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Current conditions in the southern Levant are hyperarid, and local communities rely on fossil
subsurface water resources. The timing of more favourable wetter periods and also their
spatial characteristics are not yet well constrained. To improve our understanding of past
climate and environmental conditions in the deserts of the southern Levant, sedimentary
sections including artefact-bearing beds from Jurf ed Darawish on the Central Jordanian
Plateau were investigated using sedimentological and micropalaeontological analyses and
OSL dating. Grain-size analysis and structures of the clayey-silty sediments show that they
mainly represent reworked loess deposits. The OSL ages suggest that these fine-grained
sediments were accumulated during Marine Isotope Stages (MIS) 5-3. Recorded ostracod
valves (mostly Potamocypris, Ilyocypris and Pseudocandona), remains of aquatic and
terrestrial gastropod shells, and charophyte gyrogonites and stem encrustations indicate
that an in-stream wetland existed at the location of Jurf ed Darawish during MIS 5-4 which
was replaced by a vegetated alluvial plain in MIS 3. The prevailing aggradational setting was
replaced by an erosional setting sometime after 30 ka. Abundant artefacts, distributed over a
vertical range of up to 40 cm in a bed covered by a sedimentary sequence of 12-m
thickness, provide evidence for the presence of humans in the region during a relatively long
period from ca. 85 to 65 ka. The reconstruction of an in-streamwetland at Jurf ed Darawish,
and the presence of humans at the site and in other desert regions of the Jordanian Plateau,
the Wadi Arava/Araba, and the Negev and the Nefud deserts, show that the regional climate
in the late MIS 5 and MIS 4 was significantly wetter than today and provided favourable
conditions for humans in the Southern Levant and the northwestern Arabian Peninsula.
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HIGHLIGHTS

• aggradational setting from >100 to at least 30 ka
• transition from aggradation to incision sometime afterwards
• in-stream wetland during MIS 5 and 4
• vegetated alluvial plain in MIS 3
• presence of humans during ca. 85 to 65 ka
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INTRODUCTION

The dispersal of anatomically modern humans out of Africa in the
Pleistocene was one of the major steps in hominin evolution, but
migration timings and the potential role of climate which possibly
enabled occupation of previously uninhabited regions, and related
landscape changes and available dispersal pathways, are still
controversial (Vaks et al., 2007; Garcea, 2012; Groucutt et al.,
2018). The region of the southern Levant and the Arabian
Peninsula plays a key role in the debate due to its generally arid
climate and its crucial geographical position as a barrier or bridge
between the wetter regions of northern and eastern Africa on the one
side and those of eastern Europe and western Asia on the other (Vaks
et al., 2007;Waldmann et al., 2010).Wetter or “pluvial” periods in the
southern Levant and the Arabian Peninsula may have provided
favourable conditions for human dispersal, and some researchers
argue that such conditions typically prevailed during the interglacials
when monsoonal circulation was intensified in comparison to the
drier glacials (Fleitmann et al., 2003; Groucutt et al., 2018; Stewart
et al., 2020a). In contrast, other researchers regard the glacials as the
favourable periods when lowered temperature and evaporation
possibly caused a higher moisture availability and contraction of
desert regions (Vaks et al., 2003; Waldmann et al., 2010).

The increasing number of geological and archaeological studies
in northern Africa, the southern Levant and Arabian Peninsula
allow the identification of temporal and spatial patterns. Garcea
(2012) suggested two distinct periods of human dispersal out-of-

Africa, between ca. 130 to 80 and after 50 ka. The time span in
between is described as a period of climate deterioration when
hyperaridity was established in the Sahara and southern Levant
(Shea, 2003; Garcea, 2012). However, this period includes the
initiation of the Dead Sea’s precursor, Lake Lisan, whose level
rose dramatically by 70–80m, a phase of speleothem growth in the
rain-shadow of the Judean Mountains and also of travertine
formation in the Western Desert in Egypt (Crombie et al., 1997;
Vaks et al., 2003; Waldmann et al., 2007).

In contrast to today’s unique characteristic of the Dead Sea as
the only major lake of the southern Levant and Arabian Peninsula,
additional Quaternary lakes were reconstructed in the region based
on analyses of sediments, fossils and shoreline features
(Schuldenrein and Clark, 1994; Moumani et al., 2003;
Schuldenrein and Clark, 2003; Davies, 2005; Petit-Maire et al.,
2010; Rosenberg et al., 2012; Groucutt et al., 2015; Ginat et al.,
2018). Inferred surface water bodies must have resulted from
significant changes in precipitation or moisture availability
(Schuldenrein and Clark, 1994; Davies, 2005; Petit-Maire et al.,
2010). Periods of Pleistocene lake formation are disputed for some
of these locations (e.g., Mudawwara), whilst some of the earlier
inferences of palaeo-lakes were revised as palaeo-wetlands
following more recent investigations of previously studied
locations (Petit-Maire et al., 2010; Catlett et al., 2013; Winer,
2010; Mischke et al., 2015; Figure 1). Most reports of Holocene
lakes on the Arabian Peninsula were challenged in a recent
reassessment of the available evidence by Enzel et al. (2015).

FIGURE 1 | Location of Jurf ed Darawish in the southern Levant and those of other study sites mentioned in the text (DS Dead Sea, A Al Wusta and Alathar, F Tor
Faraj, G Gharandal, K Kharga and Kurkur oases, M Mundafan, S Tor Sabiha). Isohyets from Suleiman and Al-Bakri (2011). The colours refer to elevation. Map base
prepared by Joe Roe (https://commons.wikimedia.org/wiki/User:Joe_Roe).
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Thus, thorough multi-proxy studies are required to reconstruct
Quaternary landscape change in the region. In addition, robust
chronologies are a prerequisite to discuss periods of human
presence and potential controls of climate.

We conducted a sedimentological and dating study at Jurf ed
Darawish on the Jordanian Plateau where an initial investigation by
Moumani et al. (2003) had reported Palaeolithic artefacts embedded
in exposed Late Pleistocene lacustrine sediments (Figure 1). Our
work had the aim to improve knowledge 1) when sediments
accumulated at Jurf ed Darawish, 2) when humans were present
in the region, and 3) to reassess the inferred depositional setting of a
lake proposed by Moumani et al. (2003).

STUDY AREA

The investigated sediment sections are located on the central
Jordanian Plateau in the southern vicinity of the village Jurf ed

Darawish at ca. 30.687°N and 35.858°E, at an altitude of ca. 940 m
above sea level (asl; Figures 1, 2). Unconsolidated Quaternary
alluvial sediments are widely distributed in the region, capping
the Upper Cretaceous (Maastrichtian) marine limestone bedrock
which is exposed on the floors of incised wadis and on hill slopes
to the east (Moumani, 1996; Figure 2). Eocene limestone is
exposed in the southeast of Jurf ed Darawish. In addition,
Neogene basalt flows occur within a distance of a few
kilometres to the north, west and south (Moumani et al.,
2003). There are no natural surface waters near Jurf ed
Darawish. However, Wadi El Jurf at the investigated sections
is connected to Wadi Juheira, located in the southwest at ca.
1,000 m asl upstream, and to Wadi Al Hasa at ca. 800 m asl in the
northeast downstream. Thus, surface runoff following rare rain
events in the region is directed to Wadi Al Hasa, and may
eventually reach the Dead Sea (Figure 1).

Mean January, mean July and mean annual temperatures at
Ma’an, 60 km further south, are 7.5, 25.4 and 17.3°C, respectively

FIGURE 2 | (A) Exposed sediment Section 3 and Section 9. The white line marks the position and lateral distribution of artefacts on the SE-facing slope of the main
wadi. The white cross marks the position of one additional artefact in Section 9. South-dipping Maastrichtian limestone beds in foreground. Two persons for scale (white
arrow). (B) Section 3 and Section 9 at wadi slopes (partly marked by dotted lines). White line shows the position of artefacts as in A. The stylized eye shows the view
direction of A, and the inset illustrates the main and tributary wadis.
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(www.worldclimate.com). Mean annual precipitation is 41.2 mm
with precipitation mostly occurring during the winter season.
Potential evaporation exceeds 3,000 mm per year (Suleiman and
Al-Bakri, 2011).

Desert vegetation in the region is very sparse and mostly
confined to the dry wadi beds. However, steppe vegetation occurs
only 30 km to the northwest at the higher altitudes of the eastern
Wadi Araba-Dead Sea rift shoulder (Palmer, 2013).

Lower Palaeolithic to Epipalaeolithic artefacts are mostly
scattered on the deflated surface in the Jurf ed Darawish
region and testify the long history of human presence (Bender,
1968; MacDonald et al., 2000; MacDonald et al., 2001).
Current land use is mostly restricted to quarrying of building
stones, goat husbandry and small-scale irrigation gardening in the
village.

MATERIAL AND METHODS

Logging and Sampling of Sections
Two adjacent sediment sections were investigated and sampled at
naturally exposed steep wadi slopes (Figure 2). One of the
investigated sediment sections represents the “type section of
the BurmaMember from site 3”which was included in a survey of
eight different sediment exposures in the region by Moumani
et al. (2003, p. 231). We followed the numbering of Moumani
et al. (2003) and called the re-sampled sediment sequence
“Section 3” and the newly investigated location “Section 9”.
The two sediment sections are 130 m apart, and laterally
partly traceable sedimentary beds are separated by an incised
wadi of ca. 40 m width (Figure 2).

The columnar sedimentary Section 3 and Section 9 were
logged and sediments from freshly cleaned surfaces sampled
for micropalaeontological analysis at 23-cm and 37-cm
intervals on average, respectively. Sampling focussed on the
non-gravelly sediments at both sections. Sampling density was
higher in finer-grained greyish-green sedimentary units
presumed to represent the lake sediments described by
Moumani (1996), Moumani et al. (2003) and Neeley (2004),
in comparison to more brownish sediments possibly representing
marsh deposits. However, specific sampling positions also
depended on exposure conditions and accessibility. Ca. 250 g
of sediment was collected at each sampling location. The position
of flaked artefacts, embedded in situ in sediments at the Section 9
and partly also distributed in laterally corresponding sediments
nearby, was recorded by a handheld GPS device and a Leica
DISTO D8 distance-measuring device.

Optically Stimulated Luminescence Dating
Samples for OSL dating were collected from Section 3 and Section
9. Steel tubes were hammered into freshly cleaned and shaded
section surfaces. Samples from Section 3 were dated in the
Luminescence Dating Laboratory of the China University of
Geosciences in Wuhan, and samples from Section 9 in the
OSL Dating Laboratory at the Geological Survey of Israel to
distribute workload. Comparability of age data was ensured by
both lab heads, Zhongping Lai and Naomi Porat, by adapting very

similar protocols and using the same water contents for the age
calculation of samples from both sections (Table 1).

Preparation of OSL samples from Section 3 followed the
procedures of Lai and Wintle (2006). Samples were treated
with 10% HCl and 30% H2O2 to remove carbonates and
organics, respectively. After wet sieving, the coarse silt fraction
of 38–63 µm was etched by 35% H2SiF6 for about ten days to
remove feldspars. Infrared (IR; 830 nm) stimulation was used to
check for quartz purity, and samples with obvious IR stimulated
luminescence signals were treated with H2SiF6 again to avoid De

underestimation (Lai and Brückner, 2008). The purified quartz
grains were then mounted on the center (∼0.5 cm diameter) of
stainless steel discs (1 cm diameter) using silicone oil.

OSL measurements of OSL samples from Section 3 were made
using an automated Risø TL/OSL-DA-20 reader equipped with
blue diodes (λ � 470 ± 20 nm) and infrared laser diodes (λ �
830 nm). Measurement details are given in Table 1.

The concentrations of U, Th and K were measured by neutron
activation analysis. For the 38–63 µm grains, the alpha efficiency
value was taken as 0.035 ± 0.003 (Lai et al., 2008). The cosmic-ray
dose rate was estimated for each sample as a function of depth,
altitude and geomagnetic latitude (Prescott and Hutton, 1994).
Water content was taken as 25 ± 5%.

For the equivalent dose (De) determination in Section 3, the
combination of the single aliquot regenerative dose (SAR)
protocol (preheat of 10 s at 220°C, a test dose of ∼11.5 Gy and
a test dose preheat of 10 s at 200°C) and the Standardized Growth
Curve (SGC) method was employed (Murray and Wintle, 2000;
Roberts and Duller, 2004; Lai, 2006). For each sample, six aliquots
were measured using the full SAR protocol to obtain six dose
response curves which were then averaged to construct a SGC for
this individual sample. Then, more aliquots (from 18 to 22) were
measured to obtain the values of test-dose corrected natural
signals, and each of the values was interpolated on the SGC to
obtain a De. The final De is the mean of all SAR Des and SGC Des
(total of 24–28). Further details of the measurement protocol
such as preheat conditions are provided in Table 1.

Samples for OSL dating from Section 9 were prepared using
the routine protocol of Faershtein et al. (2016). Briefly, the very
fine sand of 88–125 μm quartz fraction was extracted by sieving,
dissolving carbonates with 10% HCl, and removing heavy
minerals by magnetic separation. Feldspars were dissolved and
quartz grains etched with 42%HF for 40 min, followed by soaking
in 16% HCl to dissolve any fluorides which may have
precipitated.

Dose recovery tests of OSL samples from Section 9 over a
range of preheats showed that a recovery of 100% can be obtained
using a preheat of 10 s at 220°C, a test dose of ∼9.3 Gy and a test
dose preheat of 5 s at 200°C. These measurement conditions were
used for all samples.

De was measured on 2-mm aliquots with ∼200 grains on the
disc. Between 13 and 22 aliquots were measured per sample using
a modified SAR protocol (Table 1; Murray and Wintle, 2000).
The average De and errors were calculated using the Central Age
Model (Galbraith and Roberts, 2012). Single grains (SG) were
measured for two samples with a large scatter (JED-2 and JED-4),
using green laser stimulation and the same protocol as for the
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multi-grain measurements. In total, 500 grains were measured for
each sample and selection criteria followed Porat et al. (2006).
The finite mixture model was used to isolate the most
significantly bleached fraction from the grain population, and
the youngest component greater than 15% was selected.

Water contents were estimated at 50% of the saturation-water
contents, with associated errors of ±25% of the estimated value.
Saturation-water contents, determined using undisturbed
sediment samples in the laboratory, represent the water content
of the sediments after deposition in the water body and prior to the
incision of the modern Wadi El Jurf. Subsequent sediment
exposure and the resulting decrease of pore-water contents was
accounted for by using 50% of the saturation-water contents as
average geological moisture contents.

The alpha, beta and gamma dose rates were calculated from
the radioactive elements measured by ICP-MS (U and Th) or
ICP-OES (K). Alpha efficiency value was taken as 0.10 ± 0.02
(Aitken, 1985). However, due to HF etching the choice of this
value does not affect the ages significantly. Cosmic dose rates were
evaluated from the estimated burial depths prior to the down-
cutting of the modern channels. For samples JED-12-1 to 4,
burial depth was estimated at 11 ± 2 m based on the thickest
preserved sedimentary sequence above the sampled sediments
(Figure 2A); and the calculated cosmic dose rate was 64 ±
13 μGy/a (Table 2).

For comparison with ages originally calculated by Moumani
et al. (2003) using water contents of ca. 2%, their three ages from
Section 3 were recalculated using the data provided in their
Table 1 and water contents of 25%, a more realistic value for
such fine-grained sediments, that was also used in our age
calculations.

Grain-Size Analysis
Subsamples of ca. 50 g from the newly investigated, artefact-rich
and thicker sediment Section 9 were used for grain-size analysis
with a Coulter LS 200 laser-particle sizer at the Alfred Wegener

Institute for Polar and Marine Research in Potsdam, Germany.
Subsamples were split in two halves. One group of subsamples
was treated with 10% acetic acid to remove carbonate. Carbonate
was not removed for the second group of subsamples since we
initially assumed that a significant portion of the detrital grains
are possibly derived from the local Maastrichtian and Eocene
limestone bedrock. Both subsample sets were treated with 35%
H2O2 to remove organic matter. The dispersant Na4P2O7 was
added to disaggregate the material before grain-size analysis
started. Carbonate-free and carbonate-containing samples did
not yield significantly different results, and data reported in the
following are based on carbonate-free materials. More detailed
information is provided in Röhl (2015).

Analysis of total organic carbon (TOC) and total inorganic
carbon (TC) concentrations of eight and 25 samples from Section
3 and Section 9, respectively, were measured on powdered
samples with an EuroVector EA3000 elemental analyser
(detection limit 0.01%) at the Institute of Geosciences of the
University of Potsdam.

Analysis of Organism Remains
Subsamples of ca. 200 g from Section 3 and Section 9 were used
for micropalaeontological analysis. Samples were weighed,
soaked in a 3% solution of H2O2 for two to three days until
the reaction was completed, and sieved through 100, 250 and
1000-µm sieves. Fossils were picked under an Olympus SZ-60
microscope and selected fossils were documented with a Zeiss
Supra 40 VP scanning electron microscope (SEM) at the Institute
of Geological Sciences at Free University of Berlin. Two different
ostracod taxa of the genus Ilyocypris were identified based on the
location and number of marginal ripplets on the inner lamella
(Van Harten, 1979; Janz, 1994). These valve features are only
visible using a SEM. Thus, valves of Ilyocypris identified with a
low-power binocular microscope were pooled as Ilyocypris spp.
Identification of other ostracod valves is based on Meisch (2000)
and Fuhrmann (2012).

TABLE 1 |OSLmeasurement protocols for the two laboratories. The ratios between the signals measured at steps 3 and 6 were used to construct the dose response curve
and calculate the De. At the GSI at least six dose points were used, including two zero-dose points and one recycling point. All samples showed recycling ratios within
10% of 1.0 for most aliquots and negligible infrared signals. For multi-grain measurements, both labs used blue LEDs for stimulation, and the signal was detected through a
7.5-mm thick U-340 filter (detection window 275–390 nm). For single grain measurements, a green laser was used for stimulation, and detection was as for multi-grains.
Irradiations were carried out using calibrated 90Sr/90Y beta sources.

The Geological Survey
of Israel, Jerusalem (Section 9)

China University of
Geosciences, Wuhan (Section 3)

Grain size 88–125 µm 38–63 µm
Discs/cups Aluminum discs Stainless steel discs
Aliquot size 2 mm 5 mm
Signal and background First 0.2 s and last 5 s First 0.64 s and last 5 s
Step — —

1 β dose (0 for the first run) β dose
2 Preheat at 220°C for 10 s Preheat at 220°C for 10 s
3 Blue stimulation at 125°C for 40 s (Lx) Blue stimulation at 130°C for 40 s (Lx)
4 Test dose (9.3 Gy) Test dose (11.5 Gy)
5 Preheat at 200°C for 5 s Preheat at 200°C for 10 s
6 Blue stimulation at 125°C for 40 s (Tx) Blue stimulation at 130°C for 40 s (Tx)
7 Heat at 280°C for 100 s —
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RESULTS

The exposed sediments at the Section 3 and Section 9 are mostly
yellowish-brown, homogenous silts. Thick gravel beds occur at
the base and thinner gravel layers are exposed within the sections
and at their tops (Figure 3, Supplementary Figure S1). Vertical
voids, casts and colourations of a few millimetres to 1-cm
diameter are abundant at both sections. The silty sediments
partly contain granules and small pebbles which are embedded
in the fine-grained matrix. The silty sediments are partly greyish-
green in the lower half or middle of both sections; and carbonate-
rich units of 1 to 85-cm thickness occur at both sections.

In total, 22 artefacts were recognized in a single sedimentary
bed ca. 4.5 m above the base of Section 9 and partly distributed in
corresponding sediments over a lateral stretch of 92 m (Figure 2).
The vertical position of the artefacts within the specific artefact-
bearing layer varies by up to 40 cm. One additional artefact was
recognized at 11.6 m above the base of Section 9 (Figures 2, 3).

The four OSL ages obtained for the artefact-bearing layer at
Section 9 range from 84 ± 4 ka to 64 ± 5 ka (Table 2), and are in a
stratigraphic order (Figure 3). One additional sample from close
to the top of the sediment sequence provided an age of 44 ± 2 ka.
The nine OSL ages from Section 3 range from 215 ± 34 ka at the
base of the section to 30 ± 3 ka near its top (Table 3). Two of the
samples are not in a stratigraphic order, perhaps due to poor
estimation of the dose rates (Table 2; Figure 3).

Grain-size analysis of the non-gravelly sediments at Section 9
show that silt is the largest grain-size fraction with 42.9% on
average (minimum 32.2%, maximum 59.7%), followed by clay
(39.3%; minimum 16.3%, maximum 51.8%). Sand constitutes
17.8% on average (minimum 6.3%, maximum 31.9%; Figure 4).
The main mode of the grain-size frequency curves of most
sediment samples is located at ca. 3 µm, and two sub-ordinate
modes occur at ca. 50 and 150 µm (Figure 5).

TOC concentrations at Section 3 are 0.10% on average
(minimum 0.08%, maximum 0.12%) and 0.11% at Section 9
(minimum 0.04%, maximum 0.21%). TIC concentration is
4.60% on average at Section 3 and 4.01% at Section 9 (minima
are 2.69 and 1.01%, and maxima are 6.71 and 8.15%, respectively;
Figure 4).

In total, 11 ostracod taxa, remains of one bivalve, shells of two
aquatic and two terrestrial gastropod taxa, gastropod opercula,
and charophyte gyrogonites were recorded in sediment samples
from Section 9 (Figure 6). In addition, Cretaceous ostracod valves
and carapaces, foraminifera tests and scaphopod fragments were
recorded in the lowermost samples from the section. Valves and
carapaces of Potamocypris fulva are the most abundant ostracod
remains (total number of valves including articulated valves: nv �
423), followed by unidentified valves of juvenile Candoninae (nv
� 194), remains of Ilyocypris spp. (nv � 91) and those of
Pseudocandona sp. (nv � 76). Most abundant gastropod
remains are represented by opercula (n � 19). The majority of
fossil remains was recorded from the lower half of Section 9
(Figure 6).

At Section 3, 11 ostracod taxa, shells of two aquatic and two
terrestrial gastropod taxa, and charophyte gyrogonites were
recorded (Figure 7). A single Cretaceous ostracod valve,
foraminifera tests and scaphopod fragments were recorded in
addition. Most Quaternary ostracod remains belong to
unidentified juvenile valves and carapaces of Candoninae (nv �
860), to Ilyocypris spp. (nv � 247) and to Heterocypris salina (nv �
50; Figures 8, 9). Ostracod remains were almost exclusively
recorded from the lower half of the sediment section
(Figure 7). Four shells of the terrestrial gastropod family
Ferussaciidae were recorded in the upper half of the section,
and eight gyrogonites from samples from the lower half.
Abundances of all other Quaternary non-ostracod remains at
the Section 3 are lower (Figure 7).

DISCUSSION

The Age of the Investigated Sediments
A total of 14 samples provide a stratigraphic framework for the
two studied sections at Jurf ed Darawish, in addition to the
published ages by Moumani et al. (2003) which were recalculated
using higher water contents. Three newly determined ages
between ca. 100 and more than 200 ka, and the recalculated
age of ca. 150 ka of Moumani et al. (2003) near the base of Section
3, represent minimum ages because De values higher than

TABLE 2 | OSL dating results for samples from Section 9 (OD—over-dispersion, the scatter beyond analytical errors. The OD values are low (indicating a homogenous
sample) to intermediate (with possible partial bleaching). No. aliquots - the number of aliquots used for the average De out of the aliquots measured).

Code
JED

Burial
depth
(m)

Water
content

(%)

K
(%)

U
(ppm)

Th
(ppm)

Ext.
α

(μGy/a)

Ext.
β

(μGy/a)

Ext.
γ

(μGy/a)

Cosmic
(μGy/a)

Dose
rate

(μGy/a)

No.
aliquots

OD
(%)

De

(Gy)
Age (ka)

12–1 11.0 26 1.00 2.4 7.8 9 917 683 64 1,674 ± 54 22/22 33 108 ± 8 64 ± 5

12–2 11.0 24 1.08 2.7 8.2 10 1,017 742 64 1843 ± 63 8/10 47 124 ± 16 67 ± 9
SG — — — — — — — — — — 126/500 56 122 ± 5 66 ± 3

12–3 11.0 25 1.25 2.4 9.0 10 1,083 781 64 1938 ± 64 20/20 20 148 ± 7 76 ± 5

12–4 11.0 15 0.48 2.7 4.0 9 669 523 64 1,264 ± 39 12/13 46 113 ± 14 89 ± 11
SG — — — — — — — — — — 152/500 51 106 ± 4 84 ± 4

12–5 1.0 10 0.64 2.6 4.6 10 808 600 185 1,602 ± 49 20/20 14 70 ± 3 44 ± 2
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∼150 Gy are considered as underestimated due to the approach of
the dose response curve to saturation (Faershtein et al., 2020;
Table 3). The minimum ages suggest that the onset of the
accumulation of fine-grained sediments pre-dates the Late
Pleistocene (Figure 3). This onset occurred apparently in the
Middle Pleistocene or even earlier.

Sediments near the base of Section 9 provided ages of ca.
85 ka and younger. The age data indicate that the lowermost
fine-grained sediments at both sections accumulated during
MIS 5 and/or earlier. The stratigraphically mostly consistent

ages from the middle and upper part of Section 3 suggest that
the accumulation of fine-grained sediments lasted at least until
ca. 30 ka, in the later part of MIS 3 (Figure 3). The recalculated
age of ∼50 ka for a sample investigated byMoumani et al. (2003)
from a position ca. 2 m below our uppermost OSL sample at
Section 3, and the age of 44 ka from Section 9, are all
stratigraphically consistent.

Four sediment samples from the artefact-bearing bed at
Section 9 yielded stratigraphically consistent ages between ca.
85 to 65 ka, suggesting that humans were present in the region

FIGURE 3 | Lithology and OSL age data of Section 3 and Section 9. Positions of three previously dated samples and artefact-bearing layer at Section 3 according
to Moumani et al. (2003). In-situ artefacts were only recorded at Section 9 in this study. Age data originally reported by Moumani et al. (2003) in brackets, calculated with
water contents of ca. 2%, were recalculated using water contents of 25% to enable comparability. The lower three newly obtained age data from Section 3 are minimum
ages. Age data of Section 3 in italics are not in stratigraphic order, perhaps due to inaccurate dose rates (Table 3). Photos of sections and complete lithological log
of Section 9 is available as Supplementary Figure S1. (scale of x-axis s s g p c l: silt, sand, granules, pebbles, cobbles, limestone, respectively)
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during a relatively long period of ca. 20 ka in the later part of MIS
5 and first half of MIS 4. The recalculated age of the sample
collected by Moumani et al. (2003) from the artefact-bearing
deposits at Section 3, ca. 75 ka, supports the age range for the
artefact-bearing sediments at Section 9. In contrast, we
determined a significantly older minimum age of ca. 105 ka
for the sediments considered to contain artefacts at Section 3.
However, this older age potentially results from 1) a
stratigraphically lower position of the sampled material in
comparison to the sediment with the embedded artefacts dated
by Moumani et al. (2003), 2) sampling of a laterally inconsistent
sediment layer which pre-dates the accumulation of the artefact-
bearing sediment dated by Moumani et al. (2003), or 3) an earlier
occupation period than those represented by artefacts in
Section 9.

The Depositional Setting at Jurf ed
Darawish
The sediments at the two sections represent three main types: 1)
gravel deposits, 2) massive yellowish-brown clayey silts with casts,
voids or colour traces of roots, and 3) greyish-green clayey silts
which are partly carbonate-rich, partly characterized by
horizontal bedding and which partly include thin, darker
layers (Figures 3, 4). The gravelly deposits were formed either
in river channels by fast-flowing water or by overland flow during
sporadic flash floods. The thick gravel beds in the lower part of
both sections include clasts with up to 60-cm long axes, indicating
fast flow. Thinner gravel beds intercalated in the sedimentary
sequences and the gravel cover at the top of the sections, which is
wide-spread on the surface in the region, probably originate from
flash floods.

TABLE 3 | OSL dating results for samples from Section 3 (alpha counting was not used; No. aliquots—the number of aliquots used for the average De out of the aliquots
measured).

Code
JED

Burial
depth
(m)

Water
contents

(%)

K
(%)

U
(ppm)

Th
(ppm)

Dose
rate

(μGy/a)

No.
aliquots

De

(Gy)
Age (ka)

10–1 9.4 25 0.66 3.8 5.6 1,666 ± 119 28 359 ± 50 215 ± 34*
10–2 8.7 25 0.77 1.2 6.0 1,468 ± 105 28 294 ± 19 201 ± 19*
10–3 7.3 25 0.81 2.0 7.1 1,506 ± 106 28 157 ± 14 104 ± 12*
10–4 6.3 25 0.36 1.4 2.9 812 ± 71 26 128 ± 18 158 ± 26
10–5 4.7 25 0.83 2.1 5.3 2,150 ± 117 28 104 ± 4 49 ± 3
10–6 3.7 25 0.99 2.0 5.4 1,584 ± 110 22 106 ± 7 67 ± 6
10–7 2.5 25 0.79 1.8 5.0 1,387 ± 97 24 68 ± 5 49 ± 5
10–8 1.5 25 0.85 2.1 6.1 1,608 ± 109 24 63 ± 3 39 ± 3
10–9 0.9 25 0.92 2.7 6.1 1794 ± 119 24 54 ± 3 30 ± 3

*Minimum age.

FIGURE 4 |Grain-size fractions at Section 9, and concentrations of total organic (TOC) and inorganic (TIC) carbon. TOC and TIC concentrations at Section 3 shown
for comparison in red. Note: TOC and TIC concentrations are shown at height above section base, the data do not necessarily correlate stratigraphically.
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FIGURE 5 | (A) Grain-size-frequency curves for sediment samples from Section 9. Position of three modes at ca. 3, 50 and 150 µm indicated by vertical dotted
lines. (B)Grain-size frequency curves for loess samples from the Negev Desert redrawn from Amit et al. (2020; Negev loess top soil) and Crouvi et al. (2008; all other) for
comparison.

FIGURE 6 | Fossils recorded in sediments of Section 9. Abundances of articulated ostracod valves, i.e., carapaces (cpx), are indicated by red colour. (fgm
fragments)
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The massive yellowish-brown clayey silts with casts, voids or
colour traces of roots dominate at Section 9 and in the middle and
upper part of Section 3 (Figure 3, Supplementary Figure S1).
They probably represent reworked alluvial sediments which
accumulated in topographically lower locations. The oxidized
colour and frequent root traces show that the sediments were
mostly exposed and covered by terrestrial plants.

The partly carbonate-rich, partly horizontally bedded greyish-
green clayey silts, mostly in the lower halves of both sections, were
probably formed in an aquatic to semi-aquatic depositional
setting with carbonate precipitation from the open water
surface or from groundwater near the surface. Thin sediment
layers with darker colour similar to reported “black mats” in other
desert environments indicate formation in wetlands (Quade et al.,
1998; Pigati et al., 2014).

The fine-grained sediments of Section 9 do not show
significant variations of the clay, silt and sand fractions
through the stratigraphic sequence (Figure 4). Accordingly,
grain-size frequency curves of individual samples from the
section show three modes at more or less constant grain sizes
(Figure 5). The two most abundant grain populations
characterized by modes at ca. 3 and 50 µm resemble the grain-
size patterns of loess samples collected from the Negev Desert
(Crouvi et al., 2008; Amit et al., 2020; Figure 5). Primary, non-
reworked loess in the Negev Desert has a bimodal grain-size
frequency distribution with one mode at a fine grain size of
3–8 µm and a second mode at a coarser grain size between 50 and

60 µm (Crouvi et al., 2008, 2009). The finer grain population is
regarded as transported mainly from far, distal sources
(500–2000 km) such as the Sahara and Arabia, with some
contribution from proximal sources (Crouvi et al., 2008; Amit
et al., 2020). The coarser grains are described as locally derived
dust downwind of active dune fields.

Topsoil sediments of the Judean Mountains in the west and
northwest of the Dead Sea were investigated by Amit et al. (2020)
who concluded that the clastic particles originated mainly from
the Sinai-Negev Erg. The bimodal grain-size frequency
distributions of these topsoil samples have one mode centered
at ca. 5 µm and a second mode between 42 and 52 μm,
comparable to the investigated sediments of the Section 9
which have a similar distance to the Sinai-Negev Erg that
could be a potential source area.

In contrast to the loess deposits of the Negev Desert and the
topsoil sediments of the Judean Mountains, the sediments of
Section 9 have an additional third mode in the fine sand fraction
which is comparable to aeolian sand deposits in the Arava/Araba
Valley to the west of the central Jordanian Plateau or to dune
sands in northeastern Saudi Arabia in its east (Saqqa and Atallah,
2004; Benaafi and Abdullatif, 2015; Figure 5). Thus, this coarser
grain population probably represents locally derived aeolian sand.

Numerous recorded fossils in the lower part of both sections
allow more detailed inferences of the depositional setting. The
most abundant fossils, the ostracod assemblages, indicate the
existence of a slowly flowing stream and associated wetland

FIGURE 7 | Fossils recorded in sediments of Section 3. Articulated ostracod valves (carapaces, cpx) shown in red as in Figure 6. (fgm fragments)
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FIGURE 8 | Ostracod valves recorded at Section 9. 1-2 Psychrodromus sp., 1 left valve (LV) internal view (iv), 2 right valve (RV) iv; 3-7 Potamocypris fulva, 3 LV
external view (ev), 4 RV ev, 5 LV iv, 6 RV iv, 7 dorsal view of carapace; 8–11 Pseudocandona sp., 8 LV iv, 9 RV iv, 10 RV ev, 11 LV ev. All specimens housed at Institute of
Geological Sciences, Free University of Berlin (Germany).

FIGURE 9 |Ostracod valves recorded at Section 3. 1Psychrodromus sp. LV iv; 2 Potamocypris fulvaRV iv; 3Heterocypris salinaRV iv; 4 Pseudocandona sp. LV iv;
5 Neglecandona neglecta carapace (LV visible); 6-7 Candona cf. vernalis, 6 RV iv, 7 LV iv; 8-9 Ilyocypris cf. gibba, 8 LV iv, 9 enlargement of posteroventral part, inner
lamella with marginal ripplets; 10–11 Ilyocypris cf. bradyi, 10 LV iv, 11 enlargement of posteroventral part, partly recrystallized and overgrown inner lamella with poorly
preserved marginal ripplets. Scale not valid for 9 and 11. Abbreviations as in Panel 9. All specimens housed at Institute of Geological Sciences, Free University of
Berlin (Germany).
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conditions, including springs and temporary ponds at the studied
locations. For example, Potamocypris fulva, most abundant at
Section 9, is typically recorded from very shallow, slowly flowing
waters and the interstitial (subterranean) habitat of streams
(Meisch, 2000). Similarly, Ilyocypris gibba and I. bradyi
typically occur in small and shallow water bodies such as
ponds, springs and streams. Species of Pseudocandona are
mostly described from permanent and temporary small water
bodies such as ponds and springs and the interstitial habitat of
streams (Meisch, 2000). Those of Psychrodromus are mostly
reported from springs, streams flowing from springs, and
ponds. Heterocypris salina typically inhabits small temporary
water bodies. Cypridopsis vidua is specifically known from
densely vegetated water bodies. Candona vernalis, resembling
the widely distributed Neglecandona neglecta, was only described
from modern habitats and Holocene and MIS 9 (Holstein
Interglacial ca. 330 ka) deposits in Central Germany so far
(Fuhrmann, 2012). The species occurs in temporary small
water bodies, often in river plains. The large variations in the
number of ostracod valves per sample correspond with typically
seen large lateral changes in a stream and wetland setting rather
than the minor gradual changes expected in a lake environment.
In analogy to modern in-stream wetlands in some segments of
Wadi Hasa ca. 40 km northwest of Jurf ed Darawish, an in-stream
wetland is inferred from the fossils at Section 3 and Section 9
(Figure 10).

The recorded gastropods in sediments of both sections
support the inference of a stream and wetland setting due to
the occurrence of both aquatic and terrestrial forms. The bivalve
genus Pisidiumwas recorded too, whose members occur in a wide
range of habitats typically including small and temporary water
bodies, springs, streams and lake margins (Welter-Schultes,
2012).

Although only 130 m apart from each other, the distribution of
fossils at Section 3 and Section 9 does not support a laterally
consistent facies distribution and clear correlation of both

sedimentary sequences. For example, valves of Potamocypris
fulva, abundant at Section 9, were not recorded at Section 3
apart from a single valve (Figures 6, 7). In addition, valves of
Pseudocandona sp. and Psychrodromus sp. are both abundant at
Section 9 but rare at Section 3. However, these differences in the
assemblage data are supported by the field observation of the
lateral coarsening of the artefact-bearing bed at Section 9 towards
the north. Lateral litho- and biofacies changes are apparently
evident in the Jurf ed Darawish region, and expected in an in-
stream wetland setting with slowly flowing waters, stagnant
waters, springs and emerged terrestrial habitats occurring close
to each other at the same time (Pigati et al., 2014). The inferred
lateral facies changes are also evident from the differences of the
sedimentary sequences of the Section 3 and Section 9 (Figure 3).
In addition, they probably explain the seeming discrepancy of the
older OSL age determined for the topmost sediments of Section 9
in comparison to the ages of the uppermost sediments at Section 3
in a topographically lower position (Figure 3).

In contrast to the sediments in the lower parts of both sections,
fossils were only sporadically recorded in the deposits above
(Figures 6, 7). However, grain-size frequency curves for these
samples are not substantially different from the fossil-bearing
samples (Figure 5). The middle mode of these samples is more
constrained to a grain size of ca. 50 µm, possibly as a result of less
significant changes in flow conditions in comparison to the
inferred in-stream wetland conditions for sediments below.
Clastic material was apparently washed to a topographic low
from nearby source areas. The lack of fossils and the oxidized
sediment colour suggest that open, stagnant water was not or only
rarely present. Abundant traces of plant roots indicate that
terrestrial vegetation likely existed most of the time. The in-
stream wetland was possibly replaced by a vegetated alluvial plain
due to reduced surface runoff which probably resulted from
decreased precipitation in the catchment, and/or the increasing
down-cutting by flowing waters and possibly lowered
groundwater. The timing of the transition from an in-stream
wetland setting to a vegetated alluvial plain at Jurf ed Darawish is
not well constrained. However, the available age data suggest that
this transition occurred sometime between ca. 60 to 50 ka,
possibly contemporaneous with the MIS 4/3 transition.

The similarity of the grain-size-frequency curves of samples
from Section 9 and those of loess deposits in the Negev Desert
suggests that the detrital source material of sediments at Jurf ed
Darawish was local loess derived from the catchment of the
former wetland. The presence of fossil remains of aquatic
organisms, partly recognized horizontal bedding, the dense
appearance of the sediments, and the occurrence of granules
and small pebbles in the fine-grained matrix, show that the clayey
silts represent reworked, secondary fluvial loess rather than
primary loess deposits (Cordova et al., 2005). In contrast to
the loess deposits of the Negev Desert with a bimodal grain-
size frequency distribution, the sediments at Jurf ed Darawish
have a significantly higher proportion of the clay and very fine silt
fraction in comparison to the coarse silt fraction, consistent with
the larger distance to source areas in comparison to the deposits
of the Negev Desert (Crouvi et al., 2008; Amit et al., 2020;
Figure 5).

FIGURE 10 | In-stream wetland in Wadi Hasa ca. 40 km to the
northwest of Jurf ed Darawish. Two cars (black arrows) for scale. Position of
stream indicated by white arrows. (Photo by Wolfgang Streicher)
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According to Cordova et al. (2005), primary loess occurs in
Jordan in a North-South stretching band which is some tens of
kilometres to the east of the highest regions of the Jordanian
Plateau and which includes the study area. Red Mediterranean
soils are present in the more elevated regions to the west and
north of Jurf ed Darawish (Cordova et al., 2005), and Lucke et al.
(2013) demonstrated that these soils originated from the long-
term accumulation of remote dust (mainly from Egypt and
Sudan) rather than the weathering of bedrock.

Periods of dust accumulation are not well constrained in
Jordan but studies in the Negev Desert indicate that loess
formation occurred as early as the middle Pleistocene ca.
180–130 ka, followed by a major phase of dust deposition and
loess formation after 80–75 ka which continued throughout MIS
2 (Ben David, 2003; Enzel et al., 2008; Crouvi et al., 2009).
Faershtein et al. (2016) suggested that erosion in the Negev
Highlands started after a long period of dust aggradation ca.
24 ka and became predominant at the MIS 2/1 transition. The
youngest dated fine-grained deposits near the top of Section 3
with an age of ca. 30 ka and the exposed bedrock in the Wadi El
Jurf show that a similar transition from aggradation to incision
occurred on the Jordanian Plateau sometime during MIS 2 or 1.
According to Neeley (2004), archaeological remains in the Jurf ed
Darawish region span the lower Palaeolithic through the Early
Epipalaeolithic. Younger than Early Epipalaeolithic (19–16 ka)
remains are apparently absent due to diminished resources. Thus,
archaeological evidence points to a transition from the former
aggradational to the present erosional setting during the last few
thousand years before the onset of the Holocene.

Discussion of Previous Inferences From
Jurf ed Darawish
The initial investigation of Section 3 and spatial analysis of other
nearby sections by Moumani et al. (2003, p. 221) led to the
inference of “normal freshwater lacustrine conditions” between
>111 and <40 ka at Jurf ed Darawish. Moumani et al. traced
sediments similar to those exposed at Section 3 as their newly
defined Burma Member of the Wadi Hasa Marl Formation in
Wadi El Jurf and upstream in Wadi Burma along an 8-km long
southwest-northeast oriented stretch. They argued that a
minimum lake depth of 15 m must have existed due to the
altitudinal difference of these sediments with an altitude of
940 m asl at Jurf ed Darawish and 955 m asl upstream in
Wadi Burma. However, they also stated that the sediment
types and recorded fossils rather point to a shallow lake of 10-
m depth or less. Shoreline features were not recorded. Additional
fine-grained sediments, mapped in Wadi Al Juhiera between
1,008 and 1,014 m asl, ca. 7 km southwest of Jurf ed Darawish,
were regarded as deposits of a separate lake basin since a single
lake with a required water depth of ca. 70 m was considered as
unrealistic for the currently hyperarid region. We argue that 1)
the altitudinal distribution of sediments similar to those at
Section 3 and Section 9 over a range of ca. 70 m, 2) their
spatial documentation along the modern wadis Al Juhiera,
Burma and El Jurf, 3) the lack of shoreline deposits, and 4)
the sediment types and included fossils recorded at Section 3 and

Section 9 are evidence for the former existence of in-stream
wetlands and aggradational alluvial plains in the Pleistocene.
Similar in-stream wetlands occur in some segments of Wadi
Hasa 40 km to the northwest of Jurf ed Darawish today, showing
that only slight differences in local climate and groundwater
hydrology are required to support a different landscape in an
aggradational setting at Jurf ed Darawish (Figure 10). In contrast,
far-reaching inferences such as those by Findlater (2003, p. 59)
who compared the Late Pleistocene landscape at Jurf ed Darawish
with a “jungle-like terrain” and nearest modern analogues “in
central Africa or South East Asia” are clearly not supported by the
accumulated geological evidence.

Comparison With Other Pleistocene
Records in the Region
Intensive archaeological surveys and geological studies were
conducted in the upper reaches of Wadi Hasa only 20 km to
the north of Jurf ed Darawish since the initial surveys by Vita-Finzi
(1964) and Clark (1984; Figure 1). As a result, Schuldenrein and
Clark (1994) and Schuldenrein and Clark (2003) suggested that a
relatively large lake existed in the region in the second half of the
Late Pleistocene between ca. 70 to 20 ka. However, the detailed
sedimentological and dating study of Winer (2010) demonstrated
that the sediments in question where formed in an in-stream
wetland setting (Rech et al., 2017). Inferred periods of sediment
accumulation were before ca. 140, at ca. 120, 98–78, 68–50, 32–24,
16–13 and 10–7 ka (Winer, 2010; Figure 11). Remains of gazelle
and equids from ’Ain Difla in Wadi Ali, a small tributary of
Wadi Hasa, were assigned an age of ca. 100 ka, and suggest
that a cool steppe or sub-desert environment existed in the
region in the early Late Pleistocene which is more consistent
with the inference of in-stream wetlands rather than a long-
term presence of a large lake in the Wadi Hasa region (Lindly
and Clark, 1987; Shea, 2003).

A lake of ca. 1,000–1,800 km2 size was also proposed for the Al
Jafr Basin ca. 60 km to the southeast of Jurf ed Darawish, based on
geomorphological analyses and the examination of surficially
exposed sediments by Huckriede and Wiesemann (1968),
Bender (1968) and Bandel and Salameh (2013; Figure 1).
Sediment sections of the uppermost 2 m were subsequently
analyzed by Mischke et al. (2015) who concluded that the
deposits formed in a wetland including shallow freshwater to
slightly oligohaline ponds, streams and swamps. Sediment
accumulation occurred during the second half of MIS 3 and
was replaced by erosion in MIS 2. However, sediments of pre-
MIS 3 age were not included in their study. In contrast, Davies
(2005) studied a 31-m long core from the basin which included
clay, sandy clays and gravel lenses beneath an 11-m thick aeolian-
alluvial sediment cover whichwas apparently formed inMIS 2. The
lower stratigraphic unit was not dated but clays at the base of the
core were regarded as formed in a deep lacustrine environment,
overlain bymultiple sequences of alluvial deposits, possibly formed
during individual large flooding events. However, the inference of
wetlands in MIS 3 shows that slightly wetter conditions in the Late
Pleistocene probably led to a remarkable landscape change at this
southeastern, even more arid location in Jordan.
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Sediments incised by Wadi Gharandal, a tributary of Wadi
Araba ca. 90 km southwest of Jurf ed Darawish, were regarded as
formed in the Pleistocene Lake Lisan by Bender (1968). The
recent reassessment by Al-Saqarat et al. (2021) revealed that the
sediments represent a wetland sequence accumulated in the wadi
between ca. 125–70 ka. A minimum age of ca. 75 ka was
determined for two Levallois flakes which are possibly
evidence for the contemporary presence of humans at Jurf ed
Darawish and Gharandal. Additional evidence for the presence of
springs and densely vegetated areas including reeds, comes from
the northern Wadi Arava/Araba ca. 70 km north of Gharandal,
where travertines with determined ages of ca. 130, 90 and 70 ka
were apparently formed at the same time as the wetlands in Wadi
Gharandal and at Jurf ed Darawish (Livnat and Kronfeld, 1985;
Waldmann et al., 2010).

Dating of ostrich shells from archaeological excavations of two
rock shelters (Tor Sabiha and Tor Faraj; Figure 1) ca. 90 km to
the south of Jurf ed Darawish yielded ages of ca. 70 ka (Henry and
Miller, 1992). Together with 60–50 ka old animal teeth from the
excavation of Fara II at the northern margin of the Negev Desert,
Henry and Miller (1998, p. 45) already suggested more than two

decades ago “an uninterrupted cultural development stretching
from ca. 80–45 K bp for the arid zone of the southern Levant”
(Schwarcz and Rink, 1998; Goder-Goldberger et al., 2020;
Figure 1). Our new data from Jurf ed Darawish show that
human occupation in the southern Levant was possible not
only at few locations characterized by locally specific, very
favourable hydrological conditions during the late MIS 5 and
in MIS 4. Instead, lowered temperatures and reduced evaporation
led to a higher moisture availability and abundant surficially
accessible water resources for game and humans.

A wetter climate at ca. 70 ka is also inferred from the
coincidence of the reconstructed summer insolation minimum
and the dramatic lake-level rise by 70–80 m in the Dead Sea Basin
at the Samra-Lisan lakes transition (Berger and Loutre, 1991;
Waldmann et al., 2007; Figure 11). It is still debated whether
precipitation increased mainly in the northernmost catchment of
Lake Lisan (i.e., Mount Hermon, the Golan Heights and Upper
Galilee) or whether also higher precipitation in its central parts
such as the Judean Mountains contributed to the initial rise in
lake level and subsequently maintained high level (Waldmann
et al., 2007; Enzel et al., 2008). The study at Jurf ed Darawish

FIGURE 11 | Late Pleistocene and Holocene lake-level history in the Dead Sea Basin, and records of wetter climate conditions (horizontal blue bars) in the region in
comparison to the dated artefact-bearing bed at Jurf ed Darawish marked by vertical blue bars. Vertical grey bars indicate sapropels in the eastern Mediterranean Sea
north of the Nile delta (Zhao et al., 2011). Broken grey line marks the Samra-Lisan lakes’ change. References of other climate records are 1 Bartov et al. (2002), Bartov
et al. (2003), Bartov et al. (2007), Waldmann et al. (2007); 2 Szabo et al. (1995); 3 Osmond and Dabous (2004); 4 Smith et al. (2007); 5 Smith et al. (2004); 6 Sultan
et al. (1997); 7 Crombie et al. (1997); 8 Vaks et al. (2006), Vaks et al. (2007); 9 Schwarcz et al. (1979), Livnat and Kronfeld (1985), Enmar (1999), Waldmann et al. (2010);
10 Al-Saqarat et al. (2021); 11 Winer (2010); 12 Mischke et al. (2015); 13 Cordova et al. (2013); 14 Groucutt et al. (2018); 15 Stewart et al. (2020b); 16 Groucutt et al.
(2015); 17 Petraglia et al. (2011); 18 Fleitmann et al. (2011); 19 Fleitmann et al. (2003); 20 Rosenberg et al. (2012); 21 Berger and Loutre (1991).

Frontiers in Earth Science | www.frontiersin.org September 2021 | Volume 9 | Article 72243514

Mischke et al. Late Pleistocene Wetland Central Jordan

https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


shows that regions as remote from the seas as precipitation-
source areas such as the Jordanian Plateau apparently received
higher precipitation than today and likely contributed to high
levels of Lake Lisan in MIS 4 and 3.

Further south in the Negev Desert, wetter conditions were
inferred from speleothem growth between 84 and 13 ka and from
the formation of loess and calcic soils, and thus, the presence of a
relatively dense vegetation cover, which started ca. 80–75 ka and
mainly prevailed during MIS 4-2 (Vaks et al., 2006; Enzel et al.,
2008; Crouvi et al., 2009). Travertines formed in hydrologically
favourable conditions of Nahal (i.e., stream) Aqev in the north-
central Negev Highlands in the Middle and Late Pleistocene but
they are not necessarily evidence of wetter climate conditions
since travertine is formed in specific locations in the valley even
today. However, Schwarcz et al. (1979) determined ages of 80 and
46 ka for two different artefact-bearing travertine deposits which
show that humans inhabited the region at the same time as Jurf ed
Darawish.

Wetter conditions in the Late Pleistocene in more distant
regions such as the Western Desert in Egypt and Sudan were
recorded as a result of studies of lake sediments, travertine and
ore deposits, and soil carbonates. For example, Szabo et al. (1995)
inferred pluvial conditions and enhanced monsoonal circulation
between 90 and 65 ka based on the identification and dating of
lake sediments (Figure 11). Osmond and Dabous (2004) dated
carbonate and oxidized iron deposits, and phosphorite ores as
evidence of enhanced groundwater circulation in the Egyptian
Sahara. They determined an especially high number of age data
between 90 and 70 ka. Dating of travertines in Egypt’s Western
Desert yielded Middle Pleistocene and younger ages of ca.
150–122, 116–198, 68 and 50 ka (Crombie et al., 1997; Smith
et al., 2004, 2007; Figure 11).

On the Arabian Peninsula, lakes and wetlands existed between
132 to 104 and 100 to 80 ka (Rosenberg et al., 2012; Groucutt
et al., 2015, 2018; Stewart et al., 2020b; Figure 11). Soil formation
was recorded in Saudi Arabia’s hyperarid Nefud Desert ca. 95 and
75 ka (Petraglia et al., 2011). Periods of rapid speleothem growth
in the Yemeni Highlands and Oman Mountains as indicators of
wetter climate conditions occurred ca. 135–120, 100 and 82–78 ka
(Fleitmann et al., 2003, 2011; Figure 11). Thus, the presence of
humans on the central Jordanian Plateau in the Late Pleistocene
falls apparently into a period of generally wetter conditions in the
southern Levant, the eastern Sahara and the Arabian Peninsula.

Sediment accumulation at Jurf ed Darawish during most of the
late Pleistocene was replaced by an erosional setting sometime
after 30 ka (Figure 3). As a result, the sequence of the
accumulated Pleistocene sediments was removed in the Wadi
El Jurf, and the Maastrichtian bedrock became exposed. We
assume that similarly dry conditions as occur today with very
sparse desert vegetation led to the establishment of the erosional
setting. In the Negev Highlands, erosion started after a long
period of dust aggradation at ca. 24 ka and incision culminated at
the Pleistocene-Holocene transition (Faershtein et al., 2016). In
the Al Jafr Basin, wetland deposits were formed in the second half
of MIS 3, followed by drier conditions in MIS 2 (Davies 2005;
Mischke et al., 2015). The more intensively investigated Lake
Lisan experienced a stepwise lake-level decline after the highest

level was reached between 27 and 24 ka when the lake was merged
with the Sea of Galilee (Hazan et al., 2005; Bartov et al., 2007;
Waldmann et al., 2007). However, the most dramatic lake-level
fall occurred at ca. 14 ka (Torfstein et al., 2013). Thus, we may
speculate that sediment accumulation continued in the Jurf ed
Darawish region until ca. 24 ka, followed by erosion which
probably became most intensive before and during the
Pleistocene-Holocene transition.

CONCLUSION

Evidence from Jurf ed Darawish suggests that an aggradational
setting dominated in the present hyperarid region since at least
the middle of MIS 5 and during MIS 4 and 3. Dust deposition and
loess formation must have resulted from a significantly denser
vegetation cover. An in-stream wetland existed at Jurf ed
Darawish during MIS 5-4, and was replaced by a vegetated
alluvial plain in MIS 3. The accumulation of reworked,
secondary fluvial loess continued at Jurf ed Darawish until at
least 30 ka before erosion started to prevail sometime afterwards.
The new data from Jurf ed Darawish and published information
from other locations in the southern Levant show that streams
and in-stream and spring-fed wetlands occurred on the Jordanian
Plateau, in Wadi Arava/Araba and in the Negev in the Late
Pleistocene (Schwarcz et al., 1979; Waldmann et al., 2010; Winer,
2010; Al-Saqarat et al., 2021).

The distribution of artefacts in sediments which accumulated
at Jurf ed Darawish between ca. 85 to 65 ka is evidence for a
relatively long presence of humans in the region. Artefact-bearing
sediments at Gharandal with an age of at least 75 ka, ca. 70-ka old
ostrich shells from excavations at Tor Sabiha and Tor Faraj in
southwestern Jordan, 80-ka old artefacts in travertine deposits in
the Negev Desert, 60–50-ka old animal teeth from the excavation
at Fara II at its northern margin, and the 85-ka old human
remains from Al Wusta in the Nefud Desert show that humans
were present in a wide region of the southern Levant and Arabian
Peninsula in the late MIS 5 and during MIS 4 (Figure 1). Thus,
favourable conditions in the middle of the Late Pleistocene had
turned at least significant portions of today’s desert barrier of the
southern Levant and the Arabian Peninsula into a bridge between
climatically more favourable regions in the south and north. The
described evidence for the presence of humans in the southern
Levant and Arabian Peninsula between ca. 85 to 60 ka fills the gap
between two distinct movements identified within the Out-of-
Africa 2 model between ca. 130 to 80 and after 50 ka (Garcea,
2012). However, our study leaves open whether the embedded
artefacts in the sediments of Jurf ed Darawish represent repeated
visits or an uninterrupted presence of humans in the region.
Detailed archaeological investigations of the sedimentary
sequences of Jurf ed Darawish are required to address this
question.

According to the temperature record of the Greenland ice cap,
the period between 85 and 60 ka includes an initial long-term
cooling and later on one of the coldest periods of the entire Late
Pleistocene between 70 and 60 ka which was only interrupted by a
single short-term warming at ca. 65 ka (Kindler et al., 2014). This
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latter period represents the largest increase of global ice sheets in
the Late Pleistocene (Batchelor et al., 2019). Thus, lower
temperatures, rapid sea-level fall and resulting re-arrangements
of the atmospheric circulation were apparently key for the
reconstructed landscape change in the southern Levant.

Generally wetter conditions represented by reworked,
secondary fluvial loess at Jurf ed Darawish during the Late
Pleistocene possibly resulted from 1) the lowered temperatures
and reduced evaporation effects which caused an increase in
available moisture, and 2) more efficient eastern Mediterranean
cyclones which also reached relatively far inland. These eastern
Mediterranean cyclones, typically called Cyprus Lows, could have
transported more moisture to the southern Levant as a result of a
generally more southern location of its pathways and/or a higher
frequency of arriving lows (Saaroni et al., 2010). Cyprus Lows reach
the eastern Mediterranean coast today mostly in the northern
Levant, but the glaciations of Scandinavia and the Alps, and
extended snow covers at northern and middle latitudes and
related katabatic winds probably forced the westerlies
circulation of the Mediterranean to a more southern position in
comparison to today. Minor temperature reductions in subtropical
regions in the Pleistocene probably resulted in a weaker influence
of the descending branch of the Hadley cell, also contributing to a
more efficient transport of moist air from theMediterranean Sea to
the southern Levant. Enzel et al. (2008) proposed that eastern
Mediterranean lows were funnelled by the ice and snow cover in
Europe and Turkey, the lower sea level and the Sahara during the
Late Pleistocene over the sea and directed to the east. In addition,
climate model simulations predict a poleward shift of North
Atlantic storm tracks, decrease of winter rain in the Middle
East and weakening of Mediterranean storm tracks in a warmer
future (Black et al., 2010). Accordingly, an equatorward shift of
North Atlantic storm tracks, increase of winter rain in the Middle
East and strengthening ofMediterranean storm tracks are expected
for globally cooler conditions.

Further downstream, sediments similar to those at Jurf ed
Darawish and previously described as lake sediments were
reassessed as in-stream wetland deposits by Winer (2010). Similar
sediments exist also 6 km upstream of Jurf ed Darawish in Wadi
Juheira, where they were assessed as lake deposits (Neeley, 2004). A
sedimentological and palaeontological reassessment could show
whether these sediments were formed in a lake or similar to those
at Jurf ed Darawish and Wadi Hasa in an in-stream wetland setting.

Wetter climate conditions and presence of humans during the
late MIS 5 and during MIS 4 were inferred in a wide region from
the Negev Desert in the west to the Nefud Desert in the east. A
missing piece in the emerging puzzle of contemporaneously
accumulated sediments are potentially the clays and sandy
clays under an 11-m thick cover of wetland, alluvial and
aeolian deposits in the Al Jafr Basin. Sediments between 31
and 11 m depth were partly regarded as lake deposits by
Davies (2005) who conducted loss-on-ignition and element

geochemistry analyses. Dating of sediments above provided
ages of 24 and 16 ka but the age of the finer-grained
sediments below is still not determined. New analyses of
sediments from the Al Jafr and other endorheic basins further
south and east have the potential to shed more light on the
environmental and landscape change in the southern Levant
during the Late Pleistocene.
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