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Abstract

Sodmein Playa is one of the rare Pleistocene open‐air sites in the Eastern Desert of Egypt.

Based on the associated stone artefact material, it could be assigned to the Middle Stone

Age/Last Interglacial. However, it has not yet been possible to clarify whether the

sediments at the basin originated during the Pleistocene or later during Holocene wet

phases. Our integrative approach combining Optically Stimulated Luminescence

chronology, and cryptotephra analysis, allows us to link the environmental archive of

Sodmein Playa with the site of Sodmein Cave. Sodmein Playa indicates wetter climate

conditions starting around 9 ka with a (relative) maximum around 7 ka, in line with

the general framework of the Holocene Humid Period in Northeast Africa. Despite the

climatic similarity, regional environmental differences can still be identified and the

effective available water around Sodmein Playa is reduced. The results are well integrated

into the current archaeological knowledge with the change from hunter‐gatherers to

herders during the Holocene in the area. Analyses of cryptotephra reveal a wide range of

source regions, including Eastern and Central Anatolian, the Azores, and the Aegean, as

well as those which remain uncorrelated. A tentative correlation with the Holocene

cryptotephra record from Sodmein Cave is established.
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1 | INTRODUCTION

In the past decades, important archaeological sites were

discovered in the Eastern Desert of Egypt, within the Gebel

Duwi mountain ridge area. Sodmein Cave and Tree Shelter have

given evidence of human occupation during the Late Pleistocene

and Holocene. These sites are valuable for helping to understand

both the Pleistocene dispersal of humans and the first appear-

ance of domesticated animals during the early to mid‐Holocene in

Northeast Africa (cf. Marinova et al., 2008; Schmidt et al., 2015;

Van Peer et al., 1996; Vermeersch et al., 2015). The eroding

landscape and the present‐day hyperarid environment, in which

these sites are located, however, are challenging for answering

questions with regard to stratigraphies and palaeoenvironmental

conditions. It can be assumed that none of the geo‐ and

archaeological archives in the Eastern Desert can provide

comprehensive insights and that the information on

human–environment relations is only available as a complex

mosaic. Ultimately, this is also due to the fact that there is a very

close interaction of different geomorphological units in desert

environments, on a regional to local scale: geologically old, stable

surfaces lie close to each other to significantly younger and

recently active ones. A full comprehensive stratigraphic archive is

usually not available at a particular location but is achievable from

the integration of spatially differentiated evidence.

Geoarchaeological research during the Collaborative

Research Centre ‘Our Way to Europe’ (CRC 806; Litt et al., 2021;

Richter et al., 2012) tried to overcome this issue with extensive

surveys. This led to the discovery of the open‐air site Sodmein

Playa, which can be attributed to the presence of specific stone

artefacts from the Early Nubian Complex (Last Interglacial)

(Kindermann et al., 2018). However, the stratigraphic assessment

and the subsequent sedimentological analysis of the central

infilled basin, adjacent to the archaeological site, have not been

reported yet.

Initial hypotheses assumed that an ephemeral lake formed

during wetter climate phases, such as during the Last Interglacial

(Kindermann et al., 2018) or even later, during the Early

Holocene, when people started to reoccupy the area following

their absence during the Last Glacial Maximum (Vermeersch

et al., 2015). However, since the initial investigations could

neither reach the base of the infilling nor determine the time for

individual sediment phases, a reliable chronological framework

for the basin is lacking. Here, we report optically stimulated

luminescence (OSL) dating and grain‐size analyses to gather

insights into the depositional environment and to refine the first

qualitative interpretation of the stratigraphy in the depression. In

addition, the results of a cryptotephra analysis throughout the

sediment sequence provide a correlation and a stratigraphic

linkage of the playa stratigraphy with those of Sodmein Cave,

where two distinct cryptotephra layers could be distinguished

and analysed from the Pleistocene and Holocene deposits

(Barton et al., 2015).

2 | SITE DESCRIPTION

Sodmein Playa (33° 56′ E, 26°13′ N) is located in the western part of

the Gebel Duwi mountain ridge between small outcrops of Nubian

Sandstone, about 3 km from Sodmein Cave (Figure 1). Here, a wadi

terrace bar is elevated up to 2m above the present wadi floor,

presenting a marked cuesta‐like profile as a consequence of a

posterior wadi incision (Kindermann et al., 2018). The wadi is part of a

larger fluvial system that drains towards the Red Sea (Yousif

et al., 2018). Behind the named terrace remnant, which acts as a

kind of barrier, a low and flat area is situated. The surface of this small

basin consists of sand and fine gravels. This central depression of the

Sodmein Playa covers an area of about 12,000m2. The surface gently

slopes up to the southwest, extending between low outcrops of

Nubian Sandstone towards the southwestern extension. Profile 5,

located in the central part of the depression, comprises a thick

sequence with fine sediments underneath the surface. The stratigra-

phy was first described based on field observations, with an initial

interpretation of the different sedimentological and stratigraphic

units by Kindermann et al. (2018).

Today, the region has a hyperarid desert climate. The modern

climate, based on data from the closest WMO weather station, shows

total annual precipitation of less than 20mm on average, with erratic

rainfall events in the winter months and very high evaporation rates.

The annual temperature is 24.2°C, with the average temperature

being lowest in January (17.8°C) and highest in August (29.9°C)

(WMO‐station 62465‐Quesir, UN data).

3 | METHODS

Sampling for sedimentology and OSL dating was undertaken in 2017

for subsequent analysis at the laboratory of the Institute for

Geography and the Cologne Luminescence Laboratory (both Univer-

sity of Cologne). A 1.5 m deep trench from preliminary investigations

in 2014 was reinvestigated. Hand auger drilling attempted to reach a

greater depth but was stopped at 1.9 m due to technical limitations of

the equipment. Sediment samples from each sedimentological unit

were taken from profile P5 located in the central part of the Sodmein

Playa depression (Figure 1d). Four OSL samples (1401‐P1 to 1401‐

P4) were taken after cleaning the profile. They were collected in

opaque plastic tubes to prevent contact with daylight. The

surrounding material of each sample was collected to measure the

radionuclide activity with high‐resolution gamma‐ray spectrometry in

the laboratory. Sampling for tephra analysis was carried out at

systematic intervals of 5 cm.

3.1 | OSL

Sample preparation (removal of carbonates, organics, clay and density

separation for quartz) followed standard procedures (comp. e.g.,

Klasen et al., 2018). The single‐aliquot regenerative‐dose protocol
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(SAR, Murray & Wintle, 2000, 2003) was applied to date quartz

samples derived from the 150–200 µm grain‐size fraction. Measure-

ments were carried out with an automated Risø TL/OSL DA 20

reader equipped with a calibrated 90Sr beta source. Blue‐light

emitting diodes (470 nm, FWHM= 20 nm) and Hoya U 340 filter

(7.5 mm) transmitting wavelengths of 330 ± 40 nm were used for

optical stimulation and signal detection of the quartz multigrain

aliquots (8 mm diameter of the grain layer). The net OSL signal was

obtained using the first 0.5 s of the stimulation and early background

subtraction of the subsequent 1.3 s (Ballarini et al., 2007;

Cunningham & Wallinga, 2010). The response to IR stimulation was

measured at the end of the SAR cycle (Duller, 2003). For a preheat

plateau test, we employed preheat temperatures between 180°C and

280°C for 10 s, a cut heat temperature of 20°C below the preheat

temperature, and OSL stimulation for 40 s at 125°C (8mm, three

aliquots each temperature). Additionally, we carried out dose

recovery tests of the same samples (given dose: 15 Gy (1401P1‐1)

and 19 Gy (1401P1‐2, P1‐3, P1‐4) after OSL stimulation for 100 s at

room temperature) using a preheat temperature of 240°C and a cut

heat temperature of 220°C (8mm, five aliquots). The radionuclide

activity of the surrounding sediments was measured using high‐

resolution gamma‐ray spectrometry. The dose rate was calculated

using the Dose Rate and Age Calculator (DRAC, Durcan et al., 2015)

and the included conversion factors of Guerin et al. (2011),

attenuation factors of Brennan et al. (1991) and Brennan (2003), an

a‐value of 0.04 ± 0.03, and an assumed water content of 5 ± 2%. The

cosmic dose rate was calculated following Prescott and

Hutton (1994).

3.2 | Grain‐size distribution

Grain‐size analyses were done by laser diffraction using a

Beckmann Coulter LS 13320. It can detect the particle size
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between 2000 and 0.04 µm and provide 126 distinct classes for

the grain‐size distribution. All samples were treated with

hydrogen peroxide (H2O2 15%) to remove organic matter. Before

measurement, the samples were treated with sodium pyro-

phosphate (Na4O7P2, 46 g/l) to avoid any flocculation. Duplicate

sample sets were measured with and without HCl (10%)

pretreatment to remove carbonates. The excel spreadsheet

GRADISTAT (Version 8.0) (Blott & Pye, 2001) was used to

investigate the grain‐size distribution statistics.

3.3 | Cryptotephra analyses

Samples for cryptotephra analyses were heated to 550°C for 2 h to

remove detrital organic content, followed by immersion in 10% HCl

to remove carbonates. Each sample was wet sieved at 80 and 15 μm

with the intermediary fraction retained before glass shard extraction

was undertaken following the protocols of Blockley et al. (2005).

Three intervals determined to have the highest glass shard

concentrations (SOD 0–5, 5–10 and 40–45) were prepared from

Sodmein Playa for major element chemical analysis.

Samples selected for geochemical analyses were re‐extracted but

without using the 550°C heating step to avoid chemical alteration of

the tephra. Individual glass shards were then extracted from the host

substrate using a micromanipulator fitted with a 5 μl gas chromatog-

raphy syringe and a 100 μm diameter needle. These glass shards were

transferred to a flat silicon sheet and impregnated in an epoxy resin.

Once hardened, the silicon sheet was removed and the resin block or

‘stub’ was gradually cut down using silicon grinding papers to expose

the glass shards at the surface. A final polish using 0.3 μm aluminium

oxide powder provided a flat clean surface for analysis. Sectioned

stubs were sent to theTephra Analysis Unit (TAU) at the University of

Edinburgh, where they were carbon‐coated and analysed for major

elements using a WDS‐EPMA (Cameca SX‐100). Probe conditions

followed Hayward (2012).

4 | RESULTS

The results of the grain‐size distribution analysis verify the field

observations that the proportion of gravel, sand and silt varies

throughout the stratigraphy (Figure 2). The lowermost part of the
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sequence consists of a thick, predominantly fine sandy unit (S8).

Within these sands, very fine silty laminae and fine gravels occur.

Medium and coarse sand is enhanced in the overlying part of the

profile, where also a few gravel >2mm occur (S7). The grain‐size

distribution from S7 to S5 shows a slight increase in the amount of

silt and a more widespread grain‐size distribution. The silt fraction

increases between S7 (9.5%) and S5 (23.4%). This is in accordance

with field observations and an increase in laminae of silt particles

between 70 and 90 cm. The trend towards more silty sediments is

interrupted with one layer of coarse‐grained materials, predominantly

fine and medium sand including coarse sand and fine gravel (S4). This

unit is capped with thick and homogeneous white silts with a very

compact texture, which strongly reacts to HCl treatment due to the

carbonates. However, it cannot be ruled out that gypsum/anhydrite

or other evaporites also occur. Here, the maximum amount of silt

within the stratigraphy is present at 52.4% (S3), followed by a small

decrease towards 33.6% (S2). Whereas all layers have a clay content

between 4.6% and 6.6%, clay content has also its maximum with

17.9% (S3) and 12.3% (S2) in this layer. The uppermost layer is of

heterogeneous materials with mixed gravels, sand and only a limited

amount of silt (20.5%).

Differences between the grain‐size distribution with and without

HCl are very low for all samples, excluding S2, indicating a shift in the

medium sand fraction towards fine sand after carbonate dissolution.

4.1 | Chronology

The chronology of the deposits based on OSL dating (Table 1) starts

at 10.3 ± 0.5 ka (PL4) at the base of the sediment profile. A relative

rapid sediment accumulation is observed in the lower part of the

sequence, as the ages between 140 and 80 cm (PL4 10.3 ± 0.5 ka;

PL3 9.88 ± 0.2 ka; and PL2 9.19 ± 0.4 ka) are very close to each other

and partly overlap within the measurement uncertainty. The

youngest age is obtained for the fine‐grained deposits, dated to

7.61 ± 0.2 ka (0.35 cm, PL1).

4.2 | Cryptotephra

Seven cryptotephra analyses were carried out on samples from SOD

40–45, eight analyses from SOD 5–10, and 28 analyses from SOD

0–5. Three of the seven analyses characterizing SOD 40–45 exhibit

analytical totals below 95wt.% and are thus excluded from further

interpretation (Hunt & Hill, 1993). The remaining four analyses from

SOD 40–45 form a single chemical population that can be classified

as rhyolite (Figure 3a; comp. BAS et al., 1986). The eight analyses

composing SOD 5‐10 can be grouped into three populations and are

all classified as rhyolites (Figure 3a; comp. BAS et al., 1986). Four of

the 28 analyses obtained from SOD 0–5 were excluded from further

interpretation due to low analytical totals (<95wt.%). Of the

remaining 23 analyses, eight chemical populations can be potentially

recognized. Six of the populations can be classified broadly asT
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rhyolites (population A, B, E, F, G and H) with the remaining two

populations (population C and D) plotting in the trachyte field

(Figure 3a; comp., BAS et al., 1986). The full suite of major element

chemical data recovered from the Sodmein Playa volcanic glass

shards is presented in Supporting Information: Table S1.

The single chemical population from SOD 40–45 matches most

consistently with data obtained from the Nemrut volcano in the

Eastern Anatolian Volcanic Province (EAVP) c. 1500 km NE of

Sodmein Playa (Figure 3b–e). Nemrut is known to have been

periodically active during the Holocene with at least seven eruptions

spanning the period c. 7‐1 ka (Macdonald et al., 2015; Schmincke &

Sumita, 2014). At present, the availability of major element glass data

from these eruptions is limited, thus, this correlation remains

tentatively based on chemical data derived from older eruptions.

Population A and B of SOD 5–10, while clearly separable based

on a number of major elements including SiO2, Al2O3 and CaO wt.%

totals, can both be tentatively correlated to the Nemrut volcano

(Figure 3b–e). The single glass analysis comprising population C is

more difficult to provenance due to its similarity to a number of

known volcanic systems, namely, Kos in the Aegean and a number of

centres located in the Central Anatolian Volcanic Province (CAVP)

(Figure 3b–e).

The SOD 0–5 analyses provide a greater diversity of potential

chemical correlatives. Population A (n = 8) with distinctly low Al2O3

wt. % values and relatively high FeO and Na2O wt.% totals are

indicative of the Pantelleria Volcano located c. 2300 km NW of

Sodmein Playa (Figure 3b–d). A number of Holocene eruptions have

been described from this centre with the youngest recorded activity,

likely dating to c. 5–7 ka (Rotolo et al., 2021; Scaillet et al., 2011;

Speranza et al., 2010). Population B (n = 5) is similar to SOD 40–45

and SOD 5–10 (pop B) and can thus be also tentatively correlated to

Nemrut in the EAVP (Figure 3b–e). Population C (n = 3) matches most

consistently with trachytic analyses obtained from late Holocene

eruptive deposits on the Azores despite showing some minor offsets

in CaO wt. % (Figure 3b–e; Johansson et al., 2017; Wastegård

et al., 2020). Population D (n = 2) and E (n = 2) exhibit chemical

signatures, which suggest a correlation to Kos and Santorini,

respectively (Figure 3c–e). However, minor offsets in certain

elements such as Al2O3, wt.% in regard to population D and FeO

wt.% with regard to population E mean that these possible

correlations are less certain. Population F (n = 2) exhibits similarity

to Acigöl and other centres in the CAVP, although minor offsets in

FeO wt.% raise some doubt (Figure 3c). Populations G (n = 1) and H

(n = 2), despite showing some overlap with Nemrut and centres in the

CAVP could not be consistently correlated to a known volcanic

system in the wider Mediterranean area.

5 | DISCUSSION

The results will be discussed with regard to the sedimentology and

chronology, significance of cryptotephra and in terms of environ-

mental differences compared with those of the Western Desert of

Egypt.

5.1 | Sedimentological and chronological
interpretation

Based on the current analyses, the previous sedimentological

subdivision of the stratigraphy into four units (Kindermann

et al., 2018) can now be revised to five units I–V (Figure 2). These

stratigraphic units represent different types of sedimentation

processes, which can be linked to climatic changes during their time

of deposition in the early and mid‐Holocene.

The lowermost part of the sequence consists of a thick,

predominantly sandy unit, which most probably results from aeolian

input into the depression. Within these sands, very fine laminae of silt

but also small gravels occur, indicating only slight rainfall events

and flooding of the basin (Figure 2, stratigraphic unit V). Further

laminated silts (sandy silts) follow this stratigraphic unit, indicating

more fluvio‐lacustrine sedimentation with enhanced times of

standing water during wetter climate conditions (Figure 2, strati-

graphic unit IV). Stronger humid conditions, evidenced in the

stratigraphy by the gradual increase in silt deposits, occur between

10 and 9 ka. This is connected to the first occurrence of laminated

silts (between 70 and 90 cm), dated to the beginning of the Holocene

Humid Period (PL2 9.19 ± 0.4 ka).

After the first appearance of laminated silts, indicating possible

times of standing water in the depression, more dynamic flood

deposits are evidenced in stratigraphic unit III. Coarse‐grained

sandstone fragments from the surrounding hillslopes were washed

into the depression, presumably during a very dynamic climate with

short but intense rainfall events. This can be associated with a drier

climate in comparison to the sediment deposits below this unit. The

chronology indicates that these deposits, most probably, fall into the

time when the 8.2 ka event took place. This is associated with a drier

climate in Northeast Africa in comparison with a wetter climate

F IGURE 3 Selected chemical plots illustrating major element glass chemistry of Sodmein Playa cryptotephra and their correlation to regional volcanic
centres. Data is normalized in plot (a) (total alkali silica classification; BAS et al., 1986) and nonnormalized in biplots (b–e). Comparative chemical data
from Barton et al. (2015); Cullen et al. (2014); Develle et al. (2009); Eastwood et al. (1999); Hamann et al. (2010); Karkanas et al. (2015); Macdonald et al.
(2015); Margari et al. (2007); Neugebauer et al. (2021); Pe‐Piper and Moulton (2008); Karaoglu et al. (2005); Satow et al. (2015); Schmincke and Sumita
(2014); Schmitt et al. (2011); Şen et al. (2003); Slimak et al. (2008); Sumita and Schmincke (2013); Tomlinson et al., (2012, 2015); Tryon et al. (2009);
Wastegård et al. (2020); and Wulf et al. (2018) and unpublished data from the RESET tephra database (https://c14.arch.ox.ac.uk/). Error bars represent
2 SD of replicate analyses (n=15) of a Lipari glass standard.
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before and after this phase of aridity (cf. Li et al., 2019; Thomas

et al., 2007). Human occupation did not take place during the 8.2 ka

event at Sodmein Cave, as climate conditions were dry and

inhospitable (Vermeersch et al., 2015).

The unit is capped with thick and homogeneous, white silts with

carbonates and a very compact texture. The strong increase in laminated

silts and white compact silts in unit II probably indicates a phase in which

the depression received more precipitation and runoff, allowing a small

ephemeral lake/playa to form (Figure 2, stratigraphic unit II). It is dated to

around 7.5 ka and thus coincides well with the Holocene Humid Period.

This is in accordance with the archaeological results from Sodmein Cave,

for which Vermeersch et al. (2015) identify human presence at the cave

between 8.2.−7.0 ka (6.2–5.9 ka cal. B.C., Vermeersch et al., 2015).

Similarly, the wood species determination (of charcoal) from the nearby

site of Tree Shelter indicates a more humid environment during this

period (Marinova et al., 2008), as does sedimentological and botanical

studies from fan deposits at the Gebel Duwi between 8 and 5 ka

(Moeyersons et al., 1999). This is further supported by Hamdan et al.

(2015), who were able to show Holocene tufa growth in the Eastern

Desert between 9–10 ka and 7.2–7.0 ka. After 7 ka, the region already

appears abandoned due to arid climate condition (5.0 ka cal. B.C.,

Vermeersch et al., 2015).

The uppermost layer (Figure 2, stratigraphic unit I) is of

heterogeneous materials with mixed gravels, sand and some silt

accumulations. Here, the coarse‐grained gravels, comparable to

stratigraphic unit III, indicate short‐term runoff of water with high

energy eroding the hillslopes from the surrounding Nubian Sand-

stone, but no further accumulation of fine silts. This indicates overall

arid climate conditions after 7 ka and is consistent with the archives

given above throughout the region, which also seem to support an

onset of present‐day hyperaridity after about 7 ka in the Eastern

Desert. A strong erosion of the youngest sediments within the central

depression is hard to explain, as the current wadi terraces in front of

the depression and its small catchment protected the site against any

larger fluvial erosion. Strong wind erosion is also unlikely due to the

sheltered topographical position of the depression.

The observed mechanism of sediment accumulation can also be

linked to the interpretation of the mixing of different sources of

cryptotephra. The various tephra populations in the superficial layer

of the profile (0–5 cm) point towards an intermixing of sediments.

The low accumulation rate and the possibility that the cryptotephra

are the product of secondary deposition as a result of hillslope

erosion seem plausible, rather than the accumulation of primary

airfall in stratigraphically distinct layers. Assuming that the eight

different tephra populations were produced throughout a wider time

range, their accumulation and mixing within 5 cm of sediment exclude

a high input of sediments during these times. Intermixing of different

cryptotephra sources in the second layer (5–10 cm) is lower than in

the superficial layer. However, the described process of low sediment

accumulation and in particular the deposition in a secondary context

as erosional products from the hillslope must also be assumed. In

contrast to this phenomenon, the third layer with notably higher glass

shard concentrations at a depth of 40–45 cm represents only one

tephra population and thus is likely to represent primary aeolian

deposition. Although the process of secondary depositions from

erosion of the surrounding sediments in contrast to primary airfall

deposition is also a possibility, higher sedimentation rates during this

time result in a clearer separation of this layer. This is in good

agreement with the grain‐size analysis, which represents the highest

number of silts, interpreted as the (relative) most humid climate

conditions around 7.6 ka and thus the highest rate of sedimentation.

Unfortunately, the new dating could not confirm the previous

assumption of Late Pleistocene sediments in the central depression

of Sodmein Playa, as indicated by archaeological finds of the Last

Interglacial from the surrounding elevated wadi terrace (Kindermann

et al., 2018). In the uppermost 1.5 m of the central depression, late

Pleistocene sediments were not encountered. However, the new

results do not contradict the assumption that human activities at

Sodmein Playa took place during the Late Pleistocene under wetter

climatic conditions, since these Late Pleistocene environmental

changes could be documented in the immediate vicinity by means

of speleothem deposits at Saquia Cave (Henselowsky et al., 2021).

Sodmein Playa is thus a distinctive case of a geoarchaeological

palimpsest. The elevated area, on which the archaeological finds were

made, was largely protected from erosion and has thus formed a

stable surface since the Late Pleistocene. In contrast, the central

depression located up to 2m below the terrace bar was geomor-

phologically active and filled up with Holocene sediments. No further

sediment deposition occurred on top of the elevated terrace during

the Holocene. Therefore, different chronological findings occur at

very short distances. Although it could not be confirmed that the

lacustrine sediments of the central depression are Late Pleistocene,

this does not refute the hypothesis that archaeological activities took

place here in direct connection with a (temporary) lake. So far, it has

not been possible to reach the sediment base of the profile in the

central depression. It would therefore also be conceivable that a

strong erosion of these possibly Late Pleistocene sediments has

occurred.

5.2 | Tentative correlation of cryptotephra as a
stratigraphic marker

The nearby Sodmein Cave provides a comparison of the tephros-

tratigraphic results. The primary population of the SC1 Tephra from

Sodmein Cave has been correlated to the Dikkartin eruption (S1

Tephra) thought to originate from Erciyes Dag in the CAVP (Barton

et al., 2015). While there is some similarity with Erciyes Dagi, other

CAVP centres, and the analyses reported here, plots of FeO and CaO

wt % in particular provide a clear means of discrimination between

the chemistries (Figure 3c). This demonstrates that no tephra from

Erciyes Dagi can be identified within the Sodmein Playa site despite

the occurrence of notable ash layers such as the S1 Tephra in the

wider region (e.g., Barton et al., 2015; Hamann et al., 2010;

Neugebauer et al., 2021). There are, however, two analyses from

the SC1 Tephra found at Sodmein Cave that seem to exhibit a
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Nemrut‐like chemical signature (Barton et al., 2015; Figure 3), which

may therefore link with the Nemrut analyses reported here (SOD 40‐

45_a). The age estimate for the SC1 Tephra is 8700–9130 cal. B.P.

(Neugebauer et al., 2021) and our oldest tephra at 40–45 cm is dated

at around 7.61 ± 0.2 ka (Figure 2). However, based on current

understanding, the earliest Holocene eruption of Nemrut (V‐6) is

thought to have occurred at 7192 vy B.P. as recorded in the Lake Van

varve record (Schmincke & Sumita, 2014). Given a maximum varve

counting error of 1.4% (Landmann et al., 1996), the age range for the

V‐6 Tephra puts it close to the age estimate of our Nemrut analyses

at 40–45 cm (Figure 2; 7.61 ± 0.2 ka), but notably, not within

overlapping age error estimates and too young to be a correlative

of the tephra found at Sodmein Cave. This suggests that perhaps (1)

the lake Van tephrostratigraphic record is incomplete and that there

are earlier Holocene eruptions of Nemrut unrecognized in the

proximal record; (2) our correlations and those of Barton et al.

(2015) to Nemrut are incorrect and that there are other sources

producing tephra of similar chemistries to Nemrut in the wider

region; or (3) the occurrence of Nemrut tephra in both records is the

result of reworking of older Nemrut materials deposited on the

landscape before the onset of the Holocene (see Schmincke &

Sumita, 2014). From the available evidence, it is not possible to

definitively answer this; however, the results from distal tephra

studies often lead to the revision of volcanic histories due to the

sometimes‐better preservation of tephra layers in distal environ-

ments compared to proximal settings (e.g., Ponomareva et al., 2015).

Accepting this, it is possible that the Nemrut analyses identified in

Sodmein Cave (Barton et al., 2015) correlate with those identified

here at Sodmein Playa, with the apparent age inconsistencies

explained by the translocation of the Nemrut glass shards at Sodmein

Cave into sediments of older age and conflating with the underlying

S1 Tephra. Such movement of glass shards is frequently described in

cave settings owing to the complex depositional regimes operating in

these settings (Barton et al., 2015; Lane et al., 2014). Finally, the

sedimentation rate at Sodmein Playa (but also Sodmein Cave) is

relatively low compared to higher‐resolution lake sediment archives

(e.g., Lake Van), with which the tephra records are compared.

Ultimately there are several uncertainties associated with this

proposal, but we believe that it is not beyond the realms of possibility

that these two sites can be linked, albeit at this stage, tentatively.

5.3 | Transregional comparison with the Western
Desert of Egypt: Similar climate, yet different
environments

Besides the local importance of Sodmein Playa, and the correlation

with Sodmein Cave and Tree Shelter, a transregional comparison of

the climatic and environmental results with those of the Western

Desert of Egypt is suggested.

Comparable playa deposits from the Djara region (Egyptian

Limestone Plateau, Western Desert), located at a similar geographical

latitude as Sodmein, show fast sedimentation of alternated lacustrine

and aeolian layers with a mean age of around 7.8 ka (Bubenzer &

Hilgers, 2003). Thus, they seem to reflect the same chronological

humid phase as the uppermost white compact silts from Sodmein

Playa. Fluvio‐lacustrine sediments from Abu Tartur (Western Desert)

indicate rapid sedimentation of silty playa sediments with sandy

layers at the beginning of the Holocene around 9.4 ka. Here, the most

homogeneous playa deposits are also associated with the second

wetter climate impulse during the Holocene Humid Period at around

6.23 ± 0.43 ka. In between the two phases of playa deposits, wadi

sediments were deposited between 9.20 ± 0.46 and 7.16 ± 0.28 ka

(Bubenzer, Besler, et al., 2007; Bubenzer, Hilgers, et al., 2007). Yet,

the results from Sodmein Playa with the first impulse of wetter

climate around 9 ka correlate also with the general synthesis for the

Holocene occupation of the Western Desert by Kuper and Kröpelin

(2006). Here, the reoccupation after the Last Glacial Maximum took

place around 9 ka (8500 to 7000 B.C.E., Kuper & Kröpelin, 2006).

Even though the main climatic changes in the Eastern and the

Western Desert of Egypt are comparable and thus the stratigra-

phy of Sodmein Playa also seems to represent the main early to

mid‐Holocene climate trends of Northeast Africa, important

differences between these regions can be attributed with regard

to the general landscape settings and the geomorphological

context: similar climatic conditions do not necessarily lead to

similar environmental conditions, as other aspects such as

topography and geology also influence the environment and

landscape in which people ultimately live.

For the sake of completeness, it should also be mentioned that

the discussion of potential precipitation sources (summer rainfall vs.

winter rainfall) should also be added, as discussed for example for the

Fayum (cf. Phillipps et al., 2012), for Djara in the Western Desert

(Kindermann et al., 2006), or for the Eastern Desert at the time of the

Last Interglacial (Henselowsky et al., 2021). Evidence of Jericho Rose

(Anastatica hierochuntica), as an indicator of Mediterranean winter

rainfall, as well as Capparaceae species (Capparis decidua and Maerua

crassifolia), indicating summer rainfall, were found in Djara

(Kindermann et al., 2006). It can therefore be assumed that probably

also the Eastern Desert, at the same latitude, has been under both

winter and summer precipitation during the Holocene. In the absence

of proxies to contribute to this discussion from Sodmein Playa (e.g.,

O‐isotopes for studying the origin of precipitation), we relate the

rainfall differences between the Western Desert and Eastern Desert

to the landscape geomorphological context.

From a climatological perspective, the Eastern Desert should

provide more environmental archives as it has turned out that this

region featured, most probably due to its geographical location and

its altitude, enhanced humid conditions in the past in contrast to the

Western Desert (Henselowsky et al., 2021). However, the Holocene

Humid Period did not create comprehensive sedimentological

archives around Gebel Duwi as in comparison with the Western

Desert of Egypt, where extensive archives for the Holocene climate

optimum are present (Bubenzer & Riemer, 2007). The absence of

these sedimentological archives is explained by the topographical and

geological character of the Eastern Desert.
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The dynamic and highly erosive landscape limits the preservation

of (Holocene) sedimentary archives. This complex topography was

already present during the Holocene. Deeply incised wadi courses

lead to increased runoff with high energy in a strongly tectonic

impacted region. Numerous palaeohydrological features characterize

the region and there are no fundamental changes in the catchment

systems for the Holocene period (Yousif et al., 2018). Thus, the

potential for the creation of larger temporary/seasonal water bodies

is very limited. The small morphological basins along the sandstone

deposits in the western part of the Gebel Duwi are the only potential

area, where playa deposition after ephemeral and/or seasonal

rainfalls could have been preserved. In addition, some recent gueltas

(rock pools) are known around the Gebel Duwi, but they represent a

different kind of water availability, in comparison to a region with

extensive paleolakes as the Western Desert of Egypt. From

these different landscape contexts, the question arises of how far

human activity can also be differentiated and to what extent the

given landscape conditions are the cause of this.

The Holocene Humid Period with regard to human occupation is

fairly well studied in the Egyptian Western Desert (e.g., Kuper &

Kröpelin, 2006; Wendorf et al., 2001), whereas little is known

about the Early and Middle Holocene occupation of the Eastern

Desert. Comparable to the Western Desert, the Eastern Desert was

not inhabited by humans during the Late Glacial Maximum (LGM) and

the Early Holocene. Tree Shelter and Sodmein Cave, with their

stratigraphic sequences covering a long period of time and having

good preservation of organic materials, are crucial for understanding

the recolonization of the area as well as the first introduction of small

livestock into North Africa. After improved climatic conditions,

around 9 ka, small hunter‐gatherer groups returned to the Eastern

Desert. Thus, the earliest occupation of Tree Shelter shows a

characteristic microlithic assemblage, attributed to the Early Holo-

cene/Epipalaeolthic (Vermeersch, 2008). The lithic inventory has

similarities with the Elkabien in the Nile Valley and is interpreted by

the excavators as a […] ‘succession of visits by a group of hunter‐

gatherers’ (Vermeersch, 2008, p. 85).

The Holocene archaeozoological evidence from Sodmein Cave

and Tree Shelter emphasizes that environmental conditions were

different compared to theWestern Desert. Huge dung deposits from

goats or sheep, in Sodmein Cave as well as in Tree Shelter, indicate

that the Gebel Duwi was regularly visited by herders during

ecologically favourable environmental conditions.

Cattle could not be detected in the Holocene faunistic materials of

Sodmein Cave, as well as of Tree Shelter, whled to the assumption […]

‘that Neolithic herds in the Eastern Desert only consisted of small

livestock, and perhaps only of goat’ (Vermeersch, 2008, p. 83). Linseele

et al. (2010) assumed that keeping cattle was impossible in the Eastern

Desert as it needs regular and more drinking water than ovicaprines.

Although livestock have been kept in the Western Desert, the

different landscape context was argued to be the main reason why

cattle did not occur in the Eastern Desert. Goats are much better

adapted to live in arid environments and were certainly present

around Gebel Duwi (Linseele et al., 2010). Our interpretation of the

Sodmein Playa sedimentary archive and the landscape context seems

to confirm this assumption. There were no large lakes in the vicinity

that could be used as a permanent water supply for cattle. However,

this absence, in contrast to the Western Desert with larger

paleolakes, cannot be traced back to a different climate. We were

able to show that the general climate conditions in the Eastern

Desert are comparable to those in the Western Desert of Egypt. The

difference is therefore not likely to be caused by the limit of absolute

water but rather by the effective water availability due to the

topographic and geologic context of the Eastern Desert. This also

indicates the livestock of animals that are better adapted to lower

water availability.

Ultimately, therefore, an (additionally) intensified geo-

morphological examination of these sedimentary archives is

important. They not only influence the basic existence of lakes

and water in the past but also the post‐sedimentary change and

preservation of the sediments. These local factors and uneven

preservation conditions are also conspicuous for the palaeoenvir-

onmental reconstruction in the Western Desert (cf. Nicoll, 2004),

but absolute geomorphological differences are even higher

between the Eastern Desert and the Western Desert, as relative

differences between sites form the Western Desert.

6 | CONCLUSION

The sedimentological sequence from Sodmein Playa is the first open‐

air archive of the Holocene Humid Period around the Gebel Duwi in

the Egyptian Eastern Desert. The results correlate well with the

archaeological investigations of the region. Around 9 ka, the

sediments reveal a drier phase, which is still characterized by aeolian

input but already shows clear evidence of flooding events. The

beginning of the Holocene Humid Period could also be documented.

Around the same time, there is evidence of human reoccupation in

the area, as shown by the two nearby sites Sodmein Cave and Tree

Shelter. Around 7 ka, the sediments from Sodmein Playa indicate

much wetter environmental conditions, evidenced by the formation

of ephemeral lake stands. This corresponds to the ‘optimum’ of the

Holocene Humid Period for Northeast Africa, in which even remote

areas were colonized and the use of domesticated sheep/goats was

widespread. As evidenced by the numerous finds of this phase from

Sodmein Cave and Tree Shelter, this also appears to have been the

primary period of use during the Holocene in the Eastern Desert. Our

observation that the relatively wettest conditions occurred after the

8.2 ka event may also be related to the settlement change at Sodmein

Cave. Before the dry intermediate period of the 8.2 ka event, the

conditions were wetter than during the LGM and the earliest

Holocene but not as wet as after the 8.2 ka event. This supports

the observation that during the first wetter phase (around 9 ka)

mainly Hunter‐gatherers used the region, whereas after this phase,

herders regularly frequented the area (Vermeersch et al., 2015). Thus,

this change in lifestyle is also possibly related to the environment.

The differences in the respective livestock shown, for example,
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around Tree Shelter compared with theWestern Desert, also showed

that environmental conditions had a decisive influence on humans.

The use of goats at Tree Shelter, which is better adapted to aridity

compared to cattle (Linseele et al., 2010), shows that it was still a

water‐limited landscape.

Overall, it can be demonstrated that similar supraregional

climatological conditions (in Northeastern Africa, including the

Western and Eastern Desert of Egypt) produced different

regional effects, which can be related to a distinct geo-

morphological context and landscape setting. To understand

human activity in the past, we therefore do not (only) need

climate reconstructions but precisely the environmental and

landscape setting, to reconstruct possible regional climatic

effects and water availabilities. Sodmein Playa provides an

example of a sediment archive, which at first glance appears to

be poorly preserved and uninformative for a high‐resolution

reconstruction of climate, that can however contribute valuable

insights into environmental conditions and a holistic landscape

context. The possible correlation of the Nemrut‐like tephra is an

independent parameter to connect this timeframe from Sodmein

Cave and Sodmein Playa and thus to get a direct link between an

open‐air and a cave site around Gebel Duwi.

Sodmein Playa demonstrates that the close interaction of

morphologically active and stable surfaces determines the

information content of respective geoarchaeological archives in

a hyperarid landscape. An overall picture of human–environment

interaction can only be obtained by considering the entire

chronological depth (juxtaposition of Late Pleistocene archaeo-

logical finds and Holocene sedimentological archives), as well as

the integration of other finds from the region (Tree Shelter,

Sodmein Cave, Saquia Cave). However, none of the individual

archives can provide a complete record of human activity in the

context of environmental change during the Late Pleistocene and

Holocene.
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