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Abstract: Over the past few decades, archaeological research in Uzbekistan has led to the identification of more than 200
rock art sites. However, the studies conducted so far have been mainly limited to site identification, iconographic analysis,
and relative dating, with little emphasis on in-depth analytical approaches and the application of modern scientific methods.
In this context, the use of advanced technologies in digital documentation, image processing, and absolute dating plays a
critical role in advancing the quality of rock art research. These approaches not only allow for higher-resolution recording
of the motifs, but also help reveal details that are not visible due to erosion. This is particularly important given that rock art
heritage is facing significant destruction and fading due to natural weathering and anthropogenic impacts and requires urgent
conservation measures. Accordingly, the present article aims to document, interpret, and analyze rock art discovered at the
Sepantash site near the village of Koruksoy in the Kashkadrya region. In this research, modern tools such as DStretch have
been used to enhance and reveal faded motifs. The results show that the use of this technology allows for more precise
identification of visual features and provides more reliable data for subsequent analysis. Both pictographs and petroglyphs
have been identified at the site. The pictographs were drawn using red and black pigments. Digital analysis also showed that
a significant part of the visual data can only be identified through image processing, and the overlapping motifs and color
differences confirm the existence of several temporal stages in the formation of these works. This research emphasizes the
importance of using modern technologies in the documentation and analysis of rock art and highlights Sepantash as a
significant case study for reconsidering symbolic systems in Central Asian rock art traditions.
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I. Introduction

Rock art is one of the most fundamental sources for
reconstructing the symbolic, cultural, and social
dimensions of past societies and, in the absence of
written texts, plays a key role in interpreting human
cognition, belief systems, and subsistence practices
(Whitley, 1998; Clottes, 2008; Bahn, 2010; Sarhaddi-
Dadian et al., 2015; Bonneau et al., 2017). These arts,

which include petroglyphs and pictographs, not only
reflect human daily activities and the environment, but
also express symbolic structures and social identities
across time (Moradi et al., 2013; Sarkhosh et al., 2015;
Mohammadi Sefidkhani & Sarhaddi-Dadian, 2022).

In Central Asia, despite the identification of
hundreds of rock art sites, a significant portion of these
data remains at the descriptive level and has received


https://doi.org/10.22034/jsbs.2026.579980.1145
mailto:pourarch@gmail.com
mailto:pourarch@gmail.com
https://orcid.org/0009-0003-8389-2437
https://orcid.org/0000-0002-6123-5765
https://orcid.org/0009-0002-9350-6272
https://orcid.org/0000-0002-9172-4412
https://orcid.org/0009-0001-1005-0031

2 0. K. UROKOV ET AL.

limited systematic and interdisciplinary analysis based
on modern scientific methods (e.g., Rogozhinskiy, 2011;
Amanbaeva et al., 2011; Bobomulloev et al., 2011;
Muradova, 2011; Khujanazarov, 2011; Rozwadowski &
Lymer, 2012). However, such sites have a high potential
for examining cultural interactions, patterns of
movement, and ideological developments on a regional
scale. Uzbekistan, as one of the important centers of
rock art in Central Asia, has a rich but relatively
understudied collection of these types of sites
(Francfort, 1998; Lasota-Moskalewska &
Hudjanazarov, 2000; Khujanazarov, 2001; Kolobova et
al., 2011; Augustinova & Stanco, 2010).

This region has been continuously occupied and
utilized by human societies since prehistoric times,
resulting in the formation of thousands of
archacological sites. These include a wide range of
archaeological evidence, from caves (Gunz & Bulygina,
2012; Pavlenok et al., 2022), settlement sites (Nishiaki et
al., 2022; Khanipour et al, 2026), and historical
monuments (Kadirova & Abduvakhidova, 2025) to
rock art sites identified across Uzbekistan. Among
them, the Sepantash rock art site, due to its presence of
both petroglyphs and pictographs, is considered a prime
example for comparative analysis of production
techniques and expressive patterns in a single spatial
context. This feature allows for simultaneous
examination of technological, stylistic, and semantic
differences and provides a more accurate understanding
of the artistic and cultural traditions of the region.
However, one of the main challenges in the study of
rock art is natural weathering, erosion, and
anthropogenic impacts, which have caused the gradual
destruction and fading of the motifs. In many cases, a
significant part of the visual information is no longer
discernible to the naked eye, which further emphasizes
the need for new methods of documentation and
analysis. In recent years, the application of digital
technologies to the study of rock art has brought about
a fundamental transformation in the methods of
recording, analyzing, and interpreting these works
(Horn et al., 2022). Meanwhile, DStretch software, as
one of the effective image processing tools, uses the
decorrelation stretch algorithm to enhance subtle color
differences and help identify pootly visible motifs
(Quellec et al., 2015; Quesada & Harman, 2019). This
method not only enhances the accuracy of
documentation but also allows the identification of
motifs and details that are not visible under normal
conditions. However, the use of these technologies is
not without limitations. The results of digital processing
can be influenced by user settings and parameter
selection, and in some cases, lead to over-enhancement
or the creation of false visual motifs. Therefore,
researchers emphasize the need for a critical approach
to the careful interpretation of digital data, with

comparisons to field observations and archaeological
evidence.

Accordingly, the present article aims to introduce
the Sepantash rock art site and provide a more accurate
documentation of its motifs using digital methods, in
particular DStretch. Based on these objectives, this
research seeks to answer the following questions: What
types of rock art motifs (pictographs and petroglyphs)
can be identified at the Sepantash site, and what stylistic
and technical characteristics do these motifs have? To
what extent can the use of digital methods, especially
DStretch software, help to reveal and document more
accurately the faded and worn motifs? What is the place
of this site in the broader context of Central Asian rock
art, and what similarities or differences does it show
with other sites in the region? This research, by
combining field data and digital analysis, aims to
provide a deeper understanding of the stylistic,
technical, and cultural characteristics of this site and to
explain its place in the broader context of Central Asian
rock art.

I1. Methodology

This research adopts a mixed-method approach,
integrating both fieldwork and digital analysis to
investigate the rock art of the Sepantash rock art site. In
the first stage, a field survey was conducted, and panels
with motifs, including petroglyphs and pictographs,
were identified and documented. Images were captured
using a high-resolution camera under variable lighting
conditions, including direct light and raking light, to
maximize the capture of visible detail. In the second
stage, digital images were processed using DStretch
software to enhance clarity and reveal faded motifs.
This software employs a decorrelation stretch algorithm
to enhance subtle color variations and allows the
identification of motifs that are not visible to the naked
eye (Quesada & Harman, 2019). The outputs from this
processing were used for enhanced documentation and
digital tracing. However, due to the interpretive nature
of digital processing methods, the results obtained were
not the sole basis for analysis. To improve data
reliability, the enhanced images were compared with
raw images and field observations, and any ambiguous
features were critically evaluated using a critical
interpretative approach. This approach was adopted to
reduce errors due to over-enhancement or false motif
generation. Finally, the identified motifs were analyzed
within a regional archaeological framework, and the
study further examines their relationship with the
cultural patterns and environmental context of
prehistoric societies in Central Asia.

ITI. The Sepantash Rock Art Site
The Sepantash Rock Art Site is located in the
foothills of the Karatagh Range, part of the Zarafshan
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Mountains, near Koruksai Village in Chirakchi District,
Kashkadarya Region (Fig. 1). This geographical location
places the site in a rocky mountainous landscape that
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Sepantash is located in a micro-landscape with
sandstone and limestone outcrops that naturally provide
rock shelters and suitable surfaces for the creation of
motifs (Fig. 2). Such geomorphological conditions are
widely associated with the production of rock art
throughout Central Asia, as these spaces provide a
suitable surface for the creation of motifs, both from a
protection and visual prominence. The presence of
painted panels beneath the protected surfaces at
Sepantash can also be interpreted within this
framework, suggesting that the selection of these spaces
was intentional. The motifs identified at the site are
mainly located in two spaces or two main panels, each
located beneath large rock overhangs (Figs. 3 & 4). This
feature makes Sepantash a coherent yet spatially
complex rock art site suitable for integrated analysis.
Many of these motifs have undergone fading and
weathering due to the passage of time and
environmental factors.

The Sepantash rock art was first identified in 2001
by R. Kh. Suleymanov. Since then, the site has been
identified in various studies as one of the most
important Central Asian rock art sites. However, most
of the research has remained at the level of preliminary
reports and relative chronology, and no laboratory
analysis or advanced digital methods have been applied

Figure 1: Geographic seing of the Sepantash site, Uzbekistan.

provides suitable conditions for the creation and
preservation of rock art.

to establish an absolute chronology or systematically
document these works.

IV. Rock Art Techniques at the Sepantash Site

Two main types of rock art have been identified at
the Sepantash site: petroglyphs and pictographs, with
pictographic motifs being more abundant. This
technical diversity indicates the use of different modes
of visual expression within a single cultural context.

IV.1. Petroglyphs

Although limited examples of recent carvings, such
as graffiti inscriptions, have been observed at the
Sepantash site in recent years, the main petroglyphs at
the site include three zoomorphic motifs carved on the
wall of Panel 1. These motifs are depicted as three
sequential zoomorphic motifs, all in profile view and all
oriented to the right. The motifs are highly simplified
and schematic, and only the main elements of the body,
including the trunk, legs, and head, are recognizable
(Fig. 5). Technically, these motifs were created using a
scratching technique, and therefore they exhibit limited
depth and their surface has a relatively shallow relief.
This feature may suggest an early or relatively
conservative phase in the production of petroglyphs in
this region.
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Figure 3: Overview of Panel 1 shong the spatial distribution of pictographs.
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IV.2. Pictographs

The Sepantash pictographs make up the majority of
the rock art at the site and are scattered on the ceiling
and northern wall of Panel 1 and on the ceiling of Panel
2. There is no particular pattern in the shape and
location of the motifs, and motifs are created in
different parts, namely the vertical and horizontal
surfaces. These motifs are drawn using two primary
colors, namely red and black pigments, although red is
dominant and includes a range of tones from light to
dark. In prehistoric, ochre was used to make red
(Alirezazadeh & Heydarian, 2022; Holakooei et al.,
2025; Khanipour & Holakooei, 2025), and it appears
that ochre was used here as well. The use of pigments
at Sepantash can be understood within a broader
tradition of color use in prehistoric societies of Central
Asia and Southwest Asia. In Iran (Masuda et al., 2013;
Azizi Kharanaghi et al, 2016; Abe et al, 2022;
Khanipour, 2023; 2024c; 2025; Khanipour & Nishiaki,

1g‘uré 5: ibomrphic petghs from the study area.

2024; Khanipour & Abe, 2025a-b) and southern
Turkmenistan (Masson & Sarianidi, 1972; Kohl, 1984;
Pollock et al., 2025), painted pottery traditions emerged
during the Neolithic period and expanded significantly
during the Chalcolithic (Alizadeh 2003; Karimikiya et
al, 2022; Poodat, 2023; Jamshidi Yeganeh &
Khanipour, 2025a-b; Khanipour et al., 20206; ), reflecting
the growing importance of color and visual symbolism
in material culture. In contrast, painted pottery
traditions became more prominent in many parts of
present-day Uzbekistan during the Bronze Age,
particularly with the development of settled agricultural
societies. The use of pigments in rock art therefore
represents another aspect of this ancient tradition of
visual expression, in which color played an important
role in communication, symbolism, and artistic
production. The pictographic motifs are highly diverse
and include geometric forms, handprints, circular, sun-
like motifs, and abstract motifs (Figs. 6 & 7).
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Figure 6: Pictographs from Panel 1. (A) Original photograph; (B-D) digitally e
(C), and YRD (D) modes.

3 o B o 7 SRy . N ;380
Figure 7: Pictographs from Panel 1. (A) Original photograph; (B—-D) digitally enhanced images produced using DStretch in YBK (B), YDT (C),
and YRE (D) modes.
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The presence of handprint motifs at the Sepantash
site is of particular importance because this group of
images is considered one of the most widespread and
ancient symbolic patterns in rock art in the world and
has been widely observed in various regions from
Central Asia to Iran (Sarhaddi, 2013) and even Europe
(Beltran, 1995; Brady et al., 2022). This geographical and
temporal continuity shows that the role of the hand was
one of the fundamental elements in expressing identity,
human presence, or rituals in prehistoric societies
(Anick, 2019). At Sepantash, these motifs include
handprints and sometimes finger impressions. Unlike
some other sites where hands were created using a

.

negative stenciling technique, here the evidence
suggests that the technique appears to involve positive
application, with pigment likely applied to the palm of
the hand and then pressed directly onto the rock
surface. This technical difference could indicate cultural
diversity or differences in rock art traditions in the
region. The highest density of handprints is found in
Panel 1, particularly in the upper section and on a nearly
vertical surface. In this section, about 15 handprints
have been identified, arranged in a clustered pattern
(Fig. 8). This spatial focus may indicate the symbolic
importance of this part of the panel and possibly suggest
its potential function as a ritual or ceremonial space.

BlA

Another noteworthy point is that this group of
motifs, compared to other motifs in the site, is located
in a position that is relatively inaccessible. Their high
position indicates that, in order to create these works,
the creators probably needed to use a supporting
platform or scaffolding to gain access to the desired
surface. This not only indicates planning in the
execution of the motifs, but also may indicate the
special importance of these motifs in the symbolic
structure of the site. In contrast, other motifs in
Sepantash were created mainly on more accessible
surfaces, and this difference in spatial distribution may
indicate a functional or semantic separation between the
types of motifs.

Overall, the hand motifs in Sepantash are not only
remarkable from a technical and technical perspective,
but also from a symbolic interpretation perspective, and
can be an important key to understanding the ritual
behaviors and semantic systems of the societies that
produced this rock art. The pictographs of this site are
highly diverse in form, including circles, thombuses,
polygons, lines, cross-hatched patterns, dots, plus signs,
with some motifs containing dots within circles or
rhombuses (Fig. 9).

Figure 8: Hand motifs from Panel 1. (A) Original photograph; (B) digitally enhanced image produced using DStretch in YRD mode.

This diversity may indicate complex or multi-stage
symbolic systems in the production and use of these
motifs.

IV.3. Chronology

One of the fundamental challenges in rock art
studies is the issue of chronological attribution of these
works. Unlike cultural materials such as pottery or stone
tools that can be relatively dated based on typology,
rock art, due to its visual nature and long temporal
continuity, has a wide stylistic and temporal diversity
and cannot be precisely dated based solely on style. In
such circumstances, the most reliable method for
determining the age of the motifs is to use laboratory-
based dating methods (Bonneau et al., 2017), including
radiocarbon dating, uranium-thorium (U-series dating),
or modern methods related to mineral accretions (e.g.,
rock varnish dating). However, these methods are not
always applicable, especially in cases where there is no
organic material or dateable sediments in direct contact
with the motifs.

In the case of the Sepantash site, although an
information board at the site dates it to the 9th—14th
centuries CE and some studies have attributed it to the
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prehistoric  period, no absolute dating has been
performed on the works, and their precise timing
remains uncertain. Analysis of the visual characteristics
of the motifs, including color variability, degree of
fading, and superimposition of motifs, suggests that
these works were likely created in multiple periods
(multi-period execution). This suggests a long-term
tradition of using this space for rock art rather than a

single cultural event. As a result, a definitive attribution
of these motifs to a specific time period, whether
prehistoric or historic, is not currently possible. Given
the importance of the Sepantash site in understanding
the rock art traditions of Central Asia, especially in the
field of pictographs, laboratory studies and the use of
advanced chronological methods are essential to more
accurately determine the age of these works.

18 iy
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Figure 9: Red and black petroglyphs from Panel 2. (A) Original photograph; (B—D). djgitz;lly enhanced images produéed using DStretch in YBK

(B), YDT (C), and YRE (D) modes.

IV.4. Conservation

Since most of the Sepantash rock art motifs are
located under rock shelter overhangs, they are
somewhat protected from direct rain and severe
erosion. However, field investigations show that this
natural protection is not complete, and some patts are
still exposed to water infiltration and surface
weathering. As can be seen in Figure 10, areas exposed
to water runoff have experienced severe fading, while
beyond a certain boundary where the water flow stops,
the motifs are cleatly visible. This pattern suggests that

parts of the motifs that are no longer visible today may
have existed in the past but have gradually been lost
through taphonomic processes. This situation indicates
that the Sepantash pictographs are in a fragile condition
and, if appropriate conservation strategies are not
implemented, the risk of gradual deterioration is
significant. Similar studies in other rock art sites have
also shown that climate change, humidity, and human
activities are the most important factors threatening this
type of cultural heritage (Agnew et al., 2015).
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IV.5. Tourism Potential and Cultural Heritage
Management at the Sepantash Rock Art Site

In addition to its archaeological significance, the
Sepantash Rock Art Site also has significant potential
for the development of cultural and archaeological
tourism. The location of the site in a mountainous
landscape and the simultaneous presence of rock
paintings and petroglyphs have made it one of the most
significant rock art sites in Central Asia. In recent years,
researchers have emphasized that rock art sites are not
only valuable resources for studying past societies, but
can also serve as important cultural tourism attractions
in introducing the history, culture, and identity of
human societies (Duval & Smith, 2013; Srivastava,
2021), and many tourists are interested in visiting these
sites.

Although the tourism industry in Central Asian
countries has grown significantly in recent decades, the
majority of tourists still visit historical cities such as
Samarkand and Bukhara, and architectural monuments.
In the meantime, sites such as Sepantash can help
diversify tourism destinations and develop rural
tourism. Also, the use of modern digital documentation
methods, including image processing with DStretch
software, can play an important role in better introducing
these works, increasing public understanding of their
value, and developing educational and research programs.

Since rock art is very vulnerable to natural erosion,
temperature changes, biological growth, and human
intervention (Rogozhinskiy, 2021), tourism development
in such sites should be accompanied by appropriate
conservation programs. Field observations at Sepantash
show that field observations at Sepantash indicate the
presence of modern graffiti and recent inscriptions on
and around several rock surfaces, indicating the
vulnerability of this cultural heritage to human activities.
Such interventions not only cause the gradual
destruction of ancient motifs but, in some cases, also
make it difficult to recognize and interpret the original

| BJjAl

k surface and their spatial relationhjp to te pictographs.

motifs. The experience of many rock art sites in the
world has shown that the lack of appropriate
conservation programs and uncontrolled access by
visitors can lead to the gradual destruction of these
works. Hand contact with these designs can gradually
cause them to deteriorate and fade. Therefore, any
planning for the introduction and development of
tourism in the Sepantash site must be accompanied by
a comprehensive management and conservation
program. Creating specific visitor routes, installing
educational and interpretive panels,
monitoring of the condition of the designs, and the
participation of local communities in the protection of
the site are among the most important measures that
can help in the long-term preservation of this valuable
heritage.

continuous

V. Discussion

The Sepantash rock art site presents a diverse
collection of visual expressions in the form of
pictographs and petroglyphs that appear to have been
created over a relatively long timespan and in multi-
period cultural phases. One of the notable features of
the site is the predominance of non-anthropomorphic
and non-zoomorphic motifs, especially geometric
motifs, in the pictographs. This is a distinctive feature
compared with many rock art traditions in Central Asia
and neighboring regions, where zoomorphic motifs and
hunting scenes predominate (Rozwadowski & Lymer,
2012).

In most Asian rock art assemblages, particularly in
Iran (Ghotrbani et al., 2022; Molaie Kordshouli et al.,
2022; Khanipour, 2024a-b; Salimi & Azizi Kharanaghi,
2025; Sadeghi et al., 2023), Siberia, Mongolia (Jacobson-
Tepfer, 2025), and parts of Central Asia, animal
representations are significant not only in terms of
numbers but also in terms of species diversity and scene
dynamics, and are often interpreted in terms of hunter-
gatherer subsistence systems or associated ritual
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traditions. However, at Sepantash, the relative lack of
zoomorphic and anthropomorph motifs in the
pictographs and the focus on geometric, circular, and
abstract forms could indicate a different symbolic
system, perhaps more focused on abstract expressions,
spatial marking, or ritual concepts. The limited number
of zoomorphic petroglyphs may reflect a different
chronological phase or functional tradition within the
site.

The only notable exception to this pattern is the
presence of handprints, which have been interpreted as
one of the earliest forms of human symbolic expression
in many global rock art traditions, including well-known
examples such as Lascaux Cave in Europe, Africa, and
Central Asia (Clottes, 2008). Importantly, at Sepantash,
some of these handprints are positioned at relatively
high altitudes, suggesting that they may have been
created using supports or temporary scaffolding. This
could indicate spatial awareness and planning in the
execution of the motifs.

From a temporal perspective, evidence from field
surveys and digital analyses suggests that the Sepantash
motifs were likely created over a long period of time and
in sequential phases of production. Differences in color
intensity, degree of weathering, and the superimposition
of some motifs support the assumption that the site was
continuously used over different periods. In this regard,
the use of DStretch software has played a crucial role in
the identification and analysis of the motifs. This

software, using the decorrelation stretch algorithm,
allows for the separation and enhancement of subtle
chromatic variations, thereby revealing parts of the
motifs that would not normally be discernible to the
naked eye (Quesada & Harman, 2019). The use of
different modes of this software showed that each
rendering mode is suitable for a specific type of data.
For example, the YRD and YRE modes are particularly
effective in highlighting red pigments, but may lead to
background enhancement and visual artifacts, and also
blur black motifs. In contrast, the YDT and YBK
modes perform more accurately in better separating
black pigments and combining them with red motifs
(Fig. 11).

This shows that digital analysis should always be
done with a critical and multi-scalar interpretation
approach to avoid misinterpretations. Although the
DStretch software is very effective in enhancing and
revealing pictographs, the results of this study showed
that its application to petroglyphs is not always the same
and error-free. In some settings and processing modes,
especially when focusing on enhancing specific color
spectrums, this software can reduce the surface contrast
of the rock, resulting in a loss of visibility of engraved
motifs (Fig. 5). This is especially true for motifs with
shallow depth or high surface erosion. Therefore, using
DStretch for petroglyphs requires careful parameter
selection and multi-mode analysis to avoid incomplete
interpretations or loss of visual data.

Figure 11: Red and black petroglyphs from Panel 2. (A) Original phot

& \ 3

ograph; (B-D) digitally enhanced iages produced usin DStretch in

YDT (B), YBK (C), and YRE (D) modes.
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One of the important results of these analyses is the
possibility of relative sequencing. As can be seen in the
image data, some motifs that appear in lighter or orange
tones in the DStretch output -rather than in the original
image- are probably older (Fig. 6, no. B; 7, No. C; 9 No.
B-C; 11, No. B-C), because some of these are covered
by later superimposed red and black motifs. This
pattern is one of the most significant pieces of evidence
for understanding the chronological sequence of artistic
activities at this site. The data obtained show that
Sepantash is not merely a single-phase rock art site, but
a multi-layered cultural landscape in which the
interaction between technique, time, and meaning is
visible. However, to achieve a more precise
understanding of the temporal and cultural position of
this site, the use of absolute dating methods and
laboratory analyses seems necessary. Also, the use of
modern imaging technologies and digital analysis can
play an important role in the more complete
reconstruction of this visual tradition.

VI. Conclusion

The study of the Sepantash rock art site shows that
this site is a complex and multi-layered assemblage of
visual expressions that includes both petroglyph and
pictograph traditions. Pictographs include geometric
motifs and handprints, and petroglyphs include

zoomorphic motifs. From a chronological perspective,
evidence such as color variation, weathering, and
superimposition of motifs indicate that the site was used
over a long period of time and in multiple phases.
Therefore, Sepantash should be considered a mult-
period rock art tradition, not a single-phase collection.

The application of DStretch software played a key
role in revealing faint motifs and enabling more detailed
analysis. This tool showed that a significant portion of
the image information can only be recovered through
digital processing, and its use can significantly increase
the documentation quality. However, the results also
emphasize that digital analysis should always be
interpreted alongside field data and with a critical
interpretive framework.

Finally, given the importance of Sepantash in
understanding the rock art of Central Asia, patticularly
in relation to pictographic traditions, this site requires
broader and interdisciplinary research. In particular,
absolute dating and laboratory analyses are necessary to
more precisely determine the time of creation of the
motifs and better understand the cultural trends of the
region. This research shows that the combination of
field methods and modern technologies can contribute
to a more accurate and comprehensive reconstruction
of the artistic traditions of prehistoric societies in
Central Asia.
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