mortality profiles (Legge & Rowley-Conwy 2000; Monchot
et al. 2005; Peters et al. 2005; Zeder 2005; Helmer 2008; Helmer
& Gourichon 2008). Morphological changes are traditionally evi-
denced through the decrease in the width and depth of limb bones
(Uerpmann 1979; Peters et al. 2005), often scaled by the log size
index owing to the small number of measurable specimens in many
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assemblages (Meadow 1999). For highly dimorphic species, how-
ever, this approach is questionable, because (a) a shift towards
female-biased sex ratios through time may mimic size decrease
(Zeder 2005), and (b) size decrease is not necessarily the earl-
iest or immediate consequence of domestication. More refined
approaches are now more frequently used, based on modelling
the size of males and females separately using mixture analyses
(Helmer et al. 2005; Monchot et al. 2005; Gourichon & Helmer
2008; Helmer 2008; Vigne 2013; Vigne et al. 2015), attempting to
trace a decrease in sexual dimorphism (Helmer et al. 2005; Vigne
2013), which appears earlier in the domestication process (Arbuckle
2005). Geometric morphometrics is another promising approach
(Evin et al. 2013), as well as palaeogenomics (e.g. Ottoni et al.
2013), although ancient bio-molecules are badly preserved in the
Pre-Pottery Neolithic contexts, at least in the Levant (Bollongino &
Vigne 2008).
Another important reason for the improvement in our knowledge

of animal domestication in southwest Asia is the multiplication of
archaeozoological studies of large assemblages originating from
refined and well-identified stratigraphic units or from consecutive
occupation phases of large sites or within micro-regions (e.g. Saña
Segui 1999; Peters et al. 2005, 2014; Helmer et al. 2008; Gourichon
& Helmer 2008; Saña Segui & Tornero 2008; Hongo et al. 2009;
Vigne et al. 2011). The increasing participation of archaeozoolo-
gists in fieldwork guarantees a more critical appraisal of the con-
texts of origin of the fauna, and finer time resolution of the results
(Vigne et al. 2015). Most notably, of the ca. 45 studies dealing with
Neolithic archaeofaunas and published until now, 30 appeared dur-
ing the past 15 years (Helmer & Gourichon 2008; Conolly et al.
2011; Arbuckle 2014).

84.3 DOGS

The earliest evidence for dogs (Canis familiaris) in the Near East
dates to 12–11 ka cal BP (Late Natufian), namely a puppy deposited
in a burial at Eynan – Ain Mallaha (Davis & Valla 1978; Valla
et al., Chapter 34 of this volume) and several more or less com-
plete skeletons from this site and from Hayonim (Tchernov & Valla
1997). This is slightly later than in the western Zagros (Pelagawra,
ca. 13 ka cal BP; Turnbull &Reed 1974; Zeder 2012) and in western
Europe (15–13 ka cal BP; Pionnier-Capitan et al. 2011; Boudady-
Maligne et al. 2012; Napierala & Uerpmann 2012), if we exclude
the questionable Early Upper Palaeolithic canids (see references
and critical discussion in Boudady-Maligne & Escarguel 2014).
Dogs occur frequently in the Pre-Pottery Neolithic A and Early Pre-
Pottery Neolithic B across southwest Asia (see references in Larson
et al. 2012), including in Cyprus where they appear from 10.8 ka cal
BP (Vigne et al. 2012). Contrary to western Europe, where wolves
had been domesticated by hunter-gatherers at least eight millennia
before the Neolithic transition and without any visible connection
with it, the domestication of dogs in southwest Asia seems embed-
ded in the Natufian sedentism and broad spectrum economy, which
announced the Neolithic transition.

84.4 CATS

The introduction of cats (Felis silvestris lybica) to Cyprus before
the 9th millennium cal BP was interpreted by Davis (1989) as evi-
dence of a process of domestication in southwest Asia, preced-
ing that in Egypt by several millennia. Later on, this assumption
was strengthened by the discovery of the complete skeleton of a
morphologically wild cat found within a 9.5–9 ka cal BP human
burial at Shillourokambos, illustrating a tight association between
cats and humans (Vigne et al. 2004; Vigne & Guilaine 2004).
Recently, cat bones have been collected from even earlier Cypriot
contexts at Shillourokambos (ca. 10.3 ka cal BP) and Klimonas
(ca. 10.8 ka cal BP), in association with late Pre-Pottery Neolithic
A/early Pre-Pottery Neolithic B, and with pre-domestic cereal cul-
tivation and the subsequent development of mice commensalism
(Vigne et al. 2011, 2012; Vigne 2014). This illustrates the com-
mensal pathway to domestication (Helmer 1992; Zeder 2012), start-
ing with the onset of cereal cultivation in the Pre-Pottery Neolithic
A (ca. 11 ka cal BP) and followed by intensification of the rela-
tionship with at least some cats, beginning in the late Pre-Pottery
Neolithic B (9.5 ka cal BP). There is, however, no evidence yet of
such an early process of cat domestication on the nearby mainland,
probably because distinguishing wild cats from their early domes-
ticated descendants based on isolated bones in consumption refuse
is impossible. As such, size decrease due to domestication is not
attested before the end of the late 6th millennium cal BP (Uruk
period; Vila 1998), which broadly coincides with the appearance
of domestic cats in Egypt (Naqada IC–IIB, 5.8–5.6 ka cal BP; Van
Neer et al. 2014).

84.5 PIGS

During the Upper Palaeolithic, wild boar (Sus scrofa) was widely
distributed and hunted across southwest Asia, except Cyprus. The
introduction of wild boar to Cyprus before 12 ka cal BP (Epipalaeo-
lithic) represents the earliest evidence for the intensification of the
relationships between humans and this species, i.e. the beginning of
the process of domestication (Vigne et al. 2009, 2011, 2012; Vigne
2013). It suggests that, somewhere on the nearby continent, this
species was controlled to a certain degree, perhaps as recorded from
early Pre-PotteryNeolithic A sites in southeast Anatolia, like Hallan
Çemi (Redding et al. 1998; Starkovich & Stiner 2009) or Çayönü
(Ervynck et al. 2001). However, in the long-lasting occupation of
the latter site as well as on Cyprus (Vigne et al. 2011), the inten-
sification of the relationship between humans and wild boar was
very slow, morphologically domestic pigs not being attested before
the middle 10th millennium BP. This probably relates to the oppor-
tunistic feeding behaviour of wild boar, which allowed them to get
nearer to villages, especially when refuse from the cultivation and
consumption of cereals started accumulating during the Pre-Pottery
Neolithic A.
It seems, however, that in some other micro-regions the process

of domestication went faster. In the upper Euphrates Valley, Peters
et al. (2005) detected a rapid size decrease starting from 10.5 ka cal
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BP (Nevalı Çori; early Pre-Pottery Neolithic B), whereas in
Aswad-Damascus, morphologically domestic pigs seem already
present by ca. 10 ka BP, besides larger wild boars (Helmer &Gouri-
chon 2008). Conceivably, these early domesticates were introduced
from the north, and this also applies to the domestic pigs brought
to Cyprus at the same time (Vigne 2011b; Vigne et al. 2011, 2013).
Interestingly, the domestic pig’s diffusion further south was ham-
pered, probably for climatic or ecological reasons, since in the
southern Levant it only appears after 9 ka cal BP, e.g. at Hagoshrim
(Haber & Dayan 2004) and Atlit-Yam (Horwitz et al. 1999).

84.6 SHEEP

All the modern domestic sheep lineages originate from the west-
ernmost mouflon clade, Ovis gmelini (= ‘O. orientalis’; Chessa
et al. 2009 and references therein), distributed across the mountain
ranges of central and southeast Anatolia and the northwest Zagros,
but absent from the south Levant and Cyprus. In this vast area,
wild sheep were intensively hunted from the Epipalaeolithic till the
middle Pre-Pottery Neolithic B, e.g. Hallan Çemi (Starkovich &
Stiner 2009), Çayönü (Hongo et al. 2005), Körtik Tepe (Arbuckle
& Özkaya 2007), Göbekli Tepe (Peters et al. 2005), Cafer Höyük
(Helmer 2008), and Aşıklı (Stiner et al. 2014). In some of these
locations, the intensification of hunting may have resulted in con-
trol over the wild populations, both because intensive hunting of
dominant males near the villages provoked invasions of peripheral
bachelor males (‘male sink’ model of Redding 2005) and through
the development of new hunting strategies (Arbuckle 2014).
Morphological modifications due to domestication only appeared

with the early Pre-Pottery Neolithic B, ca. 10.5–10.2 ka cal BP,
at Nevalı Çori (Peters et al. 2005) and Çayönü (‘channelled build-
ing’; Hongo et al. 2005), accompanied by a marked shift towards
the slaughtering of clearly younger animals. Such an immediate
effect suggests sheep penning. Stabling of sheep is clearly attested
at Aşıklı ca. 10.2 ka cal BP (Stiner et al. 2014), although for
the moment it is unclear whether this practice was introduced
from southeast Anatolia or resulted from an independent local
innovation.
In the lowland regions further south, where wild Ovis were a pri-

ori less abundant in Natufian and Pre-Pottery Neolithic A times,
sheep husbandry became established later. Thus, in the course of
the middle Pre-Pottery Neolithic B, sheep appeared in relatively
small numbers at Mureybet (Gourichon & Helmer 2008), Abu
Hureyra (Legge&Rowley-Conwy 2000), Halula (Saña Segui 1999)
and Aswad (Helmer & Gourichon 2008). Sheep were introduced
to Cyprus as an already small-sized domestic form at the begin-
ning of the 9th millennium BP, post-dating the presence of domes-
tic goat and cattle by several centuries, but maybe slightly earlier
than the introduction to the Middle Euphrates. In the southern Le-
vant, domestic sheep appeared in selective locations in the Jordan
Highlands and Jordan Valley, starting from the Middle Pre-Pottery
Neolithic B (mid 9th millennium BP) in sites such as Ain Ghazal
or Jericho (Horwitz et al. 1999; Martin & Edwards 2013). They did
not appear in the central Levantine hills or coastal plains until the

Pre-Pottery Neolithic C, and it took even longer to reach the arid
zones (Martin 1999).

84.7 GOATS

Contrary to earlier studies, sheep and goat are now considered
separately, not only because of the increasing quality and number
of the osteological criteria that allow the two species to be dis-
tinguished, but also because it became clear that their domestica-
tion scenarios differed. Wild sheep and goat not only occupied dif-
ferent regions but also exhibited distinct biology and behavioural
ecology. During the Younger Dryas and early Holocene, the bezoar
goat (Capra aegagrus) was more widely distributed than the ori-
ental mouflon (Uerpmann 1987; Peters et al. 2005; Gourichon &
Helmer 2008). This goat was present in nearly all the steeper upland
regions of the Zagros, Taurus, Lebanon, and southern Levant moun-
tain ranges. In this latter region, it lived besides the Nubian ibex
(Capra nubiana), which occupied the arid and rocky fringes. The
bezoar goat was, however, rare or even absent in the lowland and
piedmont areas of the upper Euphrates and Tigris drainages (Hongo
et al. 2005; Peters et al. 2005; Arbuckle & Özkaya 2007), in the
lowlands of Syria and Iraq (Saña Segui 1999; Gourichon & Helmer
2008), and in Cyprus (Vigne et al. 2011).
All over its distribution area, goat populations suffered a strong

hunting intensification between the Epipalaeolithic and the Pre-
Pottery Neolithic A, marked by a relative or even absolute domin-
ance in the faunal spectra and by shifts towards subadult males in
the age profiles. This was observed in the Zagros (Zeder 2005), the
western Taurus (Atici 2011), the Anti-Lebanon range (Garrard et al.
2001), Jordan Valley (Horwitz et al. 1999), and even into the mid-
dle Pre-Pottery Neolithic B in the Levant hills (Martin & Edwards
2013). It seems that goat domestication was initiated by a phase of
intensive hunting or even control in the wild (see, however, Peters
et al. 2013), which to a certain extent is supported by genetic evi-
dence (Naderi et al. 2008).
During the early Pre-Pottery Neolithic B and early middle Pre-

Pottery Neolithic B (second half of the 11th millennium BP),
even more specialized culling profiles coupled with changes in the
morphology of the horn cores and/or slight body size decrease
appeared in the Damascus region, e.g. at Aswad (Helmer & Gouri-
chon 2008) andGhoraife (Ducos 1993), indicating intensification of
human control and, apparently at the same time or so, the appear-
ance of the earliest domestic goats. Contemporaneously or even
a bit earlier, early domestic goats appear in the Upper Euphrates
drainage, at Nevalı Çori (Peters et al. 2005) and Cafer (Helmer
2008), where goat body size continued to decrease during the Pre-
Pottery Neolithic, and in Cyprus, where they were released to the
wild and hunted during several centuries (Vigne 2013).
Domestic goat also spread rapidly to the south Levant, where it

dominated in the Jordan Valley at the very beginning of the mid-
dle Pre-Pottery Neolithic B (Jericho, late 10th millennium ka BP;
Clutton-Brock 1979) and later in the middle Pre-Pottery Neolithic
B at Ain Ghazal (Wasse 2002; Martin & Edwards 2013). It also
reached the northern Syrian lowlands in the later middle Pre-Pottery
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Neolithic B (Halula, Saña Segui 1999; Abu Hureyra, Legge &
Rowley-Conwy 2000). This was also the time when the Cypriot
feral goat was re-domesticated at Shillourokambos (Cyprus; Vigne
2013).

84.8 CATTLE

During the Epipalaeolithic and early Holocene, the aurochs (Bos
primigenius) was absent from Cyprus and most arid zones. It was
rare in most of the other regions of southwest Asia, except for tem-
perate central Anatolia and the upper Euphrates and Tigris basins.
In the latter regions, aurochs hunting was particularly intense dur-
ing the Pre-Pottery Neolithic A, at Nemrik (Lasota-Moskalewska
1994), Körtik Tepe (Arbukle & Özkaya 2007), Çayönü (Hongo
et al. 2009), Göbekli (Peters et al. 2005) or Mureybet, where
females were preferentially targeted (Gourichon & Helmer 2008).
In this rather restricted area, the earliest morphological conse-
quences of domestication became visible in the form of a significant
decrease in sexual dimorphism of the early Pre-Pottery Neolithic B
cattle population of Dja’de (ca. 8.5 ka cal BP; Helmer et al. 2005),
and a diachronic change in the stable isotopes composition of cattle
bones at Çayönü, about 10.3 ka cal BP (channelled phase; Hongo
et al. 2009). The appearance of small-sized cattle at Shillourokam-
bos ca. 8.4–8.2 ka cal BP (Cyprus; Vigne 2011c), together with early
domestic goats several centuries before the introduction of sheep,
supports domestication efforts taking place on the mainland shortly
before, and implies that soon thereafter early domestic cattle had
already been transported out of its area of origin.
In contemporaneous central Anatolia, morphological indications

of cattle domestication before 8.5–8 ka cal BP are missing. Rus-
sell et al. (2005) interpreted the female-dominated assemblage in
terms of intensification of aurochs hunting. Alternatively, Peters
et al. (2014) argued that continuous backcrossing of (male) aurochs
with early domestic cattle could explain the absence of size reduc-
tion throughout half a millennium of site occupation.
In sum, it now seems as if cattle domestication was limited to the

upper Euphrates–Tigris drainages. Such a restricted area of origin
is also suggested by the available genetic and palaeogenetic data,
which allowed an estimate of the number of females that gave birth
to modern lineages as 80–100 (Bollongino et al. 2012).
The spread of domestic cattle southwards was fast, however,

since it appeared in the middle Euphrates Valley at the end of the
middle Pre-Pottery Neolithic B (Saña Segui & Tornero 2008), and
perhaps even somewhat earlier in the Damascus area (late 11th mil-
lennium BP; Helmer & Gourichon 2008). In the Levant coastal
plains and the Jordan Valley, cattle husbandry was introduced in
the Late Pre-Pottery Neolithic B (Horwitz et al. 1999).

84.9 PATTERNS AND PROCESSES

The above observations indicate that:

(1) For each of the species domesticated in southwest Asia, a period
of intensification of the relationship between the wild ances-

tor and humans preceded or initiated the domestication process,
except for the dog, for which there is limited evidence for this
particular stage. Domestication occurred by way of commen-
salism (cat, pig, andmaybe dog), specialized hunting or perhaps
even control in the wild (pig, sheep, goat, cattle), or penning
(sheep; Stiner et al. 2014).

(2) This period could have lasted several millennia (from the Epi-
palaeolithic to the early/middle Pre-Pottery Neolithic B for
the wild boar; from the Pre-Pottery Neolithic A to the Uruk
period for cats), several centuries (Late Natufian to the early
Pre-Pottery Neolithic B for cattle) or even shorter (Pre-Pottery
Neolithic A–early Pre-Pottery Neolithic B for sheep and goat).

(3) As far as the geographical coverage of the dataset can be con-
sidered as representative, the four ungulate species were not all
domesticated in the same regions. Pigs were domesticated in a
large area of southeast Anatolia, sheep in the upper Euphrates
drainage, cattle in a slightly more southern restricted area, and
goats probably in several different areas including the central
Levant and the Taurus region, and somewhat later in the Zagros.
This is partly due to the significantly varied geographical dis-
tributions of the wild ancestor at the beginning of the process.

(4) As with plant domestication (Fuller et al. 2011), the evidence
questions the concept of a restricted ‘core area’ for animal
domestication: the total area involved in initial animal domes-
tication is vast, from the northern Zagros and southeast Ana-
tolia to the Damascus region, with marked differences in the
nature and speed of the process between the different micro-
regions. Serving as places for exchange of ideas and know-
ledge, e.g. about subsistence strategies, supra-regional cult cen-
tres like Göbekli Tepe could explain these regionally distinct
developments (Peters et al. 2013, 2014).

(5) The early introduction of wild and domestic representatives of
all six taxa to Cyprus from 12–10 ka BP demonstrates that
throughout the entire process, short and long distance transfers
of animals, including overseas, were taking place in this vast
area.

(6) However, on present evidence, it seems as if central Anatolia,
the Zagros foothills, Cyprus and the southernmost Levant were
involved later in this network, respectively during the early
Pre-Pottery Neolithic B, middle Pre-Pottery Neolithic B, and
middle–late Pre-Pottery Neolithic B, thus representing periph-
eral areas (Conolly et al. 2011). These peripheral communities
neverthelessmaintained the ability to domesticate the local wild
populations (e.g. feral goats at Shillourokambos or wild goats
in the Zagros; Zeder 2005; Vigne 2013).

84.10 THE ROLE OF ANIMAL DOMESTICATION IN
THE NEOLITHIC TRANSITION

In spite of the presence of domesticates starting from the early Pre-
Pottery Neolithic B, hunting of wild ungulates continued to be the
principal source of animal food all over southwest Asia, averaging
80% in the early Pre-Pottery Neolithic B and still 55% in the middle
Pre-Pottery Neolithic B (Vigne & Helmer 2007; Vigne 2008; Peters



Beginning of Animal Domestication and Husbandry 757

et al. 2013). In the late Pre-Pottery Neolithic B (starting from 9.6–
9.4 ka cal BP), livestock keeping had become the main source of
meat and fat production in a large part of southwest Asia. This
can therefore be considered as the start of full husbandry (Vigne
2008). The example of Shillourokambos, in Cyprus, indicates that
hunting, control of the wild, and domestication or re-domestication
of feral animals were practised synchronously or alternatively dur-
ing the early–middle Pre-Pottery Neolithic B, as opportunistic strat-
egies, flexible in response to changing environments, demography
and social organization of the villages, thereby following non-linear
trajectories (Vigne et al. 2011; Vigne 2013).
Consequently, the earliest steps of animal domestication did not

exclusively or principally contribute to the Neolithic dietary transi-
tion. New possible aims for husbandry should be explored (Vigne
2008), for which we still have little or no information. Recycling the
by-products of agriculture as animal fodder, thus converting other-
wise useless plant parts into meat and fat, is suggested by some iso-
topic results (Lösch et al. 2006). Dung for manuring cultivated plots
seems another aspect explaining why people would keep rumin-
ants in numbers (Peters et al. 2005, 2014). Even a small amount
of food coming from penned animals could well have compen-
sated for the seasonal shortage of availability of game (Gourichon
& Helmer 2008); this is especially true for pig fat, an indirect sea-
sonal by-product of agriculture (Vigne 2008). Milk exploitation,
which implies captive ruminants and is attested since the middle
Pre-Pottery Neolithic B (Helmer et al. 2007), sometimes associ-
ated with sophisticated practices (sheep; Vigne 2013) could have
been an important contribution to the dietary transition during the
early–middle Pre-Pottery Neolithic B, and certainly thereafter. Dur-
ing these times, cattle power may already have been used as well,
at least for carrying loads, as witnessed by pathologic modifications
of limb-bone extremities of two large cattle from Aswad (early Pre-
Pottery Neolithic B; Helmer & Gourichon 2008). Lastly, while dif-
ficult to detect in the archaeological record, the prestige of owning
animals, especially larger or numerous ones, could have played an
important role in the early Neolithic context of increasing social
complexity.
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Höyük, Turkey. Proceedings of the National Academy of Sciences,
USA 111: 8404–9.

Tchernov, E. & Valla, F. 1997. Two new dogs, and other Natufian dogs,
from the southern Levant. Journal of Archaeological Science 24: 65–
95.

Turnbull, P.F. & Reed, C.A. 1974. The Fauna from the Terminal Pleistocene
of Palegawra Cave: A Zarzian Occupation Site in Northeastern Iraq.
Chicago: Field Museum of Natural History.

Uerpmann, H.-P. 1979. Probleme der Neolithisierung des Mittelmeerraums.
Weisbaden: Dr Ludwig Reichert Verlag.

Uerpmann, H.-P. 1987. The Ancient Distribution of Ungulate Mammals in
the Middle East. Wiesbaden: Dr Ludwig Reichert Verlag.

Van Neer, W., Linseele, V., Friedman, R. & De Cupere, B. 2014. More evi-
dence for cat taming at the Predynastic elite cemetery of Hierakon-
polis (Upper Egypt). Journal of Archaeological Science 45: 103–
11.

Vigne, J.-D. 2008. Zooarchaeological aspects of the Neolithic diet transition
in the Near East and Europe, and their putative relationships with
the Neolithic demographic transition. In The Neolithic Demographic
Transition and its Consequences, ed. J.-P. Bocquet Appel & O. Bar-
Yosef. New York: Springer Verlag, pp. 179–205.

Vigne, J.-D. 2011a. The origins of animal domestication and husbandry: A
major change in the history of humanity and the biosphere. Comptes
Rendus Biologies 334: 171–81.

Vigne, J.-D. 2011b. Les suinés (Sus scrofa). In Shillourokambos. Un
établissement néolithique pré-céramique à Chypre. Les fouilles du
Secteur 1, ed. J. Guilaine, F. Briois & J.-D. Vigne. Paris: Errance/
Ecole Française d’Athènes, pp. 919–69.



Beginning of Animal Domestication and Husbandry 759

Vigne, J.-D. 2011c. Les bovins (Bos taurus). In Shillourokambos. Un
établissement néolithique pré-céramique à Chypre. Les fouilles du
Secteur 1, ed. J. Guilaine, F. Briois & J.-D. Vigne. Paris: Errance/
Ecole Française d’Athènes, pp. 1059–73.

Vigne, J.-D. 2013. Domestication process and domestic ungulates: New
observations from Cyprus. In The Origins and Spread of Domestic
Animals in Southwest Asia and Europe, ed. S. College, J. Conolly,
K. Dobney, K. Manning & S. Shennan. Walnut Creek: Left Coast
Press, pp. 115–28.

Vigne, J.-D. 2014. Cat: Domestication. In Encyclopaedia of Global Archae-
ology, Vol. 2, ed. C. Smith. New York: Springer, pp. 1175–7.

Vigne J.-D. in press. Archaeozoological techniques and protocols for
elaborating scenarios of early colonisation and neolithisation of
Cyprus. In Oxford Handbook of Archaeology: Archaeozoology, ed.
U. Albarella, H. Russ, K. Vickers & S. Viner. Oxford: Oxford Uni-
versity Press.

Vigne, J.-D. & Guilaine, J. 2004. Les premiers animaux de compagnie 8500
ans avant notre ère? . . . ou comment j’ai mangémon chat, mon chien
et mon renard. Anthropozoologica 39: 249–73.

Vigne, J.-D. & Helmer, D. 2007. Was milk a ‘secondary product’ in the Old
World Neolithisation process? Its role in the domestication of cattle,
sheep and goats. Anthropozoologica 42: 9–40.

Vigne, J.-D., Guilaine, J., Debue, K., Haye, L. & Gérard, P. 2004. Early
taming of the cat in Cyprus. Science 304: 259.

Vigne, J.-D., Zazzo, A., Saliège, J.-F. et al. 2009. Pre-Neolithic wild boar
management and introduction to Cyprusmore than 11,400 years ago.
Proceedings of the National Academy of Sciences, USA 106: 16131–
8.

Vigne, J.-D., Carrère, I., Briois, F. & Guilaine, J. 2011. The early process of
the mammal domestication in the Near East: new evidence from the
Pre-Neolithic and Pre-Pottery Neolithic in Cyprus. Current Anthro-
pology S52: S255–S271.

Vigne, J.-D., Briois, F., Zazzo, A. et al. 2012. The first wave of cultivators
spread to Cyprus earlier than 10,600 years ago. Proceedings of the
National Academy of Sciences, USA 109: 8445–9.

Vigne, J.-D., Daujat, J. & Monchot, H. 2015. First introduction and
early exploitation of the Persian fallow deer on Cyprus (8,000–
6,000 cal. BC). International Journal of Osteoarchaeology, DOI:
10.1002/oa.2488.

Vila, E. 1998. L’Exploitation des animaux en Mésopotamie aux IVe et IIIe
millénaires avant J.-C. Monographies du CRA 21. Paris: CNRS.

Wasse, A. 2002. Final results of an analysis of the sheep and goat bones
from Ain Ghazal, Jordan. Levant 34: 59–82.

Zeder, M.A. 2005. A view from the Zagros: New perspectives on the live-
stock domestication in the Fertile Crescent. In The First Steps of Ani-
mal Domestication, ed. J.-D. Vigne, J. Peters & D. Helmer. Oxford:
Oxbow Books, pp. 125–46.

Zeder,M.A. 2008. Domestication and early agriculture in theMediterranean
Basin: Origins, diffusion and impact. Proceedings of the National
Academy of Sciences, USA 105: 11597–604.

Zeder, M. 2012. Pathways to animal domestication. In Biodiversity in Agri-
culture: Domestication, Evolution, and Sustainability, ed. P. Gepts,
T.R. Famula & R.L. Bettinger. Cambridge: Cambridge University
Press, pp. 227–59.

Zeuner, F.E. 1963. A History of Domesticated Animals. London:
Hutchinson.





85 Environmental Change and Society in Holocene Prehistory

arlene m. rosen and steven a rosen

85.1 INTRODUCTION

Holocene prehistory encompasses the development of early vil-
lage foragers using low-level cultivation of cereals, through to more
complex village societies that were more fully committed to and
dependent upon agriculture and food production systems. These
communities preceded the rise of the earliest cities and states. Con-
comitantly, peripheral societies, based on pastoralism, developed
in the desert and steppe zones, adopting domesticates (goats and
perhaps sheep) from the agricultural areas of the Levant. Growing
human populations increasingly managed and indeed engineered
their environments on scales greater than in any previous time.
These practices ultimately resulted in a greater reliance on food pro-
duction rather than food collection, with the dual effects of enhan-
cing food security in times of general climatic stability, but
also increasing vulnerability to unpredictable climate change and
environmental degradation.
The explication of the relationships between environment and

culture over the course of this time spanmust consider in close detail
both the particulars of climatic and environmental reconstructions,
and specific historical and cultural circumstances (Rosen 2007).
To reconstruct the culture–environment dynamic under increased
social complexity and diversity, fine chronological and geographic-
al reconstructions are necessary. It is also necessary to affirm that
aligning peaks and valleys of proxies indicating dry/wet conditions
with archaeological periodization systems offers few insights into
the resilience of human societies to climatic shifts. The reductions
of climate systems to wet/dry cycles and of human adaptations to
archaeological culture systematics (e.g. Issar & Zohar 2004) are
both chronologically imprecise and simplistically lump complex
systems into single-variable phenomena. Variation in the frequen-
cies and timing of droughts is as significant for the sustainabil-
ity of farming as absolute amounts and mean precipitation; prob-
abilities determine human behaviours, and contingency behaviours
for severe environmental change rely on stored knowledge/memory
and its adoption and adaptation for those times of crisis. Of course,
sometimes that knowledge/memory is lost or rendered obsolete,

exacerbating the crisis; however, such phenomena are functions of
the particular society and the social and technological tools avail-
able to it, the amplitude of the environmental change, and the prob-
ability associated with that change. Similarly, the ability of human
groups to adapt to changing environments and buffer themselves
against risk by proactively constructing the environments in which
they live is deeply embedded in the particulars of their social and
demographic structures and technologies.

85.2 THE CLIMATIC AND ENVIRONMENTAL
SEQUENCES

Levantine climates and environments spanning roughly the 12th
to 6th millennia BP (all ages below are calibrated) are exam-
ined. Chronologically, these seven millennia are divided into the
Pleistocene–Holocene transition, the Holocene Climatic Optimum,
and the post-optimum trends toward long-term desiccation. At a
higher resolution, these three trends were punctuated by decadal-
to millennial-scale climatic and environmental changes, events, and
episodes rendering the picture more complex, and with profound
effects on human adaptations (cf. Butzer 1982; Rosen & Rosen
2001).
Similarly, the environmental mosaic that constitutes the Levant

(see many chapters in this volume) implies that the dynamics of cli-
matic change will be expressed in different ways and at different
amplitudes in the different sub-regions of the Levant. Most notably,
the effects of climatic and environmental fluctuations may be ampli-
fied in geographic transitional zones, and less evident in the heart of
an ecological zone. Impact on human settlement in such areas may
be consequently greater, as the climate in transitional zones is less
predictable and subject to more rapid change (cf. Bruins &Lithwick
1998).
The complex nature of the environmental record is rendered

even more difficult by the complexities of its basic reconstruc-
tion. Diverse lines of proxy evidence reflect different response
times to secular changes in temperature and precipitation, different
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geographical scales of change, and different levels of chronologic-
al resolution. Correlating the climatic and environmental proxies is
thus in itself difficult; establishing causal relationships with social
dynamics is even more so.
The Younger Dryas event, dated ca. 13,000–11,500 BP, is evi-

dent in virtually all proxy data. It is usually represented by a cold
dry episode following the Bølling–Allerød warming trend subse-
quent to the Last Glacial Maximum. Thus, speleothem isotopic data
(Bar-Matthews et al. 1999; Bar-Matthews & Ayalon 2004), pollen
sequences (Niklewski & Van Zeist 1970; Rossignol-Strick 1995;
Baruch & Bottema 1999; Yasuda et al. 2000; Wright & Thorpe
2003; Litt et al. 2012), and sedimentological data from alluvial sec-
tions (Goldberg 1986, 1987; Rosen 1986a; Goodfriend & Magaritz
1988) generally indicate a cooler and drier climate, with increased
winds in the dune areas of the Negev (Enzel et al. 2010; Roskin &
Tsoar, Chapter 56 of this volume), and with consequent contraction
of forests and stream incision in areas farther north. Conversely, dur-
ing at least part of the Younger Dryas, Lake Lisan had a slight rise
in level (e.g. Stein et al. 2010; Stein & Goldstein, Chapter 12 of this
volume), an indicator of wetter conditions in the north of Israel in
spite of the dry period in the south (Frumkin 1997; Migowski et al.
2006; Enzel et al. 2008).
The Levantine Pleistocene–Holocene transition ca. 11,500 BP,

following the Younger Dryas, is also reflected in a wide range of
proxy evidence. Speleothem records from the Soreq Cave as well as
from another Judean Hills cave (Frumkin et al. 1999) show a rapid
return to the warmer and moister climatic regime evident just prior
to the Younger Dryas. Environmentally, this is seen in the appar-
ent cessation of streambed incision, and in fluctuations of Dead Sea
lake levels, eventually forming the modern Dead Sea (Stein et al.
2010). Although there are disputes over the ages of pollen records
from the Hula wetlands of northern Israel and Ghab Lake in Syria
(Rossignol-Strick 1995; Meadows 2005), some scholars interpret
the rise in arboreal pollen – most notably oak, pistachio, and olive –
as occurring in the Early Holocene (see Rosen 2007 and Wright &
Thorpe 2003 for arguments supporting the spread of forests in the
Bølling/Allerød, ca. 14,700 to 12,700 BP). In Turkey, pollen data
derived from sites in thewest show a rapid return tomoist conditions
and dominance of arboreal pollen after the Younger Dryas. Pollen
diagrams from eastern Turkey and western Iran suggest, however, a
slower recovery, and perhaps were more influenced by higher alti-
tudes and cooler, continental climates (Eastwood et al. 1999; Kuzu-
cuoğlu et al. 1999; Wick et al. 2003), or even human management
practices (Roberts 2002). The Ein Gedi core (Litt et al. 2012; Litt
& Ohlwein, Chapter 39 of this volume) shows relatively high arbor-
eal pollen and a hiatus ca. 8 ka, followed by generally lower arbor-
eal pollen in the middle Holocene. Carbon isotope compositions of
land snail shells in the Negev indicate a slight southward shift of
C3 vegetation during this period, reflecting the expansion of mesic
vegetation into the semi-arid northern Negev (Goodfriend 1999).
This shift, as late as 7 ka, indicates mean annual rainfall of
�290 mm yr−1 in areas currently receiving 150–200 mm yr−1. As
the annual precipitation in the northern Negev correlates positively
with precipitation in areas to its north, in Israel and Lebanon, this
may indicate increased precipitation there (e.g. Enzel et al. 2003,
2008).

These ameliorating trends continued throughout the early
Holocene, �11.5–7.5 ka. The Soreq Cave speleothem data offer
higher resolution of climate variability in this long period, show-
ing the general warming trend until ca. 9.5/9.0 ka, a short and
low-amplitude reversal of the trend at about 9 ka, and two high-
amplitude episodes of warm and moist climate around 8.4 ka and
7.6 ka. These two episodes were �100 and 300–400 years long,
respectively. It was proposed that these short events were character-
ized by temperatures and rainfall roughly equivalent to that of mod-
ern times and in significant contrast to the preceding and succeeding
periods (Bar-Matthews et al. 1999; Bar-Matthews & Ayalon 2004).
Lacustrine evidence shows early Holocene marsh formation in east-
ern Jordan (e.g. the Jafr Basin), in general accordance with the
moister conditions evident from other proxy materials. Similarly,
Dead Sea sediments (Migowski et al. 2006) show wetter episodes
in the early Holocene.
The ameliorated conditions of the Early Holocene are occasion-

ally reflected in the geomorphological record. Goodfriend (1999)
interpreted colluvial deposits in the Negev as indicative of wet-
ter climates, and the cessation of colluvial deposition in the Negev
ca. 8,000–9,000 BP as perhaps reflective of the 8.2 ka event. How-
ever, recent analysis suggests that the colluviation may be as much a
result of increased wind activity as of moisture (Crouvi et al. 2008,
2010; Enzel et al. 2010).
Customarily the middle Holocene is 7.5 to 4 ka, although the

5th millennium BP is already well within historic times and out-
side our scope. The Soreq Cave speleothems provide the climatic
sequence with the finest resolution (Bar-Matthews et al. 1999; Bar-
Matthews & Ayalon 2004). They indicate increased aridity and
cooler temperatures following the final phase of the early Holocene
optimum, ca. 7.5 ka. Although cooler and drier than the preceding
period, the middle Holocene was still warmer and wetter than mod-
ern times. The pollen analysis by Litt et al. (2012) from the Dead
Sea indicates a dryer and warmer phase for the middle Holocene;
it is difficult to reconcile these contradictions, although they per-
haps result from the effects of microenvironments and different
drainages. Notably, this interval can be characterized as one show-
ing more fluctuations than the previous period. In particular, fol-
lowing the initial phase of drier conditions ca. 7500 BP, a short
moist episode can be defined ca. 6,200–6,300 BP, followed by alter-
nating episodes of drier and more humid climate. Bar-Matthews
and Ayalon (2004) calculate rainfall fluctuations (based partially
on the relationship between modern rainfall patterns and isotopic
variation) to be of the order of 75–100 mm rainfall per year for
the ‘average’ fluctuations and as high as 150–300 mm yr−1 for the
larger-scale fluctuations. According to their analyses, rainfall dur-
ing the end of the 5th millennium BP seems to have declined to as
little as 300 mm yr−1, in an area now receiving roughly 500 mm
annually.
The general trends toward increased aridity near the end of the

mid-Holocene, as well as some of the fluctuations, are reflected in
other proxies. The land snail δ13C data (Goodfriend 1988) show a
northward shift of the C3 vegetation boundary, although the fluctua-
tions are not readily evident. In fact, the short span of these amelior-
ating episodes may have been inadequate for vegetation distribu-
tion to change significantly; the vegetation communities indicated
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in the C3/C4 communitiesmay be reflecting only longer-term trends
(Goodfriend 1990, 1999).
Analysis of Dead Sea sediments (Migowksi et al. 2006) suggests

lower lake levels at�8.1 ka. Subsequently, levels apparently fluctu-
ated between around 410 m below mean sea level (bmsl) and 420 m
bmsl, somewhat below early Holocene levels, but somewhat above
sub-modern levels (prior to the artificial reduction of the lake level
in the late twentieth century). In the mid-6th millennium BP, lake
levels probably began rising again. These fluctuations are evident
in other studies, but interpretations vary as to whether the period
should be interpreted as a fundamentally dry one (e.g. Migowski
et al. 2006) or a moist one (e.g. Frumkin et al. 1991).
The middle Holocene is generally a period of stream alluviation

and active floodplain build-up, but all the alluvial terraces of this
period are attributed to the second half of the period. This indicates
either incision or relative hydrological stasis in the 7–8 ka phase.
The palaeohydrology of such streams as Nahal Beer Sheva, Nahal
Shiqma, and Nahal Lachish, all in the loess area (Crouvi et al.,
Chapter 53 of this volume) of southern Israel, suggest that these
modern ephemeral drainages were intermittently perennial streams
at 6–4 ka (Rosen 1986a, 1986b; Goldberg 1987; Goldberg & Rosen
1987).
The pollen cores are again chronologically contentious in this

period, although the Dead Sea pollen diagram (Litt et al. 2012) is
more reliable chronologically than that of the Hula, since it was
dated by relict terrestrial vegetation. The sequence shows decreased
arboreal pollen following the early Holocene, but then indicates
an increase in �6.5 ka, dominated both by oak (Quercus ithuber-
nensis) and olive (Olea sp.). Even given the possibility that olives
were being cultivated, the rise of oak most likely reflects the moist
episode seen in other proxies, although we cannot rule out the pos-
sibility of human management of woodland zones. The Ghab dia-
gram (Niklewski & Van Zeist 1970; Yasuda et al. 2000) suggests a
replacement of deciduous oak by its evergreen cousin, and a gen-
eral decrease in pine, although still a woodland environment. The
Hula diagram shows an expansion of oak and pistachio (Pistachia
sp.) at �5.5 ka, perhaps corresponding to the Dead Sea diagram
and attributable to a humid episode in the speleothem sequence
(Baruch & Bottema 1999). Similarly, the Kinneret diagram shows
expanded forest in the second half of the middle Holocene (Baruch
1986). In general, the pollen diagrams seem to reflect forested
regions at least during the second half of the middle Holocene
(Rossignol-Strick 1995), probably reflecting the general humidity
of the period, in spite of the relative decline after the early Holocene.
Ultimately, however, given that suggested chronological calibra-
tions range from 500 to 5,000 years, the pollen data can be applied
only very cautiously.

85.3 LEVANTINE SOCIETY AND ENVIRONMENT

The changes in Near Eastern society that occurred at the end of the
Pleistocene and the first half of the Holocene were neither continu-
ous nor linear; they comprise a mosaic of differential social evolu-
tion over the landscape, and they occurred on a demographic scale
not seen earlier in the human career. This period saw major tech-

nological and social developments, which in some ways enhanced
human adaptive capabilities and in others reduced human resilience
to environmental changes, as populations grew. Humans increas-
ingly managed and engineered their environments, more than in any
previous period. These practices resulted in an ever-greater reliance
on food production rather than food collection, with a shift from
early village foraging and low-level cultivation of cereals to more
complex village societies that were more fully committed to and
dependent upon agriculture and food production systems.
The increased mobility of Late Natufian society can be seen

as an adaptation to the changed resource systems effected by the
Younger Dryas. The expansion of Late Natufian society into the
arid zones of the central Negev (given the absence of evidence
for Early Natufian as a source culture (Goring-Morris 1987), and
the consequent evolution of the Harifian culture, reflects a counter-
intuitive demographic increase in a marginal zone during a period
of climatic deterioration. This culture confounds expectations of
direct correlations between climatic variables and demography and
cultural complexity. Notably, relative to the north, the Negev was
always a marginal environment (e.g. Enzel et al. 2008), regard-
less of trends in the desert itself. Explanation for this apparent
anomaly lies at the larger scale, where the increased mobility
of Late Natufian society in the Mediterranean zone of the Lev-
ant seems to have resulted in expanded territories, colonization
of both the better watered and marginal zones, and ultimately an
autonomous adaptation to these zones. The virtual absence of Pre-
Pottery Neolithic A societies in the Negev (as well as eastern Jordan
and north Arabia) during this apparently climatically ameliorated
period (Kuijt & Goring-Morris 2002) is again counterintuitive, and
may also require a larger-scale explanatory perspective, the pull of
the Mediterranean-zone climatic optimum and the spatial contrac-
tion of populations around settlement aggregates. The reabsorption
of marginal-area populations into the Mediterranean zone is indica-
tive both of the increased carrying capacity due to environmental
amelioration, and to the increased resource base, as human popula-
tions shifted to ever-greater intensities of cultivation and ultimately
agriculture.
Rosen and Rivera-Collazo (2012) suggest that human adapta-

tions to climate and environmental changes during the termin-
al Pleistocene/Early Holocene episodes can be best described as
repeating cycles of programmatic adaptations that shift from sets of
dry-period adaptations to complexes of moist-period adaptations.
The dry-phase adaptations consisted of greater mobility (Goring-
Morris & Belfer-Cohen 1998; Bar-Yosef & Belfer-Cohen 2002),
exploitation of a wide range of plants that might be low-ranked in
moister periods, including cereals and small-grained grasses (Weiss
et al. 2004; Rosen 2010), less energy investment in the capture
of fast-escaping fauna (such as hares and partridges) (Stutz et al.
2009), and intensive exploitation of wetland environments (Rosen
2013). Adaptations to moist periods included more sedentary settle-
ments, the concentrated exploitation of high-value plant resources
such as nuts or large-seeded grasses and cereals, and the hunting of
lower-ranked small game that could be found close to human settle-
ments. These systems were in place throughout the late Pleistocene
and into the Early Holocene, cycling from one to another with shift-
ing environmental conditions.
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The development of Pre-Pottery Neolithic A villages in the Jor-
dan Valley and along the western foot slopes of mountain ranges
in Jordan and Israel may reflect the stabilization of wild resources.
These resources included grass grains such as wild oats and wild
barley, and wetland flora and fauna that thrived with the increased
discharge of springs and streams, by which so many Pre-Pottery
Neolithic A sites seem to have been located. Increased rainfall
lengthened the growing season, and generally increased resource
stability. This may have been the incentive or ‘pull-factor’ that
encouraged and allowed increasingly reliable cultivation of wild
grains (Weiss et al. 2006; Rosen & Rivera-Collazo 2012). By all
accounts, the transition from Pre-Pottery Neolithic A to Pre-Pottery
Neolithic B,�10.5 ka, corresponds to a period of apparent climatic
stability, this in spite of significant cultural and settlement discon-
tinuities. The current paucity of Early Pre-Pottery Neolithic B sites
in the southern Levant (Kuijt & Goring-Morris 2002) renders expli-
cation, let alone explanation, difficult.
The chronological heartland of the Pre-Pottery Neolithic B,

the 10th millennium BP, was both environmentally optimum and
climatically stable (relative, of course, to other periods) (Bar-
Matthews et al. 1999; Bar-Matthews & Ayalon 2004). The demo-
graphic and cultural florescence evident in this period was undoubt-
edly at some level enabled by the environmental contexts, per-
haps spurred on by steadily increasing population growth as a
‘push-factor’. Relatively stable rainfall regimes and an expanded
Mediterranean zone allowed agricultural colonization beyond the
well-watered areas of Pre-Pottery Neolithic A settlement, including
settlement of the coastal plain (e.g. Galili et al. 2002). Social and
technological trajectories offered means of further exploiting these
new environments, expanding the range of domesticates, permitting
the intensification and exploitation of already utilized plants, and in
one sense further enhancing human adaptive potentials while at the
same time reducing the resilience of these societies to abrupt cli-
matic change. Assuming that the chronologies can be correlated,
it is crucial that the demographic peak in the Late Pre-Pottery
Neolithic B, expressedmost clearly in the rise of the so-calledmega-
sites of up to 10 hectares in size, seems to coincide with the begin-
ning of a period of climatic perturbations, specifically a climatic
deterioration (cf. Davis 1984). It also cannot be ignored that, by this
time, goat pastoralism had largely supplanted gazelle hunting as the
primary source of meat for the village populations. Keeping goats
was a form of resource intensification, but also came with its own
set of requirements, probably in the form of foddering and grazing
resources (Horwitz et al. 1999; Martin 1999).
The expansion into the arid zones at the beginning of the Pre-

Pottery Neolithic B implies abandonment of the incipient agri-
culture of the Mediterranean zone and ‘reversion’ to immersive
hunting-gathering in the arid zones (for there is no evidence for
autonomous pastoralism beyond the immediate desert margins until
the Pre-Pottery Neolithic C or later). This undoubtedly was enabled
by the expansion of an Irano-Turanian steppe zone (with apparent
evidence for opportunistic exploitation of cereals in these marginal
zones), but should be seen primarily as part of the social reorganiza-
tion and demographic expansion evident in theMiddle and Late Pre-
Pottery Neolithic B over the entire Levant. Notably, the apparent

presence of domesticated caprines in Wadi Rum, at the site of Abu
Nukhayla (Albert & Henry 2004; Henry & Beaver 2014), should
perhaps be interpreted as a part of a seasonal round attached to the
Mediterranean zone, considerably expanded in the southern Jordan
Highlands in this period.
It is unlikely that human over-exploitation of the environment

caused the ultimate collapse of Pre-Pottery Neolithic B society,
given demographic estimates, the absence of evidence for signif-
icant environmental degradation, and simulation analyses indicat-
ing only localized environmental impacts of small village soci-
eties (Ullah 2011; Rosen 2011, per contra Rollefson & Köhler-
Rollefson 1989; Köhler-Rollefson 1992). The 8.2 ka event is too
late to have caused that collapse. However, the Soreq speleothem
sequence shows a series of environmental perturbations at the end
of the 10thmillenniumBP. This may suggest an increase in variabil-
ity of rainfall and temperature, and therefore a profound decrease in
predictability, thus significantly reducing the sustainability of farm-
ing systems in marginal areas of the Levant. This, combined with
the loss of resilience due to greater vulnerability of dense popula-
tion aggregations, might better explain the transition to the reduced
population size of the Pre-Pottery Neolithic C. It is also in this
interval, following the collapse of the Pre-Pottery Neolithic B sys-
tem, that societies in the deep desert first adopted goats into their
subsistence systems. Herding became an extensive system, flexible
enough to be effective in areas of unpredictable climate.
The fluctuating climates of the middle Holocene must certainly

have affectedNeolithic andChalcolithic settlements, but in thewell-
watered regions the effects of environmental variability could have
been tempered by social and technological adjustments, such as
floodwater farming (Goldberg & Rosen 1987; Rosen 1991). It is
in the marginal zones, at those environmental thresholds where
relatively minor climatic shifts can mean the difference between
farming viability or failure, that the relationships between climatic
and demographic variability are likely to be most evident. Thus,
the abrupt rise of the Ghassulian Chalcolithic along the Nahal Beer
Sheva (Gilead 1993, 1994; Burton 2001; Lovell & Rowan 2011),
an area today at the boundary of dry farming practicability, offers a
case study in the colonization of a marginal zone during an episode
of climatic amelioration. This was facilitated by the use of a peren-
nial stream for floodwater farming (Rosen 1987), along with cul-
tivation along the interfluves (Katz et al. 2007). The appearance
and subsequent disappearance of dozens of villages and hamlets
along the streams of the northern Negev several hundred years
later (Gilead 1994) is a local phenomenon without parallel else-
where in the larger region. It corresponds to a rainfall spike and
the expansion of C3 vegetation southward. The alluvial stratigraphy
demonstrates linkages between stream flow and settlement (Gold-
berg 1987; Goldberg & Rosen 1987), with the streams providing
the microenvironment that supported the agricultural subsistence
base of the society. Although the alluvial terrace does not pro-
vide evidence as to when stream flow ceased, in areas farther north
the abrupt cessation of settlement is not nearly so evident, leav-
ing the distinct impression that the decreased rainfall that led to a
cessation of stream flow, with the consequent abandonment of the
entire system, was a local or southern phenomenon.
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Ultimately establishing the linkages between climate, environ-
ment, and ancient cultures requires analyses on the level of the sites
and their local environments, landscape surveys incorporating all
archaeological features, and ever better chronological refinement,
particularly of local environmental and climatic sequences. We are
still far from addressing these issues adequately.
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