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Abstract

The upper Euphrates and Tigris basins are located in modern-day Southeast Tiirkiye, on
the northern periphery of the Fertile Crescent. From the eleventh to the eighth millennium
calBC, during the Younger Dryas and the Early Holocene, human communities in this
region transitioned from mobile hunter-foragers to settled agriculturalists. This process
went hand in hand with the construction of the first monumental buildings, such as those
at Gobeklitepe and its sister site Karahantepe. Although the Early Holocene is broadly
understood as a phase of climate amelioration following the Younger Dryas climate re-
versal, it also featured short and abrupt phases of climatic instability, so-called rapid cli-
mate change (RCC) intervals. This contribution examines demographic trends against the
backdrop of climate change to highlight potential impacts on human communities in this
key region of Neolithisation, placing Gobeklitepe in its broader cultural and palaeoclimate
context.

Keywords: Younger Dryas; Early Holocene; rapid climate change; hunter-gatherer
crisis; adaptive cycles; vulnerability

1. Introduction

Since the first excavations at the prehistoric site of Nevali Cori (1983-1991) in the
frame of the Atatiirk Dam construction project [1] and subsequent fieldworks initiated at
Gobeklitepe in 1995, the Sanlhiurfa region of modern-day southeastern Tiirkiye has become
a hub of research on the transition from hunter-gatherer to agricultural economies in the
Early Holocene (EH). Located in a core zone of Neolithisation [2], which includes the Upper
Euphrates Basin, extending into Northern Syria, and the Upper Tigris Basin around the
city of Mardin, expanding into northern parts of modern-day Iraq, this region is situated
on the northern fringe of what is commonly referred to as the Fertile Crescent. In 2021,
research into the EH of the Sanliurfa region received a boost from the newly formulated
Tas Tepeler project by the Ministry of Culture of the Republic of Tiirkiye [3]. This project
has brought together fieldwork at several Pre-Pottery Neolithic (PPN) sites [4-10], which
include continued excavations at Gobeklitepe and its sister site, Karahantepe [11-18]. Alt-
hough settlements coinciding with the preceding Younger Dryas (YD) have not yet been
definitively encountered among the Tas Tepeler, further south and east, a small number
of PPN sites with Epipalaeolithic settlement phases have been excavated along the Eu-
phrates and Tigris rivers [19-23]. Neolithic research along the Tigris has been conducted
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within the framework of the Ilisu Dam project, which has also included excavations at
other PPN settlements [24,25], thereby adding to the insights gained from earlier research
in this region [26-30].

One aim of the Tas Tepeler project is to investigate the palaeoenvironmental condi-
tions of the Sanliurfa region from the Late Pleistocene to the Early Holocene, particularly
in relation to the transition from hunter-gatherer to agricultural economies. Within this
framework, the present contribution identifies periods of abrupt climate change and in-
stability that may have influenced socio-economic adaptations across the upper Euphrates
and Tigris basins. Beginning with the Younger Dryas and continuing through the Early
Holocene climatic amelioration, the focus is on intervals of rapid climate change (RCC),
considered alongside regional archaeological evidence from the same period. These ob-
servations are discussed with reference to vulnerability studies [31-37], resilience theory
[38], and the adaptive cycle model [39], which are employed here in a heuristic sense to
explore possible correspondences between broad socio-ecological dynamics and archaeo-
logical trajectories, without implying formal phase assignment or model testing [40]. Re-
gional palaeoclimate records are treated as general environmental background, while
available radiocarbon dates and settlement patterns provide a framework for situating
long-term socio-ecological change.

2. Gobeklitepe

Gobeklitepe is a Pre-Pottery Neolithic (PPN) site located in the Germus Mountains,
east of the modern city of Sanlurfa, on a limestone plateau overlooking the Harran plain
to its south (~775 m a.s.l.) (Figure 1). Initially identified as a prehistoric site in 1963, exca-
vations at Gobeklitepe were initiated in 1995, when it was already being referred to as a
cultic site of major significance [41]. The last three decades have seen continuous research
at the 9-hectare large mound, culminating in its inscription as a UNESCO World Heritage
Site in 2018 [42]. Notably, over the last several years, re-evaluations and new excavations
have revealed that Gobeklitepe was also a significant domestic settlement [14,43]. Alt-
hough not detracting from its importance, this realisation has served to relativise earlier
claims that Gobeklitepe was the smoking gun of Neolithisation, where early sedentism,
the domestication of plants and animals, and the emergence of more complex socioeco-
nomic systems were triggered by the demands of more organised forms of religion [12];
indeed, this narrative proves especially difficult to uphold considering there is still no
evidence for domesticated animals at Gobeklitepe [44], and there are only extremely spo-
radic remains of morphologically domesticated cereals from stratigraphically late (PPNB)
deposits (pers. comm. F. Antolin).

The restructuring of an earlier formulated stratigraphic sequence at Gobeklitepe be-
came necessary following the realisation that the special (monumental) buildings (former
Layer III, assigned to the Pre-Pottery Neolithic A/PPNA/~9600-8700 calBC) were long-
lived structures, their later phases contemporaneous with the smaller rectangular-trape-
zoid (domestic) buildings (former Layer II, assigned to the Early Pre-Pottery Neolithic
B/EPPNB/~8700-8200 calBC) [14]. This has demonstrated that by the EPPNB, Gobeklitepe
had evolved into a substantial domestic settlement, with the special buildings as a spatial
focal point. The gradual abandonment of the site from the late 9th millennium calBC,
which saw the disappearance of its characteristic monumental architecture with its T-
shaped limestone monoliths, heralded the onset of early farming in the region and the
foundation of new settlements in the Harran Plain, e.g., Glirciitepe [18,41]. A key focus of
recent research at Gobeklitepe is the diachronic study of settlement structure, aimed at
improving our understanding of the vulnerability of this early Neolithic community to
ecological and social change and its resilience through adaptive forms of community or-
ganisation.
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Figure 1. Aerial photo of Gobeklitepe (centre) and its surrounding landscape before the commence-
ment of excavations in 1995. The prehistoric settlement is located on a limestone spur in the Germus
Mountains. This landscape is characteristic of the entire Tas Tepeler Project area. In the southwest,
the Harran plain is visible towards the top of the picture, with the Fatik (Cudi) Mountains on the
horizon. Author unknown, German Archaeological Institute, Gobeklitepe Project.

3. Methodology: Absolute Chronologies, Palaeoclimate Data, Adaptive
Cycles and Vulnerability

A first step will see the generation of a radiocarbon-based demographic proxy that is
directly comparable to palaeoclimate records. This will include the systematic assessment
of radiocarbon data from a total of 22 Epipalaeolithic and PPN sites. Following established
procedures, summed probability distributions (SPD) will be used as a demographic indi-
cator [45-48]. The resulting radiocarbon chronology is then compared with selected pal-
aeoclimate proxy records to assess potential temporal correspondences.

Using SPD curves as a proxy for population trends is not a new method, and its lim-
itations have been recognised [48]. Among the main criticisms of this approach are sam-
pling errors and the effects of calibration on the data. However, it is also acknowledged
that data in this form can still be useful, especially when analysing long-term trends over
millennia. For this reason, SPD will be considered, even though the data should not be
regarded as definitive proof of the implied demographic trends. In an effort to address
some criticisms of this methodology, the radiocarbon data analysed will be filtered, with
problematic ages, such as outliers that do not reflect the archaeological material culture
and those with high standard deviations (>100 14C years), excluded.

Over the years, doubts have also been raised regarding whether the socio-cultural
changes and the coincident periods of YD and EH climate change were causally related
or, at best, whether this issue has been oversimplified [49,50]. Nonetheless, there is a tan-
gible consensus that adaptation to changing climates certainly played a role in some cases,
especially considering that humans are inherently intertwined with their environments,
as originally expressed in the concepts of cultural ecology after J.H. Steward [51]. In fact,
dedicated research continues to uncover new correlations between climate proxy data,
changing settlement patterns, (material) culture change, and the adjustment of subsistence
strategies in the Late Pleistocene and during the Holocene in the Northern Hemisphere
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[52-57]. Certainly, temporal correlation does not imply causation, but this does not mean
that correlations between climate upheaval and shifts in material culture should be wholly
ignored; indeed, environmental change is one factor among many that can influence socio-
cultural processes.

Instead, discussions need to approach how we can best combine palaeoclimate and
archaeological data and use them to shed light on the prehistoric past. The approach taken
in this contribution is to harness the concept of adaptive cycles, which describes the ap-
plication of cultural cycles [39] to the archaeological record [38,58]. Cultural cycles are
understood as developments in demographics, economy, and social relations, based on
which regional and cultural comparisons can be made. These comparisons facilitate a
deeper understanding of the internal dynamics and external influences on cultural devel-
opments [59]. Adaptive cycles become visible when considering collectively acting group
sizes, which are deemed representative of different prehistoric periods, and can be calcu-
lated by applying geostatistical methods to archaeological spatial datasets. As such, they
are an excellent tool for studying complex (chaotic) prehistoric systems [60-64]. Following
the adaptive cycles model, cultures are subject to a constantly recurrent cycle that com-
prises four phases: reorganisation («), growth (1), rigidity (K), and decline (€2).

To highlight the potential impact of climate change on adaptive cycles, it is also ben-
eficial to consider insights from studies on vulnerability, a concept examined across vari-
ous spheres of risk and disaster research [31-37]. Interpretations of vulnerability are in-
fluenced by two distinct paradigms: the first reflects a traditional behavioural risk notion,
while the second adopts a more structuralist approach. The traditional behavioural risk
notion views vulnerability as determined by the proximity of a community to a given
threat, such as underdeveloped technologies. The structuralist approach, on the other
hand, considers the physical hazard to be secondary, instead proposing that the occur-
rence of catastrophes also depends on the prevailing (more or less vulnerable) socioeco-
nomic systems. To account for the two paradigms, a differentiation is often made between
biophysical vulnerability and social vulnerability [61,65].

Biophysical vulnerability is best described as the exposure of human systems to nat-
ural extreme events and hazards, or the harnessing of natural events by humans. As such,
it must consider the hazard dimensions (magnitude, frequency, duration, speed of onset,
aerial extent, spatial dimension, and temporal spacing), as well as factors such as the lo-
cation of residence, availability of natural resources, and housing quality. In other words,
societies already residing in isolated and harsh environments with limited access to natu-
ral resources and inadequate housing are already more at risk in the face of natural ex-
treme events. Social vulnerability refers to the human dimension of hazards, i.e., the soci-
oeconomic circumstances of affected communities. The most prominent example of social
vulnerability relates to the integration of subsections of a society within the mainstream
system: disasters are the product of the social, political and economic environment be-
cause of how they structure the lives of different groups of people.

4. Upper Tigris and Euphrates Basins

The Tigris and Euphrates rank among the world’s major river systems. The Euphra-
tes, at 2700 km, is the longest river in Southwest Asia, while the Tigris, measuring 1840
km, carries a greater peak average discharge. The Euphrates originates from the conflu-
ence of two tributaries northwest of Elazig, then cuts through the southeastern Taurus
Mountains and enters Syria near Karkamis, from where it flows southeast across the Syr-
ian Plateau within a deeply incised valley. The Tigris rises near Lake Hazar and flows
southeast across the Diyarbakir basin to Cizre, where it forms part of the Turkish-Syrian
border for approximately 30 km before entering Iraq. Both rivers are primarily fed by
snowmelt, with peak flows occurring in April and May [66].
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The region between the two rivers, south of the Eastern Taurus mountain range and
within the modern borders of Tiirkiye, is commonly referred to as Upper Mesopotamia.
Here, the landscape descends into low-lying limestone plateaus, separated from the high
mountains by a narrow belt of foothills. The plateaus (<900 m a.s.l.) gradually transition
into the wide plains of Syria and Iraq to the south (~400 m a.s.l.). With mountains blocking
the area to the north and west, and the land opening towards the steppe-like semi-deserts
of northern Mesopotamia, the region experiences hot, dry summers and winters that are
relatively cold but remain dry [67]. In $Sanliurfa, the mean temperature for the hottest
month (July) is 39 °C, while the mean value for the coldest month (January) is 2.7 °C [68].
Long-term (AD 1991-2020) mean annual temperatures at Sanliurfa, Diyarbakir, and Mar-
din are 19 °C, 15.9 °C, and 16.6 °C, with annual (predominantly winter) precipitation of
451 mm, 498 mm, and 610 mm, respectively [69].

Soils are predominantly arid, red steppe types with high lime content, and vegetation
is largely xeric and steppe in character: spring grasslands quickly desiccate in summer,
while tree communities are mostly restricted to stream valleys and higher elevations
[70,71]. In recent decades, large-scale projects such as the Southeast Anatolia Project
(Giineydogu Anadolu Projesi, GAP) have expanded irrigation and agricultural productivity,
yet the region continues to face significant challenges from global warming [66,72]; in-
deed, the vulnerability of the region to current climate change echoes the profound im-
pacts that past climatic shifts may also have had on its prehistoric populations.

5. Younger Dryas

The YD was a cooling period at the close of the Pleistocene that lasted approximately
1300 years, from around 12,900 to 11,600 calBP [73]. Triggered by the disruption of the
North Atlantic thermohaline circulation due to a meltwater outburst from the Laurentide
ice sheet, the YD was a cold reversal following the Belling-Allered interstadial, a warming
phase after the Late Pleniglacial. Some general trends observed in multiple palaeoclimate
proxies include the occurrence of a phase of maximum cold in the early part of the YD,
followed by a warmer phase as thermohaline circulation in the North Atlantic began to
recover [54,74,75].

The YD in the Eastern Mediterranean was characterised by increased aridity and
lower temperatures compared to the preceding Belling-Allered interstadial, though with
frequent ambiguities regarding space, timing and intensity [76-80]. The climate reversal
led to a decrease in mean winter temperature and monthly precipitation, opening up the
dense oak woodland that had developed during the preceding interstadial. This was ac-
companied by an increase in dense stands of annual grasses and complemented by river-
side taxa along the Tigris and Euphrates rivers and their tributaries [80-83]. A recent ge-
omorphological investigation of the Culap Suyu Basin in Sanliurfa provides tentative in-
sights into the YD-EH transition in the immediate vicinity of Gobeklitepe, which is lo-
cated on the southwestern watershed of this basin. Notably, neither this transition nor the
emergence of herding during the Pre-Pottery Neolithic produced a clear geomorphologi-
cal signal; in particular, and contrary to the generally accepted climate reversal of the YD,
there is no evidence of a large-scale shift from dry to wet conditions that might otherwise
be expected at this time [84]. This pattern may indicate that the local climate during the
YD was wetter in the region, a possibility that aligns with recent studies from the adjacent
Levant that suggest increases in spring, summer, and autumn precipitation, accompanied
by reduced evaporation associated with cooler YD temperatures [85-88].
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6. Early Holocene

The Holocene is an interglacial characterised by substantial increases in precipitation
and warmer conditions compared to the YD. Commonly subdivided into three phases,
including the EH (11,700-8326 yr b2k), the Middle Holocene (8326—4250 yr b2k), and the
Late Holocene (from 4250 yr b2k) [89], the transition from YD to EH was swift, potentially
spanning just fifty years [90]. During this extremely short time, wind speeds, precipita-
tion, temperatures, and sea ice changed throughout the Northern Hemisphere [90]. How-
ever, whether this transition was felt just as abruptly in the Eastern Mediterranean is a
matter of debate; at Lake Nar in the Cappadocian region of central Tiirkiye, the process
could have lasted less than two centuries, with half of it occurring within a decade [78]. In
any case, it was likely an abrupt transition that would have become discernible over just
a few human generations.

Following the onset of the EH, a period with particularly high moisture levels ensued
(ca. 10,200-8600 calBP), best visible in the abrupt increase in Dead Sea water levels, the
accumulation of sapropel Sla on the Eastern Mediterranean seabed, and fluctuations in
stable isotopes in speleothems at different cave sites in the same region [61,91]. Although
the Holocene is commonly associated with more favourable climate conditions, it has
never been a period of climate stability. The end of the EH and the onset of the Middle
Holocene (MH) coincide with a perturbation phase lasting some six centuries (8600-8000
calBP), referred to as a rapid climate change (RCC) interval [92-94]. This interval is the
first and one of several to have occurred during the Holocene. Characterised by an abrupt
onset and a relatively short duration (between two and several centuries), RCCs are
marked by a strong Siberian high-pressure system over Eurasia, increased storm activity
over the North Atlantic, and cooling of sea surface waters in the Eastern Mediterranean
[92-94]. The climate during these periods can be described as highly variable, featuring
extreme weather conditions, including harsher winters, abnormal precipitation, and fre-
quent droughts, often occurring in successive years [61,91]. Historical data from the last
RCC interval, the so-called Little Ice Age (LIA, AD 1400-1850), provide numerous ac-
counts of these conditions and the humanitarian catastrophes they can trigger [61,63].
Meanwhile, in addition to the RCC at the EH-MH transition (8600-8000 calBP) and the
LIA (AD 1400-1850), further (potential) intervals have been identified at 10800 calBP
(Hunter-Gatherer Crisis) [43,95], 10,200 calBP [96], and 9200 ka calBP [97,98], as well as at
6200-5000 calBP and 3100-2900 calBP [99-101].

7. Approaching Human Responses to Climate Change in the YD
and EH

Figure 2 presents an overview of some palaeoclimate datasets from the Eastern Med-
iterranean. These datasets include stable isotopes (180 and 13C) from speleothems at the
cave site LONAP514 in the northern Kurdistan region of Iraq as a proxy for hydroclimate
and vegetation type (Figure 2F,G) [102]; the Holocene water level of the Dead Sea as a
proxy for precipitation levels (Figure 2H) [103]; the Aegean marine core LC21 (foraminif-
eral oxygen isotopes) as a proxy for marine surface water temperature (Figure 2I) [104];
and GISP2 potassium (terrestrial [K*]) ions from Greenland ice as a proxy for the occur-
rence and intensity of RCC intervals (Figure 2J) [92]. Figure 2B-E present radiocarbon (ab-
solute) ages from 22 excavated archaeological sites in the study region (Table 1), while
Figure 2A shows the summed probability distribution (SPD) for all these sites, thereby
indicating potential demographic trends between the 11th and 9th millennia calBC [45-
47]. Observations derived from comparisons of these datasets may indicate societal re-
sponses to climate change during the Late Pleistocene and the Early Holocene (EH).
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It should be noted, however, that both the state of research and the quality and reli-
ability of available radiocarbon measurements can constrain the interpretative value of
SPDs, with additional pitfalls including calibration effects and sampling errors [48]. Con-
sequently, prior to generating this figure, all radiocarbon determinations were systemati-
cally evaluated and filtered to exclude (1) measurements with standard deviations of 2100
14C years and (2) obvious outliers. For Gobeklitepe, this also included the removal of dates
obtained from bone, humic acids, and paedogenic carbonates, which have previously
proven unreliable [14]. This filtering process resulted in the exclusion of 275 out of a total
of 700 radiocarbon ages (Tables 1 and S1). The remaining 425 dates were used to construct
the SPD (Figure 2A) and are also depicted in the barcode-style calibrations for each indi-
vidual site (Figure 2B-E).

Table 1. Overview of radiocarbon data, with information relating to excluded ages (and reasons for
exclusion) of radiocarbon data used in Figure 2A-E [9,14,19-24,26,105-131]. A full list of the radio-

carbon data, including excluded data and bibliographic sources, is provided in Table S1.

Total 14C Ages

Archaeological Sit
rchaeological Site (N)

Excluded 14C Ages (N)/Reason

Tas Tepeler (Sanlwrfa, SE Tiirkiye)

Nevali Cori 30 5/standard deviation
Sayburg 11 0
Yeni Mahalle 5 0

1/outlier
Gobeklitepe 141 31/bone

20/pedogenic carbon/humic acids

Upper Euphrates Basin (SE Tiirkiye; N Syria)

Mezraa Teleilat 27 0

Akargay 26 3/standard deviation

Abu Hureyra 67 49/standard deviation

Dia‘dé 47 6/stan'dard deviation
2/outlier

Tell Abr’3 7 0

Jerf el Ahmar 26 1/standard deviation

Mureybet 4 30/stafldard deviation
1/outlier

Tell Qaramel 57 36/standard deviation

2/outlier

Upper Tigris Basin (SE Tiirkiye)

18/standard deviation

(aydnil 43 2/outlier

Demirkdy 2 0
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Gusir Hoytik 5 0

Cemka Hoyiik 2 0

Hasankeyf Hoytik 31 0

Hallan Cemi 38 15/standard deviation
Kortiktepe 24 0

Boncuklu Tarla 3 0

Tigris (N Iraq)

Nemrik 9 60 52/standard deviation
Qermez Dere 6 1/standard deviation
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Figure 2. Barcode calibration of radiocarbon ages (N = 425) from 22 Pre-Pottery Neolithic sites in the
upper Tigris and Euphrates basins (B-E); the occurrence of some data in the Late Neolithic (LN)
reflects the continuity of some sites into this subsequent period. In the barcode method, each vertical
line represents the calibrated median value of one 14C age using IntCal20 calibration data [132]. All
radiocarbon ages are filtered to exclude apparent outliers and ages with standard deviations ex-
ceeding +99 14C years. An overview of the number of radiocarbon data (and excluded data) from
each site is provided in Table 1. Full lists of the radiocarbon data, excluded data and reasons for
their exclusion, together with bibliographic references, are provided in the supplement (Table S1).
All data (A) shows the summed probability distribution (SPD) across all sites. Bottom: stable iso-
topes (180 and 13C) from speleothems at the cave site LONAP514 in the northern Kurdistan region
of Iraq (F,G) [102]; Holocene water level of the Dead Sea (H) [103]; Aegean marine core LC21 (marine
fauna) (I) [104]; and GISP2 potassium (terrestrial [K*]) ions from Greenland ice (J) [92]. Grey bars
indicate rapid climate change intervals (RCCs) in the Late Pleistocene and the Early Holocene, as
well as other notable climate anomalies, including the Younger Dryas (YD) and the 8.2 ka calBP
(Hudson Bay) event (dark grey bar). PPNA: Pre-Pottery Neolithic A; EPPNB: Early Pre-Pottery Ne-
olithic B; MPPNB: Middle Pre-Pottery Neolithic B; LPPNB: Late Pre-Pottery Neolithic B; LN: Late
Neolithic; YD: Younger Dryas; HGC: Hunter-Gatherer Crisis [95]. Graph compiled using CalPal
2024.7 [133]. Image: L. Clare, German Archaeological Institute.

Epipalaeolithic: To date, seven sites in the study region have radiocarbon ages that
fall within the YD; four are located along the upper Tigris, and three are settlements on
the upper Euphrates (Figure 2C-E). The Tigris sites include Kortiktepe [21,134,135] and
Boncuklu Tarla [23], where evidence for sedentary hunter-forager settlements begins in
the late YD and continues into the EH (Figure 3). While the 14C age from Cayonii, for
which an Epipalaeolithic settlement phase is unknown, is most likely an outlier, the two
ages from Qermez Dere stem from an Epipalaeolithic-PPN transitional phase [26]. At
Nemrik 9, all radiocarbon ages dating to the YD were excluded due to high standard de-
viations; however, the Epipalaeolithic (Zarzian) from the earliest layers of this site is at-
tested through excavation [109]. Although not represented by radiocarbon ages, archaeo-
logical excavations at Cemka Hoytik have also produced evidence of Epipalaeolithic oc-
cupations [22,136]. Along the upper Euphrates (Figure 4), the three settlements that have
produced radiocarbon dates of YD age include Abu Hureyra, Jerf el Ahmar, and Tell
Qaramel. Due to the high standard deviation of many of the Epipaleolithic ages from Abu
Hureyra, all but one have been excluded from Figure 2 (Table 1). At Jerf el Ahmar, the YD
ages are once again outliers, as the occupation at this settlement does not commence until
after the Holocene transition [128]. At Mureybet, all 14C ages from the YD were disquali-
fied due to high standard deviation; however, the occurrence of the Epipalaeolithic is con-
firmed through excavation [116]. At Tell Qaramel, the YD occupation is well-attested
through 14C ages and material culture [20].

In the Upper Tigris Basin, additional evidence for YD sites comes from dedicated
archaeological surface surveys in the Turkish province of Mardin, which have concen-
trated on the mountainous plateau landscape that separates the Tigris Valley in the north
from the Upper Khabur Basin in the south. These surveys have culminated in the discov-
ery of numerous archaeological sites (>150) from the Palaeolithic and the PPN, ranging
from simple surface scatters to campsites, hunting traps (desert kites), caves, rock shelters
and their terraces, and slope-settlements and mounds (Tr. hdyiik). Many of these sites are
tentatively dated to the Epipalaeolithic/PPNA (Protoneolithic) based either on lithic as-
semblages or observed architectural features visible on the surface [137-141]. The com-
parative frequency and density of Protoneolithic sites in Mardin compared to the areas
further west in Sanliurfa is striking and could attest to adapted land-use strategies of a
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Figure 3. Map showing the distribution of Epipalaeolithic and PPNA (Protoneolithic) sites in Mar-
din, Diyarbakir, Batman and Siirt provinces [137-141]. White dashed lines show the province bor-
ders. Sites with confirmed coordinates (black triangles): 1. Boncuklu Tarla, 2. Cayonii, 3. Hallan
Cemi, 4. Demirkdy, 5. Gusir Hoyiik, 6. Cemka Hoyiik, 7. Hasankeyf Hoyiik, 8. Kortiktepe, 9.
Hindilla Magarasi, 10. Hindilla Yerlesimi, 11. Hazreti Ali Magarlari, 12. Tarin Magaras1, 13.
Bahgebas1 Magarasi 1, 14. Bahgebas1 Magarasi 2, 15. Dara, 16. Hemini Mevki, 17. Kerike Mevki, 18.
Hirbe Mamede Mevki, 19. Mazidag1 Kalesi Mevki, 20. Enginkdy Magarasi, 21. Hirbe Serif Mevki,
22. Kiin Aftare 1-5. Sites with estimated coordinates (red triangles): 1. Milane 1-3, 2. Hane Sore
Hoyiik, 3. Amrud, 4. Dokane 1-8, 5. Kure 1-3, 6. istasyon, 7. Ciftlik, 8. Giinesli, 9. Bikeyre 1, 10.
Bikeyre 2, 11. Kuraman, 12. Bikeyre Hoyiik, 13. 12 Mart (Brehi), 14. Sika Rika 1-4, 15. Gundike Use,
16. Mer Babe 1-5. Image: B. Waszk, German Archaeological Institute.

There are still relatively few known Epipalaeolithic (YD) sites along the banks of the
Euphrates on the Turkish side of the border and in the Tas Tepeler region around
Sanliurfa. Potential sites near the Euphrates include Biris Mazarlig1 and Sogiit Tarlas:
[142,143], as well as Uluk Mevkii [144] and a few sites in the Birecik municipality [145]. In
the western part of the Tas Tepeler region, several sites have yielded surface collections
classified as Palaeolithic/PPN [146,147]. Furthermore, it is possible that Epipalaeolithic de-
posits remain hidden at some of the larger hdyiiks in the region. Therefore, YD conditions
do not appear to have been entirely detrimental to human occupation in the upper Eu-
phrates and Tigris basins, but a lack of dedicated palaeoclimatological studies in the re-
gion means that local environmental reconstructions heavily depend on bioarchaeological
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investigations from a limited number of excavated settlements, primarily Kortiktepe on
the Tigris [21,82,135] and Abu Hureyra on the Euphrates [83].

The data from these sites indicate that the two river basins never presented a homo-
geneous environment, and subsistence strategies were adapted to prevailing local condi-
tions. Generally, the YD dry woodland steppe habitat, dominated by Artemesia and Che-
nopodiaceae, was home to multiple animal species, especially red deer, mouflon and wild
goat in the hillier landscape around Kortiktepe and gazelle in the Syrian Tableland at Abu
Hureyra [79,83,135]. Additionally, the wetland environment was exploited at both settle-
ments, as attested by various species of ducks, waders and raptors from the Tigris at
Kortiktepe and freshwater mussels from the Euphrates at Abu Hureyra. Notably, different
land-use models must also be postulated for the higher elevated areas around Mardin,
where caves and cave terraces were more densely settled than previously thought. As
with hunting, YD communities practised site-distinct plant exploitation strategies. At Abu
Hureyra, wild rye was dominant in the archaeobotanical record, although there is little
evidence for tilling [148]. In contrast, at Kortiktepe, widespread, dense stands of annual
grasses, especially small-seeded species and riverine taxa, likely provided the staple plant
foods for this population [82].
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Figure 4. Map showing the distribution of Epipalaeolithic and PPNA (Protoneolithic) sites in
Sanlurfa province [144,145,147,149]. 1. Karahantepe, 2. Uluk Mevkii, 3. Kisakuyu Hoytigii, 4. Hay-
rat Mevkii Cevresi, 5. Tilmahmut Yatiri, 6. Magarali Dere, 7. Eske Harebe II, 8. Siir Tepesi Hoy{ig,
9. Girlavik Hoyiigii I, 10. Kulbatar Kaya Siginaklari, 11. Camuz Tepe, 12. Sumakli Koyii —Sumakli
Besta Faki Mevkii, 13. Sumakl Kéyﬁ—ismail Kalesi, 14. ikiztepe Buluntu Alani, 15.
Sesigiir/Zengulup, 16. Haleklitas, 17. Doganlar/Tekyamag, 18. Gobekli, 19. Gotik Tepesi, 20. Cudi
Zeytini, 21. ikiz Kus Yamag Yerlesmesi, 22. Erken Yamag Yerlesmesi, 23. Tahta Harabesi Kes-
imhane/Kamp Yerlesme, 24. Cudi Deresi Kesimhane/Kamp Yerlesmesi, 25. Hasmezra Yerlesimi, 26.
Yanik¢ogiir Acik Hava Istasyonu, 27. Cakmaktepe, 28. Nergislik Yamag Yerlesmesi, 29. Eski Hara-
bereler/Xrabete Qewin, 30. Ebu Abit Tepesi, 31. iki Agiz, 32. Oluk Yani, 33. Tiil Harabesi, 34.
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Borbore, 35. Mendiktepe, 36. Nur Tepe, 37. Sebeke Harebeleri, 38. Saybur¢ Bademi Hoyiik, 39.
Sayburg¢ Sanayi Mevkii, 40, Biris Mezarkigi, 41. S6giit Tarlasi. Image: B. Waszk, German Archaeo-
logical Institute.

Pre-Pottery Neolithic A: In the EH, there is an increase in settlement activity in the
study area (Figure 2A). In addition to the sites where occupations had already commenced
during the YD, late hunter-forager populations were now settling at Demirkdy, Gusir
Hoyiik and Hasankeyf Hoyiik along the Tigris, Gre Filla on the Ambar Cay1 (a tributary
of the Tigris), and at Jerf el Ahmar, Dja’dé and Tell “Abr 3 on the Euphrates. In the Tas
Tepeler area, excavations at two sites have recently produced evidence of PPNA occupa-
tions at Cakmaktepe [10,18] and Mendiktepe [18]; earliest activities at Gobeklitepe and
Karahantepe are also attested [16,18]. A larger number of excavated sites also means a
greater abundance of bioarchaeological data. Especially at settlements with earlier Epipa-
laeolithic (YD) occupations, clear environmental changes can be noted. At Kortiktepe, alt-
hough wide-spectrum hunting strategies continued, there were changes in the local envi-
ronment reflected in different ratios of exploited wild animals; larger sized fish and an
emphasis on the exploitation of waterfowl are indicative of changes to local waterways,
and an increase in aurochs is suggestive of more marshland, with more wild boar remains
implying gully side vegetation and oak forest [135]. On the other hand, specialised hunt-
ing of gazelle is attested in the Tas Tepeler region (Gobeklitepe) and at the northern Syrian
and Iraqi sites [150]. In addition to the lack of evidence for ungulate management in the
study area, there are no indications for the intensive exploitation of crop progenitor spe-
cies [151], except perhaps at Mureybet, Jerf el Ahmar and Tell ‘Abr 3 in northern Syria
(incipient pre-domestication cultivation) [152]. However, along the upper Tigris, as at
Gusir Hoylik, even wild cereals are absent in the PPNA, appearing only in the subsequent
EPPNB. Sites such as Hasankeyf Hoyiik, Hallan Cemi and Demirkdy were all sedentary
hunter-gatherer sites where sedentism developed around hunter-gatherer-fisher systems.
Generally speaking, the Epipalaeolithic and the PPNA can be assigned to a Protoneolithic
phase, as presented in Figures 3 and 4.

Early Pre-Pottery Neolithic B: By the late PPNA, a detectable depopulation was tak-
ing place along the upper Tigris and Euphrates rivers (Figure 2A,C), accompanied by a
quasi-contemporaneous surge in EPPNB sites in Sanliurfa (Figures 2B, 5 and 6), a trend
previously referred to as the hunter-gatherer crisis (HGC) [43,95]. In the coming years, an
even greater increase in the EPPNB signal of the SPD can be expected as more 14C ages
become available from the Tas Tepeler project. The causal mechanisms behind this demo-
graphic shift remain elusive; the only indication that it could be related to climate comes
from (non-local) palaeoclimate proxy data (Figure 2H,J), which hint at a short-lived RCC
interval at approximately 8800 calBC. However, given the lack of local paleoclimate proxy
data and the absence of attested impacts on the local environment, this conclusion remains
tentative. Archaeological surveys in the study region have also led to the discovery of
numerous (N =289) prehistoric hunting traps, so-called desert kites (see https://www.glob-
alkites.fr), for which it is currently unknown whether these were constructed over a large
space of time (Epipalaeolithic-PPNA-PPNB) or are attributable only to the EPPNB, thus
reflecting either the increased demands of a growing population from the early 9th mil-
lennium calBC [146,147,153-155] and/or the practice of meat caching as a buffer for times
of scarcity [156]. Alternatively, the high number of traps may reflect shifts in the migration
routes of animals, such as gazelles, over time and could also testify to the use of hunting
dogs [43]. Whatever the case, the high work investment required suggests that these pro-
jects either contributed to the consolidation of regional cooperations or that they are a
testimony to the challenges faced by different groups as they competed for resources and
access to the landscape [157]. The EPPNB is also noted as the period in which the first
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morphologically domesticated einkorn wheat is observed at Nevali Cori [152], together
with the possible breeding in captivity of sheep, pigs, and goats [114]. However, Nevali
Cori is an outlier, as no other sites have thus far produced similar evidence. On the whole,
in the EPPNB (and MPPNB), there was a coexistence of foraging-focused and crop-domi-
nated strategies, as well as mixed subsistence economies; however, for the most part,
crops still appear closer to their morphologically wild forms.
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Figure 5. Map showing the distribution of PPNB sites in Mardin, Batman and Siirt provinces [137-
141] (https://www.globalkites.fr). White dashed lines show the province borders. Sites with con-
firmed coordinates (black triangles): 1. Gre Filla, 2. Boncuklu Tarla, 3. Cayonii, 4. Gusir Hoyiik, 5.
Serre Sippe Hoyiik, 6. Hindilla Magarasi, 7. Hazreti Ali Magarlari, 8. Bahgebasi Magarasi 1, 9. Dara,
10. Enginkdy Magarasi. Sites with estimated coordinates (red triangles): 1. Milane 1-3, 2. Hane Sore
Hoyiik, 3. Amrud, 4. Dokane 1-8, 5. Kure 1-3, 6. istasyon, 7. Ciftlik, 8. Giinesli, 9. Bikeyre 1, 10.
Bikeyre 2, 11. Kuraman, 12. Bikeyre Hoyiik, 13. 12 Mart (Brehi), 14. Sika Rika 1-4, 15. Gundike Use,
16. Mer Babe 1-5. Image: B. Waszk, German Archaeological Institute.

Middle Pre-Pottery Neolithic B: The number of settlements declines markedly dur-
ing the MPPNB (Figure 2A). Notably, this trend contradicts earlier conclusions by Roberts
et al. [45], who identified an initial demographic increase in southern Tiirkiye beginning
around 10,300 calBP. The transition from the EPPNB to the MPPNB also coincides with
the 10,200 calBP climatic event, which is thought to have involved highly variable and
extreme weather conditions, including harsher winters, anomalous precipitation regimes,
and recurrent droughts, often occurring in successive years [61,91]. Indeed, B. Weninger
[96] has suggested that the 10,200 calBP RCC coincides with the earliest appearance of
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domesticated barley and cattle at several sites in the region and may be causally linked to
these developments. However, although a few MPPNB sites exhibit a shift toward more
agricultural practices, such cases remain exceptional rather than representative of broader
subsistence patterns. It is only during the Late (Pottery) Neolithic that a substantial shift
toward crop-dominated economies becomes apparent [152].

Turning to the available palaeoclimate proxies spanning the 10200 calBP RCC inter-
val, a rise in the water level of the Dead Sea may indicate elevated precipitation levels
across the Eastern Mediterranean during this period (Figure 2H). Indeed, the influence of
RCCs on the northern periphery of the Fertile Crescent is underscored by the speleothem
record from LoNAP514 in northern Iraqi Kurdistan (Figure 2F-G) [102]; this cave lies com-
paratively close to the upper Euphrates and Tigris basins, approximately 170 km south-
east of the Ilisu Dam area (Boncuklu Tarla, Cemka Hoyiik) and 400 km east-southeast of
Gobeklitepe. However, while all RCC intervals (Figure 2, grey bars) correspond to low
water levels in the Dead Sea (Figure 2H) [103] and cooling sea-surface temperatures in the
Aegean (Figure 2I) [104], the LoONAP514 oxygen-isotope record displays a more complex
pattern. It indicates increasing aridity at 10,200 calBP and contradictory signals at 9300
calBP, while the alternating wet and arid phases between 8600 and 8000 calBP may either
reflect the intrinsic variability of RCC conditions or point to pronounced micro-regional
climatic heterogeneity.
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Figure 6. Map showing the distribution of PPNB sites in Sanliurfa province [144,145,147,149]
(https://www.globalkites.fr). 1. Ayanlar, 2. Giirciitepe, 3. Hamzantepe, 4. Harbetsuvan, 5. Karahan-
tepe, 6. Kurttepesi, 7. Nevali Cori, 8. Sayburg, 9. Sefertepe, 10. Tash Tepe, 11. Yeni Mahalle, 12.
Yogunburg, 13. Mezraa Teleilat, 14. Akarcay Tepe, 15. Kisakuyu Hoyiigii, 16. Hayrat Mevkii
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Cevresi, 17. Magarali Dere, 18. Eske Harebe II, 19. Sinir Tepesi Hoytigii, 20. Sumakli Kéyii—Sumakl
Besta Faki Mevkii, 21. Sumakh Kéyﬁ—ismail Kalesi, 22. H(iztepe Buluntu Alani, 23.
Sesigiir/Zengulup, 24. Haleklitas, 25. Doganlar/Tekyamag, 26. Gobekli, 27. Gotik Tepesi, 28. Cudi
Zeytini, 29. Ikiz Kus Yamag Yerlesmesi, 30. Erken Yamac Yerlesmesi, 31. Tahta Harabesi Kes-
imhane/Kamp Yerlesme, 32. Hasmezra Yerlesmesi, 33. Nergislik Yamag Yerlesmesi, 34. Eski Hara-
bereler/Xrabeti Qewin, 35. Ebu Abit Tepesi, 36. ki Ag1z, 37. Oluk Yany, 38. Tiil Harabesi, 39. Borbore,
40. Sebeke Harabeleri, 41. Saybur¢ Bademli Hoyiik. Image: B. Waszk, German Archaeological Insti-

tute.

8. Human-Environment Interactions in the Tigris and Euphrates
Basins: Insights from Adaptive Cycles and Vulnerability

Based on the admittedly limited empirical data from the study area, including avail-
able radiocarbon ages (SPD) and settlement counts, it has previously been suggested that
each of the periods considered in this contribution could be assigned to a phase of an
adaptive cycle: Epipalaeolithic (a), PPNA (r), EPPNB (K) and MPPNB/LPPNB (Q) [43].
Any assignment of prehistoric periods must remain tentative, given the spatial gaps in
surface survey work and the difficulty of reliably dating surface sites. Whereas adaptive
cycles can inform us about when socioeconomic systems are most resilient and most at
risk of abrupt climate change intervals, vulnerability studies can guide us in identifying
the potential background factors that contribute to their respective resilience levels.

As the a phase is the starting point of the cycle, it is characterised by the establish-
ment of new residential, descendant and heritage rules, the construction of new traditions,
and high vertical social mobility. Although open to external influences, which are advan-
tageous for spatial (demographic) dispersal, socioeconomic systems are still subject to
manifold, ongoing transitional processes, rendering them inherently unstable; for this rea-
son, they remain vulnerable to external perturbations, still lacking the essential buffering
mechanisms.

In contrast, the r (PPNA) and K (EPPNB) phases are the most resilient to external
climatic perturbations. The r phase is a time of growth and interaction, with vulnerability
levels decreasing to their lowest point in the adaptive cycle. This phase is synonymous
with demographic expansion and yield optimisation. In small-scale societies, social dif-
ferentiation can be legitimised through kinship ties and cultural homogeneity, and newly
emerging kinship institutions ensure the balanced distribution of resources throughout
the community (access to assets), resulting in the higher resilience of the entire system.
The subsequent K phase is marked by low vertical social mobility, culminating in social
tensions (reduced access to assets) and a rigid reference to traditions. Slightly higher levels
of vulnerability are now discernible, attributed to a decreasing density in large-scale com-
munication (increasing regionalisation) due to the gradual disbandment of the previous
cultural homogeneity. Therefore, given the very weak palaeoclimate evidence for RCC
during the hunter-gatherer crisis (early 9th millennium calBC) and the potentially high
resilience of the socioeconomic system at that time (late PPN A-early EPPNB), it is unlikely
that the HGC was related to climate change and that the observable developments in the
archaeological record were more likely of a cultural origin.

The Q phase marks the downswing in the adaptive cycle. It is characterised by the
loss of traditional values and a distorted or failed legitimisation of systems; frequently
associated with emigration, this phase is the most vulnerable as systems are at their weak-
est. Interestingly, the earlier assignment of the MPPNB to the Q phase and its temporal
coincidence with the decline and abandonment of the Tas Tepeler sites suggest that the
prevailing system was especially vulnerable (biophysically and socially) at this time and
that the climate instability associated with the 10200 calBP event could have contributed
to the collapse of the PPN monumental sites, such as at Gobeklitepe and Karahantepe.
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9. Gobeklitepe in Palaeoclimate Context

Against the background of the palaeoclimate record, three milestones in the archae-
ological sequence of Gobeklitepe can be considered which coincided with or were subse-
quent to intervals of climate change; these include (1) the foundation of the settlement
following the YD, during EH climate amelioration; (2) the inundation of parts of the site
by slope-slides during the HGC; and (3) abandonment processes in the contexts of the
RCC interval at 10,200 calBP.

According to the earliest reliable radiocarbon dates, initial (PPNA) occupations date
back to the mid-10th millennium calBC. In this respect, Gobeklitepe is just one of many
settlements in the upper Euphrates and Tigris basins that appeared during this period. As
noted, the r phase of the adaptive cycle, to which the PPNA has been assigned, is a time
of growth and interaction and is synonymous with demographic expansion and yield op-
timisation. With excellent views over the surrounding landscape and situated at a key
thoroughfare for gazelle herds, the site offered hunter-gatherer groups numerous ad-
vantages, encouraging initial occupation [150]. In addition to the early phases of the spe-
cial buildings, this earliest settlement phase features round-oval dwellings, typical of the
period, constructed directly on (or just above) the natural limestone plateau [14,158]; how-
ever, it remains unclear when the transition to potential semi- to full-sedentism occurred.
Climate change likely played a part in this initial settlement process, as a (semi-) perma-
nent occupation at this location may only have become possible due to increased rainfall.
In the absence of natural springs, for which there is currently no evidence, rainwater-har-
vesting using channels and cisterns carved from the natural limestone plateau would have
been the only way of securing the water supply. Although not dated with confidence,
examples of cisterns are known not only from the surrounding plateau of the site but also
from internal settlement areas [13,159] (Figure 7).

The onset of the EPPNB at Gobeklitepe saw the site enter its most densely occupied
phase. The appearance of increasingly rectangular and trapezoid-shaped structures could
be explained as a more economical approach to utilising available space, especially con-
sidering that the inhabitants of these buildings seemed to be competing over the proximity
of their dwellings to the special buildings. Over time, in the southeastern part of the site,
this led to the formation of tell deposits on the slopes surrounding the special buildings,
which had been constructed on an area of lower-lying natural bedrock. Earlier excavations
had already revealed that by the PPNB, the slopes overlooking the special buildings had
become inherently unstable, as evidenced by the construction of retaining terrace walls
(Figure 8). Nevertheless, recent studies have demonstrated that the slopes indeed slipped
on more than one occasion, leading to considerable destruction in this part of the site,
including the inundation of the special buildings with mixed PPNA and EPPNB deposits
[160]. The question remains as to the role of abrupt climate change in this process; cer-
tainly, increased levels of rainfall or heavy snows connected with RCC (HGC/10.2 ka calBP
event) may have, on occasion, increased the weight of the slope, thus promoting slippage.
It is, however, more likely that seismic events played a more significant part in weakening
the slope fabric, as evidenced by the detected earthquake damage in numerous buildings
[160]. Although the EPPNB has been assigned to the K phase of the adaptive cycle, gener-
ally characterised by lower levels of vulnerability, it appears, at least in this very special
case, that the behaviour and (building) traditions of the inhabitants had increased their
susceptibility to be impacted by natural disasters.

Currently, there are no absolute radiocarbon dates for the final settlement phase at
Gobeklitepe. This absence reflects a lack of organic samples from post-EPPNB contexts at
the site, a gap that will be addressed in upcoming seasons. However, despite the absence
of radiocarbon dates, there is architectural and stratigraphic evidence of post-10.2 ka calBP
occupation at the site; notably, this phase saw a return to smaller and more round-oval-
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shaped spaces, which appear to have been scattered throughout the ruins of the settle-
ment, stratigraphically above EPPNB structures, perhaps serving as shelters for ruin
dwellers or squatters [160]. The processes leading to the (gradual) abandonment of the
site could be linked to numerous factors, including unsafe conditions due to erosion, fur-
ther exacerbated by RCC conditions, earthquake impacts, and changes in subsistence
strategies and socioeconomic systems. Indeed, Gobeklitepe was not the only site to have

been abandoned at this time, as the focus of settlement in the area shifted from the hilly
and rocky areas around $Sanliurfa to the Harran plain (Giirciitepe) and the Euphrates River
Valley (Akarcay and Mezraa Teleilat).

Figure 7. Gobeklitepe— Aerial view of a partially excavated cistern? (on-site) in trench K10-55 in
2015. Carved into the natural limestone bedrock, this feature has a diameter of 8.00 m and a maxi-
mum depth of 2.80 m. The edge of the pit features two to three courses of corbelled walling, con-
structed from large limestone slabs, held in place by smaller rocks (ballast). The feature is difficult
to date, though its PPN age is confirmed stratigraphically. Image: N. Becker, German Archaeological
Institute, Gobeklitepe Project.
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Figure 8. Gobeklitepe—The terrace wall on the northern slope above Special Building D during
excavation in 2001 (top left, vertical) and 2002 (top right). Note the steps in the centre of the terrace
wall, leading down to the area below. Possible slope slide damage in Special Building D under ex-
cavation in 2023 (bottom). Images: author unknown (top left), author unknown (top right), L. Clare
(bottom), German Archaeological Institute, Gobeklitepe Project.

10. Conclusions

Although no claims of causality can be made, the overlap of abrupt climate change,
settlement dynamics, and socioeconomic developments in the archaeological record rep-
resents the first step towards identifying any such relationships. At this point, a
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significantly more crucial task is to identify periods when socioeconomic systems were

more vulnerable to climate-induced hazards, thereby warranting further investigations,

particularly if these coincide with known climatic perturbations. Some notable observa-

tions can now be drawn regarding potential human responses to abrupt climate change

in the upper Euphrates and Tigris basins from the YD to the EH:

1.

In contrast to the Southern Levant, where the milder and moister conditions of the
Bolling-Allerod interstadial had already promoted sedentism, there are no indica-
tions of this development in the upper Tigris and Euphrates basins, where sedentary
lifeways among hunter-gatherer populations first become visible in the YD climate
reversal. This process unfolded against inherently unstable socioeconomic systems,
as characteristic of an a phase in the adaptive cycle, which, nevertheless, proved ad-
vantageous for spatial (demographic) dispersal.

The PPNA saw the adaptation of Epipalaeolithic (YD) subsistence strategies to the
emerging EH environments. Climate amelioration at the onset of the Early Holocene
was accompanied by an increase in the number of settlements and, consequently,
population growth. The earliest settlements in the Tas Tepeler (also at Gobeklitepe)
indicate that sedentism and associated socioeconomic systems had become estab-
lished in this area, in line with the r phase of the adaptive cycle, when growth and
interaction occur, with vulnerability levels decreasing to their lowest point. In small-
scale societies, social differentiation becomes legitimised through kinship ties and
cultural homogeneity. As such, this phase sets the stage for the subsequent EPPNB,
when the large central sites, such as Gobeklitepe and Karahantepe, reach their demo-
graphic and cultural pinnacles.

The transition from PPNA to EPPNB is synonymous with the HGC, which coincided
with a shift in material culture and settlement patterns. According to the model, the
socioeconomic systems of the PPNA were already more resilient than those of the
Epipalaeolithic and the EPPNB (K phase) even more so, meaning that communities
would have been better able to cope with external impacts, including adverse (RCC)
climate conditions. Despite the low vulnerability, this was the period which saw ma-
jor changes in settlement patterns, including the abandonment of numerous sites
along the Tigris and an explosion of (T-pillar) sites around Sanliurfa. However, the
palaeoclimate evidence for an RCC interval in the early part of the 9th millennium
calBC remains weak; as such, the reasons behind the changes should probably be
sought elsewhere.

Based on the available radiocarbon evidence, the 10.2 ka calBP event may have con-
tributed to the social collapse in the MPPNB. The RCC interval coincides sharply with
the rapid drop in available radiocarbon ages, perhaps suggesting that it would have
impacted the more resilient part of the adaptive cycle (EPPNB; K phase) rather than
its most vulnerable part (MPPNB; Q phase). This can mean one of three things: (1)
despite their high resilience, the impacts of the RCC at 8200 calBC were so severe that
EPPNB buffering mechanisms were inadequate and unable to cope; (2) the available
radiocarbon ages are still too few to sufficiently place the onset of the RCC interval
in the archaeological sequence; or (3) the transition from EPPNB to MPPNB was not
climate-related. At Gobeklitepe, the settlement was impacted by a series of slope
slides, possibly triggered by earthquakes combined with the adverse effects of heavy
rain and/or snowfall (erosional processes) associated with this RCC interval.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/heritage9050179/s1, Table S1: Radiocarbon data from Pre-
Pottery Neolithic sites in the upper Tigris and Euphrates basins used in this study. Refs. [161-178]

have been cited in Supplementary File.
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