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Abstract: This article presents a new interpretive model of human adaptation strategies during the Paleolithic period
in the Turan region of Central Asia. While most previous studies have focused on lithic typology and technological
characteristics, this research foregrounds the spatial logic of human behavior in relation to tectonic instability, loess
landforms, and paleoclimatic fluctuations. Through the comparative analysis of open-air sites such as Kulbulak,
Gofilibad, Arkutsay, Butabulak, and the Samarkand complex (Qo‘tirbulog, Siyobcha, Zirabuloq), the study identifies
adaptation patterns grounded in what may be called risk-driven opportunism—a strategic model where human
groups deliberately occupied unstable yet resource-rich zones. These settlement strategies range from short-term use
of erosion-prone terraces to long-term habitation in spring-fed loess foothills. Rather than seeking protection in caves,
many groups optimized access to water, toolstone, and favorable microclimates, even when exposed to tectonic risks
and shifting environmental conditions. The integration of geological and archaeological data allows for the
reconstruction of behavioral models linking natural hazards with spatial decision-making. By comparing these patterns
with global sites such as Olduvai Gorge, Gesher Benot Ya'aqov, and Bilzingsleben, the article positions the Turan
region not as peripheral but as a zone of dynamic ecological engagement. This research contributes a regionally
specific yet globally relevant framework for understanding human-environment interaction beyond sheltered
ecologies, emphasizing loess landscapes and the strategic agency of Paleolithic groups facing uncertainty.
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1. Introduction Fergana fault system), piedmont fluvial formation, and
The study of Paleolithic adaptation strategies alternating glacial-interglacial episodes (notably MIS-
has traditionally centered on lithic typology, 5e, MIS-3, and MIS-2). These natural processes
technological transitions, and cultural classification. produced unstable landforms, episodic water
While this has generated valuable chronological availability, and sedimentary complexity that directly
frameworks, such approaches often underrepresent the influenced Paleolithic land use. While caves have
spatial logic and environmental reasoning that traditionally been seen as the main loci of Pleistocene
underpinned early human behavior. In recent decades, habitation, archaeological evidence from Turan
geoarchaeological and paleoenvironmental research increasingly points to open-air site preferences,
has emphasized that tectonic activity, climate especially in loess environments.
variability, and microecological diversity played This study proposes the concept of risk-
central roles in shaping human settlement dynamics driven opportunism to describe a behavioral model
during the Pleistocene. These factors are particularly in which human groups deliberately occupied unstable
relevant in Central Asia's Turan region, where loess yet resource-rich landscapes—balancing tectonic
landscapes intersect with seismically active fault danger with ecological reward. This framework
zones and rapidly changing climate regimes. emerged in part through the author's previous
The Turan region—encompassing modern archaeoseismological fieldwork in the Fergana Valley
Uzbekistan, southern Kazakhstan, and Tajikistan— and Tashkent piedmont, where evidence of historical
was marked by active tectonic uplift (e.g., the Talas— seismic destruction was documented at Kyrkhudzhra,
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Ahsiket, and Balandytepa (Anarbaev et al., 2020;
2021; 2022; 2024). Although focused on later
historical periods, these investigations provided a
foundation for understanding how tectonic dynamics
affect landscape usability over time. Applying this
experience to the Paleolithic context, this paper
examines settlement strategies at Kulbulak, Gofilibad,
Arkutsay, Butabulak, and the Samarkand complex—
placing them in comparative perspective with global
analogues.

2. Materials and Methods

This study employs a multidisciplinary
approach combining archaeological excavation data,
stratigraphic profiles, paleoclimatic reconstructions,
and geoarchaeological observations derived from both
published and field-based research. Primary data were
gathered from reports and analyses of open-air sites
across the Turan region: Kulbulak (Kolobova et al.,
2018), Gofilibad (Khudzhageldiev, 2021), Arkutsay
and Butabulak (Suleymanov et al., 2025), and the
Samarkand Paleolithic complex including
Qo‘tirbulog, Siyobcha, and Zirabulog (Lev, 1967b;
Lev, 1959; Djurakulov, 1985) (fig.1).
In addition, the author’s extensive
archaeoseismological fieldwork in the Fergana and
Tashkent regions—conducted between 2020 and 2024
at sites such as Kyrkhudzhra, Ahsiket, and
Balandytepa (Anarbaev et al., 2020; 2021; 2022;
2024)—provided contextual insight into fault scarp
development, stratigraphic  deformation, slope
erosion, and loess instability. Although these studies
focused on early medieval and classical sites, the
observations helped identify diagnostic sedimentary
features associated with seismic landscapes, which are
applicable to understanding Paleolithic site formation
processes.
The analysis proceeded along four core dimensions:

1.  Chronological setting, based on Marine
Isotope Stage correlations (e.g., MIS-5e,
MIS-3, MIS-2);

2. Geomorphological conditions, including
slope angle, loess depth, and proximity to
active faults;

3. Resource access, particularly water (springs,
river terraces), lithic materials (flint,
quartzite), and fertile soils;

4.  Occupation character, inferred from artifact
density, stratigraphic integrity, and signs of
seasonal reuse or long-term settlement.
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Comparative analogues were selected from key open-
air Paleolithic sites with similar environmental
parameters: Olduvai Gorge (Tanzania), Gesher Benot
Ya'aqov (Israel), Bilzingsleben (Germany), and
Zhoukoudian (China). These parallels allow for a
broader interpretation of adaptive strategies beyond
the Turan context, situating it within the global debate
on Paleolithic behavioral ecology.

3. Results

The comparative analysis of open-air
Paleolithic sites in the Turan region reveals recurring
patterns of adaptive settlement shaped by tectonic
instability, loess geomorphology, and climatic shifts.
Sites such as Kulbulak and Butabulak were
established in spring-fed foothills with stable soil
platforms and nearby raw material sources (fig.2). In
contrast, Gofilibad and Lahuti IV demonstrate
human activity in geomorphologically unstable zones,
where slope processes and sediment displacement
disrupted original stratigraphy—Iikely a result of
tectonically induced loess flow (fig.3).

The Arkutsay loess section offers a rare
long-term stratigraphic record, showing episodic
occupation during warm phases such as MIS-5e. The
Samarkand complex (Qo‘tirbulog, Siyobcha,
Zirabuloq)  reflects  low-risk,  semi-permanent
adaptation to loess terraces near water and fertile
microclimates. These settlements, although modest in
artifact density, reflect deliberate spatial logic.
Similarly, the Honako-3 site in southern Tajikistan is
an Upper Paleolithic open-air site now buried beneath
displaced loess deposits. Stratigraphic disruption
suggests seismic or slope-driven processes affected its
preservation, yet the location near fresh water implies
calculated ecological use despite geological instability
(Ranov et al., 2000).

Critically, these sites also reflect ecological
adaptation to tectonically reshaped landscapes. Uplift
of mountain ranges during the Late Pleistocene
produced colder upper zones, which drove large
herbivores to descend into lowland valleys. Human
groups likely followed these animal movements,
establishing camps in zones of higher biomass density
and relative shelter. This biotic pressure from top-
down ecological change is observable in all foothill
sites, reinforcing the view of human settlement as both
resource- and risk-driven.
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Table 1. Site results
Site Chronology Geomorphology Tectonic Risk Resource Access Occupation Type
Kulbulak MIS-5/3 foothill loess moderate near spring, flint long-term
Gofilibad MIS-5 unstable loess high variable short-term
Arkutsay MIS-7/5e deep loess terrace moderate seasonal episodic
Butabulak MIS-3 flat flint zone low high repeated short-term
Samarkand Complex MIS-2 valley-bottom loess low spring + fertile soil semi-permanent

Figure 1. Location of Kotyrbulok and Zirabulok monuments
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Figure 2. The location of the Kolbulok monument. (Kolobova K.A., Pavlenok K.K., Flas D., Krivoshapkin A.l.,
Schneider S.V. Upper Paleolithic of the Western Pamir-Tien Shan (based on materials from the Kulbulak site) // Vestn.
Novosibirsk State University. Series: History, Philology. - 2013. - Vol. 12. - Issue. 5: Archaeology and Ethnography.
- P. 108-121.)
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Figure 3. The location of the Lahuti IV monument. (Anoykin A.A., Rybalko A.G., Khujageldiev T.U., Sosin P.M.,
Kurbanov R.N. Lakhuti 1V — a new Early Paleolithic site in the Obi-Mazar River Valley (Southern Tajikistan)//
January 2021. Problems of Archaeology Ethnography Anthropology of Siberia and Neighboring Territories 27:29-37.
DOI:10.17746/2658-6193.2021.27.0029-0037)
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4. Discussion

The loess landscapes and tectonic uplift
zones of the Turan region provided both challenges
and opportunities to Paleolithic populations. Rather
than uniformly avoiding seismic zones, human groups
often chose to settle in ecologically strategic
locations—even if they were prone to loess mass
movement or sediment instability. This is evident in
sites such as Honako-3, where post-depositional loess
flows have obscured original layers, but the site's
initial placement near vital resources remains clear.

This decision-making reflects the model of
risk-driven opportunism: humans willingly engaged
unstable terrain to exploit microclimatic advantages,
flint sources, or faunal migration corridors. The
descent of fauna from high mountain zones to
lowland valleys—prompted by colder upland climates
due to tectonic uplift—further concentrated ecological
opportunities in foothills and valley bottoms. Human
groups adapted accordingly, establishing settlements
along spring-fed ravines, terrace systems, and eroding
slopes, balancing immediate gain with long-term
instability.

Compared to more cave-centric models seen
in Europe or sediment-rich river sites in East Asia, the
Turan model suggests an ecologically flexible,
hazard-aware settlement strategy. It emphasizes
spatial reasoning, real-time adaptation to faunal shifts,
and the dynamic integration of geophysical and
biological cues. These findings encourage a broader
reevaluation of open-air Paleolithic adaptation not as
exceptional, but as potentially central in ecologically
volatile regions.

5. Conclusion

This study redefines Paleolithic adaptation in
the loess-covered, tectonically dynamic landscapes of
the Turan region. Drawing from open-air sites across
Uzbekistan and Tajikistan, the research reveals a
strategic behavioral model we term risk-driven
opportunism—the active choice to settle in unstable
but resource-rich zones. These zones often combined
spring access, lithic availability, and faunal
concentrations despite being prone to erosion or
seismic activity.

A key ecological dynamic driving this pattern
was the vertical redistribution of fauna: tectonic
uplift made upper elevations colder, forcing large
animals to descend into valleys. Human groups
mirrored these movements, shifting settlement zones
downward and prioritizing foothill ecotones with
reliable water and biomass. Rather than simply
avoiding hazard, these populations anticipated and
harnessed its effects.
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The Turan Paleolithic model thus represents
a distinct regional adaptation based on environmental
flexibility, microclimate optimization, and ecological
foresight. In contrast to static or shelter-focused
models elsewhere in Eurasia, it underscores the
strategic agency of human groups in dynamically
reshaping their spatial logic in response to tectonic and
climatic pressures.
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