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Summary. The modern oil and gas industry is in urgent need of a radical increase in the effi-
ciency of exploration activities to optimise project management. Traditional seismic interpretation
technologies have reached their technological limits and are no longer capable of providing the re-
quired twofold reduction in desk study timelines while simultaneously improving the quality and
detail of geological models. This paper examines an innovative development — SAI-SVision, a
full-volume seismic interpretation technology designed to fundamentally transform the approach to
organising and executing desk studies. The system's key advantage lies in its ability to rapidly
create high-precision structural models. This enables reducing project timelines through the deep
parallelisation of technological processes, enhancing the accuracy of integrating heterogeneous da-
ta based on a unified structural framework, and optimising decision-making under tight time con-
straints. The implementation of SAI-SVision delivers a substantial economic effect even at its cur-
rent stage of development. Further prospects for the technology are linked to its integration directly
into the seismic data processing stage, which will significantly improve the quality of depth-
velocity models and the signal-to-noise ratio. The final stage of the system’s evolution will be the
launch of a specialised sedimentation module. This tool will provide the direct transformation of
seismic data into a three-dimensional lithofacies grid, creating a reliable foundation for the detailed
prediction of fluid saturation and geomechanical characteristics of the section. Thus, the technolo-
gy elevates the geological modeling process to a qualitatively new, automated level.

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

nologies are available, their adoption is hindered by

Conventional seismic interpretation technolo-
gies have reached their technological limits and can
no longer deliver the efficiency levels required to-
day. Specifically, to optimise project management
and ensure timely decision-making, oil companies
require a twofold reduction in office-based turna-
round time. Simultaneously, this must be achieved
alongside an increase in the quality of the resulting
geological models. Meeting such demands through
the modernisation of standard solutions is unfeasi-
ble. The only way forward is the deployment of dis-
ruptive innovations. However, even when such tech-

several factors. The most formidable challenge is the
complexity of integrating breakthrough technologies
into production, as the quantum leap in efficiency
they provide necessitates a new approach to achieve
results: a shift in outdated paradigms and a funda-
mental modernisation of the entire production pro-
cess (Fig. 1).

The paper introduces "SAI-SVision," an innova-
tive full-volume seismic interpretation technology
that delivers next-generation geological models and
completely redefines the office-based interpretation
paradigm.
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Fig. 1. Disruptive vs. Conventional Technology

Improving seismic interpretation

performance via ""'SAI-SVision™ technology

Conventional seismic interpretation is described
as an exhausting, iterative sequential process that
relies on expert-driven, manual, or semi-automatic
tracking of selected horizons from seismic volume.
This method is characterised by significant labor
intensity, minimal data utilisation (less than 1%), a
the high probability of missing prospective targets,
substantial uncertainty, and generally low geological
model quality, as multiple interpretations can be de-
rived from the same dataset.

At the same time, automating the horizon track-
ing process fails to either reduce office-based turna-
round time or improve the quality of the resulting
geological models. This is because automation does
not alter the fundamental approach based on analys-
ing a few individual horizons, nor does it eliminate
the drawbacks of data underutilisation and the cycli-
cal, iterative nature of the interpretation process.

Full-volume interpretation ensures maximum
utilisation of seismic data, which is transformed
into a comprehensive model of the medium — the
Stratigraphic Cube (SC). The SC is a three-
dimensional grid where all nodes are linked by
relative depositional ages. The level of detail in the
Stratigraphic Cube matches the original seismic

data, and its isosurfaces represent chronostrati-
graphic boundaries.

Analysis of the full-volume model is conducted
using the "SVision" methodology. For this purpose,
an animated model of sedimentary cover formation
is created, typically incorporating several hundred of
the most extensive chronostratigraphic boundaries.
This model allows tracking changes in paleogeo-
morphological (in isochrons) and facies (in ampli-
tudes) conditions within the study area, identifying
prospective targets across all stratigraphic levels.

The full-volume interpretation approach re-
solves all the issues inherent in traditional methods,
including project timelines, model ambiguity,
missed targets, and horizon intersections. Turna-
round times are reduced by an order of magnitude,
and re-interpretation is no longer required, as the
Stratigraphic Cube contains all possible surfaces that
can be constructed. Furthermore, all surfaces are
mutually consistent, which inherently eliminates
intersections. Figure 2 presents examples of missed
stratigraphic-type prospects from the standard ap-
proach, demonstrating the high efficiency of "SAl-
SVision" technology in both marine and continental
paleobasin environments.

In carbonate depositional environments, ani-
mated models enable the reconstruction of bioherm
growth (Fig. 3). This allows for a detailed study of
facies settings, including the identification of reef,
debris flow (fore-reef), and back-reef lagoon facies.

A new paradigm for organising

office-based interpretation workflows

As with any disruptive technology, "SAI-
SVision" fundamentally transforms the very paradigm
of the production workflow. Under the conventional
approach, a sequence of procedures is performed with
ambiguous results. This means that it is difficult to
assess the economic impact before the work is com-
pleted, as the number of identified prospects, their
resource potential, and the eventual development
costs remain unknown (Kerimov et al., 2019).

Fig. 2. Stratigraphic traps missed during conventional interpretation. Snapshots from "SVision" ani-
mated models: A — Western Siberia, Achimov formation; B — Western Siberia, continental Jurassic
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Cessation of Reef Buildup Growth

——____ Original Seismic Data

Fig. 3. Reconstruction of reef growth using "SAI-SVision" (North West Shelf, Australia)

In the case of full-volume interpretation, infor-
mation regarding the presence and scale of all tar-
gets — both structural (anticlinal) and stratigraphic —
is available within a few days of completing the data
processing stage. Notably, one pilot project demon-
strated that after eight months of office-based studies
using conventional technology, an experienced ser-
vice company failed to provide any additional geo-
logical data beyond what "SAI-SVision" had already
delivered within just two days of starting the work
(Gorbunov et al., 2021).

Leveraging these and other advantages of this
disruptive technology requires a radical reorganisa-
tion of the production process at all levels: technical
infrastructure, personnel, and regulatory frameworks.

First and foremost, current off-the-shelf inter-
pretation software is fundamentally unsuitable for
working with full-volume models (the Stratigraphic
Cube), as these tools are designed for analysing in-
dividual horizons. Integrating hundreds or thousands
of seismic surfaces into a standard analysis work-
flow is technically unfeasible. Therefore, beyond
generating the full-volume model, the "SAl-
SVision" technology also provides the capability for
its rapid and efficient analysis through the creation
of animated models (Guliev et al., 2018a).

On one hand, current technical tools are inappli-
cable within the framework of the new technology; on
the other hand, their existing functionality becomes
redundant. Specifically, there is no longer a need for
conventional seismic attribute analysis, as detailed

paleogeomorphological and lithofacies information
is already captured on the Stratigraphic Cube isosur-
faces and clearly visualised in "SVision" animated
models. Figure 4 illustrates an example of identify-
ing a deep-sea fan in clinoform deposits using "SAI-
SVision" compared to the standard seismic attribute
analysis methodology (Christensen, 1997, 2003).

Despite the large number of attributes and their
combinations used, the maps show only blurred out-
lines of individual fan elements. Based on these re-
sults, it is impossible to assess the true scale of the
object (Kerimov et al., 2017a). In contrast, the
"SVision" animated model snapshot visualises the
target with high resolution. It also clearly shows that
a portion of the object extends beyond the study area
(Kerimov et al., 2014; Kerimov et al., 2016a).

The implementation of this disruptive technology
will also require specialists to significantly transform
their professional skill sets. Some skills will become
redundant (e.g., horizon correlation), while new ones
must be acquired. The conventional geological mod-
eling workflow is fragmented into separate disci-
plines: interpretation, well-to-seismic ties, inter-well
correlation, attribute analysis, petrophysics, etc. (Ker-
imov et al., 2018). In this siloed approach, each spe-
cialist starts working with their own data type, which
drastically reduces overall team efficiency; significant
time is lost on subsequent coordination and the
alignment of individual results, leading to the previ-
ously mentioned cyclical and iterative nature of the
process (Kerimov et al., 2017b; Guliev et al., 2018b).

5
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SVision-based Workflow (2 days)

Conventional Interpretation (8 months))

Spectral Decomposition

Combined Vp/Vs, Inversion, and Coherence Attributes

Fig. 4. Comparison of stratigraphic trap identification: “SAI-SVision” vs. conventional seismic attribute analysis

Under the new technology, team collaboration
is organised more efficiently (Fig. 5). This is
achieved because, once the Stratigraphic Cube is

Stratigraphic Cube and
1 | Animated Model Preparation

Collaboxe Analysis
(Specialists, Management, Client
of the Animated Model. Approval
of the Final Geological Model
Concept

~ 3-4 days

Final Geological Model

3 | Preparation (Well-to-seismic
tie, Geological and Velocity
Model, structural mapping,
resource assessment, trap

charge prediction via numerical
modeling, risk assessment,

and exploration plan)

-—2-4 months

Fig. 5. Key stages of the "SAI-SVision" technology workflow

generated and the "SVision" animated models are
collectively analysed, all specialists work simultane-
ously on a unified geological model concept, each
within their own discipline.

This approach offers an additional advantage by
facilitating management involvement in the geologi-
cal modeling process at the early stages of the project.
This allows project optimisation based on animated
model analysis, resource reallocation, and overall
more effective project management (Gorbunov,
Lavrenova, 2018). For instance, in current practice,
the technical assignment (Scope of Work) for office-
based studies is formulated before the work even be-
gins. This is inefficient, as the geological features of
the target remain unknown, making it generally im-
possible to select an optimal set of analytical meth-
ods. Consequently, some methods prescribed in the
SOW prove ineffective, and the set objectives are not
met (Lapidus et al., 2018), leading to additional work,
budget overruns, and project delays. With "SVision"
technology, the optimal list of methods is determined
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based on the results of animated model analysis (Ra-
chinsky, Kerimov, 2015; Kerimov et al., 2015a).

The ability to parallelise the interpretation pro-
cess once, the structural framework (the Stratigraph-
ic Cube) is established which allows the integration
of multiple independent methods without increasing
office-based turnaround time (Kerimov, Gorbunov
et al., 2015; Kerimov et al., 2015b; 2015¢). This re-
sults in more informative geological models. For
example, by incorporating numerical modeling, it is
possible to produce a fluid saturation map upon
completion of the office-based studies, rather than a
conventional reservoir map (Fig. 6).

Current realities are such that the existing regula-
tory framework — including standard technical as-
signment (SOW) practices, strictly regulated require-
ments for contractor personnel, mandated software
and hardware, and procurement procedures — effec-
tively prevents companies from adopting new tech-
nologies and increasing their operational efficiency.
Consequently, a transformation of this sector of pro-
duction activity is also essential (Kerimov et al.,
2020; Kerimov et al., 2016b; Kerimov et al., 2015d).

Conclusions

By reorganising existing production processes, a
substantial economic impact from "SAI-SVision"
technology can be achieved even at its current stage
of development. Rapid structural model generation
reduces turnaround times through workflow parallel-
isation, enables the integration of a wider range of
multidisciplinary methods, and increases overall in-
terpretation efficiency by utilising a unified structur-
al framework.

Further development of the technology toward
its application during the seismic data processing
stage will improve the quality of the depth-velocity
model and the signal-to-noise ratio, ensuring even
greater reductions in office-based turnaround time.

The subsequent development and integration of
the "SAI-SVision" sedimentation module will allow
the direct transformation of seismic data into a 3D
lithofacies grid. This will provide the foundation for
high-resolution fluid saturation prediction, geome-
chanical characterisation of the section, and ad-
vanced reservoir modeling.
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Fig. 6. Enhancement of geological model quality using "SAI-SVision" through interpretation workflow parallelisation and integra-
tion of numerical modeling. Project survey data (Shelf, Australia): survey area — 600 sq. km; record length — 5 s; number of wells — 4.
Objective: Assessment of hydrocarbon potential in channel-fill deposits
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pa60T JUIA ONITUMHU3AaUH ynpaBneHml IPOCKTaMM. Tpa}ll/ll_lI/IOHHbIe TEXHOJIOTUH CCI;ICMI/I‘-[BCKOI‘/'I UHTECPHIPETAllUN JOCTUIJIM CBOUX
TEXHOJIOTHYECKHX TPEIeTIoB U OOoJblIe HE CIOCOOHBI 0OECIeYnTh HEOOXOAMMOE NBYKPAaTHOE COKpAIIeHHE CPOKOB KaOWHETHBIX
UCCIIEeJOBaHUN NPU OJHOBPEMEHHOM YIIYUIICHUH KauecTBa M JETaIM3allMH TeoNOTHYecKux Mmojenei. Pemenue 3toi macurabHoON
3aJa4ydl HEBO3MOJXKHO ITyT€M YaCTHYHOM MOAEPHM3AIMM CTAaHIAPTHBIX HMHCTPYMEHTOB; TpeOyeTcsl CTpaTerndyeckuil mepexon K
WHHOBAIIMOHHEIM, IIPOPHIBHBIM TEXHOJIOTHMSIM ¥ TOJIHAs 3aMEHA yCTapeBIIMX IPOM3BOJCTBCHHBIX INapaaurM. B maHHOW crarthbe
paccMaTpuBaeTCsl MHHOBAIIMOHHAs pa3pab0Tka — TEXHOJOTHS MOJHOOOBEMHOM ceficMuueckoid mHTeprnperanuu «SAI-SVisiony,
NpU3BaHHAs (YHIAMEHTAJBHO U3MEHHTH MOJXOM K OpraHU3allX M BBIIOJHEHHIO KaMepaIbHBIX paboT. KirodeBoe mpenMyInecTBo
CUCTEMBI 3aKJII0YAETCS B BO3MOKHOCTU ONIEPAaTUBHOIO CO3JaHUS BBICOKOTOYHBIX CTPYKTYPHBIX MOZENEH. DTO IO3BOJISLET COKpAIaTh
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CPOKH MIPOEKTHPOBAHUS 3a CUET TTyOOKOro pacrnapauleIMBaHus TEXHOIOTMYECKHUX MPOIECCOB, MOBBIATh TOYHOCTh KOMIUIEKCHPO-
BaHUS Pa3HOPOAHBIX JAHHBIX Ha 0a3e €JUHON CTPYKTYPHON OCHOBBI M ONTUMM3UPOBATh IMPHHATHE PEIICHUI B yCIOBUAX JKECTKHX
BpPEMEHHBIX orpaHnueHuii. BHenpenne «SAI-SVision» obecrmeunBaeT CyIIeCTBEHHBIH 3KOHOMHUYCCKUIT 3PdeKT yxe Ha TeKyIiem
ypoBHe ¢ pa3BuTHs. JlanpHeHIe NepcreKTUBBl TEXHOJIOTHH CBSI3aHBI ¢ €€ MHTerpanuell HeIoCpeACTBEHHO B Iponecc 00paboTKi
CeHCMHUYECKHX TaHHBIX, YTO ITO3BOJIUT 3HAYUTEIHHO YITyUIINTh KA9e€CTBO TITyOMHHO-CKOPOCTHBIX MOJIENICH 1 COOTHOIICHUE «CHTHAII-
mym». OHHAIBHBIM STallOM ABOJIONMH CHCTEMBI CTAHET 3aIyCK CHEHHAIN3MPOBAaHHOTO CEAMMEHTAI[MOHHOTO MOJyJsl. JlaHHBIH
MHCTPYMEHT 00ECIEUHT NMPAMYIO TpaHCHOPMAIMIO CEHCMUYECKHX TaHHBIX B TPEXMEPHBIA Ipua JuTodarumii, co3naBas HaJeKHbIH
(byHIaMeHT IS AeTalbHOTO MPOTHO3UPOBAHUS (IIIOMJOHACHIILIEHUS] H TEOMEXaHHIECKHX XapaKTepUCTHUK pa3pesa. Takum obpaszom,
TEXHOJIOTHS IEPEBOAUT MPOIECC TEO0JIOTUUECKOT0 MOISTMPOBAHHUS Ha KAUECTBEHHO HOBBII, aBTOMAaTU3UPOBAHHBIN YPOBEHb.

Knrouesvie cnoea: npopviéHvie MEXHONO2UY, CEUCMUYECKAs UHMEPNpemayus, 2eono2uieckas Mmooeib, cmpamuepagus,
V2ne6000pooul, cmpamuzpapuueckue 108yuiku, mexrono2ust SAI-SVision

SEYSMIK INTERPRETASIYA SAHOSINDO iNNOVATIV TEXNOLOGiIYALARIN TOTBIiQi

Qorbunov A.A.L, Lavrenova Y.A.b, Karimov V.Y.12* Mustayev R.N.1, Bunyatov A.A®
1Serqo Orconikidze adina Rusiya Déviat Geoloji Kasfiyyat Universiteti, Rusiya Federasiyast
117997, Moskva, Mikluho-Makiay kiig., 23,
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Xiilasa. Miasir neft vo qaz sonayesi layihs idarsetmosini optimallasdirmagq tigiin kogfiyyat omaliyyatlarinin ssmoraliliyini kokiin-
don artirmalidir. ©nanavi seysmik sorh texnologiyalar texnoloji hadlaring gatib va artiq masaiistii tadqiqatlarin talob olunan yariya
endirilmasini tamin etmoklo yanasi, geoloji modellarin keyfiyyatini vo detallarini da yaxsilasdira bilmir. Bu iddiali vozifo standart
alatlorin gismon modernlagdirilmasi yolu ilo hall edilo bilmoz; innovativ, irslilayisli texnologiyalara strateji kegid vo kohnolmis
istehsal paradigmalarinin tamamilo doyigdirilmasi talob olunur. Bu magalods innovativ bir inkisaf — masaiistii islorin toskili vo yer-
ino yetirilmosina yanagmani kokiindon doyisdirmok tiglin hazirlanmig tammiqyasli seysmik sorh texnologiyasi olan SAI-SVision
miizakirs olunur. Sistemin asas istiinlityii yiiksok daqiglikli struktur modellari tez bir zamanda yaratmaq gabiliyyatidir. Bu, texnoloji
proseslorin genis paralellogdirilmasi yolu ilo dizayn miiddstini azaldir, forqli molumatlarin vahid struktur ssasda inteqrasiyasinin
doaqiqliyini artirir v six vaxt mohdudiyyatlori altinda qorar gobuletmoni optimallagdirir. SAI-SVision-n totbiqi hatta hazirk: inkisaf
saviyyasinds belo ohomiyyatli igtisadi fayda tomin edir. Texnologiyanin golocok perspektiviori onun dorinlik-siirat modellorinin
keyfiyyatini va signal-sas-kily nisbatini shamiyyatli doracods yaxsilagdiracaq seysmik molumatlarin emalina birbasa inteqrasiyasin-
dadir. Sistemin tokamiiliiniin son marholasi ixtisaslagsmig ¢okiintii modulunun igo salinmasi olacaq. Bu alot seysmik molumatlarin
birbasa 3D litofasiya sobokasine gevrilmasine imkan veracak vo maye doymasinin vo yeraltinin geomekanik xiisusiyyatlorinin otrafli
proqnozlagdirtlmasi tigiin etibarli bir tomal yaradacag. Belolikls, texnologiya geoloji modellogdirmani keyfiyystco yeni, avtomat-
lagdirilmis soviyyayo qaldirir.

Agar sozlar: gabaqgcil texnologiyalar, seysmik interpretasiya, geoloji model, stratigrafiya, karbohidrogenlor, stratiqrafik talolar,
SAI-SVision texnologiyast
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Summary. A systematic analysis of mathematical and geophysical principles applied to the
modeling of strong ground motion parameters under seismic loading conditions has been per-
formed. The focus of the study is on one of the key characteristics of the seismic process — the
peak ground acceleration (PGA), which represents a fundamental indicator of earthquake intensity.
The methodological framework of the research is based on the analysis of median ground motion
models that formalise the dependence of seismic impact parameters on the source characteristics,
hypocentral distance, and geophysical conditions of the medium. Models of aleatory uncertainty
are examined, reflecting the natural variability of ground motion parameters and ensuring the sta-
tistical correctness of model parameterisation. Particular attention is given to stochastic modeling,
which allows reproducing the probabilistic distribution of strong ground motion scenarios. The ap-
plication of stochastic algorithms enables the inclusion of both typical and rare extreme events,
which is crucial for seismic hazard assessment. The aim of the study is to develop recommenda-
tions for the selection and application of mathematically and geophysically justified models, artifi-
cial intelligence (Al) algorithms that meet the criteria of accuracy, reliability, and reproducibility.
A comparative analysis of different approaches has revealed their respective strengths and limita-
tions, as well as identified the optimal areas of practical application. The practical significance of
the research lies in the fact that properly selected and geophysical validated models improve the
accuracy of ground motion prediction and enhance the efficiency of engineering calculations dur-
ing the design of buildings and structures.

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

dynamically trigger mud volcano activity, highlight-

Azerbaijan is located within the central part of
the Mediterranean mobile belt and is characterised
by high geological activity associated with the inter-
action of the Arabian and Eurasian lithospheric
plates. The region is characterised by high seismici-
ty, modern manifestations of magmatism and mud
volcanism, intense landslide processes, and con-
trasting vertical and horizontal crustal movements
(Babayev G. et al., 2020). These processes are clear-
ly manifested in various geostructural zones of the
country: in the Azerbaijani part of the Greater and
Lesser Caucasus, the Kur Depression, the Gusar-
Shabran region, the South Caspian Basin, and the
Talysh fold zone. Previous studies have demonstrat-
ed that strong earthquakes in the Caspian region can
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ing the complex interaction between seismic waves
and near-surface geological systems (Babayev G. et
al., 2019).

In recent decades, particularly between 2000
and 2025, seismic and tectonic activity has increased
in the country and adjacent regions. Both earthquake
sources within Azerbaijan and sources in neighbor-
ing countries have intensified, influencing the coun-
try's seismic hazard (Babayev T. et al., 2025a). Par-
ticular attention is being paid to the northern part of
the country —the Greater Caucasus Thrust Zone —
where regular observations are conducted using
modern seismological equipment.

Under these conditions, developing and improv-
ing regional models for predicting strong ground
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motion parameters is crucial for seismic hazard as-
sessment and the adaptation of building codes.
Azerbaijan's modernised seismic system currently
allows the calculation of peak ground acceleration
(PGA), peak ground velocity (PGV), and peak
ground displacement (PGD), taking into account
regional characteristics. The development and updat-
ing of such models will improve the accuracy of cal-
culations used in engineering seismology and the
development of detailed seismic zoning maps.

This study presents a comprehensive analysis of
mathematical and geophysical approaches used in
modeling strong ground motion parameters, includ-
ing median prediction models, aleatory variability
assessment, and stochastic modeling methods. From
a geophysical perspective, the interpretation of the
obtained relationships is based on taking into ac-
count the physical properties of earthquake foci, the
structure of the lithosphere, and the propagation
characteristics of seismic waves in various tectonic
and geostructural zones. Given the multifactorial
nature of the models under consideration (Bayramov
et al., 2024), the results of the analysis provide a sol-
id foundation for the development of physically
based and regionally adapted ground motion models.
The findings can contribute to improved seismic
hazard assessment and the selection of reliable, geo-
physically correct models applicable to the specific
seismotectonic conditions of Azerbaijan.

2. Ground motion models

The paper (Chernov et al., 2019) examines the
development of effective models for strong ground
motions during potentially hazardous earthquakes in
the Alania region (Vladikavkaz, Russia). Models of
individual ground motion characteristics are consid-
ered: peak ground accelerations PGA, periods of
acceleration with maximum amplitude Ta, durations
of the main phase of oscillations (z), and macroseis-
mic intensity of shaking (I). The earthquake intensi-
ty | at a given point is approximately proportional to
the logarithm of the peak acceleration (1):

logzAmax = 0,1-2(1 = 7) 1

here Amax I the peak acceleration in fractions of the
acceleration of gravity g, | is the intensity of the
earthquake at a given point.

The models are presented as probability distri-
bution functions for the values of ground shaking
parameters and magnitudes for various earthquake
magnitudes (M) and distances to the source (D).
First, the average statistical functions PGA (M, D),
Ta (M, D), = (M, D), and | (M, D) are determined.
Then these functions are approximated to the condi-
tions of the study area introducing corrections into

these dependencies. The corrections are determined
based on an analysis of the general seismotectonic
conditions of the area, the characteristics of the
seismic disturbance propagation environment, focal
mechanisms, and other characteristics of the study
region (Fig. 1). The authors of the article claim that
the data they obtained contribute to increasing the
accuracy and reliability of probabilistic assessments
of seismic hazard and can be used for detailed seis-
mic zoning.
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Fig. 1. llustration of the relationship between PGA and magni-
tude for different source-to-site distances

In the works (Babayev G. et al., 2010; Babayev
G. and Telesca, 2014), using macroseismic data
from November 25, 2000 earthquake, an integrated
analysis of seismicity, engineering geology, geo-
morphology, topography, and the impact of soil
conditions was carried out in order to model one of
the parameters of strong movements, maximum
ground acceleration, and an assessment of the distri-
bution dynamics over the area of the Absheron pen-
insula and the city of Baku. The authors found that
most of the peninsula corresponds to an intensity of
VII-IX.

Figure 2 is a bar chart showing the importance
of factors in predicting ground motion parameters.
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Fig. 2. Chart illustrating the contribution of different parameters
to PGA prediction
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The diagram shows that earthquake magnitude has
the greatest influence on ground motion parameters,
followed by distance to the epicenter. The contribution
of fault type and soil conditions is significantly smaller,
but they are also necessary for accurate forecasts.

3. Local geological conditions in modeling

of strong ground motion parameters

Accounting for local geological conditions
largely determine the nature and intensity of seismic
effects at the surface. Even with identical earthquake
source parameters (magnitude, depth, epicentral dis-
tance), significant variations in peak ground acceler-
ation (PGA) values are observed due to differences
in the engineering-geological properties of the me-
dium. The key parameters influencing soil behavior
under dynamic loading include density, elastic mod-
ulus, Poisson’s ratio, as well as the velocities of
compressional (Vp) and shear (Vs) waves. The shear
wave velocity (Vs) is considered the most informa-
tive indicator and is widely used for classifying soils
according to their seismic properties. Soils with low
Vs values (loose, water-saturated deposits) tend to
amplify seismic waves, whereas rock and dense soils
are characterised by lower response amplitudes. In the
initial problem formulation, the influence of local
conditions was taken into account through the cate-
gorical parameter “soil type,” used as one of the in-
puts to the neural network. However, to improve the
accuracy and physical validity of the model, it is pro-
posed to extend this approach by incorporating quan-
titative engineering-geological characteristics. In par-
ticular, the use of parameters such as Vs30, thickness
of unconsolidated deposits, as well as damping and
nonlinear soil behavior indicators is considered.

In addition to soil and lithological properties,
specific geological features such as mud volcano
systems may also respond dynamically to seismic
excitation. Studies indicate that seismic waves can
trigger mud volcanic activity in Azerbaijan, empha-
sizing the importance of accounting for such coupled
geological processes in seismic hazard assessment
(Babayev G. et al., 2019).

A significant role is played by the effect of local
amplification associated with contrasts in the elastic
properties of layers, as well as resonance phenomena
that occur when the natural frequencies of the soil
column coincide with the dominant frequencies of
the seismic signal. Under such conditions, a substan-
tial increase in motion amplitudes may be observed,
directly affecting PGA values. Accounting for these
effects is especially important while assessing seis-
mic hazard in areas with complex geological struc-
tures. From the perspective of artificial intelligence
algorithms, the incorporation of local conditions is
achieved by expanding the input parameter vector
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and training the model on a more representative da-
taset reflecting the diversity of geological environ-
ments. The integration of additional parameters ena-
bles the neural network to capture more complex
nonlinear relationships between medium characteris-
tics and seismic response parameters. In the future,
hybrid approaches combining machine learning
methods with numerical modeling of seismic wave
propagation may also be employed.

Thus, detailed consideration of local geological
conditions is a necessary prerequisite for improving
the accuracy of modeling strong ground motion pa-
rameters. Expanding the set of input parameters and
conducting a deeper analysis of engineering-
geological characteristics significantly enhances the
predictive capability of the proposed model and en-
sures a more reliable assessment of seismic effects.

4. Median ground motion model

The study by Campbell and Bozognia (2008) in-
troduced an empirical model describing median
ground motion, enabling the estimation of PGA,
PGV, PGD, as well as 5% damped linear elastic re-
sponse spectra over a period range of 0.01 to 10 sec-
onds. The model was developed using data from the
PEER NGA database, which includes records of
mainshock earthquakes occurring in active tectonic
regions. Records deemed inappropriate for evaluat-
ing shallow ground motion were excluded from the
dataset (Ancheta et al., 2013). The authors estab-
lished relationships for the standard deviation of the
horizontal geometric mean of ground motion. These
relationships were applied to earthquakes with mag-
nitudes between 4.0 and approximately 7.5-8.5 (de-
pending on the faulting mechanism) and for source-
to-site distances ranging from 0 to 200 km. The
model incorporates several influencing factors, in-
cluding magnitude saturation effects, attenuation
with distance, faulting style, rupture depth, hanging-
wall effects, both linear and non-linear site condi-
tions, three-dimensional soil behavior, and both in-
ter-event and intra-event variability.

To estimate the median ground motion, the au-
thors proposed equation (2)

LnY = fmag + fais + fflt + fhng + fsite + fsea (2)

Here: Y is the median estimate of the geometric
mean of the horizontal component, fmag is the magni-
tude function, fgs is the distance function, fu: is the
function describing the fault mechanism, fing is the
function describing the hanging block (layer) of the
fault, fsiee is the response function of the soil section,
fsea is the response function of the synclinal fold (re-
call that this is a type of folded bending of the layers
of the Earth's crust characterised by a concave shape,
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an inclination of the layers to the axis and the occur-
rence of younger layers in the axial part and older
ones on the wings.

5. Aleatory uncertainty model

Soil non-linearity (inhomogeneity) causes the
standard deviation within an event to depend on the
PGA amplitude of the supporting rock rather than on
the magnitude, resulting in reduced aleatory uncer-
tainty at high ground shaking levels (Liou and Abra-
hamson, 2025). Recall that aleatory uncertainty, or
statistical uncertainty, is associated with the inherent
randomness and variability of a system or process
and arises from the stochastic nature of the environ-
ment, material inhomogeneity, temporal fluctua-
tions, and spatial variations.

According to the random effects’ regression
analysis used to obtain the median ground motion
model, the aleatory uncertainty model is given by
equation (3):

Here: 7 is the parameter characterizing the between-
event residual for event i; f’ij, Y;;, and ¢; are the
predicted value, observed value, and within-event
residual, respectively, for record j of event i. Inde-
pendent normally distributed variables 7 and ¢;;
have zero means and estimated between-event and
within-event standard deviations z and o, given by
equations (4), (5), (6)

T =Ty 4)

_ |2 2 2 2
g = \[Ulnyg + Olar + @200 4, + 20P01y,O1na,  (5)

where the overall standard deviation equals
or =Vo? + 12 (6)

The authors believe that the proposed model is
suitable for estimating PGA, PGV, PGD, and for the
linear-elastic response spectra T = (0.01-10) s for
weak continental earthquakes occurring in western
North America and in other regimes of similar active
tectonics (Campbell, Bozorgnia 2006; Stafford et al.,
2008). The model is considered the most reliable for
evaluation for 4.0 < M < 8.5 for ground slip, M < 8.0
for back thrusts, and M < 7.5 for normal faults; for
tremor depths of 0-200 km; and seismic wave veloc-
ities of 150-1500 m/s.

6. Stochastic modeling

The work (Pavlenko V. and Pavlenko O., 2023)
carried out studies of the parameters of vibrations of
the Earth's surface during possible strong earth-

quakes in the future: peak accelerations and veloci-
ties, intensity, response spectra, duration, prevailing
periods of vibrations and others in the Baikal rift
zone. These parameters need to be assessed for the
specific conditions of construction sites. The equa-
tion for predicting peak accelerations and velocities
on rocky soil, depending on the magnitude of the
earthquake and the distance from the source
(Pavlenko V., Pavlenko O., 2023) based on records
of local earthquakes, can be used in problems of as-
sessing seismic hazard in the Baikal rift zone.

In the matter of choosing the functional form of
the ground motion prediction equation (GMPE), the
author adopted the equation (Boore and Atkinson,
2008), which made it possible to obtain the desired
effects. The equation looks like (7):

In(Y) = Fyy (M) + Fp (R, M) + g0 )

Here: Y is a value of peak ground acceleration
(PGA) in fractions of g or peak ground velocity
(PGV) in cm/s; functions Fy and Fp describe the
functional dependence on magnitude and distance, i.e.
focal and pathway effects; M is an earthquake magni-
tude; R is an epicentral distance, or Joyner-Boer dis-
tance (the shortest distance from the observation point
to the projection of the rupture plane onto the Earth’s
surface); ¢ is a residual of the regression model, ref-
lecting the spread of observed values relative to the
estimates of the regression model; o is a standard de-
viation of the residual distribution.

To determine the values of the parameters of
equation (6), the author used a two-stage regression
method (Boore and Atkinson, 2008), which allows
separating the determination of coefficients in the Fp
and Fw functions. The resulting prediction equation
for ground motion is applicable for M = 4 + 8 and
R =1 + 200 km. At the same time, observational
data show a noticeable anisotropy of the medium,
i.e. differences, at least, in the attenuation character-
istics of seismic waves in different directions.

The work (Khalid and Razbin, 2024) presented a
ground motion prediction model (GMPM) using Arti-
ficial Intelligence (Al) technology (Suleymanov et al.,
2025), in particular, an artificial neural network
(ANN) for shallow earthquakes, aimed at improving
earthquake safety assessment. The proposed model
uses the main input variables such as magnitude, fault
type, epicentral distance and soil type, and the output
variable is peak ground acceleration (PGA) at 5%
attenuation.

To develop this model, 885 pairs of data were
obtained from the Pacific Engineering Research
Center, providing a robust data set for machine
learning and algorithm testing. The ANN architec-
ture includes 4 neural network nodes in the input
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layer, two hidden layers each containing 25 neural
network nodes, and an output layer with one node,
resulting in 750 unknown weights and biases that the
model must optimise (Dhanya et.al., 2019). After
evaluating the model, the genetic algorithm was in-
tegrated with the artificial neural network model to
improve its predictive capabilities. This integration
aims to predict 20 potential earthquake scenarios, an
important step in validating the model's perfor-
mance. Figure 3 illustrates a flowchart derived from
an analysis of this methodology (Dhanya et.al.,
2019).

Input parameters:
M, fault type,
distance, soll type
L )

Hidden layers ]

f
‘k A2layscsazainedionsii)

qutput:
| PGA |G}

Fig. 3. Schematic structure of the artificial neural network for
PGA prediction

The results (Dhanya et.al., 2019) were promis-
ing as the proposed model successfully predicted
earthquakes in 15 out of 20 scenarios. These results
highlight the high potential of the model in accurate-
ly predicting seismic events.

The summary analysis by the authors in the cur-
rent study showed that ANN provided more accurate
predictions. This highlights the need to update fore-
cast models on the region (Babayev T. et.al., 2025b).

Analysis of the dependence of PGA on the hy-
pocentral distance for various magnitudes (Fig. 4)
shows a regular attenuation of seismic vibrations
with increasing distance to the source. At the same
time, earthquakes of greater magnitude are charac-
terised by significantly higher PGA values and a
longer radius of influence. This result confirms that
magnitude and distance to the source are key factors
determining the intensity of ground motion. The
construction of this graph made it possible not only
to visualise the physical nature of the attenuation,
but also to justify the choice of these parameters as
input nodes of the artificial neural network.

The graph plotted in this study serves as a start-
ing point for developing and training an ANN mod-
el: it shows the range of values within which the
neural network should capture patterns.
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7. Conclusion

During the study, a comprehensive analysis of
existing mathematical and geophysical models for
predicting the parameters of strong ground motions
was performed, taking into account median character-
ristics, aleatory uncertainty and stochastic modeling
approaches. The geophysical aspect of the analysis is
based on taking into account the seismotectonic con-
ditions of the region, the structure of the lithosphere,
the heterogeneity of velocity sections of the Earth's
crust and local features of soil massifs that affect the
amplitude-frequency parameters of vibrations. The
models considered make it possible to assess seismic
hazard in various tectonic zones and geological envi-
ronments, however, each of them has its own limita-
tions associated with the initial data, the range of ap-
plicability in magnitude and distance, as well as the
type of soil foundation. The main input parameters
are magnitude, fault type, epicentral distance, and soil
type, while the output parameter is peak ground ac-
celeration (PGA) at 5% damping. The structure of the
neural network used consists of 4 nodes in the input
layer, two hidden layers each containing 25 nodes,
and an output layer with a single node, resulting in
750 unknown weights and biases that the model must
optimise. After model evaluation, a genetic algorithm
was integrated with the artificial neural network to
improve its predictive capabilities. A total of 20 po-
tential earthquake scenarios were predicted, which is
an important step in validating the model’s effective-
ness. The proposed model successfully predicted
earthquakes in 15 out of 20 scenarios, corresponding
to a prediction accuracy of 75%. These results high-
light the high potential of the model for accurate fore-
casting of seismic events in Azerbaijan.
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Fig. 4. Graph of the dependence of the hypocentral distance (R)
on the PGA for different magnitudes (M)

Particular attention is paid to the integration of
modern artificial intelligence technologies, in particu-
lar, artificial neural networks, which demonstrate high



A.A.Bayramov et al. | ANAS Transactions, Earth Sciences 1 /2026, 10-16; DOI: 10.33677/ggianas20260100161

predictive ability and allow considering complex non-
linear relationships between earthquake parameters
and ground motion characteristics. A geophysical
based combination of traditional physical models and
machine learning algorithms opens up the possibility
of creating a new generation of hybrid models, where
physical and mathematical equations describe seismic
processes, and neural network methods clarify non-
linear dependencies and regional effects.
Prospects for further research include next:
 development of regionally adapted equations for
predicting ground movements for the territory
of Azerbaijan, taking into account its seismotec-
tonic structure and fault systems;

» expansion of the database through local and in-
ternational seismological records and the inclu-
sion of geophysical observation data;

* integration of GIS technologies for spatial mod-
eling of zones of potential strong shaking using
seismic geological parameters;

« application of hybrid models (physical + Al) to
improve the accuracy of forecasts and ensure
physical interpretability of results.

The implementation of these areas will improve
the reliability of seismic hazard mapping, optimise
the design of earthquake-resistant structures and re-
duce potential risks for the population and infra-
structure.
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MOJIEJITMPOBAHUE MMAPAMETPOB CUJIBHBIX KOJEBAHUI IT'PYHTA U AJITOPUTMbBI HCKYCCTBEHHOT'O
WHTEJJIEKTA JIJISI OMACAHUA CENCMHUYECKUX IMMTPOIIECCOB
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*Aemopul, omeeuarowue 3a nepenucky: babayev74@gmail.com, azad.bayramov@yahoo.com

Pe3tome. BbINONHEH CHUCTEMHBIH aHAIM3 MAaTEMAaTHYECKUX U reO()H3MYECKUX MPHUHIUIOB, MPUMEHAEMBIX NPH MOJCIMPOBAHHUH
NapaMeTPOB CUJIbHBIX IBUKEHUH IPYHTA B YCIOBHAX CEHCMUUYECKUX BO3AEHCTBUN. B IIeHTpe BHUMAHUS HaXOOUTCA OAHA U3 KIIOYe-
BBIX XapaKTEPUCTUK CEHCMHUYECKOTO MPOIlecca — MAaKCHMAlIbHOE YCKOpPEHHE IPYHTA, SBISIONIEECs BaKHEHIINM MHAUKATOPOM HH-
TEHCUBHOCTH 3eMIIETpsACeHUil. MeTofonorndyeckasl OCHOBAa HCCIIEOBaHUS OIMPAETCS HA aHAIM3 MEAMAHHBIX MOJENeH IBHKEHUS
TPYHTa, IO3BOJTIOINX (POPMAT30BaTh 3aBUCHMOCTb IIAPAMETPOB CEHCMHYECKOTO BO3JIEUCTBHUS OT MCXOAHBIX XapaKTEPHCTHK Oda-
ra, THHOIEHTPAIEHOTO PACCTOSHUS M Te0(H3HISCKUX YCIOBUH cpenbl. PaccMaTpHBaroTCst MOJIENTH ajleaTOpHOI HeolpeIeéHHOCTH,
OTpakaloIie MPUPOJIHYI0 N3MEHYMBOCTh MapaMeTpOB ABMDKCHUS, YTO 00ECIIeUMBAeT KOPPEKTHOCTh MapaMeTpU3alui M BO3MOXK-
HOCTh y4€Ta CTaTUCTUYECKOro pa3bpoca maHHBIX HaOmozeHui. Oco0oe BHUMaHHE YIEJICHO CTOXAaCTHYECKOMY MOAEIHPOBAHHIO,
MO3BOJISIOIIEMY BOCIPOU3BOAUTH BEPOSITHOCTHOE PACIIPENENICHNE CLIIEHApPUEB CHIIBHBIX IBIKEHHH. IIprMEeHeHne CTOXaCTHYeCKHX
AJITOPUTMOB 00ECTICUNBACT OXBAT KaK TUIOBBIX, TaK M PEIKUX SKCTPEMAIBHBIX COOBITHH, YTO NMEET MPHHINIHAIBHOE 3HAUYCHUE AT
OIIEHKH ceficMuiecKkoii omacHocTH. Llenp uccnenoBanms — pa3paboTKa peKOMEHIAIN 110 BEIOOPY U MPUMEHEHUIO MaTEMaTHIECKIX
U reo(U3NIecKr 00O0CHOBAHHBIX Mojelel, anroputMoB MV, ynoBIeTBOPSIONMX KPUTEPHUSIM IOCTOBEPHOCTH, HaAEKHOCTH U BOC-
MIPOU3BOJUMOCTH Pe3yiIbTaToB. CpaBHUTENBHBIH aHAIN3 PAa3IMYHBIX [TOJX0I0B ITO3BOJIMII BEISIBUTH MX CHIIBHBIC U C1a0ble CTOPOHBI,
a TaKKe ONPEACNUTh ONTUMANbHBIE 00JaCTH MPAaKTHYECKOTO MCIONb30BaHMs. [IpakTHieckass 3HAUUMOCTh 3aKJIIOYACTCSl B TOM, YTO
KOPPEKTHO BHIOpAaHHbIE ¥ re0(pHU3NIECKH 00OCHOBAHHBIE MOJIETH 00ECIEUHBAIOT OBBILICHHE TOYHOCTH [IPOTHO3UPOBAHUS MTapaMeT-
POB ceCMUUECKUX BO3JECHCTBUI M ONTUMU3ALUIO HH)XXEHEPHBIX pacuéToOB NIPH IPOESKTUPOBAHUY 3JaHUI U COOPYKEHUM.

Kniouesvie cnosa: semnempscenue, cunbHbie 08UICCHUSL SPYHMA, MAKCUMANLHOE YCKOPEHUe 2PDYHMA, MamemMamuieckoe Mooenu-
posanue, cpeduntvle MOOellU, CMOXACMUYecKoe MOOeIupo8anue, UCKYCCMEEHHbII UHMEeNNeKm

SEYSMIiK PROSESLORIN TOSVIiRI UCUN GUCLU YER HOROKOTi PARAMETRLORININ
MODELLOSDIRILMOSi VO SUNi INTELLEKT ALQORITMLORI

Bayramov A.A.'*, Yetirmisli Q.C.!, Babayev Q.R.**, Haciyev N.E.2, Abusalimov N.G.2, 9liyev M.M.2
'Respublika Seysmoloji Xidmat Markazi, Azarbaycan Milli EImlar Akademiyasi, Azarbaycan
AZ1001, Baki, N.Rafibayli kiic., 25
24zarbaycan Respublikasinin Elm va Tohsil Nazirliyi, Geologiya vo Geofizika Institutu, Azarbaycan
AZ1073, Baki, H. Cavid prosp., 119
*Yazismalara masul: babayev74@gmail.com, azad.bayramov@yahoo.com

Xiilasa. Seysmik tosirlor altinda giiclii yer harokatlorinin parametrlarinin modellogdirilmasinds istifados olunan riyazi va geofiziki
prinsiplorin sistemli tohlili aparilmigdir. Digqgat seysmik prosesin osas xiisusiyyatlorindon biri tizorindadir: zalzals intensivliyinin on
mithiim gostoricisi olan maksimum yer siiratlonmosi. Tadqiqatin metodoloji asast seysmik tosir parametrlorinin manbanin ilkin
xisusiyyatlorindan, hiposentral mosafodon vo otraf miihitin geofiziki sortlorindon asililigini rasmilosdirmays imkan veron yer
harakatinin median modellorinin tahlilino osaslanir. Todgigatin geofiziki konteksti litosferin strukturunu, yer qabiginin siirot
bolmoslarinin heterojenliyini, seysmik dalgalarin yayilmasmin xiisusiyystlorini vo yerli geoloji soraitin ragslorin amplituda-tezlik
xuisusiyyatlorine tasirini ohato edir. Bu amillor prognoz tonliklarinin formasini vo yer harokatinin tohlilinds istifads olunan modellorin
parametrlorini miioyyan edir. Horokst parametrlorinin tobii dayiskonliyini oks etdiron aleator geyri-miioyyonlik modellori nozordon
kegirilir ki, bu da parametrlogdirmonin diizgiinliiyiinii vo miisahido molumatlarinin statistik sopalonmasini nozoro almaq imkanini
tomin edir. Giiclii horokot ssenarilorinin ehtimal paylanmasinin tokrar istehsalina imkan veron stoxastik modellogdirmayo xiisusi
diggot yetirilir. Stokastik algoritmlarin istifadosi hom tipik, ham do nadir ekstremal hadisslorin shats olunmasini tamin edir ki, bu da
seysmik tohliikonin giymotlondirilmosi {igiin osasdir. Toadqgiqatin magsadi noticolorin etibarliliq, etibarliliq va tokrar istehsal
meyarlarina cavab veran riyazi vo geofiziki cohotdon tesdiglonmis modellorin va siini intellekt alqoritmlorinin segilmasi va tatbigi
igiin tovsiyolor hazirlamaq idi. Miixtolif yanagmalarin miiqayisali tohlili bizo onlarin giiclii vo zoif toraflorini miisyyan etmays,
homginin praktiki totbiq ti¢iin optimal sahalori miioyyon etmoys imkan verdi. Praktiki shomiyysti ondan ibaratdir ki, diizgiin se¢ilmis
vo geofiziki cohatdon osaslandirilmis modellor seysmik tosir parametrlorinin prognozlasdirilmasinda artan dagigliyi vo bina vo
tikililorin layihalondirilmasindo miihondis hesablamalarinin optimallagdirilmasini tomin edir.

Acar sozlar: 2012015, giiclii yer harakati, maksimum yer siirati, riyazi modellagdirma, orta modellor, stokastik modellagdirma, siini
intellekt
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AQUIFER POTENTIAL IN ALLUVIUM LITOLOGY USING THE
HORIZONTAL-TO-VERTICAL SPECTRAL RATIO (HVSR) METHOD,
CASE STUDY: COASTAL DEMAK, INDONESIA
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Department of Physics, Faculty of Science and Mathematics, Diponegoro University, Indonesia
Semarang 50275, Indonesia
*Corresponding author: irhammn@gmail.com

Summary. The coastal area of Demak is composed of alluvial plains influenced by the pres-
ence of coastal deposits. The alluvial area has materials such as silt clay, grained clay, medium
sand, silty sand, silt, clay, and sediment. Knowledge of soil structure and modulus of elasticity in
the coastal area of the Demak Regency is essential to determine the potential of aquifers in an area.
Research using the HVSR (horizontal to vertical spectral ratio) microtremor method was conducted
to determine the potential for aquifers beneath the ground surface in the Demak Coastal area. Data
collection was carried out at 89 points for 10 minutes using a 3-component TDS type 303S seismo-
graph and a sampling rate of 20 Hz. Microtremor data were processed using Excel, Geopsy, and
Dinver software to obtain the vs and Poisson ratio parameters. The difference between aquicludes
can be determined by combining the vs value with the Poisson's ratio. The value of vs < 350 m can
describe the presence of soft clay, stiff clay and silt structures, while the Poisson’s ratio describes
the saturation of the material. Aquifers can be found with a combination of values ranging from
350 < vs < 1500 m and the Poisson's ratio > 0.3. Potential aquifers with saturated clay aquicludes
are found at stations 5, 57 and 73, while unsaturated clay aquicludes are found at station 61. Poten-

Keywords: Microtremor,
HVSR, Aquifer, the Poisson's
ratio, vs, the Coastal Demak,
groundwater

tial aquifers with silt aquicludes are found at stations 14, 60, 71, 38 and 34.

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Demak is a regency in the Central Java Province
located at coordinates 6°4326" — 7°09'43" South
Latitude and 110°27'58" — 110°48'47" East Longi-
tude (BPS Demak Regency, 2020). It borders the
Jepara Regency and the Java Sea to the north, Kudus
and Grobogan Regencies to the east, Grobogan and
Semarang Regencies to the south, and Semarang
City to the west. Historically, the Demak Regency
was originally a swampy area, resulting in unstable
soil structure, particularly on the north coast. Flood-
ing is common during the rainy season, and cracks
in the soil are due to muddy structure during the dry
season (Rahmawan et al., 2016).

Geologically, the coastal area of Demak consists
of alluvial plains influenced by coastal and river sed-
iments (Thanden et al., 1996). Alluvium and coastal
deposits will form an unconfined aquifer (Santosa et
al., 2021). Geoelectric data in the Demak area indi-
cate the presence of an unconfined aquifer around this
research area (Trihatmoko et al., 2020). According to
Nurwidianto et al., (2024), most of the Demak area
has low dominant frequency, indicating the presence

of a very thick alluvium layer (> 30 m). Soil structure
and elastic modulus are important parameters in in-
terpreting aquifer potential. Therefore, to determine
the soil structure and elastic modulus in the coastal
area of the Demak Regency, geophysical methods are
needed, one of which is the HVSR method. This
method compares the spectrum of the horizontal com-
ponent with the vertical component of microwaves by
assuming that most microwaves are shear waves and
ignoring surface waves (Rayleigh and Love waves).
The HVSR method is similar to the transfer
function between sediment wave oscillations and
bedrock. According to Nakamura (1989), this meth-
od is an analytical method based on observations of
shear wave propagation for various geological con-
ditions and can be used to determine the value of the
amplification factor and the dominant period value
in an area that can be estimated from the peak period
of the H/V ratio of microtremors (Nakamura, 2000).
Through inversion, a vs value will be produced that
can represent the presence of rock structures below
the ground surface, as well as the S-wave velocity
value (vs) and the Poisson’s ratio that can represent
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rock structures and the potential presence of ground-
water below the ground surface.

Theory And Geology Research Area

The Demak Regency located on the north coast
of Central Java has a significant potential for tidal
flooding due to the relatively flat terrain and annual
sea level rise. This impacts several villages in the
Sayung District, such as Sriwulan, Tambakroto,
Gemulak, Bedono, Tugu, Surodadi, Banjarsari, Si-
dorejo, and others. The coastal area of Demak con-
sists of alluvial plains influenced by coastal and riv-
er sediments (Mulyono, 1996). Based on lithology,
the area contains silt clay, grained clay, medium
sand, silt sand, silt, clay, and so on. The excavated
rocks in the area are sedimentary.

In general, the HVSR method is a passive seis-
mic method that uses three components in its meas-
urements: two horizontal components (East-West
and North-South), and one vertical component. This
method has been widely used to identify the funda-
mental frequency resonance of buildings and subsur-
face structures. Natural frequency and amplification
are two important parameters resulting from the
HVSR method, and its inversion can be used to de-
termine the characteristics and structure of the sub-
surface, namely the vs value and the Poisson’s ratio
related to the physical parameters of subsurface
rocks (Herak, 2008). Equation 1 can be interpreted
as the longitudinal wave equation. Based on this
wave equation, the longitudinal seismic wave veloci-
ty or P-wave velocity (vp) is obtained as:

1
! 2
vp= HE ®
The velocity of transverse waves (S waves) is a
wave that comes after the primary wave (P wave)
with transverse shear vibrations in a plane perpen-
dicular to the direction of propagation, with a veloci-
ty of 60% of the P wave (Telford et al., 1990). The
value of vs in equation 2 can represent the rock
structure and is written as follows:

1

— ()2
vs = (5) @)
where v; is the S-wave velocity (m/s), A’ is Lame's
constant, u is the shear modulus (N/m?), and p is
the density (kg/m®). S-waves can only propagate
through solids, so they cannot penetrate liquids
(Arintalofa et al., 2020). The vs value can represent

the rock structure.

The Poisson's ratio is the ratio of transverse con-
traction to longitudinal elongation when the rod is
stretched. The Poisson's ratio can be used in the
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analysis of the presence of water in the soil by utilis-
ing transverse contraction to longitudinal strain or
elongation as a result of changes in normal stress
due to compression or dilation (Das Braja, 1993). In
the form of the ratio of the longitudinal wave veloci-
ty vp to the shear wave vs, the Poisson's ratio can be
written as equation 3 (Lay and Wallace, 1995), and
classification is in Table 1:

2 2
_ Vp—2v;

o= 2(1/12,—1752) (3)

Table 1
Classification of Poisson Ratio

Value Range Classification
0.15-0.3 Unsaturated clay, sand and gravel
0.3-0.35 Silt
0.35-0.45 Saturated Clay

Research methods

This research was conducted using a quantitative
descriptive method by collecting data in the form of
microtremor signal measurements in the form of
time-domain seismic signals. Primary data measure-
ment began with the creation of a microtremor meas-
urement survey design of 89 points (Fig. 1) using
Google Earth Pro software with a distance between
measurement points of 1000-3000 m.
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Fig. 1. Map of the location of data collection points in UTM
coordinates
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Microtremor signal measurements were carried out
using a Triaxial Geophone VHL PS 2B and recorded
with a GL 240 type data logger (Yulianto and Yuli-
yanto, 2023a). Seismograph installation requires a
geological compass to indicate the north direction,
and data collection for each point is carried out for
10 minutes with a sampling rate of 20 Hz (Yuliyanto
etal., 2017 and Irham et al., 2021).

The obtained microtremor data was converted to
.dat format using Notepad++ software and then con-

Graphic - File 87.txt

verted to .txt format (Yuliyanto and Yulianto, 2023b).
Once the data were in .txt format, it could be pro-
cessed using Geopsy software to obtain the H/V curve
(Yuliyanto et al., 2017; Nurwidyanto et al., 2023).
Figure 2 shows the microtremor signals captured dur-
ing the measurements and is the initial data. Then,
inversion was performed using Dinver software to
obtain the density, v, and vs values, and depth through
the resulting H/V curve (Figure 3) (Yulianto, Yuli-
yanto 2023).
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The results of the inversion have density, vp,
and vs values at each specific depth according to the
characteristics of each area (Yuliyanto et al., 2025).
The Poisson’s ratio value is obtained using the equa-
tion 3. The data is then sorted based on certain
depths, namely 0, 10, 20, 30, 40, 50, 60, and 70 m.
The selection of these depths is to make it easier to
find out specific changes in soil structure within a
range of 10 m. Data modeling was performed using
ArcGIS software, a spatial analysis tool used in the
interpolation process. Interpolation is used to create
2D patterns to estimate values at locations where
data is unavailable or unmeasured based on the val-
ues of known sample points in the surrounding data.

Results and Discussion

Groundwater aquifers can be identified by ob-
serving the vs value and Poisson’s ratio. The vs value
can be used to determine the rock structure in an area.
Based on the ASCE 7-16 classification regarding the
Vs Value, the vs value can be classified into 5 sections.
The first section is the classification of soft soils less
than 175 m/s. The second section is the classification
of medium soils with vs values of 175 to 350 m/s. The
third section is the classification of hard, very dense
soils and soft rocks with vs values of 350-750 m/s.
The fourth section is the classification of bedrock
with vs 750-1500 m/s (Kegeli, 2012). The fifth section
is the classification of hard rocks with vs values of
more than 1500 m/s. The Poisson's ratio can explain
the fluid content contained in a rock.

Aquifers are located beneath impermeable lay-
ers. In this case, the impermeable layer is saturated
with water but cannot transmit large amounts of wa-
ter, or is impermeable (aquiclude). Aquifers in allu-
vial areas are usually found in gravel and sand,
while aquicludes are found in silt and clay. Based on
this, they can be classified into areas that are aqui-
cludes/aquifugs and those that are aquifers. Figure 4
explains the vs values at depths of (a) 0 m, (b) 10 m,
(c) 20 m and (d) 30 m. Figure 5 explains the v; val-
ues at depths of (a) 40 m, (b) 50 m, (c) 60 m, (d) 70
m. Figure 6 shows the Poisson's ratio values at
depths of (a) 0 m, (b) 10 m, (c) 20 m and (d) 30 m.
Figure 7 shows the Poisson's ratio values at depths
of (a) 40 m, (b) 50 m, (c) 60 m and (d) 70 m.

Potential aquifers are found in several locations
in the study area, with three types of aquicludes: sat-
urated clay, unsaturated clay and silt. The differ-
ences between aquicludes can be identified by com-
bining the vs value <350 and the Poisson's ratio
range in Table 1. A v; value <350 (with soft and me-
dium soil structures according to ASCE 7-16) can
indicate the presence of soft clay, stiff clay, and silt
structures, while the Poisson ratio reflects the satura-
tion of the material. Aquifers can be found by the
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presence of a combination of values ranging from
350 < v < 1500 and the Poisson's ratio > 0.3 (in al-
luvial areas) (Yuliyanto, Nurwidyanto, 2021).

The potential for aquifers with saturated clay
aquicludes is found at stations 5, 57, and 73, while
unsaturated clay aquicludes are found at station 61.
Station 5 shows the presence of a 50 m thick aqui-
clude (0-50m) with saturated clay and sand as an
aquifer at a depth of more than 60 m. Station 57 has
an aquiclude at a depth of 0-30 m and an aquifer at
a depth of 40-60 m. At a depth of 70 m there is no
potential aquifer. Station 73 has a 30 m thick aqui-
clude with a depth of 0-30 m, and an aquifer was
found at a depth of 40 m with a thickness of more
than 30 m. Station 61 has an unsaturated clay aqui-
clude with a thickness of 40 m (0-40 m), and sand
was found as an aquifer at a depth of 50 m with a
thickness of more than 20 m.

The potential of aquifer with silt aquiclude is
found at stations 14, 60, 71, 38 and 34. Station 14
shows the presence of a 40 m thick aquiclude (0-40 m)
with silt and sand types as aquifers at depths of more
than 50 m. Station 60 has an aquiclude at a depth of
30-40 m and an aquifer at a depth of 50 m with a
thickness of more than 20 m. Stations 71 and 38 have
a 60 m thick aquiclude with a depth of 0-60 m, and an
aquifer was found at a depth of 70 m. Station 34 has
an unsaturated clay aquiclude with a thickness of 10
m (40-50 m), and sand was found as an aquifer at a
depth of 60 m with a thickness of more than 10 m.

Stations 1, 2, and 51 are areas with sand litholo-
gy, as evidenced by the presence of vs values
ranging from 350 < vs < 1500 and the Poisson’'s ratio
< 3. Previous research by Trihatmoko et al. (2020)
showed a similar interpretation using the geoelectric
method. The results of the geoelectric (GL-04) from
that study showed a resistivity value of 2.38 at a
depth of 10 m, which can be classified as sand satu-
rated with seawater. Depths of 20-60 m indicate a
classification of a sand layer with clay inserts. This
justifies the use of this microtremor method in de-
termining subsurface potential.

Conclusion

The difference between aquicludes can be
identified by combining the vs value with the Pois-
son's ratio. A vs value < 350 m can indicate the
presence of soft clay, stiff clay, and silt structures,
while the Poisson's ratio indicates the material's
saturation. Aquifers can be identified by a combi-
nation of a range of 350 < vs <1500 m and the Pois-
son's ratio >0.3. Potential aquifers with saturated
clay aquicludes are found at stations 5, 57, and 73,
while unsaturated clay aquicludes are found at sta-
tion 61. Potential aquifers with silt aquicludes are
found at stations 14, 60, 71, 38, and 34.
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ONPEJEJEHUE MOTEHIUAJIA BOJOHOCHOI'O CJ0S AJLTIOBUAJIBHBIX OTJIOKEHUIA
C UCITOJIB3OBAHUEM METOJA TOPU30OHTAJIBHOI'O U BEPTUKAJIBHOI'O CIIEKTPAJIBHBIX
OTHOUIEHUI (HVSR) HA IPUMEPE ITPUBPEKHOM 30HBI IEMAKA, UHIOHE3HUSI

HypsBuassaaro M.I.*, Xapmoko V., 'epHoBo P., ®epnanno I'.A.
Dakynemem usuku, Gaxyiomen ecmecmeeHHbIX HAYK U Mamemamuku, Ynusepcumem [unonezopo, HnooHesus
Cemapane 50275, HnOowHe3us
*4Aemop, omeeuaiowuil 3a nepenucky: irhammn@gmail.com

Pe3ztome. TlpubpexHnast 30Ha JleMak COCTOUT M3 alUTIOBHATBHBIX PABHHUH, HA KOTOPbIC MOBIUSIIO HAMYKE TPHOPEIKHBIX OTIOXKE-
HUM. AJUTIOBHAJIbHAS 30HA COJACPXKUT TaKWE MaTepUalbl, KaKk MJIOBas TVIMHA, 3€PHUCTAs TJIMHA, CPEAHUNA MECOK, UIMCTBIA MECOK, W,
IJIMHA U 0CaJI0K. 3HaHHE CTPYKTYPHI ITOYBBI U MOJYJISl YIIPYTOCTH B IPHOPEKHON 30He OKpyra Jlemak HeoOXOIUMO /IS ONpeIeNICHUs
HOTEHIIMaa BOJOHOCHBIX TOPH30HTOB B ATOM paiioHe. MccnenoBanusi ¢ ucrnoip3oBanneM Merona mukpoceiicM HVSR (ropuzon-
TAJILHO-BEPTHKAIBHOE CIIEKTPAIbHOE OTHOIIECHHUE) OBUIM NMPOBEIEHBI JUIS ONMpEeNeHNUs MOTeHIHANa BOJOHOCHBIX TOPH30HTOB IO
MIOBEPXHOCTEIO 3eMJIM B IIpHOpeskHOi 30He Jlemak. COOp maHHBIX MpoBoamics B 89 Toukax B TedeHHe 10 MHHYT C HCIOJIB30BaHUEM
3-kommoHeHTHOTO ceiicMorpada TDS tumna 303S u yactotoit muckpernsanuu 20 ['n. JanHbIe MEKpOceiicM 00padaThIBATUCE C TO-
MOILBIO IIporpaMMHoro obecrieuenust Excel, Geopsy u Dinver st mony4esuns mapamerpoB Vs U kodddurmenta [lyaccona. Pasuuiy
MEX/y BOAOYIOpPaMH MOXHO ONPENENNTh, 00beIMHIB 3HaYeHHe Vs ¢ Kodduimentom ITyaccona. 3nayenue Vs < 350 M MoXxer Xxa-
PaKTepU30BaTh HAIMUME MATKHX INIMHUCTHIX, MUIOTHBIX TIMHUCTBIX M MIIOBBIX CTPYKTYp, B TO BpeMs kak kod(dumment Ilyaccona
XapaKkTepHU3yeT BOAOHACHIIIEHHOCTh MaTepuana. BogoHOCHbIE TOPU30HTEI MOTYT ObITh OOHApY KEHbI MIPU COUCTAHWHU 3HAUYEHUIl OT
350 < vs < 1500 m u xoadduimente Ilyaccona > 0.3. IToTeHIHaIbHbIE BOJOHOCHBIE TOPU30HTHI ¢ HACBHIIEHHBIMH IJIMHUCTBIMU BOJIO-
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yrnopaMu oOHapy»eHBI Ha CTaHIUAX S5, 57 u 73, B To BpeMs Kak HEHACHIIICHHbIE TNIMHUCTBIC BOZOYIOPH! — Ha ctaHimu 61. IToTten-
[UaTbHBIe BOJOHOCHBIE TOPH30HTHI C MIIOBBIMH BOIOYIIOpaMH oOHapysKeHsI Ha cTaHImsx 14, 60, 71, 38 u 34.

Knioueswie cnosa: muxpompemop, HVSR, godonocnuiii cnoii, kosgpguyuenm Ilyaccona, Vs, npubpesicnas 3ona Jfemax, epynmo-
8ble 600bl

INDONEZIYANIN DEMAK SAHIL ZONASI NUMUN®SIND® UFUQI SAQULI SPEKTRAL BLAQOLOR (HVSR)
METODUNDAN iSTIFAD® EDOROK ALLUVIAL COKUNTULBRIN SULU QATININ POTENSIALININ TOYINI

Nurvidyanto M.1.*, Harmoko U., Gernovo R., Fernando G.A.
Fizika fakiiltosi, tobiat elmlori va riyaziyyat fakiiltosi, Diponeqoro Universiteti, Indoneziya Semarang 50275, Indoneziya
*Yazismalara cavabdeh olan miiallif: irhammn@gmail.com

Xiilasa. Demak sahil zonasi. Sahil ¢okiintiilorinin tasirine moruz qalmug alliivial diizonliklordan ibarstdir. Alliivial zonada lil, gil,
danovar gil, orta qum, lilli qum, lil, gil va ¢okiintii kimi materiallar var. Demak sahil bolgasindoki torpagin strukturu va elastiklik
modulu hagqinda molumat bélgadaki sulu tobagslarin potensialini tayin etmok iigiin lazimdir. Demak sahil zonasinda Yer sathinin
altindaki sulu tobagslorin potensialini toyin etmak tigiin HVSR mikroseysm metodundan (iifliqi saquli spektral nisbat) istifads edarak
todgiqatlar aparilmigdir. Malumatlarin toplanmasi 89 néqtads 10 dagigoe arzinds 3 komponentli TDS tipli 303S seysmograf vo 20 Hz
niimuns daracasi ilo aparilmigdir. Mikroseism moalumatlari vs parametrlori va Poisson omsali aldo etmok tigiin Excel, Geopsy va Din-
ver programi ilo iglonmisdir. Su miiqavimati arasindaki forqgi vs doyarini Poisson amsali ilo birlagdirorok miisyyan edils bilor. Vs
dayari < 350 m yumsaq gil, six gil va lil quruluslarinin méveudlugunu Xarakterizo edo bilar, Poisson amsali iso materialin Su doy-
masini xarakterizo edir. Akiferlor 350 < vs < 1500 m va Poisson omsali > 0.3 arasindaki doyarlorin birlogmasi ilo agkar edils bilor.
Doymus gil su kegirmayon potensial sulu toebagolor 5, 57 va 73 stansiyalarinda, doymamus gil su kegiricilori isa 61-ci stansiyada
tapilir. 14, 60, 71, 38 va 34-cii stansiyalarda lil su kegirmayan potensial sulu tabagolor agkar edilmigdir.

Agar sézlar: mikrotremor, HVSR, sulu tabaga, Poisson amsali, vs, Demak sahil zonasi, yeralti sular
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Summary. Recent studies demonstrate the effectiveness of integrated archaeo-geophysical
tools in addressing a wide range of geological and environmental challenges. This approach com-
bines geophysical methods with archaeological fieldwork or remote sensing to support the prelimi-
nary survey and analysis of archaeological sites, potentially enhanced by machine learning tech-
niques to estimate the shapes and characteristics of subsurface objects. The present study empha-
sises the value of informational and probabilistic approaches as optimal tools for assessing and in-
tegrating critical data for archaeological research. We employ remote sensing to locate archaeolog-
ical objects in the Gobustan region of Azerbaijan, which was inscribed on the UNESCO World
Heritage List in 2007, and we demonstrate the substantial potential of combined archaeo-
geophysical analyses to identify different categories of historical features in this area. For the ana-
lysis of freely accessible remote sensing data from different years and missions, advanced interpre-
tation methodologies were applied. We have identified a sophisticated irrigation system character-
istic of the Achaemenid Empire period extending beyond the Gobustan National Reserve, compris-
ing interconnected canals, artificial lakes, and ponds, and associated with nearby settlements. The
ancient ganats (kehrizes) easily recognisable in satellite images are among the most compelling
discoveries, which have not previously been documented in this area. The next stage of this inves-
tigation will involve applying surface (or low-altitude) magnetic field analyses, including qualita-
tive and quantitative interpretations of anomalies and three-dimensional modeling. At this stage,
reliable physical-archaeological models (PAM) will be developed. The final stage of the research

will consist of direct archaeological excavations guided by the established PAM.

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. INTRODUCTION

In 1966, Gobustan was declared a state reserve
in Azerbaijan, and in 2007, it was inscribed on the
UNESCO World Heritage List. The Gobustan area
is well known worldwide for its extensive distribu-
tion of mud volcanoes (e.g., Aliyev et al., 2015) and
rock paintings (e.g., Rustamov, 2003; Farajova,
2018). Meanwhile, given the centuries-long history
of human presence in this area, it is likely to contain
a wealth of historical information, including a great-
er number of yet undiscovered cultural objects, be-
yond the two phenomena mentioned above. The Is-
raeli and international experiences suggest that a
variety of geophysical methods can be effectively
applied to locate different types of buried archaeo-
logical objects. These methods include magnetic
prospecting (Eppelbaum, 2011, 2015), the very low
frequency method (Eppelbaum, 2021), the self-

potential method (Eppelbaum, 2020), near-surface
temperature surveys (Eppelbaum, 2009), and micro-
gravity (Eppelbaum, 2025). Given the complex and
variable geological conditions in the area, these geo-
physical methods will be applied to the zones identi-
fied through satellite imagery analyses.

Our preliminary remote sensing (RS) analysis of
satellite imagery in the region indicates the presence
of various archaeological objects, presumably dating
to different epochs, that have neither been docu-
mented nor mentioned in existing literature. This
suggests that non-invasive remote sensing methods
can serve as an initial step in the investigation, after
which the most promising targets can be examined
using LIiDAR and surface geophysical methods.
Such an approach is particularly relevant because the
archaeological objects in this area may contain sub-
surface layers extending several meters deep.
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Based on numerous innovative technologies,
remote sensing is a powerful tool for detecting a
variety of previously unknown targets (e.g., Ep-
pelbaum et al.,, 2024; Khabarova et al., 2024,
Birkenfeld et al., 2026). The most illustrative ar-
chaeological objects identified through remote
sensing are ganats, underground aqueducts con-
structed using ancient techniques developed over
thousands of years. The key idea is to connect the
uphill water source to settlements and fields down-
hill, where there are no rivers, lakes, or groundwa-
ter lenses, so gravity works in humans' favor. The
underground channels enabled avoiding water con-
tamination, evaporation, and heating. The extension
of ganats may reach tens of kilometers.

Qanats were first invented in the ancient Persian
Empire and were later adopted by Greek, Roman,
and Muslim civilisations. From an aerial perspec-
tive, the ganats mainly built during the Achaemenid
Empire period can be recognised by a series of even-
ly spaced vertical shafts used during the construction
of the underground water channels (Butawka et al.,
2024). In modern Iran, many ganats that are thou-
sands of years old remain functional, although the
shaft openings are sometimes only detectable from
above through variations in soil color or vegetation
patterns. Therefore, identified ganats could be used
to access underground water resources. The concept
is frequently discussed in the literature (e.g.,
Endreny and Gokcekus, 2009; Nasiri and Mafakheri,
2015; Abedi et al., 2023; Mohajerani et al., 2024).
Although thousands of ganats are known in Azerbai-
jan, for the first time our study reports the presence
of numerous ganat shafts in the Gobustan area.

2. METHOD AND DATA

This study forms part of a larger research initia-
tive exploring the use of remote sensing in archaeo-
logical investigations. Within this framework, the
focus lies on the archaeological landscape of Go-
bustan, employing an integrated methodology that
combines high-resolution satellite imagery, geophys-
ical modeling, and comparative spatial analysis (Ep-
pelbaum et al., 2024; Khabarova et al., 2024). The
study relied on imagery from multiple satellite plat-
forms, including Google Earth Pro (Maxar Technol-
ogies), CNES/Airbus, and the Pleiades constellation,
with spatial resolutions ranging from 2 meters in
multispectral bands to 0.5 meters in the panchro-
matic band. A key aspect of the approach was tem-
poral layering: images captured in different seasons
and across multiple years were overlaid to highlight
subtle landscape features shaped by variations in
shadow, vegetation, and seasonal soil moisture. This
combination of spatial and temporal data enabled the
detection of features that might otherwise remain
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invisible, forming the foundation for subsequent ge-
ophysical surveys and comparative spatial analysis.
Unlike many other archaeological features, whose
origins and functions often remain uncertain when
analysed using remote sensing technigques, ganats
exhibit relatively straightforward morphological
characteristics, forming linear alignments of vertical
shafts that are discernible in aerial or satellite image-
ry. At ground level, these structures are often unre-
cognisable, as individual shafts are spaced several
meters apart and may be detectable only through sub-
tle variations in soil color or vegetation patterns. Sys-
tematic analysis of high-resolution satellite and aerial
imagery enables the identification and mapping of
these features, providing a reliable non-invasive
method for documenting their spatial distribution.

3. INFORMATIONAL APPROACH

It is well known that most inverse problem solu-
tions in geophysics are ill-posed. It means, according
to Hadamard (1902), that the solution does not exist,
is not unique, or is not a continuous function of the
observed geophysical data (so that a small perturba-
tion in the observations can cause an arbitrary error
in the solution). This fact calls for the broad applica-
tion of informational and probabilistic methodolo-
gies in applied geophysics.

Estimating the information value of geophysical
and other means can be formalised based on the fol-
lowing criteria (revised after Eppelbaum et al., 2003)
(Figure 1): (1) Informativeness of the application
(informational criterion T); (2) Cost of implement-
ing the method (cost criterion C); (3) Time required
to carry out the method (time criterion T).

Criteria C and T are easy to calculate directly, but
criterion T" is a non-trivial research problem. A sim-
plified algorithm can be written as:

Q=TuCuT, (1)

where U is the symbol of the unification.

All the available archaeological/geological infor-
mation can be represented as the classic three-level
model (Figure 1): (a) syntactic — quantity of infor-
mation, (b) semantic — content of information, and (c)
pragmatic — value of information. The logical-heuristic
model for describing environmental information thus
takes the following form (Eppelbaum et al., 2003):

r=1uRWV, 2

where | is the quantitative estimation of information, R
is the estimation of informational reliability corre-
sponding to the semantic criterion, and V is the estima-
tion of informational value in terms of feasibility ac-
cording to the pragmatic criterion.
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Fig. 1. General scheme for accumulating and processing geospatial information

Algorithm (2) is based on the fundamental
terms of information theory and is combined with
the structural (hierarchical) approach. This ap-
proach defines each indicator as a structure that
reflects a set of typical situations and then uses the
information measure to calculate the value of each
estimator. Parameters V and R should be estimated
archaeologically, but this is beyond the scope of
this paper. Here, parameters V and R will be ne-
glected, and it is assumed thatI" =1 .

4. EXAMPLES OF REMOTE

SENSING DATA ANALYSIS

IN GOBUSTAN

RS multidisciplinary analysis has been recognised
as a powerful tool for discovering subsurface archaeo-
logical targets (Kadhim and Abed, 2023; Tiwari et al.,
2023; Eppelbaum et al., 2024; Khabarova et al., 2024).
Machine learning techniques can be used to make inte-
grated studies more effective. Applied to archaeology,

machine learning (or computer vision methods) has
significantly transformed RS data analysis by enabling
advanced algorithms to process vast quantities of ima-
gery from satellites and aerial platforms (Davis, 2019).
Examples are given in Figures 2 and 3.

The complex physical-geological conditions of
the Gobustan region complicate the application of
surface geophysical methods. In contrast, satellite
imagery provides extensive spatial coverage, includ-
ing high-resolution images of most terrestrial land-
scapes. Freely accessible imagery often achieves a
spatial resolution of approximately 0.5 meters, suffi-
cient to detect archaeological features at the surface,
even when the objects are located several meters be-
low it. This resolution enables the identification of a
wide range of environmental and industrial archaeo-
logical structures. Among the most significant fea-
tures found in this study are ganats, as illustrated in
Figures 2 and 3. Both figures show ganats approxi-
mately 10 km in length, which we identified through
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the analysis of multi-year satellite imagery. The yel-
low dashed lines indicating their locations are inten-
tionally offset to avoid overlapping with the under-
lying patterns. Although linear sequences of shafts
may be obscured in areas affected by sediment depo-
sition or anthropogenic disturbances, numerous ga-
nats connecting former river courses with settlements
or agricultural fields at lower elevations were identi-
fied, with three traceable over several kilometers.

kahriz
/

/
.

B

Fig. 2. Preliminary results of the ganat (kehriz) discovery in the
Gobustan area (I). The yellow-dashed line follows the ganat
shaft line, which may be traced up to several kilometers from
the inlet. Satellite images are taken in May 2009 (main image)
and October 2023 (enlarged area). The distance between shafts
is4-5m

Determining the chronological age of these
structures is currently not possible, and on-site in-
vestigations are required for accurate dating. How-
ever, dating ganats is inherently challenging, as ac-
cessing the underground channels is both technically
difficult and potentially hazardous. Furthermore,
ganats may contain limited stratigraphic information
or incorporate artifacts from multiple periods, as
flowing water can erode surrounding deposits and
transport older materials into the channel, complicat-
ing the interpretation of their temporal context. As
the next step, the RS analysis must be combined
with geophysical and geochemical methods.

30

Fig. 3. Preliminary results of the ganats (kehriz) discovery in the
Gobustan area (I1). The yellow-dashed lines crossing the river
highlight the ganat location. The yellow arrow indicates the
irrigation canal

5. DISCUSSION AND CONCLUSIONS

Qanats, underground water systems, have been in
continuous use since their invention in the Persian
Empire approximately 3,000 years ago and remain
functional in many regions today. These structures are
widely distributed across the South Caucasus, Central
Asia, and the Near and Middle East. In this study, we
report the discovery of ganats in Gobustan, located
approximately 70 km southwest of Baku, Azerbaijan,
using remote sensing techniques. The presence of
ganats in Gobustan has not been documented in pre-
vious reviews or reference works (e.g., Guliyev,
2021). Their distinct linear arrangement and repeated
patterns clearly exclude natural or geological process-
es as a plausible explanation for these features.

It should be emphasised that the identified
ganats represent only one category of the detected
ancient features. Other archaeological objects ob-
served in the area include: (1) the ruins of a col-
umned structure, possibly a temple, tentatively at-



O.V.Khabarova, L.V.Eppelbaum | ANAS Transactions, Earth Sciences 1 /2026, 27-33; DOI: 10.33677/ggianas20260100163

tributed to the ancient Roman period; (2) elongated
polished stone slabs on mountaintops, measuring
200-300 meters in length, whose alignment and sur-
face treatment are unlikely to be natural; (3) traces
of artificial ponds, some tens of meters in diameter,
some of which were probably used for extracting
chemicals from the volcano mud. Humans could
have utilised mud deposits primarily for clay, plas-
ter, and pigments derived from iron and manganese
oxides abundant in the area (e.g., Hajiyeva et al.,
2025); (4) wide channels (presumably, irrigation
canals) and narrow channels associated with the
ponds, running parallel over several kilometers; and
(5) remains of multiple settlements located both in
the valleys and on the slopes of mud volcanoes.

The solution to this “four colors” mathematical
problem (Eppelbaum, 2014) shows that two inde-
pendent geophysical methods are sufficient to char-
acterise archaeological potential. We propose to ap-
ply two independent geophysical methods together:
Remote Sensing and high-precision magnetic pro-
specting (Figure 4).

A unique interpretation system has been devel-
oped for analyzing magnetic fields in complex phys-

ical-geological environments: oblique magnetisa-
tion, rugged terrain relief, and the superposition of
magnetic fields of various ranks (Eppelbaum et al.,
2001; Eppelbaum, 2011, 2015).

The integrated analysis of RS and magnetic sur-
vey datasets can be performed by calculating thresh-
old pixels using color classification or by evaluating
the magnitude and directional coherence of vector
fields (Eppelbaum et al., 2025). In the most promising
areas identified, supplementary investigations using
low-altitude LiDAR surveys at 30-40 meters may be
required to refine the detection of subtle surface and
subsurface features. The combined application of
these two independent geophysical methods, high-
resolution RS and detailed magnetic surveys, will
facilitate the construction of robust physical-archaeo-
logical models. These models can subsequently guide
targeted, direct archaeological excavations, maximis-
ing the efficiency and accuracy of field investigations.
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Pestome. HenaBHue ucclieOBaHUS JEMOHCTPUPYIOT 3(Q(EKTUBHOCT MHTEIPUPOBAHHBIX apXeoreo(hU3NUECKMX HHCTPYMEHTOB B
PEIICHUH LIMPOKOTO CIEKTPA TEOJOTHYECKHX M SKOJOTHYECKHX 3a4a4. DTOT HOAXOJ COYeTaeT re0(pU3NIECKUEe METO/IBI C apXEOI0THYe-
CKVIMU TIOJIEBBIMH Pa0OTaMH MM JUCTaHIMOHHBIM 30HIMPOBAHUEM UL OAIEPIKKH NPEABAPUTENHFHOTO 00CIeIOBaHNS U aHaIu3a ap-
XEO0JIOTHIECKUX 00BEKTOB, IOTEHINATIFHO JOIOJHEHHOTO METOIaMH MAaIIMHHOTO 00yYeHHs Ul OLCHKU (OPM M XapaKTepHCTHK ITOJ-
3eMHBIX 00BeKTOB. Hacrosimee mccienoBaHne NOAYEPKUBACT LEHHOCTh MH(OPMALMOHHEIX U BEPOSTHOCTHBIX IMOAXOJOB KaK OINTH-
MaJIbHBIX HHCTPYMEHTOB IS OLIEHKH M MHTErPallii KPUTHIECKH BYKHBIX JAHHBIX JUIS apXEOJIOTHYECKUX HCCIeIOBaHNH. MBI HCIIOb-
30BAJIM JUCTAHIIUOHHOE 30HIUPOBAHME IS OOHAPYKEHUS apXeoJIOTHYecKUX 00beKToB B ['00ycTaHckoM pernone AsepOaiimkana, Ko-
Topeiid ObuT BHeceH B Crmcok BcemupHoro Hacieauss FOHECKO B 2007 roay, W mpoAeMOHCTPHPOBAIN CYHIECTBEHHBIH MOTCHIIHAI
KOMOMHHPOBAHHOTO apXeoreo(pU3MYecKoro aHauu3a Ul BBIBICHHS PasIMYHBIX JPEBHUX HCTOPUYECKHX OOBEKTOB B 3TOM paiioHe.
Jlns aHanmu3a cBOOOHO AOCTYNHBIX JaHHBIX TUCTAHIMOHHOTO 30HAUPOBAHUS 32 Pa3HbIC TOABI H MUCCHH OBUTH IPHMEHEHBI IIEPEI0BbIC
METOJIbI HHTEPIPETali. MBI BBISIBHIIN CIIOXKHYIO UPPUTAIIMOHHYIO CUCTEMY, XapaKTepHYIO I Meproia UMIEPHH AXEMEHHUIOB, TIPOo-
CTHPAIOIIYIOCS 32 MpeAes! [ 00ycTaHCKOTO HAIMOHAIBFHOTO 3alI0BEJHAKA U BKIIFOYAIOIIYIO B3aMMOCBSI3aHHbBIe KaHAJIBI, HCKYCCTBEHHEIC
o3epa | NPYyAbl, aCCOUMUPYOMHNeEcs ¢ OIIM3IISKAINMHE TTOCEICHUSIMA. J[peBHHE KAPU3BI, JIETKO UICHTH(UIUPYEMbIe Ha CITyTHUKOBBIX
CHHMMKaXx, OTHOCATCS K YHCIy Hanbojee yOequTeNbHBIX HaXO/OK, paHee He JOKyMEHTHPOBAaHHBIX B 3TOi obnactu. Ciemyrommii sTan
HcciefoBaHusl Oy/IeT BKIIOYAaTh NPHMEHEHHE aHAIN3a MarHUTHOTO ITOJIsI HAa TIOBEPXHOCTH (WJIM Ha MaJOH BEICOTE), B TOM YHCIIE Kade-
CTBEHHYIO U KOJMYCCTBEHHYIO MHTCPIIPETALNIO aHOMAJIMIT U TpexMepHoe MojenupoBanue. Ha atom stane OyxyT pa3paboTaHbl HaJIexK-
HBIE (u3nKo-apxeonormyeckue Moaenu (PAM). 3aKIIOUNTENBHBIN TAll UCCIeIOBaHUS OyIET COCTOSTh U3 HEMOCPEACTBEHHBIX apXeo-
JIOTHYECKHX PACKOIIOK, IIPOBOJJMMBIX B COOTBETCTBUH ¢ pa3padboraHHEIMH PAM.

Knruesvie cnosa: /[ucmanyuonnoe 30H0upoganue, 1 o6ycman, Kapusvl, KOMOUHUPOBAHHYLIL 2e0U3UYECKULl AHATU3, UHDOPpMAYU-
OHHbIL NOOX00

QOBUSTANDA KOHRIZLORIN YUKSOK DOQIQLIKLi UZAQDAN
ZONDLAMA MOLUMATLARI 9SASINDA MUOYYONLOSDIRILMOSi

Xabarova O.V.** vo Eppelbaum L.V.23
Tohliikasizlik, Etibarliliq va Etibar itizra Fonloraras: MarKaz, Litksemburq Universiteti, Liiksemburg
2Geofizika kafedrasi, Daqiq Elmlor Fakiiltasi, Tel-Oviv Universiteti, Israil
Ramat-oviv 6997801, Tel-Oviv
3Azorbaycan Doviat Neft va Sanaye Universiteti, Azarbaycan
Azadlq prospekti, 20, Baki, AZ1010
*Yazismalara cavabdeh olan miiallif: olga.khabarova@uni.lu

Xiilasa. Son tadqiqatlar gostorir ki, inteqrasiya olunmus arxeo-geofiziki alotlor genis spektrli geoloji vo ekoloji problemlarin hal-
lindo yiiksok effektivliyo malikdir. Bu yanagsma arxeoloji saho islori vo ya uzaqdan zondlama ilo geofiziki metodlarin
birlogdirilmasino osaslanir vo arxeoloji obyektlorin ilkin todqigi vo tohlilini destoklayir; homginin yeralti obyektlorin forma vo
xususiyyastlorini giymatlondirmok ti¢iin masin dyronmosi texnikalari ilo giiclondirilo bilor. Togdim olunan todgigat arxeoloji
aragdirmalar t¢iin mihim melumatlarin giymstlondirilmasi va inteqrasiyas: baximindan informasiya ve ehtimal yanagmalarmin
optimal alotlor kimi shamiyyotini vurgulayir. Biz Qobustan regionunda arxeoloji obyektlorin miioyyonlagdirilmasi ti¢iin uzagdan
zondlama metodlarindan istifads edirik; bu orazi 2007-ci ildo UNESCO World Heritage List-no daxil edilmisdir. Tadgigat bu srazido
miixtolif kateqoriyalara aid tarixi strukturlarin askar edilmosinds kombino olunmus arxeo-geofiziki analizlorin boyiik potensialini
niimayis etdirir. Miixtalif illors Vo missiyalara aid sorbast slds edilo bilon uzagdan zondlama molumatlarinin tohlili {igiin qabaqcil
interpretasiya metodologiyalar1 totbiq edilmisdir. Biz ©homonilor dovriino xas olan, Qobustan Milli Qorugunun hiidudlarindan
konara ¢ixan va bir-biri ilo slagsli kanallari, siini géllori vo gélmoagoalori ahato edon, yaxinliqdaki yasayis montogolori ilo birlagdirilon
miirokkab suvarma sistemini miisyyon etdik. Peyk goriintiilorinds asanligla miioyyan edils bilon gadim kohrizlor bu srazids ovvallor
sonadlogdirilmomis on colbedici tapimntilar sirasindadir. Todqiqatin névboti marhslosinds sothi (vo ya asagi hiindiirliiklii) magnit
sahosi analizlori, o ciimlodon anomaliyalarin keyfiyyost vo komiyyot baximindan sorhi vo ii¢élgiili modellogdirmo hoyata
kegirilocokdir. Bu morholods etibarli fiziki-arxeoloji modellor (PAM) hazirlanacaqdir. Arasdirmanin yekun morholosi iso
formalasdirilmig PAM asasinda istiqgamatlondirilon birbasa arxeoloji qazintilardan ibarat olacaqdir.

Agar sézlar: Masafadan zondlama, Qobustan, kahriz, kombina edilmis geofiziki analiz, informasiya yanagmasi
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Summary. Mud volcanism is widespread in Azerbaijan, with over 300 land- and offshore mud
volcanoes. These volcanoes are associated with oil and gas fields, and many of them are currently ac-
tive. The Shikhzahirli mud volcano is located west-northwest of Baku, in the Shamakhi-Gobustan re-
gion, and is one of the world's active mud volcanoes. From 1844 to 2025, there were approximately
25 major eruptions. The last volcano eruption occurred on January 9, 2021 in three phases. The long-
est was the third phase, which lasted 7 minutes. Geoelectrical measurements, consisting of the vertical
electrical sounding (VES) method, were performed for the first time in the Shikhzahirli mud volcano
occurrence, aiming to evaluate the near-surface mud chambers, as well as to track the feeder channel.
The VES measurements indicate that within the first 50 m below ground surface, no shallow-depth
accumulation chambers occurred. The eruption triggered by gas accumulation appears to branch in the
near-surface region; in one location, the upward migration path is almost vertical, whereas in others it
is slanted. As a result of investigations, it was found that the volcano most likely has two vents located
at the hinge of an anticline. The rocks in the geological section of the study area have been found to
have relatively high moisture content. The probable thickness of the volcanic breccia is estimated to
be consistent with the depth of the bedrock surface, which ranges from 135 to 150 m. Proposed multi-
directional faults, presumably formed because of a mud volcano eruption, were identified.

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

they cause, but since they are unstable and unpre-

Mud volcanism is widespread in Azerbaijan: there
are over 300 mud volcanoes (Aliyev et al., 2015;
Yakubov et al., 1971) on land and offshore. These vol-
canoes are associated with oil and gas fields, and most
of them are currently active. The Shikhzahirli mud vol-
cano located in the Shamakhi-Gobustan region is one
of the most active volcanoes in the world (Aliyev, Bay-
ramov, 1999, 2000; Alizadeh et al., 2016; Kokh et al.,
2017). From 1844 to 2025, there were approximately
25 major eruptions. The location map of the Shikhza-
hirli mud volcano and effusion of volcanic breccia are
shown in Fig. 1 and Fig. 2, respectively.

Mud volcanoes observed in Azerbaijan pose se-
rious problems due to the negative consequences
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dictable phenomena, it is highly desirable to better
understand their activity to prevent possible casual-
ties: large mud flows and flames that can sometimes
accompany an eruption.

Since the Shikhzahirli mud volcano is one of the
active volcanoes and is unique in terms of the large
volume of erupted mud flow and the composition of
emitted gases, it is necessary to study its area in de-
tail using deep geophysical measurements.

The aim of this study is to investigate the elec-
trical properties and trace the feeder channel of the
Shikhzahirli mud volcano using geoelectrical survey
(vertical electrical sounding, VES) (Fig.1).
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Fig. 1. The location of the Shikhzahirli mud volcano (blue triangle).
AP — The Absheron peninsula, NCF — The North Caspian Fault, MCT — The Main Caucasus
Thrust, LCT — The Lesser Caucasus Thrust, WCF — The West Caspian Fault
Fig. 2. The Shikhzahirli mud volcano. Effusion of volcanic breccia (Aliyev, Yetirmishli, 2021)
Geological and geodynamic background on the Absheron Peninsula and, together with the

The Shikhzahirli mud volcano is located in the latter, forms the Absheron-Gobustan periclinal de-
Shamakhi-Gobustan depression zone of Azerbaijan. pression, which forms the northwestern rim of the
The deepest eastern part of the Shamakhi-Gobustan  vast and deep South Caspian Basin (Khain, 1984).
depression, filled with shallow-water Pliocene sedi- In Gobustan, it is distinguished by the develop-
ments, merges with an area of the same sediments ment of the Paleogene and Miocene deposits at the
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surface and by the almost strictly latitudinal orienta-
tion of its folds with isoclinal and even imbricated
structures. The Absheron deposits are widespread in
the Shamakhi-Gobustan region. They contribute to
the construction of structural units of various shapes
and are dislocated with varying degrees of intensity.

Most mud volcanoes are concentrated in areas
that experienced prolonged subsidence not only dur-
ing the Quaternary but also during previous geologi-
cal periods: the Lower Kur Depression, the Ab-
sheron Pericline and Shamakhi-Gobustan Foredeep,
and the South Caspian Basin. Mud volcanoes are
widespread in all these depression zones, indicating
strong manifestations of oscillatory, folding, and
faulting movements during the Anthropogenic peri-
od (Kadirov, Mukhtarov, 2004). The primary cause
of mud volcanism was negative oscillatory move-
ments combined with folding and faulting move-
ments (Ali-Zade, 1987; Kadirov et al., 2005). A geo-
logical map of the Shikhzahirli mud volcano area is
shown in Fig. 3.

Figure 4 illustrates the velocity data for global
positioning system (GPS) sites within the area en-
compassing the western and southern shores of the
South Caspian Sea along with the distribution of

mud volcanoes (Kadirov et al., 2008; Kadirov, Safa-
rov, 2013; Kadirov et al., 2014, 2024).

On a large scale, the GPS velocity field shows
the northeastward motion of the Caucasus region
and its neighboring areas relative to Eurasia, south
of the Main Caucasus Thrust Fault (MCT). It is
noteworthy that significant reductions in site velo-
cities and clockwise rotation are observed between
sites west of the West Caspian Fault (WCF) in the
Kur Depression and Talish region, and sites locat-
ed to the east of the WCF within the Absheron
Peninsula. The observed decrease and disparity in
GPS vector directions indicate elevated strain ac-
cumulation rates of approximately 6 millimeters
per year in the southern direction towards the Ab-
sheron Peninsula. Furthermore, GPS-derived mo-
tions on the northern slope of the Greater Cauca-
sus and along the Caspian coast in Azerbaijan
north of the Absheron Peninsula suggest the pres-
ence of south-dipping thrust faulting along the
North Caucasus. This thrust faulting is characte-
rised by a southward inclination within the Ab-
sheron Peninsula and continues inland from the
Caspian coast, traversing the peninsula in a wester-
ly direction before terminating at the Caspian Sea.

29 vy, O 28
Shikhzarli 500 Cpy
%
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N ak o 37 o e 22\
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K 2N, 'mkp.
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Fig. 3. Geological map of Shikhzahirli mud volcano location area (Aliyev et al., 2015)
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Fig. 4. GPS velocities with respect to Eurasia for the eastern AR-EU collision zone. Yellow stars show 1139,
M7.3 Ganja; 1902, M6.9 Shamakhi; 1988, M6.8 Spitak and 1991, M7.0 Racha earthquake epicenters. Blue ar-
rows indicate Azerbaijan GPS sites (Kadirov et al., 2024), green arrows stand for the Iranian GPS sites (Raeesi et
al., 2017), Red arrows show the Armenian GPS sites (Karakhanyan et al., 2013), Yellow arrows demonstrate
Georgian GPS sites (Sokhadze et al., 2018), White arrows display the Russian GPS sites (Milyukov et al., 2015),
Black arrows are velocities from Reilinger et al., (2006). Orange triangles show the mud volcanoes.

Furthermore, the GPS vectors in the region, specifi-
cally in the Absheron Peninsula and along the west-
ern Caspian coast, exhibit a pronounced eastward
motion. This eastward shift is interpreted as the re-
sult of a left-lateral strike-slip mechanism acting
within this segment of the fault.

Contractions are observed in the Greater Cauca-
sus, Gobustan, the Kur Depression, the Nakhchivan
Autonomous Republic, and the areas bordering Iran.
The contraction axes show that crustal shortening in
the Greater Caucasus region occurs in a north-
easterly direction, with the shortening in the Shama-
khi region (MEDR) being nearly submeridional. The
deformation rate between the KURD (Kurdemir)
and MEDR (Madrasa) GPS points is ~16 x 108/yr.

Geophysical surveys. Methodology and in-
terpretation of field work

As noted above, comprehensive field geophysi-
cal surveys were conducted along five profiles by
the electrical prospecting method using a four-
electrode symmetrical AMNB array.

It should be noted that electrical prospecting us-
ing the vertical electrical sounding (VES) method
was conducted in this area for the first time.

As it is well known, the modern VES theory is
based on the Schlumberger mathematical model. It
allows calculating the apparent electrical resistivity
(pa) of a multilayer medium with horizontal interfac-
es, depending on the specific electrical resistivity
(ps), the thickness of the individual layers, and the
size of the VES survey setup. However, using this
model precludes the possibility of a definitive solu-
tion to the inverse problem — determining the depth
of horizontal interfaces and the specific electrical
resistivity of individual layers from a set of pa va-
lues obtained during measurements with different
setups (Lowrie, 2007; Griffiths, King, 1981; Keller,
Frischknecht, 1966).

This goal can be mostly achieved by construct-
ing a new model based on the following simplifying
assumptions on the characteristics of the current dis-
tribution in a flat-layered medium when placing
electrodes on the daylight surface:
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— the measured p, value characterises the geo-
logical section to a certain depth H, which is entirely
determined by the ratio between the dimensions of
potential (MN) and the feeder (AB) lines, and when
MN<<AB the value of H is AB/2 (in practice, MN
should be no more than 0.1 AB);

— the pa value is determined only by the vertical
component of the current density, i.e., it represents a
certain averaged electrical characteristic of the me-
dium in the vertical direction, depending on the spe-
cific electrical resistances psi of each layer, and the
“contribution” to the value of p, of each psi depends
on the thickness of the given layer h;.

The adopted assumptions allow constructing the
following simple formula, which establishes a corre-
spondence between the set of values (psi, hi) of the n-
layer section and the value of pa:

— Pihatpahot--+psih

_ Z?:l psihi (1)
h1+h2 +hl

Pa - Z?:lhi
where, Y, h;, m=h;, m is the depth of the n-th layer
base.

Since, according to the accepted assumption, the
value of h; is completely determined by the relation-
ship between MN and AB, and therefore, formula
(1) can be used to solve the inverse problem of de-
termining the parameters of a geoelectric section
from a set of pa values obtained with different sizes
of the survey setup. Indeed, given a series of succes-
sive pai values and h; (i = 1, 2, ... n), one can sequen-
tially determine h; and psi, i.€., the thickness and spe-
cific resistivity of each layer.

This means that for any i-th layer h; = h; - hi.; or
hi = (AB/2); — (AB/2)i1 (2)

To calculate the apparent electrical resistivity
pa, the formula

Pa = Kygs * AUy [/Ima (3)

was used (Yakubovski, Renard, 1991).

And to determine the specific electrical resis-
tivity of individual layers, formula (4) is used, when
Pai>Pai-1- (Popov et al., 1990; Galin, 1989)

Psi = [pai * (%)l ~ Pai-1* (%)i—l] /[(%l' -
(%)) “

and in the case p,i_1>p,; the formula

pa = (), () ) pus o+ (2) -
e (), ©
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(Salamov et al., 2015) is used.

Expressions (2), (3), and (4) are the main calcu-
lation formulas in the proposed method for deter-
mining the parameters of the geoelectric section
based on VES data for installations with MN<<AB.

As follows from formulas (2), (4), and (5), the
proposed model enables determination of the thick-
ness and specific electrical resistivity of any layer,
regardless of the parameters of the overlying layer.

Taking into account the above, for the purpose
of detailed dissection of the geological section and
more accurate depth determination of the individual
lithological varieties, as a result of experimental
measurements carried out using the VES method,
the sizes of the feeder line AB/2 and the receiver
line MN/2 were adopted, respectively: AB/2 =1; 2;
3; 4;5;6;7;8;9; 10,10; 12,12; 14, 16; 18; 20; 22;
24,24; 26,26; 28; 30; 32; 34; 36,36; 38,38; 40,40;
42; 44; 46; 48; 50,50; 52; 54, 56; 58; 60; 63; 66; 69;
72,72; 75,75; 78; 81; 84; 87; 90,90; 93,93; 96; 99;
102; 105; 108; 111; 114; 117; 120; 125,125;
130,130; 135, 140; 145; 150; 155; 160; 165; 170;
175; 180; 185; 190; 195; 200 and MN/2=0,3; 0,3;
0,3;0,3;0,3;0,3; 0,3; 0,3; 0,3; 0,3; 1; 0,3; 1; 1; 1; 1,
12;12;2,2,2,2,23;23;23;3;3; 3; 3; 3,5, 3,5
5;5;5;5;5;5;5;57,57;,7,7;,7,7,7,9; 7,9, 9; 9; 9;
9;9;9;9;9;9;912;9,12; 12; 12; 12; 12; 12; 12; 12,
12;12;12; 12; 12; 12; 12,15 (Salamov et al., 2025).

Increasing the number of measurements at a
single observation point made it possible to identify
thin layers in the geological section of the study area
(Popov et al., 1990; Galin, 1989; Salamov et al.,
2015, 2023, 2025).

The profile directions were northeast, south-
west, and east-west (Fig. 5).

For field measurements, ERA-MAX electrical
prospecting equipment operating at 4.88 Hz was used.

Results and Discussion

Geophysical field surveys using the VES meth-
od were conducted in the Shikhzahirli mud volcano
area. These measurements determined the apparent
electrical resistivity of rocks within the geological
section across the area and to a depth of 200 meters.
The resulting apparent electrical resistivity values
were interpreted, and the specific electrical resistivi-
ty of rocks was determined (Fig. 6).

Based on the apparent and specific electrical re-
sistivity values, corresponding sections were con-
structed along 5 profiles (I-1, H-11, HI-111, V-1V, V-
V). These are the vertical sections based on apparent
electrical resistivity values, and the supposed litho-
logical-geophysical sections based on specific elec-
trical resistivity values.
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Fig. 5. Layout of geophysical profiles
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1 — geophysical profile lines; 2 — VES points

According to the profile I-I section constructed,
it is evident that, up to a depth of 200 m, the appar-
ent electrical resistivity (pa) of rocks varies between
1 and 18, while the specific electrical resistivity (ps)
changes from 0.5 to 14 Ohm-m (Fig. 6).

Approximately eight layers of varying thick-
nesses, approximately 15-20 m, are traced to the
studied depth, indicating the duration of the erup-
tion. The specific electrical resistivity ps of these
layers varies between 4 and 14 Q - m.

In the section the thickness of identified layers
is almost similar and has a relatively plain bedding
and are placatively deformed. This suggests that
these layers formed during a prolonged mud volcano
eruption in a marine environment. The catalog indi-
cates that the Shikhzahirli mud volcano has erupted
24 times, excluding marine eruptions. However, the
data obtained from geophysical surveys refute this
information. In general, it is necessary to clarify
what a volcanic eruption is and can minor volcanic
activity be called an eruption?

The top of the bedrock layers was identified at a
depth of approximately 135-150 m, and their ps val-
ues range from 12 to 14 Ohm-m.

The bedrock layers are intersected by faults in
different directions.

The mud volcano vent is believed to lie within
the interval of the VES Nel—11 survey points, in the
hinge part of the anticline. The centerline of this
structure has an arcuate outline. In the area of VES
Nel13-16 survey points, eruption material (slurry)
with ps of 0.5-3.0 Ohm-m is accumulated, forming
a mushroom-shaped vent, which is typical of mud
volcanoes.

To trace the areal and depth distribution of
rocks using the averaged values of pa and ps, corre-
sponding maps were constructed (Fig. 7).

On the pa map, from north to south, rocks with
different types are observed. In the northern part of
the area, pa values change between 4.5-6.0 Ohm-m,
while in the central part of the study area, a lineage
of rocks in a northeast-southwest direction with low
pa values of 3.3-4.5 Ohm-m is observed. Finally, in
the southern part, rocks with relatively high pa val-
ues (4.5-9.0 Ohm m) are observed.

The volcanic vent area is characterised by very
low pa values, which are associated with the liquid
material of the mud volcano.

On the ps map, two distinct areas are distin-
guished based on specific electrical resistivity: a re-
latively high-resistivity area, where rock resistivity
varies between 5 and 14 Ohm-m, developed in the
northern and western parts of the area; and a low-
resistivity area, encompassing the southeastern part
of the area, where sediment resistivity varies bet-
ween 0.3 and 4.8 Ohm-m (Fig. 7).

Analysis of the given maps suggests that the
mud volcano area stands out from the rest of the area
by having low electrical resistivity, which is natural.

Based on the average values of natural mois-
ture content (W,) and moisture content of rocks
underwater (W), corresponding maps were con-
structed (Fig. 8).

The purpose of compiling these maps was to
thoroughly examine the areal and depth distributions
of the supposed natural moisture content and the
moisture content of underwater rocks.

The mud volcano area is conventionally divided
into three parts based on natural moisture content.
The northern part of the area is characterised by low
natural moisture content W, varying between 22% -
28%, both in depth and area. In the central part,
these indicators range from W, = 28% to 34% (Fig.
8). In the southern part of the study area, natural
moisture content increases significantly, reaching
50% and higher.
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Fig. 6. Sections along profile I-I1 based on VVES data: a — vertical section based on apparent electrical resistivi-
ty values of rocks; b — supposed lithological-geophysical section based on specific electrical resistivity values
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A moisture content map of the underwater rock
revealed that the mud volcano presumably has two
vents — one near VES Ne7 and the other near VES
No2, which is a new finding.

In these areas, the data suggest that the rocks
composing the geological section are in a substrate
(slurry) state.

Based on VES geophysical survey data, rock
densities were determined for the geological cross-
section of the study area. As a result, maps of the
supposed rock densities (a) and underwater rock
densities (b) were constructed.

The purpose of these maps was to more precise-
ly determine the area of the future mud volcano
crater (Fig. 9).

According to the map of the supposed rock den-
sity V. (Figure 9a), the study area is divided into
three parts from south-east to north-west.

In the south-eastern part of the area, the rock
density changes between 0.9-1.38 t/m?3, in the
middle part of the area, rock densities along the
stripe in north-east south-west direction varies in
the range of 1.4-1.78 t/m3 and finally, in the
north-western part, these indicators vary within
the range of 1.78-1.86 t/m3.

The map of underwater rock densities also iden-
tifies three areas of varying rock density in the geo-
logical section.

In the southeastern part of the study area, under-
water rocks have a specific weight of 0.89-0.96 t/m?.
In the central part of the area, a section with a low
specific weight of 0.81-0.88 t/m? is identified.

It is assumed that the area with a low specific
weight of underwater rocks is associated with both
the liquid products of the mud volcano and atmos-
pheric precipitation.

Based on the compiled map of underwater rock
density, it can be assumed that the future crater of
the mud volcano will be approximately bound by a
line with a value of 0.88 t/m3. It should be noted that
the area of the future crater, at least, cannot be
smaller than the outlined one.

Based on the average seismic acceleration, a
section with low seismic acceleration is identified in
the central part of the study area, coinciding with the
vents of the mud volcano (Fig. 10a). The lowest
seismic acceleration values are observed around
VES Ne2, 11, and 13, which may be related to the
second vent of the mud volcano.

The data obtained indicate that the mud volcano
area is highly seismically active.

Faults in various directions were identified in
the volcano crater. In other words, there is no cor-
relation between fault directions. This suggests
that these faults formed due to a mud volcano
eruption (Fig. 10 b).
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Conclusions

Key results of the geophysical survey:

— Detailed dissections of the geological section
to a depth of 200 m were conducted:;

— Supposed multidirectional faults were identi-
fied, presumably formed because of the mud volca-
no eruption;

— The mud volcano's vent is assumed to dip
northeast;

— It was established that the volcano's vent is
located in the hinge of an anticline structure;

— It is assumed that the mud volcano is most
likely has two vents;

— The main eruption is assumed to have oc-
curred in a marine environment;

— The probable thickness of the volcanic breccia
is estimated to be compatible with the depth of the
bedrock top, which ranges between 135 and 150 m;

The rocks in the geological section of this area have
been found to have relatively high moisture content;

— The density of the rocks in the geological
section varies within narrow limits.

It should be noted that the objectives of the ge-
ophysical survey were successfully achieved and can
be applied to similar problems due to the applied
fieldwork methodology.

This work was done by the support of the Oil
and Gas Institute, Ministry of Science and Education
of the Republic of Azerbaijan.
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NCCJIEJOBAHHUA METOAOM 2JIEKTPHYECKOI'O COITPOTUBJIEHUA U U3YYEHUE HPUAIIOBEPXHOCTHOM
CTPYKTYPBI I'PA3EBOI'O BYJIKAHA HIBIX3AXBIPJIA (ASEPBAUIKAH)

Kagupos ®.A.223, Canamos A.M.., Cadapos P.T.1?*, Hamxkador O.®.!, Camenyn [1.M.2, Mamenos C.I'.}, 3amanosa A.T'.12
"Munucmepcmso nayku u obpazosanus Pecnybnuxu Azepbaiioocan, Hncmumym 2eonozuu u 2eogusuxu, Azepbaiioican
AZ1073, Baxy, npocn. I J{xcasuoa, 119
2Munucmepcmeso nayku u obpasosanus Pecnybnuxu Azepbaiioncan, Mncmumym nedpmu u 2aza, Azepbatioscan
AZ1000, baky, yr. ®.Amuposa, 9
3Teonoauueckuii paxynomem, baxunckuti 2ocyoapcmeennviii ynueepcumem, Azepbatiocarn
AZ1148, 2. baky, ya. akao. 3axuda Xanunosa, 33
*Aemop, omseuaiowuil 3a nepenucky: rafigsafarov@gmail.com

Pesrome. T'psi3eBoii ByJIKaHH3M HIMPOKO PACIPOCTPAaHEH B A3epOaiikaHe, Ha CyIlie U Ha Mope HacuuThiBaeTcs Oosee 300 rps3eBbix
BYJIKQHOB. DTH BYJIKaHbI CBS3aHBI C MECTOPOXKIACHUSIMH HE(DTH ¥ Ta3a, U MHOTHE U3 HUX B HACTOSIIIEE BPeMsl aKTHBHEL ['psi3eBoi ByJIKaH
[IpIx3aXBIpIIBI PAcIoIOKEH K 3amamy-ceBepo-3anany ot baxy, B Illamaxei-I'o0ycraHckoli 001acTy U SIBIETCS OJHUM M3 aKTUBHO Jeii-
CTBYIOIIHX I'psi3eBbIX ByJIKaHOB. C 1844 roma mo 2025 roa mpou30muIo oKoio 25 CHIBHBIX H3BepkeHui. [lociennee n3Bep:keHne ByII-
KaHa pousonwio 9 saBaps 2021 roga u coctosino u3 Tpex ¢a3. CaMbpIM MPOIOIKUTEIBHBIM H3BEP)KEHUEM ObLIa TPEThsI (asa, IIUBIIAs-
cst 7 MuHyT. C LEeTbI0 OIEHKH NIPUIIOBEPXHOCTHBIX IPSI3EBBIX KaMep, a TaKkKe OTCISKUBAHMS IUTAIONIEr0 KaHala B paifoHe TPsA3eBOro
ByskaHa [1IpIX3aXbIpibl BIEpBBIE OBLTH IPOBEAEHBI TEOIEKTPHUECCKIE N3MEPEHHS, BHITOTHEHHBIE METOOM BEPTUKAIBHOTO EKTPH-
yeckoro 3oHaupoBanus (BO3). M3mepenus BO3 nokasany, uto Ha riryOuHe nepBbIX S0 M OT IIOBEPXHOCTH 3eMJIM HE OOHApYKEHO He-
ryOOKHMX KaMmep HaKoIUleHus. V3BepikeHre, BbI3BaHHOE HAKOIUICHHEM T'a3a, B IIPUIIOBEPXHOCTHOM CIIOE, TI0-BHAMMOMY, HOCHT Pa3BeTB-
JICHHBIN XapakTep: B OJJHOM MECTe BOCXOJSIINH MyTh MHUTPAIMK UMEET MOYTH BEPTUKAIBLHOE HAIpaBjeHHe, B APYTrHX — HAaKJIOHHOe. B
pe3yJbTaTe MPOBEASHHBIX HCCIeI0BaHHH OBUIO YCTAaHOBIICHO, YTO BYJIKaH, CKOpEe BCEro, NMEET JIBa XKepJia, PACIOJIOKEHHbIX B IIAPHH-
Pe aHTHKIMHAIBHOH CTPYKTYpHL. [10poIBI B TE0NIOrNIecKoM pa3pese HCCIIeLyeMoit 00IacTH XapaKkTepu3yIOTCsl OTHOCHTEIBHO BHICOKHUM
cozmeprkanueM Biaru. [Ipemmonaraemasi TONIMHA BYJIKAaHWYECKOH OpPEKYNH OIEHMBAETCS KaK COOTBETCTBYIOMIAS TITyOWHE 3ajeraHHs
BEPXHETO CJI0S1 KOPEHHBIX ITOPOJ, KoTopast koaediercst B mpezenax 135—150 M. Boiim BBISIBIEHBI Mpe/oaaraeMble CHCTEMBI Pa3IoMOB
Pa3HOTO HAINpaBIIECHNS, TPEATIOIOKUTEIBEHO 00pa30BaBIINECcs B pe3yIbTaTe H3BEPIKEHHS IPS3€BOTO BYJIKaHA.

Knrouesvie cnoea: epszesoil 8YiKaH, uzsepiceHile, 6epMUKAibHOE INEKMpUYecKoe 30H0Uposanue, cConpomusienue, 2e021eKmpu-
yeckuil paspes, Illvixzaxvipasi, paziom

ELEKTRIK MUQAVIMOTi MUSAHIDOLORI VO SIXZAHIRLI PALCIQ VULKANINDA KiCiK DORINLIKLORDO
MOVCUD OLAN STRUKTURLARIN TODQIiQi (AZORBAYCAN)

Qadirov F.9.123, Salamov 9.M.}, Safarov R.T.12*, Nacafov O.F.1, Samadli P.M.2, Mammadov S.Q.%, Zamanova A.H.%2
IAzorbaycan Respublikasimin Elm va Tahsil Nazirliyi, Geologiya va Geofizika Institutu, Azorbaycan
AZ1073, Baki, H.Cavid prosp., 119
2Azorbaycan Respublikasimin Elm va Tahsil Nazirliyi, Neft vo Qaz Institutu, Azorbaycan
AZ1000, Baki, F.Omirov kii¢., 9
3Geologiya Fakiiltasi, Baki Déviat Universiteti, Azarbaycan
AZ1148, Baki, akad. Zahid Xalilov kiig., 33
*Yazismalara masul: rafigsafarov@gmail.com

Xiilasa. Pal¢iq vulkanizmi Azarbaycanda genis yayilmigdir, quruda va donizdo 300-don ¢ox palgiq vulkant méveuddur. Bu vul-
kanlar neft vo qaz yataglar ilo slagalidir vo bir ¢oxu hazirda aktivdir. Sixzahirl pal¢iq vulkani Bakinin gorb gimal-garb hissasindo,
Samaxi-Qobustan rayonunda yerlogir vo diinyanin aktiv palgiq vulkanlarindan biridir. 1844-cii ildon 2025-ci ilo godor toxminan 25
boyiik piiskiirmo basg vermigdir. Vulkanim son piiskiirmosi 9 yanvar 2021-ci ilds bag vermis vo {i¢ fazadan ibarot olmugdur. On uzun
piiskiirmo {iglincii fazada bas vermis vo 7 dogigo davam etmisdir. Sixzahirl palgiq vulkani orazisinds ilk dofo olarag setho yaxin
pal¢iq kameralarinin qiymatlondirilmasi, eloco do gidalandirict kanalin izlonmasi magsadilo saquli elektrik zondlama tisulundan
(SEZ) ibarat geoelektrik 6lgmolori aparilmigdir. SEZ 6lgmolori yer sothindon 50 m altda, kigik dorinlikdo yigilma kameralarinin
movecud olmadigini gostormisdir. Qaz yigilmast ilo totiklonan piiskiirmo Sotho yaxin bolgoads saxslonir, bir yerds yuxariya dogru
migrasiya yolu demok olar ki, saquli istiqgamotds olsa da, digor yerlordo mailidir. Todgigatlar nsticesinds miisyysn olunmusdur ki,
vulkanin antiklinal strukturun sarnirindo yerlogson ¢ox giiman ki, iki bogaz1 movcuddur. Tadgigat sahasinin geoloji kosilisindoki
stixurlarin nisbaton yiiksok nomliliyo malik oldugu askar edilmigdir. Vulkanik brek¢iyanin ehtimal olunan qalinhigmmn 135-150 m
arasinda doyismoklo ana siixurlarin tavaninin dorinliyi ilo uygun oldugu toxmin edilir. Cox giiman ki, pal¢iq vulkaninin piiskiirmasi
naticasinda amola galmis miixtalif istigamatli qirilmalar sistemi miisyyon edilmisdir.

Acar sozlar: palgiq vulkan, piiskiirma, saquli elektrik zondlama, miigavimat, geoelektrik kasilis, Sixzahirly, quilma
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Summary. The research was conducted along the Siguntu River and Babak River in the Latup-
pa area, Palopo, South Sulawesi. This study aims to investigate the petrogenesis of granitoid rocks
and their implications for hydrothermal mineralisation processes. Methods included detailed field
observations combined with microscopic laboratory analyses, comprising petrography, minera-
graphy and X-ray fluorescence geochemistry of major rock oxides. The study area is dominated by
plutonic rocks classified as granitoids, including quartz diorite, granodiorite, and porphyry quartz
monzonite, as well as sub-volcanic rocks represented by porphyry andesite. Geochemical data from
hydrothermally altered granitoids, particularly granodiorite and porphyry quartz monzonite, indi-
cate derivation from acidic magmas with granodiorite to granite compositions. These rocks are clas-
sified as I-type granitoids with high-K calc-alkaline affinity, metaluminous to weakly peraluminous
character, and magnesian composition. The presence of three granitoid types suggests multiphase in-
trusive activity within the study area. This activity generated potassic alteration assemblages charac-
terised by secondary biotite, secondary K-feldspar, anhydrite, and magnetite; inner propylitic altera-
tion with actinolite, epidote and diaspore; and phyllic alteration composed of sericite, quartz, chlorite
and pyrite. Associated mineralisation of bornite, chalcopyrite and covellite is typical of porphyry-type
deposits. In contrast, sub-volcanic intrusions produced adularia alteration assemblages consisting of
adularia, sericite, quartz and pyrite, accompanied by sphalerite and chalcopyrite mineralisation char-
acteristic of epithermal deposits. Overall, hydrothermal alteration and mineralisation indicate an over-
printing of porphyry systems by epithermal systems formed in a syn-collisional setting evolving to-
ward crustal extension, associated with granitoid exhumation to shallow crustal levels.

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

south arm (Priadi et al., 1994; Polve et al., 1997;

The presence of mineral deposits is related to a
geological complex. One location that has geological
complexity and proven mineral deposits is Sulawesi
Island. Sulawesi with its distinctive K-shaped pat-
tern is located between the Eurasian Plate, the Indi-
an-Australian Plate, and the Pacific Plate which in-
teract and collide (Katili, 1978) (Figure 1). The im-
plications of these interactions resulted in Sulawesi
with four arms of the mega-tectonic province, in-
cluding the west-north arm which consists of volcan-
ic magmatic product rocks (Sukamto, 1975; Katili,
1978; Hall, 2002; Satyana et al., 2011). Magmatic
products in Sulawesi are partly distributed in the

Surono and Hartono, 2013). The series of magmatic
products in the form of granitoid rocks are associat-
ed with ore deposits, in the form of epithermal Au-
Cu deposits, base metal mineralisation, and Cu-Au-
Mo porphyry (Maulana et al., 2013).

The Palopo granitoid covers an area of about 30
km? and intrudes the Eocene-Oligocene age Toraja
Formation and Lamasi Complex (Bergman et al.,
1996; White et al., 2017). Historical exploration ac-
tivities have been conducted by several parties to
find mineralisation prospects in the Palopo Region
(Van Leeuwen and Peters, 2011). The research will
be undertaken in Babak River and Siguntu River as
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part of the mineral deposit exploration process to
analyse the relationship of granitoid rock petrogene-
sis to the presence of hydrothermal mineralisation in
Latuppa Area, Palopo (Figure 2).

2. Regional Geology

The Palopo granitoids are located within a belt
of calc-alkaline granitoids of the Miocene-Pliocene
age (Polvé et al., 1997). Some samples from the Pa-
lopo Granite show the presence of milonites that
developed after the crystallisation of the granite.
This is confirmed by the microstructure, e.g. brittle-
fracturing and mechanically induced grain size re-

duction of recrystallised feldspar and quartz. U-Pb
zircon ages of 6.3 Ma were obtained from deformed
granodiorite and 5.0 Ma from undeformed granodio-
rite indicating mylonitisation times between 6.3 Ma
and 5.0 Ma (White et al., 2017).

The distribution of granitoid rock types in the
form of granodiorite units in the Latuppa Area are
characterised by consisting of holocrystalline crys-
tallinity texture, faneritic granularity, euhedral-
subhedral fabric shape, and equigranular relations.
The mineral composition comprises quartz, plagio-
clase, biotite, and hornblend (Salang, 2022).
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3. Data and Method

Field data collection stages through direct sur-
veys in the field using geological mapping. Field
identification is based on the presence of traces of
hydrothermal solution activity in the form of the
presence of altered, mineralised rocks and vein
zones as well as in areas that have not undergone
alteration to see the relationship. The study loca-
tions include the Babak River and Siguntu River in
the Latuppa Area. Observation of outcrops and
rock sampling were carried out in a representative
in the research area. A total of nine samples were
collected, consisting of five samples from the Ba-
bak River (BA-01, BA-02, BA-03, BA-04, and BA-
05) and four samples from the Siguntu River (SG-
01, SG-02, SG-03, and SG-04). The characteristics
of the outcrops encountered show a massive rock
structure, so the sampling method is chip sampling
and at the outcrops with vein features, the direction
and dimensions of the vein are measured.

Microscopic analysis through petrography is
used to observe primary minerals and alteration
minerals and their characteristics through rock sam-
ples (fresh rock and alteration) in the form of thin
sections, with an incision thickness of 0.3 mm, and
observed under a polarising microscope. Microscop-
ic analysis through mineragraphy is used to deter-
mine the type of ore mineral, texture, and its rela-
tionship with other ore minerals through observation
of rock samples prepared in the form of polished
sections and observed under a refraction microscope.
Geochemical analysis through XRF (X-Ray Fluores-
cence Spectrometry) was used to determine the ma-

jor element content values (SiOz, TiO2, AlOs,
Fe,03, FeO, MnO, MgO, CaO, Na:O, KO, and
P-Os) through x-ray fluorescence emitted by atoms
in the sample when exposed to x-rays performed on
fresh rock samples.

4. Results

4.1. Lithology

Quartz diorite is found in the Babak River
which shows intrusive contact with metagranodio-
rite. The rock shows a massive and slightly foliated
structure. Petrographic analysis shows a faneritic
texture, consisting of quartz (22%), plagioclase
(30%), orthoclase (6%), biotite (8%), muscovite
(6%), hornblende (10%), pyroxene (17%), and
chlorite (1%) (Figure 4).

Granodiorite is found in the undeformed and
mostly deformed form in the Babak River (Figure 3).
There are parallel quartz veins, intersecting quartz
veins, single quartz veins, pyrite and chalcopyrite,
and diorite enclaves. Petrographic analysis shows a
faneritic texture, consisting of quartz (21-25%), pla-
gioclase (20-23%), orthoclase (10-18%), biotite (12-
15%), muscovite (8-12%), hornblende (2-5%), py-
roxene (5-8%), opaque (1-3%), titanite (1%), zircon
(1%), sericite (3-6%), epidote (1%), actinolite (1-
2%), chlorite (2%), and diaspore (1-2%) (Figure 4).
Deformation traces showing ductile deformation
observed under a microscope show characteristics of
low-grade mylonitic such as the formation of fish
texture in mica, porphyroclast from feldspar miner-
als, undulose extinction quartz texture, bulging tex-
ture, and lobate contacts.

Fig. 3. Outcrop and rock appearance of the study area a) Contact of granodiorite intrusion to quartz diorite, b) Contact of
andesite intrusion to quartz monzonite, c) Sample of granodiorite with diorite enclave, d) Sample of quartz diorite, €) Sample
of andesit and quartz monzonite, f) Sample of quartz monzonite with diorite enclave
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Fig. 4. The Petrographic appearance of rocks a) Granodiorite, b) Deformed granodiorite. Abbreviations:
Q —quartz, Cpx — Clinopyroxene, Bi — biotite, Ms — muscovite, Plg — plagioclase, Hb — hornblende, Ort —

orthoclase, Ep — epidote, Gn — garnet

The porphyry quartz monzonite encountered at
Siguntu River contains parallel quartz veins, intersect-
ing quartz veins, single quartz veins, pyrite and chal-
copyrite, and diorite enclaves (Figure 3). Petrographic
analysis shows a faneroporphyritic texture, consisting
of quartz (14-15%), plagioclase (23-25%), orthoclase
(20-22%), biotite (10-12%), muscovite (9-12%),
hornblende (2-3%), pyroxene (2-3%), opaq (1-3%),
garnet (1%), titanite (0.5%), zircon (1%), sericite (2-
8%), adularia (1%), epidote (1-2%), actinolite (1%),
diaspore (1-2%), and anhydrite (1%) (Figure 5).

Porphyry andesite is found in Siguntu River
which shows intrusive contact with porphyry quartz
monzonite rocks (Figure 3). Petrographic analysis
shows a porphyroafanitic texture, consisting of
quartz (8%), plagioclase (30%), orthoclase (6%),
biotite (9%), hornblende (10%), pyroxene (16%),
groundmass (12%), opaque (3%), sericite (2%), adu-
laria (1%), and epidote (1%) (Figure 5).

4.2. Alteration
Petrographic analysis can show changes in the
mineralogy of rock constituents, to identify chang-

es in primary minerals from magma crystallisation
to alteration minerals formed later due to reactions
with hydrothermal solutions. Lawless et al. (1997)
classify the level of alteration and the results of
petrographic observations show the level of rock
alteration with a value of 5% to 13% is included in
the weakly altered category with a standard value
of <25%. The results of petrographic analysis
(Table 1) and (Figure 6) show an overprint of alter-
ation zones between potassic-inner propylitic, phyl-
lic, and adularia. The potassic alteration type is
characterised by the presence of secondary biotite
and secondary K-feldspar minerals associated with
anhydrite minerals, while the association of actino-
lite and epidote reflects the inner propylitic altera-
tion type. The potassic and inner propylitic altera-
tion zones are overprinted with phyllic alteration
characterised by the presence of sericite and quartz,
and overprinted with adularia alteration character-
ised by the presence of adularia, quartz, and serici-
te. It is estimated that the alteration process has oc-
curred in the temperature range of 280-350°C with
three alteration episodes.

Fig. 5. The Petrographic appearance of rocks a) Porphyry quartz monzonite, b) Porphyry andesite.
Abbreviations: Q — quartz, Plg — plagioclase, Bi — biotite, Ms — muscovite, Ort — orthoclase, Hb —
hornblende, Ser — sericite, Zr — zircon, Cpx — clinopyroxene, Opq — opaque mineral, Md — groundmass

48



Sudirman et al. | ANAS Transactions, Earth Sciences 1 /2026, 45-56; DOI: 10.33677/ggianas20260100165

PPL : Plane Polarized Light, Magnification 10 X
> 3 T
i v

XPL : Crossed Polars, Magnification 10 X

XPL : Crossed Polars, Magnification 10 X XPL : Crossed Polars, Magnification 10 X

Fig. 6. The appearance of alteration minerals in the petrographic results consists of quartz veins (Q-
Vein), secondary K-feldspar (Kf sec), secondary biotite (Bi sec), sericite (Ser), anhydrite (Anh),
adularia (Ad), epidote (Ep), actinolite (Akt), and diaspore (Dsp)
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Table 1

Temperature range of formation of potassic - inner propylitic, phyllic, and adularia overprint alteration
minerals (*White, Hedenquist, 1995; *Thompson, Thompson, 1996; *Corbett, Leach 1998)

Alteration | Alteration Temperature (celcius degrees)

Type Minearls 0 100 200 300
Sec Biotite* | E—
Sec K-feldspar* I _I
Owrprint |  Quartz** : '
potasik, | Anhydrite** : :
inner : .
propilitik, | Actinolite** e :
phyllic, | Epidote** f ;
adularia Diaspore* : :
Sericite* _!— I
Adularia* : i

4.3. Mineralisation

The ore minerals found are formed under cer-
tain physiochemical conditions, so the mineralisa-
tion process has a sequence of mineral formation in
this case paragenesis. Some minerals are formed
primarily from the crystallisation of magma, some
are carried by hydrothermal solutions and precipitat-
ed during the cooling process, and some are due to
oxide-hydroxide process due to interaction with me-
teoric water-dominant conditions.

The stages of ore mineral formation can be
identified through observation of the texture of each
mineral (Table 2) and (Figure 7). It is estimated that
magnetite minerals are formed at the beginning of
mineralisation related to magmatic-hydrothermal
conditions. Under transfer conditions, hydrothermal
solutions that carry sulfides, oxides, and metal ele-
ments, then interact with magnetite, so that it will
undergo a replacement process by pyrite, arsenopy-
rite, bornite, and hematite minerals characterised by
partial replacement of the rim of magnetite. The on-
going hydrothermal transfer process results in the

replacement of pyrite and bornite by chalcopyrite
and covellite, and chalcopyrite and covellite miner-
als infilling with quartz veins and disseminated in
the rock. The same process takes place in magnetite-
hematite which is replaced by the oxide-hydroxide
mineral goethite under meteoric water dominant
conditions. The formation of sphalerite is attributed
to hydrothermal solutions brought by the intrusion
of porphyry andesite under epithermal conditions
that intruded porphyry quartz monzonite. Sphalerite
then undergoes replacement by pyrite minerals,
further pyrite minerals will undergo replacement by
chalcopyrite.

4.4 Geochemistry

Rock geochemical analysis in the form of main
oxide elements was carried out on granitoid rock types
associated with the presence of hydrothermal solution
activity results in the form of quartz veins, alteration
minerals, and ore minerals. This aims to analyse the
geochemical characteristics of granitoid rocks that car-
ry hydrothermal mineralisation (Table 3).

Table 2

Paragenesis of ore minerals in the Siguntu River and Babak River

Mineralization Stage |

Stage Il Stage Il

Magmatic-Hydrothermal

Hydrothermal Hydrothermal

Pyrite

Chalcopiryte

Covellite

Bornite

Arsenopyrite

Sphalerite

Magnetite

Hematite

Goetite
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Fig. 7. Microscopic appearance of ore mineral texture a) Replacement of magnetite by arsenopyrite, b) Replacement of magnetite by
pyrite, ¢) Replacement of magnetite by bornite and hematite, d) Replacement of pyrite by chalcopyrite, €) Replacement of bornite by
chalcopyrite and covellite, f) Infilling of chalcopyrite and covellite in quartz veins, g) Replacement of magnetite-hematite by
goethite, h) Replacement of sphalerite by pyrite and replacement of pyrite by chalcopyrite

Table 3

Major oxide content of the granitoid rock samples of the study area

Id Sample
Mayor Elements
BA-01A (wt%o) BA-04 (wt%o) SG-04 (wt%)

SiO; 65,02 64,31 67,37
Al,O3 16,43 16,71 15,92
Fe.O3 3,61 4,25 3,07
CaOo 3,96 4,63 3,02
Na,O 3,65 3,58 3,47
K20 3,61 2,83 3,93
MgO 2,57 2,42 1,81
MnO 0,05 0,07 0,04
P.Os 0,17 0,174 0,15
Cr,03 0,06 0,07 0,06
TiO, 0,48 0,53 0,42
LOI 0,39 0,43 0,74
Total 100 100 100

The major oxides in rocks can be applied in de-
termining rock characteristics such as magma type
and affinity, determining rock names, alumina varia-
tions, and rock formation environments.

The basis for classification the rocks refers to
the TAS classification according to Cox et al.
(1979), based on the ratio between silica value
(SiOy) and alkali value (Na2O + K;0). Samples BA-
01A and BA-04 are classified as granodiorite and
sample SG-04 is classified as granite (Figure 8a).

Determination of magma affinity type refers to the
classification according to Paccerillo and Taylor
(1976), with a comparison between silica (SiO,) and
alkali potassium (K-0). Based on the ratio of silica
and alkali potassium values, the three samples be-
long to the high-K calc-alkaline series (Figure 8b).
Based on the comparison of A/CNK and A/NK val-
ues according to Shand (1943), it is known that
samples BA-01A and BA-04 with A/ICNK < 1 or
A/NK > 1 are metaluminous and sample SG-04 with
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A/CNK > 1 or A/NK > 1 is peraluminous (Figure
8c). The results of the analysis of the aluminous lev-
el of rocks show a metaluminous level in granodio-
rite rocks and a weak peraluminous level in granite.
According to Frost et al., (2001) granitoid rocks with
metaluminous to weak peraluminous levels with sil-
ica content of 56-77 wt% are included in I-type
granitoids. Based on the comparison of silica and

ferro-magnesian values based on Chappel and White
(1974), the three samples belong to the magnesian
type (Figure 8d). The results of determining the tec-
tonic environment based on Batchelor and Bowden
(1985), the formation of granitoid rocks in the R1 and
R2 multication diagrams indicate a pre-plate collision
environment towards syn-collision (Figure 8e).
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Fig. 8. Results of geochemical characteristics determination a) Rock name determination, b) Magma affinity,
¢) Alumina variation, d) Ferro-magnesian, €) Tectonic environment
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5. Discussion

Based on petrological and geochemical data, the
granitoid of the study area was formed at the transi-
tion of the tectonic process from pre-plate collision
to syn-collision in the compression setting between
the West Sulawesi Microcontinent and the Sula-
Spur Microcontinent to late-collision in the exten-
sion setting due to the Banda Sea plate roll back
(Figure 9). Based on the age of the oldest granitoid
rock, the quartz diorite, which is 6.4 Ma (Zhang et
al., 2020), the granitoid magma formation process
occurred before 6.4 Ma, which is interpreted as
Middle Miocene to Late Miocene.

The initial pre-plate collision tectonic process
was associated with the subduction of the Indo-
Australian Plate beneath the West Sulawesi Micro-
continent which resulted in partial melting of the
mafic rock component and mantle component to pro-
duce mafic magma. Hildreth and Moorbath 1988;
Richards, 2003, explained that hydrous mafic magma
from the mantle wadge will be transferred to the mash
zone (melting, assimilation, storage, homogenisation)
at the base of the continental crust, followed by the rise
of magma to shallower levels to form granitoid rocks.
The mafic magma undergoes differentiation to form
plagioclase, pyroxene, magnetite, and other non-
hydrous minerals that increase the H,O content in
solution and will undergo assimilation with lower
crustal components to form more intermediate
magmas which are thought to be related to the for-
mation of quartz diorite. Geochemical analyses
comparing SiO; and other oxide content indicate
fractionated crystallisation at the beginning to form
plagioclase, hornblende, and pyroxene minerals
while K;O-containing minerals will crystallise at the
end to form orthoclase, biotite, and muscovite. Dur-
ing syn-collision, intermediate magmas undergo fur-

Rapid uplift

.
w - ¥ e

\
| Western Sulawesi
\ mirco-continent
\ -

S-type
e granitoids

Delamination

ther differentiation and assimilation with potassium-
rich crustal components such as metasediments to
produce acidic magmas that move up to the middle
crust where magmas mingling with quartz diorites to
eventually form granodiorites containing biotite and
muscovite. The syn-collision process associated with
compression forces caused some of the granodiorite
to deform in the ductile zone. Meanwhile, the late-
collision process associated with the extension force
produces asthenospheric upwelling and delamination
of the lower crust so that there is assimilation be-
tween the potassium-rich lower crustal components
and the mantle which is the source of porphyry
guartz monzonite or granite.

Hydrothermal fluid activity in the Latuppa area
occurs at mesozonal depth (Musri et al., 2011). The
rock intrusion process of the study area consists of ear-
ly intrusive forming quartz diorite, inter-intrusive form-
ing early porphyry from granodiorite, late-intrusive
forming late- mineral porphyry from porphyry quartz
monzonite, and intrusive post porphyry forming
porphyry andesite which is tectonically associated
with the process of exhumation due to crustal exten-
sion resulting in stages of hydrothermal fluid penetra-
tion and environmental changes to become shallower
resulting in alteration overprints and ore mineral
replacement (Figure 10).

The alteration process shows an overprint be-
tween potassic-phyllic-adularia, inner propylitic-
phyllic-adularia, also shown replacement of magnet-
ite ore minerals by pyrite, bornite, arsenopyrite, re-
placement of pyrite by chalcopyrite, and replace-
ment of sphalerite by pyrite followed by replacement
of pyrite by chalcopyrite. Maulana et al., (2019) es-
timated the exhumation of Granitoids related to the
Palopo Granitoids in Mamasa and Masamba at a rate
of 0.37 and 1.6 mm/year.

Palu-Koro Fault

Asthenosphere

Fig. 9. Illustration of the tectonic evolution of Miocene-Pliocene pre-plate collision, syn-collision,
and late-collision (extension) related to granitoid magma formation in the West Sulawesi Microconti-

nent (Liu et al., 2020)
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Fig. 10. Hllustration of the genetic model of alteration and mineralisation stages of the study area (lllustration

adapted from Sillitoe (2010); Musri et al. (2011))

The types of deposits formed are associated
with potassic, inner propylitic and phyllic altera-
tion and mineralisation of bornite, chalcopyrite
and covellite belonging to the porphyry deposit
type. The porphyry deposit type is associated with
magmatism of granodiorite and porphyry quartz
monzonite I-type granitoids containing high-K
calc-alkaline with metaluminous to weak peralu-
minous. The exhumation process places the granit-
oids associated with porphyry deposits into shal-
lower crustal levels which are then overprinted by
deposit types associated with adularia alteration
and sphalerite-chalcopyrite mineralisation charac-
teristic of epithermal deposit types in proximal en-
vironments associated with late magmatism in the
form of porphyry andesite subvolcanic intrusions.
Shallower conditions led to the formation of hydro-
thermal fluids from the epithermal system flowing
through the zone of alteration and porphyry mine-
ralisation. These fluids added new alteration mine-
rals and mineralisation, creating a complex combi-
nation of minerals from both systems.

6. Conclusions

From the compilation of field data and laborato-
ry analysis, it was concluded:

1. The lithology of the study area consists of
granitoid-type plutonic rocks in the form of quartz
diorite and granodiorite in Sungai Babak and granit-
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oid-type plutonic rocks in the form of porphyry
guartz monzonite and sub-volcanic rocks in the form
of porphyry andesite in Sungai Babak.

2. The geochemistry of granitoid rocks associated
with hydrothermal mineralisation in the form of grano-
diorites and granites which are I-type granitoid, high-K
calc-alkaline, metaluminous to weakly peraluminous,
formed in pre-plate collision to syn-collision, and late
collision environments associated with compression to
extension forces that produce acidic magmas from the
melting of mafic rocks that undergo differentiation and
assimilation with the lower crust.

3. The study area experienced multiphase intru-
sion associated with mineralisation in the inter-
intrusive (granodiorite) to late-intrusive (porphyry
quartz monzonite/granite) forming overprints of po-
tassic alteration, inner propylitic, phyllic, and born-
ite-chalcopyrite- covellite mineralisation belonging
to the porphyry deposit type, and post porphyry in-
trusive forming adularia alteration and sphalerite-
chalcopyrite mineralisation belonging to the epi-
thermal deposit type. The porphyry deposit type is
overprinted by epithermal deposits.
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Pe3tome. Viccnenopanue OpUI0 MpoBeneHO Baosb pek Curynry u babak B paiione Jlatymnma, ropox [amono, FOxusiii CynaBecu.
Llenpio maHHOTO HCCIENOBAHUS SIBISIETCA M3ydeHHE METPOreHe3uca TPaHUTOUIHBIX MOPOJ U MX BIMSHMS Ha MPOLECCH THAPOTEp-
MaJbHONH MHHepanu3aluu. B paboTe MCHONB30BANNCh METOBI JETAIBHBIX MOJEBBIX HAOMIOACHUN B COUETAaHHH C MHKPOCKOIMYE-
CKMMH JJaDOPaTOPHBIMU HCCIIEAOBAaHUAMH, BKIIOYAIOIIMMHU NeTporpaduueckuil 1 MUHeparpaguueckiuid aHaIM3bl, a TAKKE TeOXUMU-
YeCKHH aHaJIM3 OCHOBHBIX OKCHIOB HOpPOJ METOAOM peHTreHodyopecuenTHol crekrpockornmu (XRF). Paiion uccnenoBanmii mpe-
HUMYILIECTBEHHO CJIOKCH IUTyTOHHYECKHMH MTOPOIaMH, KIACCH(HUIPYEMbIMU KaK TPAaHUTONABI, BKJIFOUast KBapIEBHIN THOPUT, TPaHO-
JMOPHUT U TOP(QUPOBBIA KBapIEBEII MOHIIOHUT, a TaKKe CyOBYJIKaHMYECKHE HMOPOJBI, MPEACTABICHHbIE TOPGHPOBHIM aH/IC3UTOM.
I'eoxumudeckye TaHHBIE 0 TPAHUTOUIHBIM ITOPOJIaM, IOABEPTIINMCS THAPOTEPMAIBHOI IepepaboTKe, B YaCTHOCTH IO IPaHOINO-
pHUTy 1 TOPGHUPOBOMY KBApPIIEBOMY MOHIIOHHUTY, CBUAETENLCTBYIOT 00 nX 00pa30BaHMU U3 KUCIBIX MarM ¢ COCTaBOM OT TPAHOANO-
puTa 1o rpaHuTa. JJaHHbIE OPOABI OTHOCATCS K IpaHUTOMAAaM [-THNa, XapakTepu3yTCsl BBICOKOKAINEBOM KaIbIMHU-IIEIOUHON Ce-
pueii, MeTa-aTIOMUHHUEBBIM JI0 ¢1a00 MEePaTIOMIHHAEBOTO COCTABOM M MarHe3nalbHOM mpupoaoil. Hanmyme Tpex THIIOB rpaHUTOUIOB
yKa3bIBaeT Ha MHOTO(a3HyI0 HHTPY3UBHYIO AESITENHHOCTh B IIPEeNax HCCIeqyeMoil Teppuropuu. B pesynprare 310 AeaTenbHOCTH
c(hOPMHUPOBAIICH KAJIMEBBIE aCCOLMAINY THIPOTEPMAIbHOTO H3MEHEHHS, XapaKTepU3YIOIIHecss BTOPHYHBIM OHOTHTOM, BTOPUYHBIM
KaJHMEBbIM IOJIEBBIM ILIIATOM, aHTHJIPUTOM U MAarHETUTOM; BHYTPEHHSS IPONWINTOBAas acCOLUAalUsA ¢ aKTMHOJIMTOM, 3IMUI0TOM U
JIMACTIOPOM; a Takke (MIUIMTOBAsi acCOLMALV, TPECTaBICHHAasl CEPULIMTOM, KBapIeM, XJIOPUTOM U IHUPUTOM. ACCOIMHUPOBAHHAS
MHUHepaH3ays OOpHUTA, XAIBKONUPHTA M KOBEJUTMHA XapaKTepHa JJI1 MEeCTOpOKaeHHui nopduposoro tuma. B ormimume ot sroro,
CyOBYyJIKAaHUUECKHE HHTPY3UH 00YCIIOBIIIM Pa3BUTHE aly SIPHBIX H3MEHEHHBIX aCCOLMALUH, BKIIOYAOINX aXyJIsap, CEpULUT, KBapIl
U THPHT, CONIPOBOXKAAEMBIX MUHEpanu3anuei cdanepura U XalIbKOMUPHUTA, THITUIHOM IS SIUTepPMabHBIX MECTOpPOXKAeHHH. B me-
JIOM, THAPOTEPMAJIbHBIE N3MEHEHUS 1 MUHEPAIN3alusl YKa3bIBalOT HA HAIOXKEHNE SMUTePMaNbHBIX CUCTEM Ha Ooliee paHHHE TOphH-
POBBIE CHCTEMBI, CHOPMHUPOBAHHBIE B CHHKOJUIM3HOHHON TEKTOHHYIECKOH 00CTaHOBKE, KOTOpast SBOMIOIMOHUPOBAa B CTOPOHY pac-
TSDKEHHS 3eMHOM KOPBI ¥ COIIPOBOJKAIACh SKCTyManuel TPaHUTOMIHBIX OPOJ] K IPHIIOBEPXHOCTHBIM YPOBHIM KOPBIL.

Knroueswie cnosa: nempozenes, anbmepayus, MUHEPAIU3ayus, 2UOpomepmanvrolil epanumouo, p. Cueynmy, p. babak

INDONEZiYADA CONUBIi SULAVESININ PALOPO OYALOTINDO BABAK VO SIQUNTU CAYLARINDA
COXFAZALI INTRUZIiV SUXURLARIN PETROLOGIiYASI, DOYIiSDIRILMOSi VO MiNERALLASMASI
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Xiilasa. Todgigat Conubi Sulavesinin Palopo soharinin Latuppa bolgesindoki Siguntu va Babak ¢aylart boyunca aparilmigdir. Bu
todgiqatin magsadi granit siixurlarin petrogenezini vo onlarin hidrotermal minerallasma proseslarine tasirini 6yronmokdir. 9sordo
petrografik vo mineralografik analizlor, homg¢inin rentgen fliioresan spektroskopiya (XRF) tsulu ilo siixurlarin asas oksidlarinin
geokimyovi analizi daxil olmagla mikroskopik Laboratoriya tadgiqatlar: ilo birlikds strafli modon miisahidslori metodlarindan isti-
fads edilmisdir. Todqigat sahasi asason kvars diorit, granodiorit va porfir kvars monsonit va porfir andezit ilo tomsil olunan subvul-
kanik siixurlar da daxil olmaqla granitoidlor kimi tosnif edilon plutonik siixurlardan ibarastdir. Hidrotermal emaldan kegmis granitoid
stixurlari, xtisuson granodiorit vo porfir kvars monsoniti tigiin geokimyavi molumatlar, granodioritdon granito godor olan torkibi olan
tursu magmalardan omalo galdiyini gostorir. Bu siixurlar | tip granitoidlors aiddir, yiiksok kalium kalsium-gslovi seriyasi, meta-
alliminiumdan bir qodor peralumin torkibine vo magneziya tobistine malikdir. Ug nov granitoidin olmasi tadgiq olunan orazids gox
fazali miidaxils faaliyyatini gostorir. Bu foaliyyat naticasinds ikincil biotit, ikincil kalium feldispat, anhidrit vo magnetit ilo xarakter-
izo olunan hidrotermal doyisikliyin kalium birlogsmalori meydana goldi; aktinolit, epidot vo Diasporla daxili propilit slagssi; serisit,
kvars, xlorit vo pirit ilo tomsil olunan fillit Darnayi. Bornit, xalkopirit vo kovellinin slageli minerallagmasi porfir tipli yataqlar tigiin
xarakterikdir. Bunun oksino olaraq, subvulkanik miidaxilolor epitermal yataglara xas olan sfalerit vo xalkopiritin minerallagmas ilo
miisayiot olunan adulyar, serisit, kvars va pirit daxil olmagla adulyar doyisdirilmis birlosmelarin inkisafina sobob oldu. Umumiyyatlo,
hidrotermal doyisikliklor vo minerallasma, yer gabiginin uzanmasina dogru inkisaf etmis vo qranitoid siixurlarin gabigin soths yaxin
soviyyalorina eksqumasiyasi ilo miisayiot olunan sinkollizasiya tektonik soraitdo omalo golon ovvalki porfir sistemlorinds epitermal
sistemlorin tist-iisto diigmosini gostarir.

Agar sézlar: petrogenez, alterasiya, minerallasma, hidrotermal granitoid, River Siquntu, River Babak
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MAGMATIC-HYDROTHERMAL EVOLUTION AND ORE POTENTIAL OF THE
BEKTAKARI-BNELIKHEVI KNOT, BOLNISI ORE DISTRICT, LESSER CAUCASUS
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Summary. This study investigates the petrological, geochemical, and geodynamic characteris-
tics of intrusive and sub volcanic rocks within the Bektakari—-Bnelikhevi ore knot, situated in the
southern segment of the Lesser Caucasus. The research integrates detailed mineragraphic observa-
tions with whole-rock geochemical data obtained from 17 samples collected from eight drill cores.
Major and trace element compositions were determined using X-ray fluorescence (XRF) spectrom-
etry, providing a robust dataset for evaluating magma evolution and hydrothermal alteration pro-
cesses. Petrographic examination reveals significant variability in mineral assemblages, textures,
and alteration patterns, reflecting complex magmatic differentiation and subsequent hydrothermal
overprinting. The intrusive rocks display systematic compositional trends consistent with a calc-
alkaline magmatic series generated in a subduction-related tectonic environment and influenced by
mantle-derived melts interacting with crustal components. Geochemical discrimination diagrams
show pronounced enrichment in large-ion lithophile elements (LILE) together with depletion in
high-field-strength elements (HFSE), supporting formation in a convergent margin setting associ-
ated with arc magmatism. Mineragraphic observations of sulfide assemblages, including pyrite,
chalcopyrite, sphalerite, and galena, indicate multiple stages of hydrothermal mineralisation linked
to evolving magmatic fluids and structural pathways for fluid migration. These features collective-
ly suggest the presence of a long-lived magmatic-hydrothermal system capable of generating
metal-enriched fluids and favourable conditions for ore deposition. The results highlight the metal-
logenic significance of the Bektakari—Bnelikhevi ore knot and contribute to a broader understand-
ing of arc-related mineralisation processes within the Lesser Caucasus sector of the Tethyan metal-
logenic belt.

Keywords: hydrothermal
alteration, geochemistry,
mineralisation, magmatism
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Introduction intruded by Cenomanian—Turonian dioritic and quartz

The Bektakari-Bnelikhevi region, located in the
Lesser Caucasus of southern Georgia, occupies a
structurally complex segment of the Arabia-Eurasia
convergence zone, shaped by long-lived subduction,
back-arc extension, and subsequent collisional
events (Adamia et al., 2010). This tectonic setting
has played a critical role in magma generation, em-
placement, and associated hydrothermal activity,
thereby creating favorable conditions for ore-
forming systems in arc-related plutonic complexes.

The regional geology is defined by a thick Upper
Cretaceous volcano-sedimentary sequence, compri-
sing Campanian and Senonian carbonate-terrigenous
units (Gasandami and Mashavera suites), which are

dioritic plutonic bodies (k1, k2 units). These plutons
are spatially and genetically associated with rhy-
odacitic and basaltic subvolcanic rocks (K2 units),
emplaced along major fault systems and structurally
prepared conduits. The intrusive and subvolcanic
rocks are characterised by widespread hydrothermal
alteration zones, often accompanied by disseminated
and vein-hosted sulfide mineralisation. These features
suggest prolonged magmatic-hydrothermal evolution
in a tectonically permeable upper crust.

The geological map of the Bektakari-Bnelikhevi
region (Fig.1) highlights the spatial association be-
tween dioritic intrusions, subvolcanic rocks, and
mapped mineralised zones. Notably, alteration halos
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and drillholes concentrate near intrusive contacts
and along fault-controlled zones, indicating the in-
fluence of syn- and post-magmatic structural con-
trols on fluid migration and metal deposition. Recent
remote sensing-based studies further emphasise the
role of structural lineaments and alteration patterns
in delineating prospective zones within the Bekta-
kari-Bnelikhevi ore knot (Mindiashvili et al.,
2024a). This structural magmatic interplay is typical
of subduction-related metallogenic belts worldwide
(Richards, 2003; Sillitoe, 2010), where magmatic
arcs interact with deep-seated trans-crustal faults to
localise ore systems.

Despite clear mineral potential of the region, re-
cent studies have demonstrated the value of integrating
geochemical datasets with advanced analytical ap-
proaches, including machine learning, to better con-
strain hydrothermal system architecture and ore-
forming processes within the Bektakari-Bnelikhevi ore
knot and the Bolnisi ore district (Mindiashvili et al.,
2024b). Nevertheless, the petrological and metalloge-
nic framework of the Bektakari-Bnelikhevi intrusive
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system remains undercharacterised. Accordingly, the
objective of this study is to investigate the petrogenesis
of the intrusive and subvolcanic rocks using minera-
graphic and geochemical data, to reconstruct their for-
mation conditions, and to assess the geodynamic and
metallogenic processes that influenced ore localisation.
By linking the mineralogical and geochemical features
to the regional tectonic context, this research contrib-
utes to a broader understanding of arc-related ore-
forming systems in the Lesser Caucasus and adjacent
segments of the Tethyan metallogenic belt.

Method of study

This study integrates mineralographic and geo-
chemical analyses to investigate the petrogenesis
and metallogenic potential of intrusive and sub-
volcanic rocks in the Bektakari—Bnelikhevi ore knot.
17 representative rock samples were collected from
8 drill cores targeting geologically distinct intrusive
bodies and hydrothermally altered zones. Sampling
was based on lithological variation, visible minerali-
sation, and stratigraphic position.
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Fig. 1. Geological map of the Bektakari—Bnelikhevi region (modified after Adamia et al., 2020), showing Upper Cretaceous volcano-
sedimentary units, intrusive complexes, and mapped fault systems. The spatial distribution of units highlights tectonomagmatic con-

trols on ore-forming processes
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Mineralographic investigations were conducted
on polished thin sections using reflected light micros-
copy. The objective was to identify ore minerals, de-
scribe their textural associations, and interpret the
paragenesis of the mineralising system. Particular
focus was placed on the morphology, mutual relation-
ships, and replacement textures of pyrite, chalcopy-
rite, sphalerite, galena, and associated quartz miner-
als. These observations followed standard practices
outlined by Craig and Vaughan (1994) and were sup-
plemented with high-resolution photomicrography.

Geochemical analyses were carried out using X-ray
fluorescence (XRF) spectrometry to determine the con-
centrations of major and trace elements. Sample prepa-
ration followed conventional protocols, including crush-
ing, pulverizing, and pelletizing. The obtained elemental
data were used for petrological classification, magmatic
trend analysis, and tectonomagmatic interpretation.

Interpretation of the geochemical data employed
a range of classification and discrimination diagrams.
The Total Alkali-Silica (TAS) diagrams proposed by
Cox et al. (1979) and refined by Middlemost (1994)
were applied for basic rock classification. Additional
classification followed the Enrique and Esteve (2019)
scheme on plutonic rocks, which integrates alkali-
lime index, silica saturation, and aluminium satura-
tion indicators. Chemical variation was further ex-
plored using the R1-R2 diagram of De la Roche et al.
(1980), and magmatic affinity was assessed with the
AFM ternary plot after Irvine and Baragar (1971).

To evaluate the alumina saturation state, the Alumi-
na Saturation Index (ASI) was calculated following the
method outlined by Maniar and Piccoli (1989). Tectonic
setting discrimination was based on the Ti—V (Shervais,
1982), Ti—Zr (Pearce and Cann, 1973), and Ti-—Zr-Sr dia-

Fig. 2. Reflected light photomicrographs of representative ore textures. (A) Intergrowth of sphalerite (sp), galena (gn), and pyrite (py) with
minor quartz (gz) and epidote (ep) in a sulfide-rich veinlet. (B) Chalcopyrite (cp) surrounded by fine-grained disseminated pyrite and sphal-
erite; quartz is present along vein boundaries. (C) Zoned sulfide texture with chalcopyrite (cp) and pyrite (py) embedded in sphalerite (sp)
matrix; quartz vein (qz) crosscutting sulfides. (D) Large chalcopyrite grains with disseminated pyrite and sphalerite in a vein-parallel setting.
(E) Pyrite overgrowth on earlier chalcopyrite cores, forming reaction rims within a sphalerite-rich matrix. (F) Disseminated pyrite within a
sphalerite-galena-chalcopyrite assemblage, associated with quartz veins (qv); evidence of replacement and co-precipitation

grams. Trace element behavior and geochemical signa-
tures were visualised using multi-element spider diagrams
normalised to primitive mantle values (Sun and
McDonough, 1989; Taylor and McLennan, 1985).

Data visualisation and statistical processing
were performed using GCDkit (JanouSek et al.,
2006) and IgPet software. All geochemical interpre-
tations were conducted by established international
standards for igneous petrology and ore geology.

Results

The petrochemical and mineragraphical compo-
sition of the intrusive rocks from the Bektakari—
Bnelikhevi ore knot reflects a coherent magmatic and
hydrothermal evolution shaped by a convergent tectonic
regime. The data reveal compositional convergence
around intermediate to post-mafic magmas, evolving
through subduction-modified petrogenetic processes and
culminating in structurally controlled ore formation.

The polished section observations demonstrate
diverse sulfide assemblages reflecting successive
mineralisation pulses (Fig. 2).

Pyrite is ubiquitously present as both early and
late-stage phases, forming euhedral crystals as well as
anhedral overgrowths and fine-grained dissemination.
Its associations with chalcopyrite, sphalerite, galena,
and quartz vary in space and texture across sampled
intervals. In several specimens, sphalerite appears to be
partially replaced by chalcopyrite, implying an evol-
ving sulfur and metal activity within the ore fluids. In-
tergrowth textures between chalcopyrite and galena,
and their inclusion in quartz vein fragments, suggest
cyclic fluid influxes and overprinting episodes, com-
monly seen in arc-related polymetallic systems
(Hedenquist and Lowenstern, 1994; Sillitoe, 2010).

ey, Y
>-~ o, oo
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Geochemical classification reveals a composi-
tional spread dominantly within syenodioritic to
quartz-dioritic fields, with additional representation
of gabbroic varieties. This is evident in the TAS and
R1-R2 classification schemes, which underscore a
calc-alkaline lineage (Fig. 3).

The AFM ternary diagram (Fig. 4) further de-
lineates a dual trend toward both tholeiitic and
calc-alkaline magmatism, implying the influence of
varying degrees of mantle melting and potential
crustal assimilation during magmatic ascent. The
consistency of metaluminous to weakly peralumi-
nous signatures across the studied samples ob-
served through alumina saturation indices corre-
sponds with typical subduction-related intrusives.
Such values point to source magmas derived from
an enriched lithosphe-ric mantle wedge, occasio-
nally modified by recycled crustal inputs (Maniar
and Piccoli, 1989; Barbarin, 1999).

The trace element distribution patterns show
significant deviation from mid-ocean ridge or with-

TAS Plutonic (Cox et al. 1979 adapted by Wilson 1989)

\ /
\ Grante/
ouamu:auh\ ’
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Piutonic Rock Classification (Enfique and Esteve, 2019)
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in-plate settings (Fig. 5). HFSE depletions (notably
Nb, Ta, Ti) coupled with LILE enrichments (Cs,
Rb, Ba) form a geochemical fingerprint characteris-
tic of arc magmas, where slab-derived fluids con-
tribute incompatible elements to the mantle source
(Sun, McDonough, 1989).

The clear negative Nb—Ta anomalies support the
hypothesis of a subducting slab's involvement, con-
sistent with models of fluid-mobile element
transport during subduction metasomatism (Pearce
and Peate, 1995). This interpretation is reinforced by
tectonomagmatic discrimination diagrams (Fig. 6)
Ti-V, Ti-Zr, and Ti—Zr-Sr plots consistently posi-
tion the samples within fields associated with island
arc tholeiites and calc-alkaline basalts. The concen-
tration of data in these fields underscores a magmat-
ic origin rooted in arc-related tectonics, consistent
with the geodynamic evolution of the Lesser Cauca-
sus region during the Late Cretaceous (Adamia et
al., 2010).

TAS Plutonic (Middiemost 1994) ® Bektakari

® Bnelikhevi

Tawes Lt ) taits

Fig. 3. Geochemical classification diagrams of intrusive rocks from the Bektakari—Bnelikhevi region. (Top left) Total Alkali-Silica
(TAS) diagram after Cox et al. (1979) as modified by Wilson (1989), showing that most samples plot in the syeno-diorite to quartz
diorite fields, consistent with intermediate plutonic compositions. (Top right) TAS classification scheme from Middlemost (1994),
confirming the calc-alkaline nature of the samples and their distribution across quartz diorite, monzodiorite, and gabbro fields. (Bot-
tom left) multi-parameter plutonic rock classification diagram integrating CaO-Na.0O-K:O ratios and silica content, indicating a
dominant cluster in the metaluminous, arc-related field. (Bottom right) R1-R2 classification diagram after De la Roche et al. (1980),
further constraining the samples within the monzonitic to dioritic compositional range
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Alumina Saturation in Igneous Rocks
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Fig. 4. Geochemical indicators of magmatic affinity and alumina saturation in intrusive rocks from the Bektakari—Bnelikhevi region.
(Left) Alumina Saturation Index (ASI) diagram after Maniar and Piccoli (1989), plotting molar Al203/(Na20 + K20 + CaO) versus
CaO/(Naz0 + K20 + Ca0), shows that the samples are predominantly metaluminous to weakly peraluminous, with minor peralkaline
signatures. These characteristics are typical of arc-related calc-alkaline intrusions and suggest magma generation from a hydrated
mantle wedge, variably influenced by crustal assimilation. (Right) AFM (FeO*-MgO—(Naz20 + K20)) ternary diagram modified after
Irvine and Baragar (1971), indicating dual magmatic trends spanning both tholeiitic and calc-alkaline fields. This suggests varying
degrees of partial melting and magmatic differentiation, consistent with subduction-modified arc environments.
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Fig. 5. Primitive mantle-normalised multi-element spider diagram of representative intrusive samples from the Bektakari—Bnelikhevi
ore knot, showing trace element patterns for Bektakari (red dashed lines) and Bnelikhevi (blue dashed lines). Normalisation values

are after Taylor and McLennan (1985)

The integration of mineralogical textural rela-
tionships and geochemical data suggests that miner-
alisation was genetically linked to the magmatic
evolution of the host intrusions. The observed re-
placement textures and sulfide zoning are indicative
of dynamic ore-forming processes driven by volatile
exsolution and fluid phase separation from crystal-
lising melts. These processes are typical of
porphyry-style systems where magmatic fluids as-

cend and precipitate metals in structurally favorable
zones (Richards, 2003). Notably, the temporal over-
lap between intrusive emplacement and ore mineral
precipitation supports a synchronous magmatic-
hydrothermal system. The presence of high-
temperature minerals (pyrite, chalcopyrite) alongside
secondary alteration products implies a downward
temperature gradient, compatible with late-stage flu-
id evolution in an open hydrothermal system.
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Fig. 6. Tectonic discrimination diagrams on intrusive and subvolcanic rocks from the Bektakari—Bnelikhevi region. (Top right) Ti vs Zr plot (Pearce
and Cann, 1973) shows that most samples plot within the calc-alkaline basalt (CAB) and island arc tholeiite (IAT) fields, suggesting derivation from a
subduction-modified mantle source typical of volcanic arc settings. (Top left) Ti vs V diagram (Shervais, 1982) further supports an island arc basalt
affinity with most samples falling within the IAB field and exhibiting low Ti/V ratios, characteristic of fluid-fluxed mantle wedge magmatism. (Bot-
tom right) Ti-Zr-Sr ternary plot (Pearce and Cann, 1973) demonstrates compositional clustering within the arc-related fields (CAB, IAT), reinforcing
a tectonomagmatic environment influenced by subduction zone dynamics. These results collectively indicate that the Bektakari and Bnelikhevi mag-

matic systems are products of arc-related geodynamic processes

Discussion

The integrated mineralographic and geochemi-
cal data from the Bektakari—Bnelikhevi intrusive
complex provide a coherent framework to under-
stand the magmatic evolution, tectonic setting, and
metallogenic significance of this ore-bearing system.
The magmatism of the region reflects hallmark char-
acteristics of subduction-related processes with im-
plications for the broader metallogenic architecture
of the Lesser Caucasus, a segment of the Tethyan
Metallogenic Belt.

The compositional and tectonomagmatic char-
acteristics of the studied rocks point toward a calc-
alkaline suite formed in a convergent margin setting.
This is evidenced by systematic enrichment in large
ion lithophile elements (LILE: Rb, Ba, K, Th) and
depletion in high field-strength elements (HFSE: Nb,
Ta, Ti), which are geochemical hallmarks of arc
magmatism (Sun and McDonough, 1989). The nega-
tive anomalies in Nb-Ta and Ti, paired with high
Th/U ratios, are indicative of slab-derived fluids in-
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fluencing the mantle wedge, resulting in the genera-
tion of hydrous, oxidised, and metal-fertile melts
(Macpherson et al., 2006).

The AFM and R1-R2 trends, showing coexist-
ence of tholeiitic and calc-alkaline characteristics,
reflect a magmatic evolution pathway driven by vary-
ing degrees of partial melting, fractional crystallisa-
tion, and possible magma mixing. Such duality is typ-
ical in arc-front to back-arc transitions, where both
fertile mantle sources and crustal assimilation exert
control on magma chemistry (Dilek and Altunkaynak,
2009). The metaluminous to weakly peraluminous
nature of the intrusive bodies, as suggested by the
ASI plot, also aligns with arc-type granitoid series
(Barbarin, 1999).

The mineral associations observed, primarily pyrite,
chalcopyrite, sphalerite, and galena, display clear evi-
dence of multiple hydrothermal pulses. Textural features
such as replacement rims, intergrowths, and fine-grained
dissemination indicate dynamic redox conditions during
mineral deposition. These textures are consistent with
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ore-forming systems where metal precipitation occurs
via sulfidation, boiling, and fluid mixing (Hedenquist
and Lowenstern, 1994; Sillitoe, 2010).

Moreover, the close spatial and temporal relation-
ship between the intrusive host rocks and mineralisa-
tion, as evidenced by replacement textures and ore dis-
tribution, suggests a genetic link to synmagmatic fluid
release. This model aligns with globally recognised
porphyry and epithermal systems, where metal
transport and deposition are primarily driven by mag-
matic-hydrothermal fluids exsolved during magma
crystallisation (Richards, 2003). The observed mine-
ralogical zoning, from chalcopyrite-rich to sphalerite-
and galena-dominated zones, likely reflects cooling
gradients and progressive fluid-rock interaction.

The geochemical and mineralogical characteris-
tics of the Bektakari—Bnelikhevi system are in strong
agreement with other ore-bearing magmatic com-
plexes within the Lesser Caucasus and East Anatoli-
an Accretionary Complex. This region has been
shaped by the long-lived subduction of the Neo-
tethyan oceanic lithosphere and subsequent colli-
sional events during the Late Cretaceous to Cenozo-
ic (Adamia et al., 2010). Similar geodynamic pro-
cesses are known to control porphyry and epithermal
Cu-Au-Mo mineralisation throughout the Tethyan
Belt, including in the Zangezur (Armenia), Copler
(Turkey), and Bor-Madjanpek (Serbia) districts
(Jankovi¢, 1997).

The tectonic discrimination diagrams (Ti-V,
Ti—Zr-Sr) firmly place the Bektakari-Bnelikhevi
rocks within the arc-related field, further supporting
the regional-scale subduction imprint. The metallo-
genic evolution of this region thus reflects a classic
model of arc magmatism, fluid-melt separation, and
ore formation in an active continental margin, with
Bektakari—Bnelikhevi representing a prospective
segment within this system.

The identified mineral assemblages, fluid evolu-
tion textures, and magmatic geochemistry point to a
metallogenically fertile magmatic system capable of
concentrating Cu—Pb-Zn—-Au metals. Given the com-
positional similarity to arc-related porphyry systems
and the presence of ore-controlling structures, the
Bektakari—Bnelikhevi zone holds significant potential
for porphyry and epithermal-style mineralisation.

The identification of calc-alkaline, hydrous,
and oxidised intrusions favorable for metal trans-
port and precipitation supports exploration models
that prioritise intrusive centers associated with
LILE-enriched, HFSE-depleted geochemical sigha-
tures. Furthermore, the vertical mineralogical zon-
ing observed suggests differences in mineralisation
processes, where early magmatic-hydrothermal
mineralisation is overprinted by lower-temperature,
fluid-dominated alteration phases.

Conclusion

The Bektakari-Bnelikhevi intrusive system emer-
ges from this study not simply as a site of mineral ac-
cumulation but as a complex and evolving geochemi-
cal environment, where magmatic and hydrothermal
processes are intricately interwoven with the structural
architecture of the upper crust. The system reveals in-
ternal coherence in its magmatic chemistry and exter-
nal variability in its ore mineralogy, suggesting that
metal deposition was governed less by single-event
fluid pulses and more by protracted geodynamic condi-
tions that preserved thermal and compositional gradi-
ents over time. This complexity does not imply chaos,
but rather a subtle equilibrium between melt evolution,
volatile segregation, and permeability structure, each
contributing to metallogenic expression of the system.

While the available data shed light on the spatial
and compositional patterns of the intrusive bodies and
their associated mineralisation, they also underscore
the limitations of a solely petrochemical and minera-
lographic perspective. The absence of temporal con-
straints inhibits a precise reconstruction of the mine-
ralisation chronology. Moreover, the lack of direct
fluid composition data leaves opens the question of
the origin, temperature, and redox state of the hydro-
thermal solutions responsible for metal transport and
deposition. These unresolved dimensions prevent full
integration of the Bektakari—-Bnelikhevi system into
regional metallogenic models, particularly those con-
cerning the diachronic evolution of arc-related por-
phyry systems in the Lesser Caucasus. To address
these gaps, future investigations should move beyond
static observations and embrace temporally and
chemically resolved methods. Isotopic analyses of
rocks and minerals would clarify the sources of mag-
mas and fluids, while micro thermometric and stable
isotope techniques could refine the conditions of ore
precipitation. Establishing the timing of intrusive
phases and mineralisation events would critically
strengthen genetic interpretations and may even re-
veal episodic metal enrichment related to tectonic
pulses. Additionally, integrating geophysical models
with structural mapping and drill core analysis could
illuminate the deeper architecture of the magmatic
plumbing system, enhancing our understanding of
how fluids migrated, pooled, and mineralised.
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MAIMATOI'EHHO-THAPOTEPMAJILHASI 9BOJIIOLMA U PY‘CZ[HI)[’I‘/‘I HOTEHIUAJI KOMILIEKCA
BEKTAKAPU-BHEJIMXEBH, BOJTHUCCKHU PYJAHBIU PAUOH, MAJIBIU KABKA3

Munauamsuiau 2%, Bayamsuan J1.2, Jlunaprus T.2, Mo6uaze I'.2, Makaaze M.,
Nxadapunze H.2, Benampuwin K.2, Xenypuann I'.2, Biayamsnim B.2
Tounuccruii 2ocyoapcmeennwiii ynusepcumem umenu Meane Joicasaxuweun, I pysus
0179, Tounucu, npocn. Mauu Yasuasaosze, 1
2[pysunckutl mexnuveckuii ynusepcumem, I pysus
0175, Tounucu, yn. Kocmasa, 77
*Aemop, omeeuarowuii 3a nepenucky: giorgim1994@gmail.com

Pe3ztome. B nannoi paboTe paccMaTpHBAIOTCS ETPOIOTHUECKUE, TEOXHUMHUYECKHE U Te0JHHAMUIECKIEe OCOOCHHOCTH HHTPY3HB-
HBIX U CyOBYJKaHHYECKHX HOPOJA PYAHOTO y3na bekrakapu—bHennxeBu, pacmonokeHHOTo B 10XHOM yactu Manoro Kaskaza. Hc-
ClleI0OBaHKMEe OCHOBAHO HA [IEeTAIbHOM MHUHeparpaduueckoM aHanuse 17 oOpa3oB rOPHBIX IOPO, OTOOpaHHBIX U3 8 OYpOBBIX CKBa-
KHH, a TaKKe Ha JAHHBIX BAJIOBOTO XMMHMYECKOTO COCTaBa, MOMYYEHHBIX METOAOM PEHTT€HO(IIyOPECIEHTHON CIEKTPOMETPUH
(XRF). KommiekcHoe HuCmoib30BaHne MUHeparpaguieckux HaOIIOICHUH 1 Te€OXUMHUYECKHX JAHHBIX ITO3BOJIUIO BBISIBUTH OCOOCH-
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HOCTH MarMaTH4ecKOH SBOJIOIMH MHTPY3UBHBIX TEN M CBS3aHHBIX C HHUMH IPOIECCOB THAPOTEpMaIbHON MuHepanu3anud. VHTpy-
3WBHBIE IIOPOJBI XapaKTepH3YIOTCS 3HAUUTENBHBIM TEKCTYpHO-KOMIIO3HMIIMOHHBIM pa3HooOpa3ueM H (OopMHUPYIOT KaJbIHeBO-
MIENOYHYI0 MarMaTU4ecKyl0 CEpPHIO, CBSI3aHHYIO C CyOMyKIMOHHO-MOAU(DUIIMPOBAHHBIM MAHTUIHBIM HUCTOYHHUKOM U B3aUMOJCH-
CTBHEM MAaHTHUIMHBIX PacIUlaBOB C KOHTHHEHTAIbHON KOpoH. I'eoxmMuueckue AUCKPHMHHAIMOHHBIE THAarpaMMbl AEMOHCTPUPYIOT
oboraimeHre KpynmHOMOHHBIMU JHTOQUIbHEIMU 31eMeHTaM (LILE) m obennenue Bricoko3apsaHbiMu sneMeHTamu (HFSE), uto
XapaKTepHO A1 MarMaTHYECKUX CHCTEM, (GOPMHUPYIOIIMXCS B YCIOBHAX KOHBEPIeHTHBIX OKPAaHH U OCTPOBHBIX Iyr. MHUHepanoruye-
CKH€ W TEeKCTYpPHBIC 0COOEHHOCTH CyIb()HUAHON MHUHEpaIH3aliy, IPEICTaBIeHHON MUPUTOM, XaIBKOIMPUTOM, ChalepuToM M raje-
HUTOM, CBHIETEIHCTBYIOT O MHOTOCTaJUHHOM TMAPOTEpMaIbHONH aKTUBHOCTH, TECHO CBSI3aHHOW C IPOIECCaMH KPUCTaJUTH3AIIH
Marmbl U MOCIeqyIomeHd IUPKYyIsnueld pyIOHOCHBIX (IonmoB. YCTaHOBIEHHBIE TEKCTYPHI 3aMENICHHs] ¥ 30HAJIBHOCTH MUHEPAJIOB
OTpaXKalOT AMHAMIYECKUE N3MEHEHHS (DH3UKO-XUMHIECKHX ITapaMeTpoB PyAOOTIOKeHN. [1oirydeHHbIe pe3ysIbTaThl TOATBEP)KIAI0T
CYIIECTBOBAHUE JUIUTENHHO (YHKIHMOHUPOBABIIEH MarMaro-TUAPOTEPMATbHON CHCTEMbI, KOHTPOIUPYEMOH CTPYKTYPHBIMU U Tep-
MudeckuMHu (aktopamu. Pynusiil y3en bekrakapu—bHennxeBu paccMaTpuBaeTCsl Kak MEPCHEKTUBHBINA y4acTOK B Mpenesax TETHC-
CKOTO METAJNIOT€HUYECKOTO0 10sca U B KOHTEKCTE AYrOBBIX pynoobpasyronmx cucreM Masoro KaBkasa, 4To moguepKHBaeT ero Me-
TAJVIOTEHUUYECKUH TOTEHINAT U 3HaYeHHe TS JaNbHEHIINX Te0Ioropa3BeJOYHBIX HCCIIEJOBAaHUMH.
Knrouesvie cnosa: 2uopomepmanvHoe usmeHeHue, 2e0XUMUSA, MUHEPATUIAYUS, MASMAMUIM

BEKTAKARI-BNELIHEVi KOMPLEKSININ MAQMATOGEN-HIDROTERMAL TOKAMULU VO
FiLiZ POTENSIALI, BOLNIiSi FiLiZ RAYONU, KiCiK QAFQAZ

Mindiasvili G.'*, Bluasvili D.2, Lipartiya T.2, fobidze G.2, Makadze M.},
Cofaridze N.2, Benasvili K.?, Xetsuriani G.2, Bluagvili V.2
Yvane Cavaxigvili adina Thilisi Dovlat Universiteti, Giirciistan
0179, Thilisi, ]Ziya Cavgavadze prospekti, 1
2Giirciistan Texniki Universiteti, Giirciistan
0175, Thilisi, Kostava kiic., 77
*Yazismalara masul: giorgim1994@gmail.com

Xiilasa. Togdim olunan mogalods Kigik Qafqazin conub hissasinda yerlogon Bektakari-Bnelihevi filiz dilyiiniiniin intruziv vo
subvulkanik siixurlarinin petroloji, geokimyovi vo geodinamik xiisusiyyatlori aragdirilmigdir. Todqiqat 8 gazma quyusundan gotiiriil-
miis 17 stixur niimunasinin mineralografik tshlili va rentgen-fliioresans spektrometriyasi (XRF) vasitasilo alds edilmis imumi kimyo-
Vi molumatlarina ssaslanir. Mineraloqgrafik miigsahidolor vo geokimyovi analizlorin birgs totbiqi intruziv siixurlarin maqmatik tokamiil
xiisusiyyatlorini vo onlarla olageli hidrotermal minerallasma proseslorini daha dogiq miisyyon etmoys imkan vermisdir. Intruziv
stixurlar tekstur vo torkib baximindan miixtolifliyi etdirir vo subduksiya ilo modifikasiya olunmug mantiya manbayi ilo slagali
kalsium-goalovi maqmatik sira omolo gotirir. Geokimyovi diskriminasiya diaqramlart iri ionlu litofil elementlorin (LILE) zonginlos-
masini vo yiiksok yiiklii saho giiclii elementlorin (HFSE) azalmasini niimayis etdirir ki, bu da konvergent konar vo qovs tipli
magmatik miihit tigiin sociyysvidir. Pirit, xalkopirit, sfalerit vo galenitdon ibarot sulfid minerallasmasinin tekstur vo paragenetik
xususiyyatlori ¢oxmarholsli hidrotermal faaliyyotin mévcudlugunu gostorir vo magmatik tokamiillo six baghidir. Ovozlonms tekstu-
ralar1 vo mineral zonallig1 filizomoalogalma proseslorinin fiziki-kimyovi soraitinin zamanla doyisdiyini gostorir. Almmis naticolor
uzunmiiddatli foaliyyst gdstormis magmatik-hidrotermal sistemin mévcudlugunu va onun struktur, tektonik va istilik amillori ila
idaro olundugunu tosdigloyir. Bektakari—Bnelihevi filiz diyiinii Tethys metallogenik qursagi vo Kigik Qafqazin qovs tipli filiz
sistemlori gorgivasindo perspektivli saho kimi giymotlondirilir vo regionun metallogenik potensialinin &yronilmosi baximindan
mithiim ohomiyyat kasb edir.

Agar sézlar: hidrotermal dayisiklik, geokimya, minerallagma, magmatizm
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Summary. One of the principal indicators characterising the intensity of extraction and utilisa-
tion of chemical elements is technophilicity, defined as the ratio between the annual extraction or
production of an element (tons per year) and its Clarke concentration in the lithosphere. Numerous
chemically analogous elements, despite substantial differences in both Clarke values and produc-
tion volumes, demonstrate similar or comparable degrees of technophilicity. Technophilicity is a
highly dynamic parameter that evolves in response to anthropogenic activity. For example, the con-
tinuous increase in oil and gas extraction has contributed to the progressive growth of carbon tech-
nophilicity. Likewise, the large-scale production of phosphate fertilizers, dolomite, and magnesite
has led to a marked increase in the technophilicity of phosphorus and magnesium. The present
study involved comprehensive multi-aspect investigations aimed at assessing the distribution pat-
terns of heavy metals across different environmental media. The Absheron Peninsula was selected
as the study area, and numerous samples were collected from various oil-contaminated sites
throughout the region. The results obtained from the field investigations and subsequent laboratory
analyses revealed the accumulation of a wide spectrum of heavy metals in the soils, including Pb,
As, Cr, Cu, Zn, Se, Al, Fe, and Mn. Significant correlations identified between soil pH, organic
matter content, and the exchangeable and reducible fractions of most heavy metals indicate that the
migration behaviour and mobility patterns of these elements can be reliably predicted in advance.

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

A Alizadeh, 1.Guliyev and H.Aliyev further enriched

The Absheron Peninsula, located in the south-
western part of the Caspian Sea, is characterised by
its unique geological and geomorphological struc-
ture as well as its complex landscape differentiation
features. The formation of the relief of the peninsu-
la has been primarily influenced by complex tec-
tonic processes, its geographical position, and vol-
canic activity.

The earliest geological data concerning the south-
eastern slope of the Greater Caucasus within the Azer-
baijani territory (up to 1917) was obtained by
V.H.Abikh, K.I.Bogdanovich and S.Simonovich’s
studies. Subsequent investigations conducted between
1917 and 1956 by K.N.Paffenholz, D.V.Drobyshev,
V.V.Weber, A.N.Solovkin, A.Ch.Sultanov, M.M.Ali-
yev, 1.V.Mushketov, N.S.Shatsky, V.Y.Khain, A.Ah-
madov, F.Sh.Shikhaliyev, 1.Valiyev, H.Hasanov,
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the geological understanding of the region.

Based on the findings and references from these
researchers, it can be stated that the area is predomi-
nantly composed of Tertiary (Neogene) and Quater-
nary (Anthropogenic) deposits.

Study Area. The lithological composition of
the rocks within the Absheron Peninsula primarily
consists of carbonate-terrigenous, clayey, and argil-
laceous flysch formations; coarse-grained continen-
tal marine formations; sandy-clayey formations;
sandy-shale subformations; fine-grained molasse
formations; folded continental marine red for-
mations; sandy clays; limestones; clayey-gravel
and pebble deposits; silts and clays; clayey-sandy
mixtures; shell-bearing sands (including dune
sands); and breccias of mud volcanoes (Aliyev,
1978; Milanovsky, Khain, 1963).
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According to M.V.Abramovich, M.M.Aliyev
and V.Y.Khain (1952), it is appropriate to distin-
guish eight geomorphological regions within the
territory of the Greater Caucasus: the Main Caucasus
Range encompassing the high mountainous zone;
the southwestern part of the Main Caucasus Range;
the southern slope of the Greater Caucasus; the
southeastern termination of the Greater Caucasus
(including the Shahdagh zone, Dubrar, Western Ab-
sheron—Gobustan, and Eastern Absheron); the pied-
mont Neogene zone; the Alazani-Ayrichay valley;
the Qusar inclined plain; and the Caspian coastal
lowlands (Abramovich et al., 1952).

It should be noted that the Absheron Peninsula
represents a continuation of the folded structures of
the Greater Caucasus extending southeastward.
Due to the region’s exposure to active tectonic
movements during various geological periods, nu-
merous anticlinal uplifts and fault lines are present
across the territory.

Based on the conducted studies, it can be stated
that the Gobustan and western Absheron areas are
underlain by the Cretaceous deposits belonging to
the southeastern termination of the Greater Cauca-
sus. Within the Absheron Peninsula, the eastern part
is conventionally separated by the Fatmai—Zigh anti-
clinal structure (Milanovsky, Khain, 1963). It is
known that the northern part of the peninsula is
characterised by a complex tectonic framework. One
of the main reasons for this structural complexity is
that the anticlinal uplifts are primarily composed of
the Upper Cretaceous deposits, while the younger
Paleogene sediments of the Tertiary period overlie
the synclinal zones.

It is also well established that Absheron is one
of the regions with the highest density of mud vol-
canoes in the world. The cones and craters formed
by their eruptions shape the peninsula’s unique ge-
omorphological landscape and contribute to the
complex migration patterns of geochemical elements
within its terrestrial environments.

The gravimagnetic field of the Absheron Penin-
sula is characterised by negative anomalies. Deeper
minima are mainly observed in the marine areas lo-
cated to the northeast and southeast of the peninsula.
On land, a broad regional minimum is partially man-
ifested in the eastern part of the peninsula within the
area of the Kel fold. From this zone, the anticlinal
structure rises toward the south, southwest, and west
extending to the southern and southeastern “slopes”
of the Dibrar gravitational maximum, which corre-
sponds to the axial part of the southeastern termina-
tion of the Greater Caucasus. This constitutes the
main regional principle of the gravity field. The field
is complicated by a number of local anomalies
whose number, complexity, and intensity increase

westward, which is associated with both the intensi-
fication of tectonic complexity and the proximity of
denser deep-seated rocks to the surface.

The primary objective of this study is to identify
the transformation processes occurring in technogen-
ic landscapes under natural and anthropogenic geo-
chemical anomalies within the Absheron Peninsula —
an area characterised by complex geological and
geomorphological conditions. The study also aims to
determine the migration and accumulation patterns
of pollutants that drive landscape transformations in
such technogenic environments.

2. Research methods

The present study is based on the analysis of
research materials collected over a period of 10 —
20 years. Comparative analyses were carried out
using data and findings from previous investiga-
tions conducted by researchers such as B.A.Buda-
gov, A.H.Ahmadov, Q.l.Rustamov, A.l.Gah-
ramanov, E.K.Alizadeh, E.C.Karimova, and others.
In selecting appropriate geochemical analytical
methods and approaches, we relied on the scientific
works of prominent scholars including B.B.Polynov,
A.l.Perelman, M.A.Glazovskaya, V.V.Alekseyenko,
S.G.Batulin, E.N.Borisenko, Y.Y.Sayet, M.A.lva-
nova, B.F.Mitskevich, L.N.Shevchenko, A.N.Gulah-
madov and B.G.Shakuri. In addition to these classical
sources, contemporary international research has also
been thoroughly examined, including B.J.Alloway,
M.K.Andersen, K.l.Raulund-Rasmussen, B.W.Stro-
bel, D.L.Sparks, A.O.Splodytel, H.Alphan and other’s
works.

Considering the significant scientific and practi-
cal importance of studying the geochemical charac-
teristics of landscapes contaminated by oil extraction
activities in the traditional oil-producing region of
the Absheron Peninsula, particular attention in this
research was devoted to the eco-geochemical inves-
tigation of the most polluted areas — specifically the
Balakhani, Sabunchu, and Ramana sites.

The landscapes of these territories are mainly
characterised by sandy-gray and sandy gray-brown
soils formed under Artemisia-Alhagi (wormwood-—
camelthorn) and Artemisia-ephemeral vegetation
types.

The first stage of this research involved the col-
lection of more than 130 samples of various origins
from different sites, including rock specimens, fol-
lowed by the determination of their geochemical
composition. During soil sampling, factors such as
weather conditions and sampling time (preferably
morning hours) were taken into consideration. Pits
with a depth of 100 cm were excavated, and samples
were collected at 10 cm intervals along the soil pro-
file. Sampling along the vertical soil profile is essen-
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tial for assessing the penetration depth and migration
patterns of chemical elements.

After collection, the soil samples were air-dried
and prepared for subsequent laboratory analyses.
Geochemical analyses were conducted using ad-
vanced analytical instruments, including an X-ray
fluorescence spectrometer (RFA, S8 Tiger), an X-
ray diffractometer, and an inductively coupled plas-
ma mass spectrometer (ICP-MS 7700e), along with
other complementary laboratory equipment (Aliyev,
Kazimova, 2024).

According to the results of spectral analyses, the
carbonate—terrigenous, clayey, and argillaceous
flysch formations of the area are enriched in B, Mo,
Cu, Mn, Zn, and V. The coarse-grained continental—
marine formations contain elevated concentrations
of Mo, As, Mn, Co, V and Ag; the sandy clays are
enriched in B, Ni, Mo, Co, Ag and As; while the
limestones, clay—gravel mixtures, silts, and clays are
rich in B, Mo, Cu, Sn, Zn, V, Pb, Ni and Cr.

It is well known that landscapes and their com-
ponents are formed on the Earth’s surface, and there-
fore, when determining and comparing the concen-
trations of elements distributed within landscapes, it
is appropriate to employ Clarke values as reference
baselines (Yaroshevsky, 2006).

Table 1 presents the concentration coefficients
(Clarke ratios) obtained by comparing the concen-
trations of chemical elements identified in rock sam-
ples collected from various locations across the Ab-
sheron Peninsula with the average abundances of
those elements in the Earth’s crust.

Based on the results presented in the table, the
chemical elements contained within these rocks can
be classified into three groups.

The first group includes elements such as Sr,
Ba, F, and Ag, whose average concentrations ap-
proximately correspond to their respective Clarke
values. If the mean contents of these elements reflect
the typical geochemical characteristics of equivalent
rock types in the Earth’s crust, then the elements
belonging to the other two groups represent specific
geochemical features unique to the rocks of the Ab-
sheron Peninsula.

The second group comprises elements whose
average concentrations in the studied rocks are
significantly higher than the Clarke values (en-
richment coefficient, KK>1K_K > 1KK>1). These
include Sc (KK=151-322K_K = 151-322KK
=151-322), Ca (KK=5.0-8.3K_K = 5.0-8.3KK
=5.0-8.3), and Cl (KK=95.6-708.2K_K = 95.6—
708.2KK=95.6-708.2).

The third group consists of microelements whose
concentrations in the rocks are lower than the Clarke
values (KK<1K_K < 1KK<1), such as Mn (KK=0.1-
0.3K_K = 0.1-0.3KK=0.1-0.3), Fe (KK=0.1-0.2K_K
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= 0.1-0.2KK=0.1-0.2), V (KK=0.1-0.2K_K = 0.1-
0.2KK=0.1-0.2) and Zr (KK=0.1-02K_K = 0.1-
0.2KK=0.1-0.2) among others.

The composition of the rocks forming the litho-
logical foundation of landscapes is also reflected in
the composition of other landscape components
(soils, waters, and vegetation) within the studied area.

The pronounced differentiation of the natural
background levels of heavy metals complicates the
development of strict threshold criteria for their con-
centrations in landscapes. For example, in acidic and
alkaline soils, the MPCs of cadmium and lead may
differ by nearly an order of magnitude. Therefore,
MPCs must be established for major soil-
geochemical regions and for geochemical soil asso-
ciations with similar acid—alkaline and redox condi-
tions, which exhibit comparable levels of resistance
to pollutants (Yao et al., 2025). As an approximate
reference indicator, the Clarke values of elements in
the lithosphere and soils can be used (Ahnstrom,
Parker, 2001; Khalid et al., 2017; Rustamov, Ismay-
lova, 2022)

3. Results and analysis

Landscape-Geochemical Analysis of the Study
Area and Patterns of Pollutant (Heavy Metal) Ac-
cumulation

The relief of the Absheron Peninsula and the
degree of its dissection create favorable conditions
for the high chemical activity of waters and for an
intensive water exchange between both soil-forming
and underlying bedrock layers. As a result, the wa-
ter, soil, and vegetation of the area—indeed, all com-
ponents of the landscape-become enriched with
chemical elements characteristic of the region.
Therefore, the composition and concentration of
chemical elements within the landscape components
of the study area largely depend on the composition
of the parent rocks (Abramovich et al., 1952).

It is essential to consider the physico-chemical
parameters of the soil along the humus horizon
while conducting a landscape-geochemical analysis.
Parameters such as pH, humus content, and moisture
should be analysed (Avessalomova, Ivanov, 2019).

Spectral analyses revealed the presence of a
number of microelements in the sandy gray and
sandy gray-brown soils of the study area. The analy-
sis of the concentration clark values for these micro-
elements (as exemplified in Table 7 on the Bala-
khani area) indicates a notable accumulation of chlo-
rine, boron, molybdenum, lead, cadmium, indium,
bromine, antimony, palladium, silver and tin.
Among these, several elements—particularly chlo-
rine, cadmium, indium, palladium, and antimony—
stand out for their especially high concentration
clark values (Aliyev, Kazimova, 2024).
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Table 1

Microelement composition of rock samples collected from the territories of the Absheron Peninsula
A-107 Balakhani. Oil-contaminated area

. Elements Average content, %
= r'ﬁjtr(:]rgécr Csrﬁ;nb'gf“ In the composition of Clarke value in the Clarke concentration
the rock Earth's crust
20 Ca 21.36 2.96 7.2
21 Sc 0.26 0.001 260
25 Mn 0.0087 0.1 0.087
26 Fe 0.21 4.65 0.04
33 As 0.0012 0.00017 7.06
35 Br 0.00045 0.00021 2.14
37 Rb 0.00034 0.015 0.02
38 Sr 0.08 0.034 2.35
39 Y 0.00023 0.0029 0.079
1 40 Zr 0.0033 0.017 0.19
47 Ag 0.00064 0.000007 91.43
20 Ca 9.67 2.96 3.266
25 Mn 0.015 0.1 0.15
26 Fe 0.62 4.65 0.612
33 As 000075 0.0017 0.44
37 Rb 0.00082 0.015 0.05
38 Sr 0.06 0.034 1.764
39 Y 0.00024 0.0029 0.08
40 Zr 0.0060 0.017 0.35
49 In 0.0015 0.000025 60
Table 2
A-108, Balakhani area
Elements Average content, % Clarke concentra-
No. Atomic Chemical In the composition of Clarke value in the tion
number symbol the rock Earth's crust
20 Ca 7.24 2.96 2.45
25 Mn 0.0098 0.1 0.098
26 Fe 0.51 4.65 0.11
1 37 Rb 0.00083 0.015 0.05
38 Sr 0.015 0.034 0.44
39 Y 0.00048 0.0029 0.17
40 Zr 0.0073 0.017 0.43
Table 3
A-109 Ramana area
. Elements Average content, % Clarke concentra-
-, Atomic Chemical In the composition of Clarke value in the tion
number symbol the rock Earth's crust
20 Ca 26.97 2.96 9.11
21 Sc 0.36 0.001 360
25 Mn 0.01 0.1 0.1
1 26 Fe 0.29 4.65 0.062
35 Br 0.00068 0.00021 3.24
37 Rb 0.00034 0.015 0.02
38 Sr 0.09 0.034 2.65
39 Y 0.00015 0.0029 0.05
40 Zr 0.0021 0.017 0.12
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Table 4
A-110 Sabunchu. Lake Area
Elements Average content. %
o - - — - Clarke concen-
- Atomic Chemical In the composition of Clarke value in the tration
number symbol the rock Earth's crust
20 Ca 19.28 2.96 6.51
21 Sc 0.16 0.001 160
30 Zn 0.0031 0.0083 0.37
33 As 0.00092 0.0017 0.54
37 Rb 0.00054 0.015 0.036
1 38 Sr 0.12 0.034 3.53
39 Y 0.00031 0.0029 0.11
22 Ti 0.23 0.45 0.51
25 Mn 0.09 0.1 0.9
26 Fe 3.25 4.65 0.7
39 Y 0.0013 0.0029 0.45
40 Zr 0.0049 0.017 0.29
Table 5
A-111 Lokbatan
. Elements Average content, %
% | Atomic Chemical Atomic number Chemical symbol Clarke concentration
number symbol
25 Mn 0.08 0.1 0.8
26 Fe 0.5 4.65 0.1
37 Rb 0.0008 0.015 0.05
38 Sr 0.01 0.034 0.29
39 Y 0.0004 0.0029 0.14
40 Zr 0.002 0.017 0.12
50 Sn 0.001 0.00025 4
51 Sh 0.001 0.00005 20
20 Cd 11.11 2.96 3.75
22 Ti 0.06 0.45 0.13
25 Mn 0.09 0.1 0.9
37 Rb 0.002 0.015 0.13
39 Y 0.001 0.0029 0.34
41 Nb 0.0002 0.002 0.1
20 Ca 2.96 2.96 6.61
21 Sc 0.001 0.001 130
33 As 0.0010 0.0017 0.59
Table 6
Results of chemical analyses of soils in the Absheron area
Profile No. Depth, cm pH humus, % Hygroscopic Moisture, %
1 2 3 4 5
0-10 8.4 3.90 0.73
gz;é%ani 10-35 9.3 5.16 1.80
35-60 9.0 5.00 2.07
0-10 8.4 7.41 0.82
E;Izﬁﬁani 10-30 9.8 2.68 2.47
30-60 104 2.50 0.63
0-10 8.8 3.75 1.12
Ps(a_blu%?:hu 10-35 8.9 3.48 0.80
35-70 9.2 2.57 1.02
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1 2 3 4 5
0-20 8.4 5.17 1.93
}sz;n]%]é-l(r)la 20-40 8.8 0.25 1.69
40-100 8.9 0 1.11
0-10 10.5 10.85 0.69
K-111 10-30 9.2 5.80 0.60
Ramana 30-60 9.0 1.87 1.17
60-100 9.2 2.34 0.99
K-112 0-10 9.0 0.87 1.17
Balakhani, 10-30 9.0 0.87 1.86
“Tamiz shahar” 30-60 9.2 2.63 2.30
0-10 9.0 0.88 1.62
Z_blé? | 10-60 9.8 6.85 1.28
60-100 9.0 12.44 1.71
0-10 9.8 4.64 1.46
ga_r%];ﬁa 10-35 9.6 4,66 1.47
35-70 9.2 11.17 1.06
0-10 8.9 1451 1.03
AT 1035 8.9 553 0.90
35-70 9.5 3.44 1.23
K-116 0-10 9.2 5.32 0.62
Sabunchu, 10-35 9.0 3.49 0.44
Duzlu lake 35-70 8.6 2.96 1.34
0-10 8.1 0.25 0
K-117 10-30 8.1 0.46 0
Haci Zeynalabdin 30-60 8.5 0.20 0
60-100 8.0 0.51 0
0-10 7.8 0.27 4.45
K-118
. 10-30 7.9 0.80 450
Yeni Yashma 30-60 78 0.91 4.45
0-10 8.3 2.11 2.71
SKl:ulrigad 10-20 8.4 1.07 4.27
20-60 8.1 0.80 4.28
K-120 0-10 7.9 0.27 4.22
Khirdalan, Bozdag, 10-30 7.8 0.27 5.13
Guzdak 30-70 8.0 0.37 3.94
K_121 0-10 7.8 0.73 2.50
Bayanata mountain. 10-30 8.1 0.64 4.45
Guzdak 30-60 8.0 1.0 2.86
60-100 8.0 0.73 3.03
0-10 7.8 1.95 5.07
anlgzuzr dag 10-30 7.7 0.60 7.34
30-60 8.1 0.91 7.05
60-100 8.0 1.0 7.33
0-10 8.0 3.16 2.15
I}_(o_klbzfian 10-30 7.9 1.27 3.32
30-60 7.7 1.11 2.95
60-100 8.0 1.84 2.82
0-10 7.9 3.69 1.45
K-124 10-30 8.2 1.58 2.70
Garadagh 30-60 7.9 1.04 1.50
60-100 8.1 0.52 2.60
0-10 7.5 0.89 2.53
K-125 10-30 7.4 1.58 1.52
Sangachal 30-60 7.5 4.22 1.85
60-100 7.7 3.92 1.92
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1 2 3 4 5
0-10 7.8 1.29 0
K-126 10-30 8.0 3.62 0
Shixlar 30-60 7.9 0.62 0
60-100 7.7 0.93 0
0-10 7.4 1.03 0
K-127 10-30 7.7 1.70 0
Gobustan 30-60 7.7 0.25 1.52
60-100 7.8 3.16 2.76
0-10 7.8 3.10 0
K-128 10-30 8.1 0.93 0
Fatmai 30-60 8.3 0 0
60-100 8.2 0.10 0
0-10 8.0 0.62 0
K-129 10-30 7.8 0.25 0
Dubandi 30-60 7.9 0.77 0
60-100 7.8 1.29 0
0-10 8.0 0.78 1.41
K-130 10-30 7.8 1.08 0
Zira 30-60 7.9 1.70 0
60-100 7.9 2.32 0
Table 7
Microelement composition of soil samples collected from the territories
of the Absheron peninsula
K-107 Balakhani. Oil-contaminated area
Elements Average Amount, %
Clarke of concen-
No-si Chemical symbol In the soil composition Clarke chrﬂ?si Barth's tration
(0-10 sm)
17 Cl 2.6699 0.017 157.05
26 Fe 0.1166 4.65 0.03
37 Rb 0.00058 0.015 0.04
38 Sr 0.00289 0.034 0.09
39 Y 0.00017 0.0029 0.06
40 Zr 0.0020 0.017 0.12
(10-35sm)
26 Fe 0.1295 4.65 0.03
37 Rb 0.00066 0.015 0.04
38 Sr 0.00317 0.034 0.009
39 Y 0.00031 0.0029
40 Zr 0.0030 0.017 0.10
(35-60 sm)
26 Fe 0.1747 4.65 0.03
7 Rb 0.00068 0.015 0.04
38 Sr 0.0037 0.034 0.11
39 Y 0.00029 0.0029 0.1
40 Zr 0.0040 0.017 0.23

72



Ch.S.Aliyev, L.A.Kazimova /| ANAS Transactions, Earth Sciences 1 /2026, 66-76; DOI: 10.33677/ggianas20260100167

Soil samples collected from different sites vary
in their microelement content. In the soil of the Ba-
lakhani area, the chlorine concentration fluctuates
between 157.1 and 164.4, averaging 142.9. It should
be noted, however, that in technogenically trans-
formed landscapes, the distribution patterns of mi-
croelements differ sharply from those in natural
landscapes. This divergence is not solely due to an-
thropogenic transformation but also depends on the
presence of water bodies or river valleys within the
area. In his research (Khalid et al., 2017) noting that
the lowest metal concentrations are typically record-
ed in river valleys. Based on their migration capaci-
ty, metals can be categorised as follows: elements
with moderate migration ability (iron and nickel),
and those with high migration potential-zinc, man-
ganese, lead and copper (Chen et al., 2017).

Before proceeding with the analysis of the table
data, it is necessary to first consider the normative
reference values and conduct comparisons accord-
ingly. The relevant international standards are pre-
sented in Table 8 (Huixia Liu et al., 2025).

Based on the results of the conducted analyses
and tests, we will refer to the classifications estab-
lished by prior researchers to determine the level of
contamination in the area.

Note: These standards are based on the "World
Reference Base for Soil Resources" (2022) and the
"FAO Guidelines for Soil Description" (1999) doc-
uments by the Food and Agriculture Organization
(FAO).

Pollutants are classified according to their haz-
ard levels (Cheng et al., 2020; Geng et al., 2024):

e Class I (highly hazardous): As, Cd, Hg, Se,

Pb, Fe, benzo[a]pyrene, Zn;
e Class Il (moderately hazardous): B, Co, Ni,

In the practice of ecological-geochemical re-
search, indicative hazard assessments of contamina-
tion in anomalous zones are commonly employed to
evaluate environmental conditions. Each hazard lev-
el is associated with specific types of morbidity in
the population, particularly among children:

e Level I: increased overall morbidity;

o Level Il: higher incidence of chronic respira-

tory diseases and functional disorders.

e Level I11: increased incidence of reproductive
dysfunction, disorders of the immune system,
and other long-term adverse effects.

Using the existing classification and the results
of the obtained analytical data, it is possible to de-
termine both the level of technogenic pollution and
the specific pollutants present in the study area.

As shown in Table 1, in area A107, only a trace
amount of arsenic (As, 0.0012%) was detected among
the classified heavy metals, while no other heavy
metals were found. Therefore, the A107 sampling site
can be classified as a Level | pollution zone.

In area A108, manganese (Mn) and chromium
(Cr) were detected, indicating that this site can be
classified as a Level Il pollution zone.

In area A109, no significant concentrations of
the listed heavy metals were observed; hence, ac-
cording to the classification, it does not belong to
any pollution level.

In area A110, the presence of arsenic (As) and
iron (Fe) was recorded, which allows this site to be
classified as a Level | pollution zone.

In area Alll, both arsenic (As) and cadmium
(Cd)-which belong to the category of hazardous
heavy metals—were detected, and therefore this area
is also classified as a Level | pollution zone.

Based on the conducted analyses, it can be

Mo, Cu, Sh, Cr; concluded that highly hazardous heavy metals oc-
e Class Il (low hazard): Ba, V, W, Mn, Sr cur in the soil of the study area only in very low
and others. concentrations.
Table 8
Comparative analysis of key indicators on semi-desert, gray, and gray-brown soil types
with the corresponding parameters of the Absheron Peninsula
Indicators
Soil Type Soil horizon (WRI|33~hFAO) (WIQLIJBTILZJZO) Absheron
. Topsoil / A horizon (0-20 cm) 7.0-8.5 1-6% 0,3-1,5%
Semi-desert " - 5 5
(Desert Soil) Subsoil / B horlzor_w (20-60 cm) 8.5-9.0 0,5-4% 0,1-0,3%
Parent material / C horizon (60—100 cm) 8.5-9.0 0,2-3% <0,1%
Topsoil / A horizon (0-20 cm) pH 5.5-6.5 0,3-1% 0.4-1.0%
(Brown Soil) Subsoil / B horizon (20-60 cm) 5.5-6.0 0.1-0.3% 0.1-0.3%
Parent material / C horizon (60-100 cm) 6.0-7.0 <,0.1 <0.1%
Topsoil / A horizon (0-20 cm) 6.5-8.0 0.5-0.9% 0.8-1.5%
(Chestnut soils) Subsoil / B horizon (20-60 cm) 6.0-7.8 0.9-1.5% 0.3-0.6%
Parent material / C horizon (60—-100 cm) 6.0-7.5 1.0-1.5% 0.1-0.3
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Excluding the sections located in Balakhani,
Ramana, Zabrat, and Sabunchu, as well as Lokbatan,
Garadagh, and Sangachal—areas that are more heav-
ily contaminated with oil (sections K107-K116 and
K123-K125)—the soil profiles of other sections
show that the humus content varies between 0.20%
and 3.62%, gradually and consistently decreasing
from the upper horizons toward the lower layers.

In oil-free areas, the highest humus content was
recorded in the Shykhlar area (section K126) within
the 10-30 cm horizon, amounting to 3.62%, while
the lowest value was observed in the Haji Zeynalab-
din Taghiyev settlement (section K117) within the
30-60 cm horizon, where it was 0.20%.

The results indicate that the maximum levels of
mineral compounds are found in areas that are rela-
tively more contaminated with oil, whereas the min-
imum levels are characteristic of areas unaffected by
oil pollution.

Tables 2—7 present the results of the chemical
analyses of soil samples collected from the study area.
These soils, which are predominantly characterised
by alkaline to strongly alkaline conditions (pH = 8.4—
10.5), exhibit humus contents reaching up to 10.15%
and 14.51% in the upper layers of the sections located
in Ramana village and the Sabunchu area, respective-
ly. The humus content gradually decreases toward the
lower soil horizons, ranging from 1.87% to 3.44%.

The unusually high humus content, which is not
typical for the Absheron region should not be inter-
preted as an indicator of an abundance of humified
organic compounds or decomposed materials char-
acteristic of fertile topsoils. Rather, it should be
viewed as a consequence of oil contamination. This
interpretation is further supported by the unexpected
discovery of “buried humus layers” in the deeper
horizons (60—100 cm and 35-70 cm) of the soil pro-
files taken from the more heavily polluted Zabrat |
and Ramana village areas.

As shown in Table 2, the humus content in Za-
brat | increases with depth: 0.88% in the 0-10 cm
layer, 6.85% in the 10-60 cm layer, and reaching
12.44% in the 60-100 cm layer. A similar trend is
observed in the Ramana area, where the humus con-
tent, instead of decreasing with depth, shows an
anomalous upward pattern—from 4.64% in the up-
per 0-10 cm layer to 11.17% in the 35-70 cm hori-
zon (section 114).

This inverse distribution pattern clearly indi-
cates that the downward migration of oil and petro-
leum products under the influence of gravity has led
to the accumulation of hydrocarbons in the deeper
soil layers, resulting in artificially elevated “humus”
values at those depths.
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4. Conclusion

Except for the areas that are more heavily con-
taminated with oil, the soils in all investigated sites
are characterised by neutral to slightly alkaline con-
ditions, with pH values ranging from 7.4 to 8.5. The
leaching of carbonates from the upper soil layers
contributes to the formation of a weakly alkaline
environment (pH = 7.4-8.2) near the surface, while
their accumulation in deeper horizons results in a
more strongly alkaline environment (pH = 8.0-8.5).

Excluding the oil-contaminated sections K107—
K116, as well as K123, K124, and K125 located in
Balakhani, Ramana, Zabrat, Sabunchu, Lokbatan,
Garadagh, and Sangachal, the humus content in the
soil profiles of the remaining study areas varies be-
tween 0.20% and 3.62%, showing a regular and
gradual decrease from the upper horizons toward the
lower layers.

In non-contaminated areas, the highest humus
content was recorded in the Shykhlar area (section
K126) within the 10-30 cm horizon (3.62%), while
the lowest value was observed in the Haji Zeynalab-
din Taghiyev settlement (section K117) within the
30-60 cm horizon (0.20%).

The results indicate that the maximum levels of
mineral compounds occur in areas relatively more
contaminated with oil, whereas the minimum levels
are observed in non-contaminated soils.

In the oil-contaminated areas, the upper soil ho-
rizons show a higher accumulation of microelements
such as chlorine (Cl), palladium (Pd), antimony
(Sb), terbium (Th), cadmium (Cd), indium (In), and
silver (Ag). Conversely, elements such as strontium
(Sr), zirconium (Zr), vanadium (V), rubidium (Rb),
and iron (Fe) are found in smaller quantities in the
upper layers compared to the lower horizons. The
concentration of other elements varies irregularly
along the soil profile.

Based on the analytical data, three levels of con-
tamination zones were identified within the study
area:

Level | contamination zones — observed in sites
A107, A110, and A111;

Level 11l contamination zone — identified in site
A108, where manganese (Mn) and chromium (Cr)
were detected;

No contamination level — assigned to site A109,
where no heavy metals were observed according to
the adopted classification.
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OCOBEHHOCTH MHUT PAITUA TAXKEJIBIX METAJIJIOB B TEXHOTEHHBIX 30HAX
ABHIEPOHCKOI'O ITIOJIYOCTPOBA

Amnes Y.C.%, Kasbimopa JI.A.2*
*Munucmepcmeo nayxu u obpaszosanus Pecnybauku Aszepbatioscan, Hucmumym 2eono2uu u 2eousuxu, Azepbatioscarn
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2Kagpeopa npomviuinennoii 6ezonacnocmu u oxpanvt mpyoa, Asepbaiiodcanckuii 20cyoapcmeenlii
VHUGepcumem Hemu u npomsvlulieHHocmu, Azepoaiiodcan
AZ1010, baky, npocn. A3aonvie, 34
*Aemop, omeeuarowuil 3a nepenucky: latifa.ismaylova@gmail.com

Pe3tome. B nipeicTaBIeHHOM cTaThe pacCMaTPUBAIOTCSI OCOOCHHOCTH MUTPALIMK TSHKEIBIX METAIUIOB B He(hTe3arpsi3HEHHBIX MMOY-
BaX, a TaKXe MOTeHLHUAJIbHbIE YIPO3bI Ul 3I0POBbS YENIOBEKA U OKPY’)KaIOIIeH cpelpl B palloHax WX HAaKOIUICHHWSA. MUIpaliOHHBIE
CBOWCTBA TSKENBIX METAJUIOB B TIOYBE 3aBUCST OT MHOXKECTBA PA3IMYHBIX (pakTOpoB. B craTthe mpuBemeHBI pe3ybTaThl pa3HOCTO-
POHHUX HCCIIEAOBaHN, HAIIPABIICHHBIX Ha U3yYCHHE 3aKOHOMEPHOCTEH pacipeaeieH s TsHKENBIX METAUIOB B PA3NIMYHBIX cpetax. B
KadyecTBe paiioHa ¥MccieoBaHus ObUT BBIOpaH AOIIEPOHCKHUIT TIOIYOCTPOB, OTKYAa ObUIM OTOOPAaHBI MHOTOYHCIICHHEIE MTPOOKI C pa3-
JIMYHBIX yYacTKOB, 3arpsA3HEHHBIX He(ThIO. B MaHHOM WCClenoOBaHHM paccMaTpPUBAIOTCH (PU3UKO-XMMHUYECKHE W T€OXHMHUYECKHE
XapaKTePUCTUKU MOYB B HE(TAHBIX M HE3arpsA3HEHHBIX paiioHax. Pe3ysbTaThl MOKa3bIBAIOT, YTO OOJBLIMHCTBO IIOYB SIBIISIIOTCS
HEHUTPaJbHBIMU WIH C YBEIMYECHHEM IIEIOYHOCTH B 0oJiee IIyOOKHMX TOPH30HTAX CJIeTKa IIEeJOYHBIMU M3-332 KapOOHATHBIX MpOoIiec-
coB. CoziepkaHre rymyca 3Ha4UTEIbHO BapbUpPyeTcs OT Gojiee BBICOKMX 3HAYEHHWH B MOBEPXHOCTHBIX CJIOSX /IO X MOCTENEHHOTO
CHIDKEHHMS 110 TiTyOMHe B He3arpsi3HEHHBIX MouBax. HeTsHoe 3arps3HeHne MEHseT 3Ty CTPYKTYPY U CBSI3aHO C MOBBIIICHHEM KOH-
LEHTPALM MHHEpaJbHbIX coequHeHunit. [loydeHHbIe pe3ynbTaThl HCCISOBaHUI 1 1TabOPaTOPHBIX aHAIU30B ITOKA3bIBAIOT 3HAUH-
TENbHOE HAKOIUICHHE B TIOYBAX Pa3JIMYHBIX TSHKETBIX METAIUIOB, TakuX Kak Pb, As, Cr, Cu, Zn, Se, Al, Fe u Mn. B nemnom, pe3ynsra-
THI YKa3bIBAIOT HA 3HAYUTEIBHOE BIHMSIHUE 3arps3HEHUS HEPTHIO HA COCTAB MOYBBI, PACHPE/ICIICHIE 3JIEMEHTOB M Ka4eCTBO OKpYXKa-
fonieid cpenpl. 3HaYMMas KOppelsiius Mexay pH ModuBbL, conepikaHWeM OpraHHYECKHX BEIIECTB M OOMEHHBIMH W BOCCTAHOBHMBIMHU
(dpakuusaMu OONBIIMHCTBA TSDKENBIX METAJUIOB MOITBEPKIACT BO3MOXKHOCTD MPEABAPUTEIHLHOTO POTHO3UPOBAHHS 3aKOHOMEPHOCTEH
HX MHUTPALHH.

Kniouesvie cnosa: obpasysi nous, mexnopunohocms, snavenus Knapra, eeoxumuueckue xapaxmepucmuru, Muepayus
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ABSERON YARIMADASININ TEXNOGEN DOYISILMIS ZONALARINDA
AGIR METALLARIN MiQRASIYA XUSUSIYYOTLORI

Oliyev C.S.!, Kazimova L.A.>*
IAzarbaycan Respublikas: Elm va Tahsil Nazirliyi, Geologiya va Geofizika Institutu, Azarbaycan
AZ1073, Baki, H.Javid prosp., 119
2Sanaye tahliikasizliyi Va amak miihafizosi kafedrasi, Azarbaycan Doviat Neft va Sanaye Universiteti, Azarbaycan
AZ1010, Baki, Azadliq prosp., 34
*Yazismalara masul:_latifa.ismaylova@gmail.com

Xiilasa. Togdim olunan mogalodo Agir metallarin neftlo ¢irklonmis torpaqlarda miqrasiya xiisusiyyatlori vo bu metallarin
toplandig1 orazilords insan saglamhigi vo otarf miihit {igiin yarada bilocayi tohliikalor gorh olunur. Agir metallarin torpaqda miqrasiya
xuisusiyyastlori bir cox miixtalif amillordon asilidir. Magalodo miixtalif aspektli todqigatlar aparilaraq agir metallarin forqli miihitlords
paylanma ganunauygunluglar tadqiq olunmusdur. Todgiqat orazisi olaraq. Abseron yarimadas: sec¢ilmisdir vo orazids forgli neftlo
cirklonmis orazilordon ¢oxsayli niimunslor gotiiriilmiisdiir. Togqdim olunan tadgigat neftlo ¢irklonmis vo ¢irklonmomis orazilordo
torpaqlarimn fiziki-Kimyavi va geokimyovi xiisusiyyatlorinin tadgigins hasr olunmusdur. Naticalor gostorir ki. torpaglarin oksariyysati
karbonat proseslari ssbabindan neytral va ya bir gadar gslovidir. daha darin gatlarda iss golovilik artir va humus torkibi shamiyyatli
doaracads dayisir. sath tobagslorinds daha yiiksok hadds ¢irklonmamis qatlarda iso dorinlik artdiqca todricon azalir. Todqigatlar vo
laboratoriya analizlorindon olds edilon naticolor torpaglarda Pb. As. Cr. Cu. Zn. Se. Al. Fe vo Mn miixtolif agir metallarin
ohomiyyatli deracads toplandigim gostorir. Umumilikdo. noticalor neft girklonmesinin torpaq torkibine. element paylanmasma vo
otraf miihitin keyfiyyotino ohamiyyotli tosirini gostarir. Torpaq pH. tizvi maddslorin tarkibi vo oksor agir metallarin doyisdirilo bilon
vo azaldila bilon fraksiyalari arasinda ohomiyyatli bir korrelyasiya onlarin miqrasiya modellorinin ilkin prognozlagdirilmasmin
miimkiinlityiini tesdigloyir. Aparilan togdigatlar vo laborator analizlorin noticalori gostorir Ki. torpaglarda Kifayst goder miixtolif agir
metallarin Pb. As. Cr. Cu. Zn. Se. Al. Fe. Mn toplanmas1 miisahido olunur. Torpaq pH-1. iizvi maddslori vo agir metallarin
oksoriyyotinin miibadilo oluna bilon vo reduksiya olunan fraksiyalari ilo shamiyyatli korrelyasiyasi siibut edir ki. agir metallarin
migrasiyasi ganunauygnluglarini 6ncodan prognozlasdirmaq miimkiindiir.

Agar sézlar: torpaq niimunalori, texnofillik, Klark adadi, geokimyavi xiisusiyyatlar, migrasiya
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Summary. By the present time, the Middle Kur Depression territory has been subjected to
dense and wide-ranging field geophysical, mainly seismic, investigations, resulting in a considera-
ble clarification of the deep structure of the basin’s sedimentary cover. Seismic sounding has made
it possible to identify and delineate numerous structural highs, the areas of which vary from several
to the first tens of square kilometers. While the existence of many previously recognised structures
has been confirmed, a number of them were found to be considerably smaller in area compared
with the results of earlier structural interpretations. In some cases, positive elements earlier inter-
preted as closed structures were found to be structural noses or were not confirmed. The areal char-
acteristics of the identified structures together with the volumetric parameters such as thickness of
the prospective reservoirs, their fluid storage capacity and predicted phase state of hydrocarbon ac-
cumulations allowed for calculation of prospective C3 resources. A forecast of the prospective oil
and gas resources of the Paleogene and Cretaceous deposits in the Middle Kur Depression, which
have proven industrial hydrocarbon potential, is presented. Estimates of C3 resources were pre-
sented for a number of prospective structures in the oil and gas bearing regions of Kur-lori inter-
fluve, Ganja and Muradkhanly, covering a total of 57 structures. The distribution of prospective
resources across depth intervals reveals a clear distinction between the studied regions. The highest
volumes of hydrocarbon resources are associated with depths of 3—4 km, while stratigraphically the

largest resources are concentrated in the Eocene complex.

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

INTRODUCTION

The Kur intermountain depression occupies the
easternmost and deepest part of the South Caucasus
microplate. The depression is subdivided into the
Middle Kur and Lower Kur segments within Azer-
baijan (Huseynov, Shirinov, 1985).

The Middle Kur Depression is situated between
the anticlinoria of the Greater and the Lesser Caucasus
within the Kura intermountain depression, which rep-
resents a large synclinorium. It is bounded to the
northwest by the Martkobi transverse structural saddle,
to the southeast by the Araks deep fault, to the north-
east by the Saatly—Mingachevir zone of buried uplifts,
and to the southwest by the Fore-Lesser Caucasus deep
fault (Khain, Alizadeh, 2005; Mamedov, 1977).

Deep seismic sounding data indicate that the
surface of the pre-Alpine basement occurs at depths
ranging from 2 to 16 km. Longitudinal and trans-
verse deep faults define the configuration of major

tectonic elements and influence the formation of
both the basement surface, which is block-faulted
and stepwise deepens toward the Caspian Sea, and
the structure of the sedimentary cover (Nemcok et
al., 2011).

Two major first-order tectonic troughs are distin-
guished within the Middle Kur Depression: the lori—
Ajinohur trough in the northwest and the Yevlakh—
Aghjabedi trough in the southeast. These troughs are
arranged in an en echelon pattern, articulate with one
another, and represent separate petroliferous provinc-
es. Within the territory of Azerbaijan, the lori—
Ajinohur trough includes the second-order Ajinohur,
Alazani—Agrichay, and Jeyranchol troughs. The
Yevlakh—-Aghjabedi trough is represented by the
Fore-Lesser Caucasus marginal monocline and the
Goranboy—Muradkhanly second-order trough.

The pre-Jurassic basement undergoes stepwise
subsidence from the margins toward the axial zone of
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the depression, as well as along its strike from west to
east, except within the Kurdamir—Saatly saddle.

Two structural complexes are distinguished with-
in the Alpine sedimentary cover of the depression.
The lower complex is represented by Mesozoic—
Eocene carbonate—volcanogenic formations corre-
sponding to the geosynclinal stage of development.
These are overlain by an Oligocene-Anthropogene
complex composed of orogenic molasse, which is
subdivided into two subunits: the Lower Oligocene—
Miocene (Maykop Fm.) subunit and the Upper Mid-
dle-Upper Miocene—Quaternary subunit.

The Mesozoic—Eocene complex is composed of
a flysch formation and is characterised by gentle,
stepwise bedding complicated by both small local
uplifts and structural protrusions, as well as by lon-
gitudinal and transverse disjunctive faults.

The upper structural level formed as a result of
oscillatory movements of varying intensity across
different parts of the region is characterised by a
gradual upward attenuation of folding within the
stratigraphic section, where both horizontal and ver-
tical structural zonation are observed.

GEOCHEMICAL REVIEW

According to Feyzullayev, Huseynov and Ler-
che (2016), most oils in the Middle Kur Basin origi-
nated from organic matter deposited in a saline la-
custrine environment with a contribution of terrestri-
al material. Integration of biomarker evidence,
Rock-Eval pyrolysis data, and paleo- and current
thermal conditions indicates that the oils of the Mid-
dle Kur Basin were derived primarily from the mid-
dle-mature Tertiary source rocks with a possible
contribution from the Cretaceous sediments.

Based on geochemical indicators, a source
rock—oil correlation was established between the
Upper Eocene—Maykop core samples and oils re-
covered from reservoirs ranging in age from Creta-
ceous to Lower Miocene (Klosterman et al., 1997).
Although the investigated oils differ in density, bulk
and hydrocarbon composition, and extent of biodeg-
radation, the authors underscore their genetic unity
within a single oil family. The petroleum fluids are
interpreted to have been generated within Tertiary
lithofacies complexes formed under essentially iden-
tical depositional environments.

In the Mesozoic-Cenozoic sediments of the
Middle Kur Depression type Il and 11l organic mat-
ter are dominant (Akhundov et al., 2021; Kocharli et
al., 2019; Feyzullayev, 2025).

Seventeen core samples collected from wells
drilled on structural highs were studied for organic ma-
turity (13 of Eocene, 2 of Oligocene-Lower Miocene
and 2 of Lower Cretaceous age). They spanned depth
interval from 2000 to 4700 m. Based on %Ro meas-
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urements and pyrolysis parameters, the Middle and the
Upper Eocene strata of the Yevlakh—-Aghjabedi De-
pression remained thermally immature, as burial tem-
peratures were insufficient to promote effective organic
matter transformation (Akhundov et al., 2021). The
depocentral parts of the depression are likely to have
experienced a more advanced level of source rock ca-
tagenesis compared to the marginal areas.

OIL AND GAS PRESENCE

The study area is characterised by the wide-
spread occurrence of oil, gas, and water shows of
differing nature and intensity across a wide strati-
graphic interval.

Reservoirs and seals of the Upper Cretaceous and
the Eocene deposits of the Middle Kur Depression are
characterised by diversity in composition and genesis,
which causes sharp variations in well productivity in
individual areas (Akhundov et al., 2022).

In the previously published work, we provided a
brief description of the hydrocarbon accumulations
identified in the Middle Kur Depression. In addition,
highly prospective, prospective, and low-prospective
zones were identified within the depression for fur-
ther exploration and prospecting activities (Khudu-
zade et al., 2025).

Zones of extended longitudinal faults crossing
possible hydrocarbon migration pathways indicate
the presence of favorable structural-tectonic condi-
tions for oil and gas accumulation in this area. The
generalisation of factual data showed that the distri-
bution of oil and gas accumulations is associated
with faults that either divide structures into blocks
and partially seal the discovered reservoirs, or act as
lithological-fault or fault-stratigraphic seals.

The stratigraphic units of proven industrial hy-
drocarbon potential include the Upper Cretaceous
volcanogenic and, to some extent, volcanogenic—
carbonate deposits, the Eocene volcanogenic—
sedimentary rocks, the Maykop sedimentary for-
mations, as well as the Chokrak horizon (Alizadeh,
2008; Khuduzade et al., 2023).

Commercial oil deposits in the Upper Creta-
ceous volcanogenic formations have been discov-
ered on the northeastern flank of the Yevlakh—
Aghjabedi trough, in the Muradkhanly and Zardab
areas (Guliyev, Guliyeva, 2012).

The Upper Cretaceous carbonate rocks are
widely distributed but commercial oil accumulations
have not been identified. In the Muradkhanly area, a
local accumulation is noted within the carbonates,
while in the Sovetler area, a flow of formation water
with gas and oil has been encountered. On the
Gazanbulag structural high, oil was encountered dur-
ing testing of several wells. In the Terter area, strong
oil-gas shows were observed culminating in a flow-
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ing oil well. Minor oil inflows were noted only in
the Dalimammadli, Naftalan, Gulluja, and Beylagan
areas, and signs of hydrocarbon presence were iden-
tified in core samples from the Tarsdaller area.

The hydrocarbon potential of the Paleogene de-
posits has been established throughout the strati-
graphic section in all oil and gas bearing regions of
the Middle Kur Depression. Qil inflows and oil-gas
shows have been recorded in individual wells, and
signs of hydrocarbon presence from discrete inter-
vals have been observed in the most of areas. Small
oil accumulations have been identified as follows: in
the Paleocene—Lower Eocene deposits, in the
Gazanbulag, Naftalan, Dalimammadli, Duzdag—
Godakboz, Ajidere, Sariyaldag, Aghjabedi, and Bor-
sunlu—Kurekchay areas; in the Middle Eocene de-
posits, in the Dalimammadli, Gazanbulag, Naftalan,
Borsunlu—Kurekchay, Terter, Duzdag-Godakboz,
Muradkhanly, Zardab, Jafarli, Amirarkh, Tarsdaller,
Gurzundag, and Damirtepe—Udabno areas; and in
the Upper Eocene deposits, in the Dalimammadli,
Gazanbulag, Godakboz and Zardab areas.

The Maykop deposits are the most extensively
developed and studied. In the Ganja oil and gas
bearing region, oil reserves were discovered in the
Maykop deposits in the Naftalan, Gazanbulag,
Ajidere, Terter, and Dalimammadli areas; oil in-
flows in individual wells were recorded in the Bor-
sunlu, Aghjabedi, Beylagan, Shirvanly, and Gulluja
areas; and signs of hydrocarbon presence were iden-
tified in the Sariyaldag, Aliushaghi and Bozyeri are-
as. The oil fields at Gazanbulag, Ajidere, Naftalan
and Terter were in production until 1979.

In the Muradkhanly oil and gas bearing region,
oil reserves have been established in the Muradkhan-
ly and Zardab areas, while intense oil-gas shows in
the Maykop formation were recorded in the Mil and
Amirarkh areas.

The low level of data on the hydrocarbon pres-
ence of Maykop deposits in the oil and gas bearing
region of the Kur-lori interfluve is due to the fact
that intervals where oil-gas shows were recorded
during drilling were not tested.

Figure 1 presents a schematic map showing the
distribution of oil fields and prospective structures
within the Middle Kur Depression. Based on seismic
data and the geological-geophysical characteristics
of the structures, an assessment of prospective C3-
category resources was carried out for these areas. A
necessary condition was the presence of closed traps
within structural highs. Figure 2 shows examples of
structural maps for several areas of the Middle Kur
Depression.

The concept of "oil and combustible gas re-
sources” covers estimates of groups of identified and
unidentified hydrocarbon accumulations that vary in

their level of study and reliability. It covers a wide
range of values from accumulated production, detailed
explored (cat. A, B, C1) and preliminary estimated
(cat. C2) reserves to prospective (cat. C3) and predict-
ed resources (cat.D1 and D2) of liquid and gaseous
hydrocarbons (Methodological guidelines..., 1983).

Forecast estimates of resources are necessary
for planning the development of the oil industry in
the long term, as well as for identification of priori-
ties in exploration work.

The term “total resources” combines two groups
that differ sharply from each other. The identified
reserves of already discovered, explored and in-
volved in development deposits are included in the
first of them. Unidentified, not yet discovered re-
sources, only assumed, predicted on the basis of geo-
logical and geophysical data and established ideas
about the geological structure and oil and gas poten-
tial of the assessed regions are included in the second
group. The establishment of commercial oil and gas
potential (i.e. the discovery of a field) is the main
boundary separating groups of identified and uniden-
tified resources of a zone, region or area of oil and gas
accumulation. In the traditional classification of re-
serves (accepted in the former USSR and still used
today), such a boundary is drawn within categories C.

Preliminary estimated reserves of category C2
in already discovered fields, deposits and horizons
exposed by drilling are separated from less reliable
prospective resources of new horizons (category
C3). The oil and gas potential of the latter has not
yet been established by drilling in the fields of this
oil and gas-bearing region.

Traps (objects) in these potentially oil-containing
horizons should be prepared for exploratory drilling
and outlined on the basis of study by geological and
geophysical methods tested in this area. Based on
this, estimates of prospective resources (cat. C3)
should be classified as a group of undetected hydro-
carbon volumes (Methodological guidelines, 1983).

According to the degree of reliability hydrocar-
bon resources of sedimentary basins are divided into
three categories: C3, D1 and D2.

The quantitative assessment of predicted re-
sources (D1, D2) is based on the analysis of geologi-
cal criteria for the oil and gas potential of known are-
as and territories, and the application of specified ref-
erence characteristics to unknown objects. These ob-
jects may be located within known areas or in adja-
cent regions that have similar geological characteris-
tics for the formation and accumulation of oil and gas.

The division between the D1 and D1 categories is
somewhat speculative. Category D1 may include
lithostratigraphic objects which oil and gas potential in
the given large territory has not yet been proven, but
their hydrocarbon productivity has been established in
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the adjacent territories with comparable geological Different approaches and reference parameters
characteristics. Category D2 is related to resources of may be used when quantitatively assessing the oil
promising but poorly studied territories and lithologi- and gas potential of individual regions. As a result,
cal-stratigraphic complexes. Therefore, it is not possi- the predicted resources can demonstrate significant
ble to speak about the reliability or good justification of  fluctuations (Khuduzade et al., 2020).

the quantitative estimates of categories D1 and D2.

B

Sabirabad

Georgia Y X Russia

Map symbols
|\ | - oil field ' © | -city / dirstrict center @ - Ganja OGBR
Q | - structure @ - Kura-lori OGBR ® - Muradkhanly OGBR
Kura-lori OGBR 13 - Fakhrali Muradkhanly OGBR 45 - Shahsunnu
14 - Ziyadkhan 46 - Mammadli

1 - Damirtepe-Udabno 15 - Gazanbulag 30 - Mursel 47 - Muradkhanly
2 - Sazhdag 16 - Godakboz 31 - Garbi Amirarkh 48 - Jafarli
3 - Molladag 17 - Ajidere 32 - Mususlu 49 - Hasanli
4 - Aghtepe 18 - Sariyaldag 33 - Garabujag 50 - Aghamammadli
5 - Eldaroyughu 19 - Naftalan 34 - Garajaly 51 - Garaly
6 - Garbi Gurzundag 20 - Terter 35 - Garghaly 52 - Mil
7 - Kollug 21 - Lemberan 36 - Garabat 53 - Hajigasimly
8 - Gurzundag 22 - Hindarkh 37 - Beyimli 54 - Javadkhanly
9 - Tarsdaller 23 - Aghjabedi 38 - Gishlag 55 - Shargi

: 24 - Aghgol 39 - Shargi Gishlag Garagashly
Sans 9aER 25 - Janubi Aghjabedi 40 - Zardab 56 - Garagashly
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19 -Soyugkhanly 27 Gemerli 42 - Shikhbaghi
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Fig. 1. The Middle Kur depression. Location map of structures with estimated C3 category of prospective oil and gas resources
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Fig. 2. Structural maps with reserve calculation contours indicating potential hydrocarbon saturation of reservoirs in individual areas

of the Middle Kur Depression

Map Legend: 1 - isolines, and 2 - faults interpreted from seismic and well data; 3 - the Eocene pinch-out boundary; 4 - interpreted
hydrocarbon saturation contours; 5 - proposed exploratory well location

fig. @ - Structural uplifts (SH-111 - on the eroded surface of Middle Eocene): - I-Hajigasimly; 11-Shargi Garagashly; 111-Garagashly;
fig. ©® - Aghjabedi uplift (SH-1II - on the eroded surface of the Middle Eocene); fig. © - Eldaroyughu uplift (on the Middle Eocene
top); fig. @ - Naftalan field (SH-V - seismic horizon in the uppermost Upper Cretaceous)

There are two deep depressions within Azerbai-
jan: the South Caspian and Yevlakh-Aghjabedi,
which are separated by the Talysh-Vandam zone of
positive gravity anomaly. This zone is associated
with buried volcanogenic formations, mainly of the
Mesozoic age. In the literature, it is also referred to
as the “Kurdamir-Saatly Zone” (see Figure 1) and is
associated with buried volcanogenic complexes,
mainly of the Mesozoic age.

To appropriately assess the oil and gas potential of
vast areas of the Middle Kur Depression, it is necessary
to conduct more detailed geological, geochemical and
geophysical studies both in terms of area and depth of
the sedimentary basin. Despite the long history of geo-
logical exploration and drilling operations, our
knowledge of the structure and cross-section of deep-
lying horizons in many areas is insufficient to substan-
tiate the prospects for their oil and gas potential.

Onshore of Azerbaijan given the relatively high
level of exploration coverage of the upper level of
oil and gas presence, reorientation of exploration
work to deep-lying horizons, especially to the lower
level of oil and gas presence (to Mesozoic deposits),
to buried structures and non-anticline traps is an ex-
tremely urgent task (Kerimov et al., 2015).

EVALUATION OF FORECAST AND

PROSPECTIVE RESOURCES

The quantitative estimates of predicted and pro-
spective oil and gas resources in the Middle Kur De-
pression presented in previous studies mainly cover
the stratigraphic interval from the Cretaceous to the

Pliocene deposits. It is difficult to estimate the hy-
drocarbon potential of sedimentary facies of the Ju-
rassic deposits due to the lack or limited data on the
composition of solid and fluid components of these
layers. It is known that in the Gusar-Devechi region
and the southeastern subsidence zone of the Greater
Caucasus (Khizi Synclinorium, Tengi-Beshbarmag
Anticlinorium) these deposits are significantly thick
and contain layers enriched in organic matter (OM).
The Jurassic strata are considered prospective for the
discovery of oil and gas deposits (Alizadeh, 2008).

A number of published works provide quantita-
tive estimates of oil and gas regions of Azerbaijan
differing both in geographical coverage and in strat-
igraphic detail. Naturally, these estimates are diffi-
cult to compare making the overall quantitative pic-
ture hard to interpret.

The results of quantitative assessment of hydro-
carbon resources at a given geographical scale and
stratigraphic limits are known from publications by
various authors. Thus, according to Kerimov et al.,
(1999) the initial total hydrocarbon resources
amount to 91 billion tons of geological and 34 bil-
lion tons of recoverable volumes (hereinafter in
brackets, recoverable resources) in the sedimentary
strata of the Kur-South Caspian Mega Depression.
Under the term “The Kur-South Caspian Mega De-
pression” the authors unite the vast territory of the
South Caspian, including the West Turkmen Depres-
sion in the east, the Azerbaijani marine area in the
west, the Iranian sector in the south, as well as the
Lower, Middle and Upper Kur basins, and even the
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southern part of the Terek-Caspian Depression. The
predicted resources of the Pliocene 18 (7.4), Paleo-
gene-Miocene 7.0 (1.9) and Mesozoic 16.0 (6.2)
complexes amount to a total of 41 (15.5) billion tons.

According to Guliyev L.S. et al. (2003), a sche-
matic description of the predicted resources is pre-
sented in the form of color-coded zones within the
Caspian basin and adjacent land. The main focus here
lies in two schematic maps illustrating the distribution
of potential hydrocarbon resources in the Oligocene-
Miocene and Cretaceous-Eocene deposits. In the first
map, within the Middle Kur Depression, the density
of potential hydrocarbon resources is represented by a
color scale of 20-50-75-100 thousand tons/km? of oil
equivalent (toe) with the majority of the area coded as
“20 thousand tons/km?”. In the second scheme (the
Cretaceous-Eocene), the coloring reflects the coding
range of "5-100 thousand tons", where the over-
whelming area is occupied by two color codes of 25
and 50 thousand tons/km?,

Without detailing the data for individual regions
of Azerbaijan, in total, potential hydrocarbon re-
sources of the Oligocene-Miocene are represented
by 3.54 billion toe (based on an area of 98.1 thou-
sand km?). Similar tabular data are also presented for
the Cretaceous-Eocene. In total, potential hydrocar-
bon resources for this interval are represented by
2.15 billion toe (74.5 thousand km?). The assessment
of potential hydrocarbon resources for the Jurassic
complex in Azerbaijan is characterised by a moder-
ate value of 0.41 billion toe (38.1 thousand km?). It
should be noted that the authors' calculations for the
Cretaceous-Eocene and Jurassic are limited to the
upper part of the sedimentary cover, i.e., deposits
lying no deeper than 7 km.

According to Aliyev H-M.A. and co-authors
(2007) estimates are given the initial total geological
hydrocarbon resources (in conventional units or in
oil equivalent) for the Mesozoic, which in total
amount to 1.25 billion toe. According to the geolog-
ical fund materials we used to clarify this value, it
represents estimates of reserves and resources in the
onshore regions of Azerbaijan. In particular, the Mu-
radkhanly, Ganja, Kur-lori interfluve OGBRs and

the Ajinohur prospective region located within the
area of our study combined account for one third of
the initial total resources (ITR) of the onshore Azer-
baijan. As can be seen from Table 1, the ITR values
are essentially formed from the predicted D1+D2
hydrocarbon categories.

So far, the Middle Kur Depression has under-
gone extensive and relatively high-density field geo-
physical surveys. The deep structure of the depres-
sion’s sedimentary cover has been clarified to a sig-
nificant extent due to seismic surveys carried out
over the past decades. By means of seismic sounding
using the common depth point method, numerous
structural uplifts were identified and delineated with
areas ranging from a few to several tens of square
kilometers. Thus, the existence of many previously
identified structures was confirmed, although some
were found to be considerably smaller in area than
earlier structural interpretations had suggested. In a
number of cases, positive features formerly regarded
as closed proved to be structural noses or lacked
confirmation entirely.

The areal characteristics of the identified struc-
tures with such calculation parameters as thickness
of the expected reservoirs, their fluid storage capaci-
ty properties made it possible to calculate the pro-
spective resources of the C3 category taking into
account the predicted phase state of hydrocarbon
accumulations.

Table 2 summarises the main calculation parame-
ters compiled from the analysis of reference areas,
which are essentially known fields. The values of pro-
spective hydrocarbon resources of category C3 are
calculated on the basis of parameters, which include
the area of the structure along the deepest closed con-
tours, effective hydrocarbon-saturated thickness, open
porosity, oil saturation, oil density and gas factor. The
calculation formula also includes a correction for oil
shrinkage. It is necessary to immediately make a res-
ervation regarding open porosity. Along with pore
space, it also reflects fracturing, a petrophysical pa-
rameter that has a significant impact on the filtration
and capacity characteristics of rocks.

Table 1

Initial total hydrocarbon resources of the Mesozoic complex by OGBRs*
with indication of predicted resources D1+D2

. Oil and gas bearing region
On Mesozoic . - . _
strata Muradkhanly Ganja The Kur-lori inter- | Ajinohur p_rospectlve
fluve region
ITR** 215 128 52 20
D1+D2 187 120 45 20

* OGBR - oil and gas bearing region
** |TR — initial total resources

82



M.F.Tagiyev et al. | ANAS Transactions, Earth Sciences 1 /2026, 77-87; DOI: 10.33677/ggianas20260100168

Table 2

Reference parameters used for the estimation of C3 category of oil and dissolved gas resources

Reference

OGBR Reference areal stratiaraphic Net thick- | Effective | Oil satura- | Oil density | Gas-oil ratio | Structural area
posgiti(?n ness (m) |porosity (%)| tion (%) (g/lem?®) | (GOR) (m3/t) |(min—max); km?
Kur-lori Tarsdaller Middle 17.0 13.0 80.0 0.870 109.0 2.5-34.0
Eocene
Kur-lori Muradkhanly | . UPPer 10.2 143 54.2 0.877 31.2 0.7-8.1
Cretaceous
. Middle
Ganja Tarsdaller E 17.0 13 80.0 0.870 109.0 2.2-12.5
ocene
Ganja Muradkhanly Middle 94 12 55.6 0.882 314 1.0-41.1
Eocene
Ganja Muradkhanly | . UPPer 10.2 143 54.2 0.877 31.2 5.5-15.0
Cretaceous
Zardab- Maykop
Muradkhanly Shikhbaghi formation 52 18 60 0.873 10 6.8
. Middle
Muradkhanly Jafarli Eocene 20.0 9.8 57.4 0.872 24 1.0-6.5
Muradkhanly | Muradkhanly Middle 9.4 12 55.6 0.882 314 2.1-43
Eocene
Muradkhanly | Muradkhanly | . IPPE’ 10.2 143 542 0.877 31.2 0.3-30.3
Cretaceous

Resource estimates of category C3 were pre-

sented for a number of promising structures of the
Middle Kur Depression. Thus, of this amount, the
share of the Kur-lori Interfluve OGR accounted for
8 structures. For the Ganja OGBR, 16 structures
were covered by estimates, and 33 structures were
guantitatively characterised for the Muradkhanly

OGBR.

Table 3 shows the distribution of prospective re-
sources by stratigraphic complexes. In this table, the

data are divided between three oil and gas complexes:
The Mesozoic, Eocene, and the Oligocene-Lower
Miocene Maykop Fm. According to the presented
estimates, the sedimentary section of the Muradkhan-
ly oil and gas bearing region is characterised by the
largest hydrocarbon resources of the C2 category
(111/26 million tons). In individual consideration, the
Eocene complex within the Ganja OGBR contains the
largest volume of hydrocarbons (68/12 million tons)
compared to all other elements of the table.

Table 3
Distribution of C3 category of prospective resources by stratigraphic complexes
dissolved
HC | oil (thou.t) gas stratigraphic complex
resources (mIn m?)
C3 »
geological geological Mesozoic Eocene Maykop
OGBR ¥ recoverable | recoverable oil dissolved oil dissolved oil dissolved
gas gas gas
. 59 937 5465 | 13727 428 | 46210 5037
Kur-lori
16 883 1497 | 4407 137 | 12477 1360
. 84 639 5383 | 16201 505 | 68438 4877
Ganja
17 023 1270 | 5200 162 | 11822 1108
111 022 3175 | 52455 1637 | 55890 1512 | 2677 27
Muradkhanly
26 399 794 | 16 838 525 9160 264 402 4
Total 255 598 14 023 | 82383 2570 | 170538 11426 | 2677 27
60 305 3561 | 26445 825 | 33458 2732 402 4
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Table 4 presents the distribution by depth inter-
vals. Here, a distinct difference in the depth distribu-
tion of oil resources between the studied regions is
observed. In the Ganja region, the peak of C3 oil
resources corresponds to a depth interval of 1-2 km.
In the Muradkhanly oil and gas bearing region, it is
deeper — in the range of 2-3 km. In the region of Kur
and lori Interfluve, the peak occurs within deeply
buried sedimentary layers, at depths exceeding 5 km.
This can be explained by the fact that, in the El-
daroyughu area, which hosts the largest C3 re-
sources, the seismogeological surface of the Middle
Eocene occurs at depths exceeding 5 km.

Figure 3 presents the distribution of prospective
resources by sedimentary cover depth for each
OGBR individually as well as for their overall total.
According to the obtained estimates, the largest vol-
umes of hydrocarbon resources are concentrated at
depths of 3-4 km (see Fig. 3b). Stratigraphically, the
greatest volumes of resources are associated with the
Eocene complex (see Fig. 3d).

The ratio between prospective (C3) and predicted
(D1, D2) resources is of considerable interest (Figure
4). Predicted resource categories are considered the
least reliable, due to the fact that they reflect the part
of the hydrocarbon potential that is based on very ap-
proximate estimations. Nevertheless, the quantitative
picture would be incomplete without them.

The hydrocarbon resource estimates presented
in this study underscore the need to consider the

deeper levels of oil and gas potential in the Middle
Kur Depression, especially buried structures and
non-anticlinal traps related to the Mesozoic for-
mations. These areas require increased attention to
enable the development of more scientifically robust
assessments of oil and gas potential.

With advances in equipment and production
technology, the development of unconventional hy-
drocarbon resources in the Middle Kur Depression
has come to the forefront. The paleotectonic basis
and the geological and geochemical conditions for
the exploration of shale oil and shale gas in the
Yevlakh—Agjabedi Depression are discussed in the
publication by Huseynov et al., 2015.

The authors noted a number of factors that favor
the search for shale hydrocarbons in the Maykop
deposits of this depression. The subsidence of the
Oligocene—Miocene strata in the depocentral area of
the depression below 3.5 km promoted catagenetic
transformation, a process necessary for hydrocarbon
formation within shale formations. The quantity and
type of organic matter suggest a capacity for the
generation of gaseous hydrocarbons. The presence
of alternating clayey layers and impermeable silt-
stone partings is regarded as advantageous from the
standpoint of development potential. Preliminary
encouraging results highlight the necessity to con-
tinue research aimed at identifying and delineating
the most prospective areas for shale hydrocarbons.

Table 4
Distribution of C3 category of prospective resources by depth intervals of the sedimentary cover
oil dissolved
HC gas depth, km
resources (thou.y) / k-t (mIn m?)
Cc3»
geological | geological 0-1 1-2 2-3 3-4 4-5 5+
OGBR V¥
. dissol- . dissol- . dissol- . dissol- . dissol- . dissol-
recoverable | recoverable| oil ved gas oil ved gas oil ved gas oil ved gas oil ved gas oil ved gas
59937 5 465 4170 341| 9296 843| 9638 301| 36833 3981
Kur-lori
16 883 1497 1200 94| 2622 231| 3094 97| 9967| 1076
84 639 5383| 21718 2263| 39766 2396| 14828 463| 4706 147| 3620 114
Ganja
17 023 1270 5595 603| 5741 490| 4279 134| 1155 36 253 8
111 022 3175 80 213| 2374| 21246 571 9563 230
Muradkhanly
26 399 794 21941 669| 3579 103 880 21
255598 14 023| 21718 2263| 39766 2396 18998 804| 94215 3364| 34503 986| 46 397| 4210
Total
60 305 3561 5595 603| 5741 490| 5479 228| 25717 936| 6926 208| 10847 1097
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Fig. 3. Distribution of estimated C3 category of prospective resources in OGBRs: (a) by depth intervals; (b) total for the three OG-
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Fig. 4. Distribution of C3 and D1+D2 category of resources in
the hydrocarbon-bearing regions of the Middle Kur Depression

The least studied deposits in the Middle Kur De-
pression are the Lower Cretaceous and Jurassic strata,
which, fall outside the scope of this presentation due to

the limited geological and geophysical explorations.
Insufficient geochemical data to evaluate the hydrocar-
bon generation potential combined with the unknown
extent and distribution of these deposits constitutes an
additional constraint on resource assessment.

CONCLUSION

Prospective resource estimates (C3 category)
were presented for a total of 57 prospective struc-
tures of the Middle Kur Depression.

Prospective resources are distributed between
three major petroliferous stratigraphic complexes:
the Mesozoic, Eocene and Maykop. The sedimen-
tary strata in the Muradkhanly oil and gas bearing
region is estimated to be the largest C3 category hy-
drocarbon resource container (with 111 / 26 million
tons of geological / extractible HCs). When consid-
ered separately, the Eocene complex within the Gan-
ja region contains the highest hydrocarbon volumes
(68/12 million tons) compared to all other strati-
graphic units of the studied regions.

In the distribution of oil resources by depth in-
tervals, a clear difference is revealed between the
hydrocarbon bearing regions under consideration. In
the Ganja region, the C3 oil resource peak corre-
sponds to a depth interval of 1-2 km. In the Murad-
khanly region, it is deeper — in the range of 2-3 km.
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In the Kur and lori interfluve the peak even shifts to The mentioned estimates for hydrocarbon re-

deeper sedimentary horizons (below 5 km). sources emphasise to some extent the need to pay
In the distribution of prospective resources by attention to the lower stage of oil and gas presence

depth of sedimentary pile, the highest volumes are in the Middle Kur Depression, particularly to the

confined to depths of 3-4 km. In the stratigraphic  buried structures and non-anticlinal traps associated

allocation the largest resources fall within the Eo-  with the Mesozoic deposits.

cene complex.
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Pe3tome. Ha ceroqHANIHNN 1eHb ITyOMHHOE CTPOEHHE 0caouHOH Toamu CpeAHEeKYPHHCKOH BIIaANHbBI B 3HAYUTENBHOM CTETIeHH
JeTaIM3UPOBAHO CEHCMUYECKUMH HCCIeNoBaHUsAMU. [lyTeM ceficMHYecKOro 30HAMPOBAHMS BBIBIECHBI U OKOHTYpPEHBI MHOTOYHC-
JIEHHbIE CTPYKTYPHBIC HMOAHSITHS, IUIOMIAAN KOTOPBIX BapbUPYIOT B MpEAeNax OT HECKOIBKUX JIO NMEPBBIX JECATKOB KBaJPaTHBIX KHU-
JIOMeTpOoB. XOTs CYIIECTBOBAaHHE MHOTHX PAHEE BBIIBICHHBIX CTPYKTYpP MOATBEPKAEHO, IIPU 3TOM HEKOTOPHIE U3 HHUX OKa3aIHCh
3HAUUTENIFHO CKPOMHEE IO IUIOIIaIH, YeM OBUIO MPEICTaBICHO B pe3yibTaTe NMPEAbIIYIINX CTPYKTYPHBIX HHTepHperanuii. B psne
ClTy4aeB CUMTABIIMECS PaHEee 3aMKHYTHIMH ITOJIOKUTEIBHbIE JIEMEHTHI OKa3aIINCh CTPYKTYPHBIMHA BBICTYIIaMHU FJIM BOBCE HE HAIlIIH
CBOETO IMOATBep)KAEHHs. [IIomanHple XapaKTepUCTHKN BBISBICHHBIX CTPYKTYp BKYIE C TAKUMHM IIOJCYCTHBIMU IIapaMeTpaMH, Kak
MOIIIHOCTHU HpeJIolaraeMbIX pe3epByapoB, UX eMKOCTHBIE CBOICTBA U ¢ y4eTOM (ha30BOTO COCTOSTHHUS YTIIEBOJOPOJIOB B H3BECTHBIX
CKOIUICHUSIX JIETJIM B OCHOBY PacdeToB pecypcoB. Takum 00pa3oM, MpecTaBuiIach BO3MOXKHOCTD OIIEHKH MEPCIEKTUBHBIX PECYPCOB
kateropun C3 B NMOTEHIHMATEHO He(TECOACpIKalIUNX T'OPH30HTAX CTPYKTYpPHBIX MOIHATHI, HE OXBadeHHBIX OypeHueM. B mamnoit
paboTe mpencTaBlIeH MPOrHO3 MEPCHEKTHUBHBIX PECYpPCOB HE(TH U ras3a MaleOreHOBBIX M MENOBBIX OTIOXKEeHHH CpemHeKypHHCKO
BIIINHBI, IMEIOIMINX J0Ka3aHHYIO MPOMBIIIICHHYIO0 He(Tera30HOCHOCTh. OeHKU pecypcoB Kateropuu C3 ObUIH MpencTaBiIeHBI 10
PsLy MEPCIIEKTUBHEIX CTPYKTYp ['sTHIDKMHCKOTO 1 MypaaxaHIMHCKOTo HeTera3oHOCHBIX paifoHOB U Mexaypedbs Kypsl u Hopu. B
00IIel CII0KHOCTH OLIEHKaMH OBUTH OXBadeHBI 57 CTPYKTyp. B pacnpeneneHun mepcnekTHBHBIX PECYpCoB MO TIIyOWHHBIM HMHTEpBa-
JIaM BBIBIISIETCSI YETKOE pa3iMire MEXIy paccMaTpHBaeMbIMH palioHaMu. HamGoliee BEICOKHE 0OBEMBI YTIIEBOJIOPOIHBIX PECYPCOB
MIPUYpPOYEHB! K TIyOuHam 3-4 KM, TOrAa Kak B CTPAaTUTpadMyecKoM paclpelelIeHUH HauOOoJbIINe PEeCypChl IPHXOIATCS Ha JOJIO
J0IIEHOBOTO KOMIIEKCA.

Kniouesvie cnoga: Cpednekypunckas 6naouna, Hegpme2asoHocHOCmb, nepcnekmugHele pecypcul hegpmu u 2asa, kamezopus C3

YENI GEOLOJI-GEOKIMY9Vi MOLUMATLAR 9SASINDA ORTA KUR COKOKLIYININ
KARBOHIDROGEN RESURSLARININ QiYMOTLONDIRILMOSI

Tagiyev M.F."*, Xuduzads 9.i.2, Axundov S.X.!, Axundova X.R.!
! SOCAR, “Neftqazelmitadgiqatlayiho ” Institutu, Azarbaycan
AZ1122, Baki, H.Zardabi xiig., 88a
2SOCAR, “AzNeft” IB, Azarbaycan
AZ1000, Bak, Nefigilar prosp., 73
*Yazismalara masul: mushfiq.taghiyev@socar.az

Xiilasa. Bu giino godor Orta Kiir ¢okokliyinin ¢okiintii qatinin dorinlik qurulusu seysmik todgigatlar vasitosilo shomiyyatli
doracads doqiglosdirilmigdir. Seysmik zondlama vasitasilo ¢oxsayl struktur qalximlar askar edilmis vo onlarin gapanma konturlari
miioyyan edilmisdir. Bu qalximlarin sahasi bir nego kvadrat kilometrdon onlarla kvadrat kilometro gadar doayisir. ©vvallor malum
olan strukturlarin ¢ox hissasinin mévcudlugu tosdiglonss do, onlarin bir gisminin avvalki struktur interpretasiyalarm naticslori ilo
miiqayisodo ohomiyyatli doracads kigik sahoys malik oldugu miisyyon edilmisdir. Bozi hallarda avvallor gapali sayilan miisbat
struktur elementlor yeni interpretasiyada struktur ¢ixintilar kimi sorh edilmis vo ya timumiyystlo 6z tesdiqini tapmamigdir. Askar
edilmis strukturlarin sahovi xiisusiyyatlori, ehtimal olunan rezervuarlarin qalinligi, onlarm fliiid tutum xassslori vo proqnozlagdirilan
yigimlarin karbohidrogen faza hali nozoro alinmagqla, C3 kateqoriyali perspektiv resurslarin hesablanmasi hoyata kegirilmisdir.
Belsliklo, indiyadok gazma ilo ohato edilmomis struktur qalximlarin perspektiv horizontlar1 tigiin C3 kateqoriyali karbohidrogen
resurslarin giymotlondirilmo imkani1 aldo edilmisdir. Magalods Orta Kiir ¢okokliyinds neftqazlilig: tosbit edilmis Paleogen vo Tabasir
¢okiintli intervallart tigiin perspektiv neft va qaz resurslarinin prognozu taqdim olunur. Kiir-Qabirri ¢aylararasi, Gancs va Muradxanl
neftli-qazli rayonlarinin bir sira perspektivli strukturlari tigiin C3 kateqoriyali resurslarin qiymotlondirilmosi imumilikdo 57 sahoni
ohato etmisdir. Baxilan rayonlar1 miiqayiso etdikds perspektiv resurslarin miixtalif dorinlik intervallari tizro paylanma monzarasinda
aydin forqlilik agkar sokildo goriinmokdadir. Neft-qaz resurslarinin on boyiik hacmlori 3-4 km dorinlikloro aid oldugu halda,
stratiqrafik paylanma baximindan on boyiik resurs migdar1 Eosen kompleksinin payima diistir.

Acar sozlar: Orta Kiir ¢6kakliyi, nefigazliliq, neft va gazin perspektiv resurslari, C3 kateqoriyast
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ANALYSIS OF PHYSICOCHEMICAL CHARACTERISTICS OF POLYMERS
FOR ENHANCED OIL RECOVERY (THE EMBA FIELDS AS CASE STUDY)
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Summary. The efficiency of water flooding systems in oil reservoirs using advanced stimula-
tion technologies largely depends on the quality of site selection. Each site requires an individual
approach based primarily on methodologies that define areas of effective technology application,
which in turn are determined by the geological and physical characteristics of the productive for-
mations, optimal technological parameters of well operations, technical capabilities, and economic
feasibility. To address this challenge, the development of new reagents that can significantly in-
crease the oil recovery factor (ORF) at already developed fields is highly relevant. This paper pre-
sents detailed results of laboratory research on the selection of polymers. Preparation of selected
polymers for laboratory experiments was conducted using both synthetic water models and for-
mation water samples collected from the field. Special attention was paid to the chemical composi-
tion of the formation water, as water viscosity is highly dependent on mineralisation. To study the
criteria for polymer flooding and assess its effectiveness, Field “X” (a conditionally designated
name) was selected. Additionally, the main properties of polymer compositions for the conditions
of Fields “X” and “Y” were studied. Based on laboratory studies, a technology was developed and
pilot-industrial tests were conducted in real wells of Fields “X” and “Y.” Among the polymers
studied, Flopaam 5115VHM was found to be the most suitable for Field “X” in terms of solubility
and viscosity, while FP5205 VHM and FC 6725 were identified as optimal for Field “Y.”

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

BBeaenue

CHCTEM, SIBIISIFOTCS aKTyalbHBIMH, TpeOys mpoBee-

Kak wu3BecTHO, OJHMM W3 BBICOKOI(PPEKTHB-
HBIX METOJOB (PU3UKO-XUMHUYECKOTO BO3JACHCTBHS
Ha TPOAYKTHUBHBIH IUIACT SIBJIAETCS HOJIMMEPHOE
3aBOJIHEHHE. BorpocaM mMommMepHOTro 3aBOJHEHUS
MOCBSILEHB MHOTOYHCIICHHBIE TPYAbl yueHbIX. He-
CMOTpSI Ha OOJBIIOE KOJMYECTBO HAKOIUIEHHBIX K
HACTOSIIEMY BPEMEHH HCCIIEIOBaHMH, BCE )K€ BO-
IIPOCHI, CBSI3aHHBIE C TMPUMEHEHHEM ITOJIMMEPHBIX

88

HHUSI SKCIIEPUMEHTAJIBHBIX HCCIICIOBAHUI PEOJIOTH-
YECKHUX XaPAKTEPUCTUK PA3JIUYHBIX IOJHMEPOB C
Y4E€TOM T€0JOro-(PU3NYeCKUX XapaKTEPUCTHK pac-
CMaTPUBAEMOT0 MECTOPOXKIACHUs. B ¢BsI3u ¢ 3TUM B
MIPEACTABIICHHON CTaThe NPHUBEACHBI IMOAPOOHBIE
pe3yabTaThl 1a0OPATOPHBIX MCCIICIOBAHUH IO ITOJ-
6opy mommmepoB. IloaroToBka BBEIOPAHHBIX ITOJTH-
MEpOB ISl JIAOOPATOPHBIX KCCIEIOBAHUH TPOBO-
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IUIach Kak HAa MOJAETSIX CHHTE3UPOBAHHOW BOIHI,
Tak W Ha o0pa3max IIacTOBOM BOJBI, JOCTAaBIICH-
HBIX C MECTOPOXKICHUSI.

Oco0oe BHHMaHHE YAEMSIOCh  XUMHYECKOMY
COCTaBy IUIACTOBOW BOBI, TaK KaK BSI3KOCTH BOJBI
3HAUUTENIFHO 3aBUCUT OT MuHepanu3anuu. Jlis
Hanbonee OOOCHOBaHHOW IMOCTAHOBKH MCCIIEOBA-
HAW HEOOXOIUMO OBLIO IMPOBECTH aHAIN3 HCCICHO-
BaHWi, BBHITIOJHEHHBIX B 3TOM HANpaBICHUH B pas-
JIUYHBIX HAYYHBIX ¥ MIPOEKTHBIX OPraHu3alusiX.

AHAJIU3 COBPEMEHHOr0 COCTOSIHUSI H3Yy4eH-
HOCTH TEXHOJIOTHM NMPUMEHEHHs Pa3JuYHbIX MO-
JIMMEPHBIX CHCTEM

TexHOIIOTHS MOIMMEPHOTO 3aBOJAHEHHUS YCIIeI-
HOo npumensercs TOO «ANCTpoH» Ha MECTOPOXKIe-
Hud «Y» ¢ 2014 rona. IIpoekT mo moauMepHOMY
3aBOJJHCHHMIO OBUI HayaT HAa OCHOBAaHHUU IIPOCKTA
«Pa3paboTka mpoekTa MOIMMEPHOTO 3aBOAHEHUS U
MpoBeNeHNe JIaOOPaTOPHBIX HCCIEAOBAHUN LIS
moxbopa monmMepa», cocraBienHoro TOO HUU
«KacnnitMy#naiil a3». OnBITHO-TTPOMBIIIIIEHHBIE
vcneiTanus Obimi Havatel 22.11.2014 roma. B cen-
10pe 2017 roma OBLIO OCYIIECTBICHO PACIIMPEHHE
mpoekra ¢ oxBaToM Bcero Il 6moka II Heoxomckoro
ropuszonTa. llpuMeHeHHEe TEXHOJIOTUU IO3BOIHIO
moyryduTh Ooiyiee 60 ThICSIY TOHH JOTOJHUTEIHHO
nooerroit HehTr (Report of the Open Joint-Stock
Company “Giprovostokneft”, 2006; Report of
Caspian Energy Research LLP, 2010; Report of
Caspian Energy Research LLP, 2009; Report of Ri
"Kaspiymunaygas" LLP, 2017; Report of Ri
Kaspiymunaygas LLP, 2016; Caspian Energy
Research LLP, 2009).

[IpuMeHeHne TMONMMEPOB C TENBI0 TOBBIMICHHUS
3¢ (EKTUBHOCTH pa3pabOTKU OCYIIECTRISIIOCH B Pa3-
JIUYHBIX PErHOHaX, B YaCTHOCTH, HA MHOTHX OOBEK-
tax CIIA, Kananer, Benecyansl, Aprentunsi, Poc-
cun, AzepOaiimkana, Kaszaxcrana (Manyrin, Shve-
tsov, 2002; Grigorashchenko et al., 1978; State
Standard 153.0-75 — State Standard 21153.7-75,
1975; State Standard 21534-76, 1976; State Standard
26450.0-85, 1985; Gazizov, 2002). Kak nokaseiBaer
aHaJIu3, IMOJIMMEPBI O6BIT-IHO IIPUMEHAIOTCSA HA MECTO-
POXIEHUSIX C OOBOOHEHHOCTBIO 95%, TpH >TOM
obecnieunBaercs mpupoct KUH no 10% (Gallyamov,
Rakhimkulov, 1978; Delamaide E. et al., 2014;
Surguchev, 1985; Chang et al., 2006; Wang et al.,
2008; Surguchev et al., 1991; Saboorian-Jooybari et
al., 2015; Abasov et al., 2009).

OCHOBHBIM METOJIOM HMCKYCCTBEHHOI'O BO3ICH-
CTBHUA Ha Heq)TSIHI)Ie IUIACTBI ABJIACTCA 3aBOJHCHHUC,
Y OJHUM W3 CHOCOOOB MOBBIMIEHUS ero 3ddexTus-
HOCTH CUMTAETCS MpUMEHEHNEe (HU3UKO-XUMUIECKIX
CIoco0OB BO3JIEHCTBYSI Ha IUTACT MyTEM JO0OABOK K
3aKaurBaeMOM BOJIEé PAa3NUYHBIX KOMIIOHEHTOB,

VIIYYIIAIOINIMX €€ HEe(TEBBITCCHSIONINE CBOMCTBA.
JlaHHOMY BOIIPOCY TIOCBSIIICHBI MHOTOYHCIICHHBIC
uccnenoBanus. Cpey HUX CICIYyeT OTMETHTh IyO-
nmukanun nocneaanx Jiet (Delamaide E. et al., 2014;
Chang et al., 2006; Saboorian-Jooybari et al., 2015;
Abasov et al., 2009; Moldabayeva et al., 2023a;
Moldabayeva et al., 2023b). Pesynbpratrom BHempe-
HHS JAHHOM TEXHOJOTHH, KaK OTMEYAeTCS B JTHX
paboTax, SBISICTCS:
e mepepacpeneieHie GpUIbTPaliOHHBIX TOTO-
KOB 0 IUIOMIAJN U pa3pe3y oOpadaThiBagMo-
TO yJacTKa 3aJIeKH;

® C/ICpP)KMBAaHUE MPOPBIBA BOJl M3 HATHETATEb-
HBEIX B JJOOBIBAIOIINE CKBAKWHEL,

® TIOJKJIIOUYCHUE B pa3pabOTKy TPYIHOU3BIICKA-
€MBIX 3aIlacoB M3 30H C MOHW)KECHHON MPOHU-
LIAEMOCTBIO.

HccnenoBanmsimu (Abasov et al., 2009; Molda-
bayeva et al., 2023a; Moldabayeva et al., 2023b)
YCTaHOBJICHO, YTO Ha PEOJOTHMYECKHE XapaKTepH-
CTHUKH OCaJKOTejIeo0pasyroluX COCTaBOB OKa3bl-
BAIOT BIMSHHE KaK KOMIIOHEHTHI, BXOJIINE B HHX,
TaK U CTENEeHb MUHEpaJIU3alMU MJIaCTOBOM BOJAbl. B
MPECHON BOJIE B CBSI3H C OTCYTCTBUEM HOHOB Kallb-
Ul 1 MarHus MOJIMMEPhl 00J1aal0T XOpoIe pac-
TBOPHUMOCTBIO U CTIOCOOHOCTBIO YBEIUYCHHS BS3KO-
cTu pactBopoB. C yBennUeHHEM KOHIIEHTPAIIUU BhI-
TECHSIOMIET0 areHTa BS3KOCTh PACTBOPOB BO3pac-
taeT. ClefyeT OTMETUTh, YTO (PU3UKO-XUMHUUECKUC
CBOWCTBA U PEOJIOTHUECKUE OCOOEHHOCTH OCaIKOTe-
neobpasyronux coctaBoB (OI'OC) 3aBHCAT OT KOH-
[EHTpalUi MoIUMepa U MICJIOYH, TEMIepaTypsl U
MUHEpaIu3alunu BOJbI, IIPUYEM IIPHU MaJIbIX KOHIICH-
TpalUsX TOJMMEPa COCTAB MPOSBISIECT HBIOTOHOB-
ckuii xapakrep (Moldabayeva et al., 2023a;
Moldabayeva et al., 2023b; Zhdanov, 2001).

TakuMm 00pa3oM, MOABOJS UTOT aHAIU3Y COBpPE-
MEHHOTO COCTOSIHHSI TPUMEHEHUS TIOJIMMEPHBIX Ma-
TEPHUAJIOB NPH pa3pabOTKe MECTOPOKACHUN, MOXKHO
MIPUIATH K CIESIYIOIIUM BEIBOJIaM, KOTOPHIE TTIO3BOJISIT
000CHOBAaHHO HAIPABUTh UCCIICAOBAHUS.

Crnemyer OTMETHTB, YTO HEAOCTATOYHO Tpopabdo-
TaHa METOZOJIOTHS CO3JAaHHS OCHOBBI CHCTEMEI, I103-
BOJISIIONICH TPOBOJUTh KOMIUIEKC TEOPETHUYECCKHX,
OKCIICPUMECHTAJIbHBIX I/ICCJ’IC}IOBaHI/II\/’I " ITPOMBICJIOBBIX
HaOmMoeHn [u1a Haubosee TIYyOOKOro HW3y4YeHHs
YCIIOBUH M Pe3yJIbTaTOB BOAOMNPOSIBICHUHN; OTMEUCH-
HOE OOCTOSITEILCTBO CYIIECTBEHHO 3aTPYAHSET TPO-
LleCC TPUHATHUS AJEKBATHBIX PEIICHU 1O BHIOOPY
TEXHOJIOTHU OTPaHHYCHUS BOJIOITPUTOKOB.

0030p myOnuKanmii, HAKOIUICHHBIX K HACTOS-
[eMy BpEMEHHM U TIOCBSIIEHHBIX BOIPOCAM MPUME-
aeans OI'OC, moaATBepAvII 3HAYUMOCTh ¥ BAXKHOCTH
OTMCUCHHBIX WCCJICIOBaHMI, HAIPaBICHHBIX Ha
MIPUHSATHAE PEIICHUHA MPH pealln3allid METOAOB II0-
BbIllIeHUsT HedTeoTnauu. s NpuHATHS HaubOoee

89



G.Sh.Doskaziyeva et al. | ANAS Transactions, Earth Sciences 1 /2026, 88-98; DOI: 10.33677/ggianas20260100169

MPAaBUWIBHBIX M OOOCHOBAaHHBIX TEXHOJIOTMYECKUX
pEIICHNI TP MEPONPUATHUSX, CBA3aHHBIX C IPUME-
HEHHEM MOJMMEPHBIX KOMIIO3MIWH, HEOOXOIMMBI:
aHaIIN3 TeoJIoro-(hU3NYECKNX YCIIOBUI M 0COOEHHO-
CTel paccMaTpUBAEMOro MECTOPOXXKICHHSA U (PaKTo-
POB, OKa3bIBAIOUIMX BJIMAHUE Ha BBIOOP 3ddexTus-
HOM TE€XHOJIOTWH, B YACTHOCTH, BOJOU3OIALMOHHBIX
paloT; IIaHUPOBAHUE W IIPOBEIEHHE IKCIECPUMEH-
TaNbHBIX HCCIENOBaHUI MO u3ydeHHto 3ddekra
M30JISIIMY TOJTUMEPHBIMH PACTBOPAMHU.

Pemenne OTMEYeHHBIX 3a7ad, NMPUYACTHBIX K
BbIOOPY HAWITYHYILIMX KOMIIO3ULIMH U TEXHOJIOTUI UX
MpUMeEHeHus1, TpeOyeT aHau3a 1 IOCTPOSHHS MO/Ie-
JIeH, aJleKBaTHO OIMCHIBAIOIIUX OOBEKTHBHBIC CBSI3H
MEXAY HCCIETyEMBIMH MapaMeTpaMH U MO3BOJISIO-
IMX B JajbHEHIIEM YCIIEIIHO OCYILECTBIATh IMpH-
HATHE TEXHOJIOTMUYECKHMX pELICHHHA. B 3TON CBA3M
MOJTydeHUE, aHaIu3 MH(OpMAlMU U IMPHUHATHE pe-
[IEHWH B OTMEUYEHHBIX YCIOBHAX MPEICTABIISIOT HH-
Tepec, YTO B CBOIO odepelnb TpeOyeT MpOoBeACHUs
HCCIEAOBAHUM O U3YUYECHHUIO 3aKOHOMEPHOCTEH HU3-
MEHEHHS BA3KOCTHBIX XapaKTEPUCTHK MOJIUMEPHBIX
pPacTBOPOB B 3aBUCHUMOCTH OT KOHIIEHTPALUU TOJH-
MEPHBIX KOMITIO3UIUH.

Ycii0BUSI IPAMEHEeHUs] NMOJUMEPHOI0 3aBoJ-
HEHNS HA HEKOTOPBIX MeCTOPOKIEHUAX
Kak wu3BeCTHO, OCHOBHBIMU KPHUTEPUSIMH ISt
BbIOOpa MOTEHIHMAIBHBIX YYaCTKOB ISl TTOJIMMEPHO-
T'0 3aBOJHEHUS ABJISIOTCS:
® yJIOBJIETBOPUTEIILHOE TEXHUUYECKOE COCTOS-
HHUE JEHCTBYIOUINX CKBaKUH (B IEPBYIO Oue-
pellb HarHeTaTebHbIX);
® [IpaBUJIbHAS OLIEHKA HAYAIbHBIX M TEKYLIMX
T€0JIOTHYECKUX 3a11acOB HEPTH;
® JHEPreTHYECKOE COCTOSHHE Ha
HAYaIBHOTO WK OJHM3KOT0 K HEMY;

YpOBHE

® C(OPMHUPOBAHHBIN JCBATUTOUYCYHBINA JIEMECHT
¢ HEOOJIBIINM PACCTOSTHHEM MEKIy HarHeTa-
TENPHOH W  JOOBIBAIOIIMMHU  CKBaXHHAMHU
(+200 meTpoB);

e XOpomiasi THAPOAWHAMHYECKAs CBA3b MEXKIY
HAarHeTaTeNbHON M JTOOBIBAIOIIMMHU CKBAXKH-
HaMUu;

® PACIIOJIOKEHUE YYaCTKOB B CBOJOBOI 4YacTH
HEPTEHOCHOH 3aJIeXKH.

C y4eToM NepeUUCIICHHBIX KPUTEPHEB MOJH-
MEpHOE 3aBOJHEHHE OBUIO MPETyCMOTPEHO Ha Me-
CTOPOXKICHHUAX, YCIOBHO HMEHOBAHHBIX KakK «X»
(M-II ropusont) u «Y» (Il HEOKOMCKHIT TOPU3OHT).
OcHOBHBIE TeoJIOro-(prU3NUecKHe XapaKTEePUCTUKU
IKCILTYaTaIl[HOHHBIX OOBEKTOB 110 MECTOPOKACHUSIM
MIPEJICTaBJICHBI B TaOUIe 1.

MarepuaJibl U METOABI

Jnst cuctemsl mopasep)kaHUs IMJIacTOBOrO JaB-
nenust ([MI1JI) u mpUTOTOBIEHUS MOJUMEPOB LIS
3aKadyKyl Ha PacCMaTPUBAEMBIX MECTOPOXKICHHSIX
UCIIOJIB3YIOT MOMYTHO JJOOBIBAEMYIO BOAY.

[ns mpoBeneHus aHanmM3a C pe3epBYyapHOro
rmapka ObUTH OTOOPaHBI MPOOKI M U3yUEHBI B Tabopa-
TOPUU WCCIIeOBaHUA HEe(PTH, Ta3a U BOABI, PE3yib-
TaThI IPUBEICHBI B TAOIHIIC 2.

[MonGop mpuMeHsieMOro MmoJuMepa OCHOBBIBAI-
csl Ha 3-X OCHOBHBIX MapaMeTpax:

1. Temneparypa 1uiacta, HEOOXOAMMAS JJIsl BbI-
0opa monrMepa, JOJDKHA OCTaBaThCs CTAOMIIBHOW B
TeYEeHHe Tpollecca BEITeCHEH!s He(DTH B TIIIACTE;

2. MuHepanu3anus miacToBOM BOJbI, TPUMEHS-
eMOH sl 3aKadyKH, HeoOXOIUMa C IENbI0 OICHKH
CTETICHH THPOJH3a Pa3UYHBIX MOJIUMEPOB IS
yBenmueHwus Bsi3kocta (Abirov et al., 2022).

Tabnuya 1

I/ICXO)IHaﬂ reonoro-q)mnqecxaﬂ XapaKTCPUCTHUKA BBIACIICHHBIX 00BEKTOB JJIA 3aKa4YKH IToJInMEpa

[TapameTtpsbl «X», M-I «Y», Heoxowm I1

Cpennsisi TTyOMHA 3aJIeTaHus, M 258.7 942

Tun xoJynexropa TEPPULEHHbII TEPPULEHHbII
Iopucrocts no I'NC, n.ex. 0.36 0.303
Cpennsist HedrenacoimeHrocts mo ['MC, m.ex. 0.669 0.638
[TpoHHNIIaeMOCTh 1O KEPHY, MKM2 0.748 0.526
HauanbHas niacrosas Temneparypa, °C 19.8 39
HauansHoe mactoBoe fgasnenue, MITa 1.82 9.18
JlaBnenvie HachimeHust HeTu razom, MIla 0.98 5.4
Bsi3kocTh He()TH B IJIACTOBBIX yCIIOBHsIX, MIla*c 130 15.3
I110THOCTL HE(TH B IUIACTOBBIX YCIOBHUSX, T/cM° 0.875 0.811
I110THOCTL HE(THU B IOBEPXHOCTHBIX YCIOBHSX, I/cM® 0.908 0.895
Bsi3kocTs mu1acToBoi Boasl, MITa*c 1.3 1.6
IT10THOCTB TIACTOBOM BOABL, I/cM® 1.12 1.092
OO011ast MUHEpaIN3aIUs IJIACTOBOU BOJIBI, I/IT 135.6 141.5
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Y4uuThIBas Bce TPH MapaMeTpa Mo BBIICICHHBIM
00BEKTaM JUTA 3aKa4uKH MOJIMMEPa, C TIOMOIIBI0 Tab-
muubl 3 ObUT cOPMHUPOBAH OCHOBHOM COCTaB KaH-
munaToB-monuMepoB (State Standard 21 153.0-75 —
State Standard 21153.7-75, 1975; State Standard
21534-76, 1976; State Standard 26450.0-85, 1985).

JlaGopaTopHble padOTHI 0 OAOOPY MOIUMEPOB
MPOBOJWIIUCh HAa CHHTE3WPOBAHHON MOJEIH BOJIBI.

IToaroroBka BBEIOpaHHBIX IMOJIMMEPOB LIS JTabopa-
TOPHBIX MCCIIEIOBaHMI BeJach Kak Ha MOJENIX CHH-
TE3UPOBAHHON IUIACTOBOM BOJBI, TaK M Ha o0pasuax
IJJACTOBOM BOJIBI, JOCTABJICHHON C MECTOPOXKACHUS.

W3roToBneHne MOAENH IJIACTOBOW BOJBL OCY-
LIECTBISIOCHh HA OCHOBE XMMUYECKOT'O COCTaBa Ilia-
CTOBOM BOJIbI, C UCIIOJIH30BAHUEM BUIOB KOMIIOHCH-
TOB coJrel (Tabmura 4).

Tabnuua 2
PesynbraThl aHamM3a BOBI U IPUMEHEHUS 3aKaYKH MECTOPOKICHUH «X» U «Y»
TToka3zarenn En. uzm. «X», M-11 «Y», Heoxom 11
KommdaectBo npo6 1 1
JlaTa mocTyIIeHusI BOJBI B 1a00PaTOPHIO 11.03.14r 24.02.14r
JlaTa aHanuza 12.03.14r
T'uapokap6onat-uon HCOsz M/ 256.00 232.00
Xiopua —non CI° M/ 83437.00 83437.00
Cynsdat-non SO M/ OTtc OTtc
(Harpuii+xanmii) o Na®+ K* MI/11 46856.00 47996.00
Kanbuuii-unon Ca% M/ 2906.00 2806.00
Marswuii-non Mg M/ 2128.00 1581.00
OO611ass MUHEpATU3aIHs M/ 135583.00 136052.00
Hon I Mr/n 0.02 0.53
Bpom Br M/ 14.50 3.52
JKecTtrkocTh 00OmIas MT-3KB/II 320.00 270.00
Cyxol 0CcTaToK M/ - 136553.00
Hedrenpoaykret MT/1T 36.00 1.2
MexaHuueckue npuMecH MT/1T Otc Otc
Ceposomopon HoS M/ Otc Otc
InotHocTs pu 20°C r/em® 1.0911 1.0920
CosleHoCTb °Be 12.3 12.4
pH en. pH 6.72 6.20
Tabauua 3
PykoBozacTBO 10 BEIOOPY MTOIHMEpa
®opma Tun noaumepa Monomep Haumenopanmue ITapameTpbl
moJuMepa
Comnonumep AKpunamm — AK- Flopaam 3630S T<80°C
pHUIIAT HATPUS CpenHsis )KECTKOCTh
Cononumep Axpunamun — Ak- Flopaam 6030S T<75°C
[ocne runponusa puIIaT HaTpuUs Huskas »xecTkocTh
T<95°C
Cononumep Axpunamun — ATBC | Flopaam AN125SH JIro60# ypoBeHb
MUHEpAIH3AIIH
< o
ITopouiox Tepnomumepst Akpuiamuz - AKpH- Flopaam 5205SH Hmﬁzﬁg;l)pOCBeHb
nat Hatpusi — ATBC Flopaam 5115SH
MHHEpPAJIN3aIHU
Axpmmamun — Ak- OTHOCHUTENBHO HU3KAS
AccolnupoBaH-HbIe pUIaT HATPHS — Superpusher C319 MPOHHUIIAEMOCTh
[I0JINMEPBI ruapodoOHbII MO- IOPOAbI
HOMeEp CpenHsisi )KECTKOCTh
T<140°C
Tepromumeps! AKpHHal\gglﬁ ATBC Flopaam SAV225 JTi060it ypoBeHs
i MUHEpAIH3AIIH
Kunkasa o
IMYJIbCUS Comnonumepsl Akpuiamuz - AKpH- Flopaam EM533 T<80°C
JIaT HATPUS CpenHsisi )KeCTKOCTh
HedTh/ Bosia
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Taonuua 4
Heo0xoanmoe KolMn4ecTBO coJiel I U3TOTOBIICHUS MOJIEIN TUTACTOBOM BOJIBI
N «X», M-I | «Y», Heokowm I1
Haumenosanue coieit n

1 | Bukap6onat Hatpusi (NaHCOs) 0.352 0.319

2 | Kapbonar natpus (Na2COz) - -

3 | Bpomux Hatpus (NaBr) 0.019 0.005

4 | Cynbpat Hatpust (NaSO4) - -

5 | Xnopuctsiit Mmarauiit (MgCla*6H,0) 17.8 13.224

6 | Xunopua kaneiws (CaCly) 8.047 17.77

7 | Xnopua Hatpus (NaCl) 118.857 121.786

Oco0oe BHUMAaHHE YIEISETCS XUMHYECKOMY
COCTaBY TIACTOBOM BOJIBI, TaK KaK BSI3KOCTH BOJIBI
SIBJISIETCSL 3aBUCUMOM OT MuHepanu3auuu. Iloaro-
TOBKa MOJIEJH TUIACTOBOM BOJBI IPOUCXOIMIA UCXO-
ISl U3 MacCHl.

Haunbonee moaxoasmuii 1yt MECTOPOKACHUSI
MOJIMMEDP BBIOMpAJICS TO CIEAYIOUINM TapaMeTpam
(Abirov et al., 2022):

e Xopolas pacCTBOPUMOCTh B IUIACTOBOH BOJIE;

e CaMas BbICOKas BSI3KOCTb IIPH 33JJaHHOM KOH-

LIEHTPAIUH;

e Xopoiias CTaOUIBHOCTD;

e DKOHOMHUYECKHE MapaMeTphbl.

Jus otbopa o BEIIETIEPEUUCIICHHBIM TIapa-
MEeTpaM HY>KHOTO TOJIMEpa W3 YHCIia KaHAHIATOB
HEO0XOJIMMO OBLIO MPOBECTH MUCTIBITAHUS C KaXKIbIM
n3 HuX. [locnme mocTikeHus: Xopolield pacTBOPUMO-
CTH BTOpOH 3a/adeil sBISETCS IMOIydeHHUE HEOOXO-
MO Bsi3kocTH TionmuMepa. ClielyeT OTMETHTb, YTO
MOJIMMEPHOE 3aBOJHEHHE TPECTaBIseT coOoil 3a-
KauKy BOJbI, 3aryIIeHHOW CHHTETUYECKHMH TIOJH-
MepaMU C 1IeTbI0 MOBBIIICHHS €€ BSI3KOCTH. JlaHHast
00paboTKa BOJbI IPUBOJAUT K U3MECHEHHUIO PEOJIOTH-
YECKUX XapaKTePUCTHK, BI3KOCTU, OOYCIIaBIUBas e
YBeJIHUYEHHUE TIPU PABHBIX CKOPOCTSIX 3aKa4KH, a CJie-
JIOBaTEIbHO, M CHIDKEHHUE IOJABMIKHOCTH BOJIbL. [1pn
ATOM OJIHAM W3 BaKHBIX IOKAa3aTelel SBISETCS KO-
¢ dunmeHT MOOWIBHOCTH M, MpencTaBISFOIIAN
co0OH OTHOIIIEHHE TOJBIKHOCTH BBITECHSOIIEH
JKUAKOCTH (T.€. BOJBbI) K IOJBHIKHOCTH BBITECHSE-
Mmo# xuakoctr (Hedtn) (Al-Shakry et al., 2018):

le_ozuo/kozw, (1)
Ao Ho/Kw Hew*Ko

rae A, W 1 K — COOTBETCTBEHHO MOOMJILHOCTD, BSI3-
KOCTh U 3(PeKTHBHAS IPOHUIIAEMOCTh OTHOCHTEIb-
HO BOJIBI M HETH.

st oObekTa 3aKavky MOJIMMEpa Ha MECTOPOXK-
JIEHUN «X» BBIJCICHBI 2 BUAA MOJIMMEpa MO 2 MO-
TUPUKAIUSIM:

1. Flopaam 5205SH u Flopaam 5205VHM:
TEPIIOJIMMEPHI aKpHUJIaMHUa, aKpUJIoBas KHUCJIOTa U
ATBC;
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2.Flopaam 5115SH u 5115VHM: tepnonume-
pBl akpunamua, akpuiosas kuciora u ATBC ¢ 6o-
Jiee BBICOKHM COJICPKAHUEM.

Jmst «Y» ObLIT BEIOpaH psifl MOJIMMEPOB:

1. Flopaam 3630S: comonuMep akpwiamMuaa U
aKpHJIOBas KHCIIOTa,

2. Flopaam 6030S: comonmmep akpuiamMuiga u
AKpHJIOBasi KMCIIOTA, TIOCIIE THAPOIIH3a;

3. Flopaam 5115VHM, Flopaam 5205SH,
Flopaam 5205VHM: tepnonmMepsl akpuiaMuia,
akpuioBas kuciora u ATBC;

4. Superpusher C1205: accoldHpOBaHHBIN MMO-
muMep (conepkammii Kak THApoOoOHbIe, TaK U THA-
POQUIBEHBIE COCTABIISIONINE);

5. FLOCOMB 6725: mpoayKT moCT-THAPOJIN3a
C XapaKTEPHBIM COJIECTOHKIM MOHOMEPOM;

6. Flopaam AN110VHM: comonumep akpumia-
MUJIA ¥ CYyTb(QHUPOBAHHBII MOHOMED.

Pesynbrartel  mcciienoBaHui  00padaTHIBaIMCh
METOJIJaMH MaTEeMaTHYEeCKON CTATUCTUKH.

Pe3yabTaThl HcciaeqoBanmii

Pe3ynbTaThl NpakTHUECKON peanu3alyy I0JIy-
YEHBI Ha JIBYX MECTOPOXKJICHUSAX, HA3BAHUSI KOTOPBIX
M0 W3BECTHBIM TNpPHUYMHAM HE MPUBOAUM. Tak, Ha
MECTOPOXKACHUAX «X» U «Y», T1e BA3KOCTh HE()TH
npumepHo 130 cIl u 13,8 clIl cooTBeTCTBEHHO, Be-
IUYMHA KO3 (PUIMEHTa TOABMXHOCTH HE SIBJISETCS
OnaronpustHoi. U3 aToro ciemyer, 4TO yBeTUUEeHNE
BA3KOCTH BOZBI MO3BOJIUT YIYUIIUTh KO3(PPHUIHUEHT
0XBaTa IJIacTa 3aBOJHEHHUEM.

Ha cunTe3npoBaHHON IIACTOBON BOJE OBLIN
MIPUTOTOBJICHBI CTaH/IAPTHBIE PACTBOPHI C KOHIICH-
tpauued 10000 ppm (zoneit Ha MIJIIHOH). 3aTeM B
3aBHCHMOCTH OT IUTACTOBOM TemImepaTypsl («X» M-
Il — 19°C, «Y» Heoxom II — 39°C) 6butu nposene-
HBI MCCJIEIOBaHMA 10 OLIEHKE BA3KOCTU KaK (YHK-
LMM OT KOHLEHTpaluu nonuMepa. BennunHa Bs3-
KOCTH M3Mepsiach Ha BHcKo3uMeTrpe Brookfield co
CKOpocThl0 BpamieHus: mmwuHaens UL 6 o6/mun
(cooTBercTBYeT cKOpocTu casura B 7.34 c-1). Ilo-
cjie 2-X 9acOBOTO PAaCTBOPEHHS HE3aBHCHMO OT HC-
MOJIB3YEMOr0 MoJuMepa He OBIIo0 3aMedeHo oOpa-
30BaHUE KOMKOB, (pUIbTpamus ¢ IENbI0 MPOBEPKU
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CTEIEHU TMApPATAlM TAKXKE Jajia MOJOKUTEIbHBIN
pesynbtar (Puc. 1). Ilo pesympraram wucciemoBa-
HUI CTPOMIIUCH 3aBUCHUMOCTH BSI3KOCTH IOJIUMEP-
HOTO pacTBOpa OT KOHLEHTpauuu noiaumepa. Pe-
3yJABTaTHl TIOJBEPTHYTHl CTATHCTUYECKON 00paboT-
K€ C OLEHKOH yucia HEOOXOIUMBIX IMOBTOPHBIX
OMBITOB U TOCTPOCHHUEM 3MIIUPHYECKUX YaCTHBIX
3aBHCHMOCTEH, IPUBEACHHBIX B TAOIHIIE 5.

[TocTpoeHHast 3aBHCUMOCTD BS3KOCTH OT KOH-
LEHTPaLWH MPEJCTaBICHa Ha PUCYHKaX 2 U 3.

W3 nccnenoBaHHBIX OJIMMEPOB ISl MECTOPOXK-
neHuss «X» HauOojee MOAXOASIIMM I10 BBICOKHM
MOKa3aHUsAM PACTBOPHUMOCTH W BA3KOCTH OKa3aJCs
mommmmep Flopaam 5115VHM. Ortot monmumep mo3-
BOJISIET IOJYYUTh CAMYIO BBICOKYIO BS3KOCTb IIPH
koHneHTparu 2000 ppm, KoTopast Morjia Obl CTaTh
XOPOIIUM [eJIEBbIM 3HaYeHUEM JJIsl JaHHOTO Mapa-
MeTpa.

B kadecTBe MoaXoAAIIMX BapUAHTOB Ul OAHO-
ro u3 MectopoxaeHui («Y») ObuM O0TOOpaHBI TO-
mumepsl Flopaam 5205VHM u FLOCOMB 6725.
Heo6xonumas KOHIEHTpaLMsl aKTUBHOTO IMTOJIUMEpa
coctaBuT nmpumepHo 1500 ppm, 4TO COOTBETCTBYET

Bs3koctr 13 cll g Flopaam 5205VHM u 16.5 cll
mis FLOCOMB 6725 (Zhdanov, 2001; Kukin,
Solyakov, 1982).

Puc. 1. OcraTtku nonumepa mnocie GUIbTpanuu

FLOCOMB 6725 — BBEICOKOMOJNIEKYJISIPHBIH 10~
JMMEp, U LeJIeBOC 3HAYCHUE BSI3KOCTU MOXKET OBIThH
AOCTHUTHYTO IIpU 0oJiee HU3KUX KOHLOCHTpalHrAX, KaK
BHUJIHO U3 PUCYHKa 3.

Tabnuua 5
BSI3KOCTh TOJIMMEPHBIX COCTaBOB, KOHLICHTPAIMH TIOJIMMEPOB M B3aHMOCBSA3b
MEXXIy HUMH TP PAa3IHIHbIX TEMIIepaTypax
C,% | FC6725 | FP3630S [FP5205VHM| FP6030S [FP5205SH | SP C1205 [ AN110VHM [ FP5115VHM
t=39°C

0.05 2.5 2.5 4 3 3 3 3,5 4

0.1 10 5 5 5 7 12 7 8

0.15 17 8 12 11 13 16 14 14

0.2 26 15 20 18 19 23 22 22
0.25 48 26 31 29 28 39 37 36

0.3 72 42 50 48 39 61 53 52

v = |571.5C*®[206.42C155| 219.65C145 |[241.36C%°|199.29C142|349.68C15" | 285.32C15® | 243.11C#?

t=19°C

C, % FP 5115 SH FP 5115 VHM FP 5205 SH FP 5205 VHM

0.05 4 4 4 4

0.1 7 9 7 8

0.15 12 16 12 14

0.2 20 28 20 24

0.3 45 58 47 53

0.4 77 108 88 111

0.5 127 165 137 162

v = 292.78Ct54 425.71C1%6 329.09C15° 444, 77CLS5
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Puc. 2. Bs3k0oCTh pa3nuyHBIX MOJIUMEPOB Kak (YHKLIHUS OT KOH-
LCHTPAIlUK B IJIACTOBBIX BOJAX MECTOPOXKICHUSA «X» TPU TEM-
neparype 19°C:

1-FP 5115 SH; 2 - FP 5115 VHM,;

3 - FP 5205 SH; 4 - FP 5205 VHM
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Puc. 3. Bs3k0oCTh pa3nuyHbIX MOIUMEPOB KakK (YHKIHUS OT KOH-
LEHTPAIMH B MJIACTOBBIX BOJAX MECTOPOXKICHUSA «Y» MPH TeM-
neparype 39°C:

1-FC6725; 2 - FP3630S; 3 - FP5205VHM; 4 - FP6030S;

5 - FP5205SH; 6 - SP C1205; 7 - AN110VHM; 8 -
FP5115VHM

AHanu3 u o0cy:KIeHue pe3yibTaTOB

OKOHYATENbHBIA BBIOOD IOJUMEPOB AJIST Me-
CTOPOXJIEHUM «X» U «Y)» OCHOBBIBAJICSI HA XUMUYE-
CKOH M TepMHUYECKOW CTaOMIFHOCTH MOJEKYISIPHON
XapakTepucTuku. Bce BbIOpaHHBIE TOIMMEPHI IO

XapaKTEePUCTUKE COOTBETCTBYIOT YCIOBHUSAM JaHHBIX
MeCTOpOXAcHUI. B Tabnume 6 mpuBemeHbl OCHOB-
HBIC XapaKTEPUCTUKU BBIOPAaHHBIX MOJUMEPOB LIS
JaTbHEHIIEero NX MPUMEHEHUS IIPU 3aKadKe.

Jns onenkn 3 PEeKTHUBHOCTH 3aKauKH TOJHUME-
pa ObUTH TIPOBEJCHBI MPOTHO3HBIE pacueThl MOKa3a-
Tesel pa3paboTKu SMIUPUUECKUMH 3aBUCHUMOCTSIMH
Ha ydacTkax ckBaknH NeNe 1242-1244 u NoNe 1225-
1227-1229 wmectopoxaenuss «X» (Report of the
Open Joint-Stock Company “Giprovostokneft”,
2006; Report of Ri "Kaspiymunaygas" LLP, 2017;
Report of RI Kaspiymunaygas LLP, 2016).

Jnst KakIoro yyacTKa paccyuTaHbl Mo 2 Ba-
puanTa paszpaborku. Hagano momumepHOro 3aBoj-
Henus Obuto 3arutanupoBano ¢ 01.04.2019 r. Bee
BapUaHTBl pPa3pab0TKU OBLIM CIPOTHO3UPOBAHBI
1o 31.03.2024 r.

[lepBbrif BapuaHT 0a30BBIN — pa3pabOTKa MECTO-
poxxaeHust 6e3 MOJMMEPHOTO 3aBOJHEHHS HA OIIBIT-
HOM Y4YacTKe C y4YeTOM CIIO)KHBLICTOCSI Ha JaHHBIH
MOMEHT KOJIMYECTBa JAEHCTBYIOmEro (poHaa yJacTKa
C 3aKa4yKO¥ BOJBI B HATHETATEIbHBIC CKBAKHHBEI.

BTopoil BapuaHT ¢ NOJUMEPHBIM 3aBOJHEHUEM
pa3paboTKu BKIIOYAET B ceOsl MPOBEACHUE MEPOTIPH-
SITUA 0 TOJIMMEPHOMY BO3JICHCTBUIO HA OIBITHOM
y4acTKe C y4eTOM CJIOKMBIIErocs Ha JaHHBIH MO-
MEHT KOJIMYeCTBa JICHCTBYIOMIETO (OHJIA Y4acTKa C
3aKayKOH MOJIMMepa B HarHEeTaTeIbHbIE CKBAKHUHEI.

Jmst onenkn 3¢ ekTHBHOCTH B KadecTBe 0azo-
BOTO BapuaHTa WCIOJB3YEeTCS IMITUPUYECKasi MO-
Je7b Pa3paboOTKH, BEIOpAaHHAS U3 COBOKYITHOCTH Xa-
PaKTEPUCTUK BHITECHEHHMS, TIOCTPOCHHAS JI0 TPOBE-
JICHHsI MEpOTIPHUATHS (32 TEpUo/Jl, BEHIOPaHHBINA B Ka-
yecTBe 0a3bl cpaBHEeHHMs1). JlomonHuTenbHAsT 100bYa
He()TH OLIEHMBAETCS KaK Pa3HOCTh MEXIy (akTmye-
CKUM 00BEeMOM JI00BITOM HeTH (MM MPOTHO3HBIM
00BeMOM J00BITOM HE(TH MPH MMOJTUMEPHOM 3aBOJI-
HEHUH) U KOJIMYECTBOM HE(PTH, KOTOpOE MOIJIO OBI
OBITH TOOBITO TIPU 6A30BOM pEXHIME Pa3PaOOTKH.

Taonuuya 6
XapakTepucTUKy nonumepos X u'Y

Moaumep FP5115 VHM FP5205 VHM FC6725
MMaptus RG 2617/1-3 X 4372 FGR 2159-7
CBepxHU3Kas BSI3KOCTh 6.3 6.15 7.16
ConeprkaHue TBEPIbIX BEIIECTB 91.4% 89.2% 89.28%
CreneHp rupoiImn3a 20-30% 20-30% 20-30%
MouekyIapHbIN BEC 15-17*108 Jla 14-16*10° Jla 19-21*10° J1a
CogepxaHue HEPACTBOPUMBIX BEILIECTB 0.01% 0.02% 0.01%
Bpewms pactBopeHus <29 <24 <24
CopneprkaHue 0CTaTOYHOTO MOHOMEpa <0.1% <0.1% <0.1%
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OO0mue TONOKESHUS I TPOTHO3a BapHAHTOB
pa3paboTKH:

[y mporHO3MpOBaHMA AAHHBIX HCHOIB3YETCS
AMCIOIIHMICS 4-X JICTHUH OMBIT MPUMEHEHUS IOJIH-
MEpHOTO 3aBOJHEeHHs B MaHrnucTayckoi obiaacTv Ha
MECTOPOKACHUU «Z», a UMEHHO IMHAMHKa 00BOII-
HEHHOCTH ydyacTka ckBaKMH NeNe 2041-2049 «3a-
naz» Ao 3anonHerus 9,5% mopoBoro oovema. IIpo-
THO3HBIH CYTOYHBII 00beM 3aKauKH BOZABI IpU 0a30-
BOM BapuaHTe pa3pabOTKH MPUHUMAETCS! KaK cpefl-
Hee 3HaYeHWe CyTOYHOH 3aKadKW B TIEPHO]T allpPOK-
cumarmu (B 6azoBerii mepuox). [lpm yBenmwuenun
3aKayKd BOJBI BEPOSTHBI MPOPBIBEI K JOOBIBAIOIIIM
CKBOKMHAM. B cilydae MTOIMMEpPHOrO 3aBOJTHEHUS
TaK¥e MPOPHIBBI MATOBEPOSTHBL.

[TporHOo3HBIM CYTOYHBI 00BEM 3aKAYKH TMOJIH-
MEPHOTO PacTBOpa YBEJINYEH OTHOCUTEIBHO 0a30BO-
ro Bapuanra: no yyactky NeNe 1242-1244 B cymme
Ha BeaumuuHy 37 MY/cyT; mo ydactky NeNe 1225-
1227-1229 B cymme Ha Benuuuny 56 m°/cyt. Ilpo-
THO3HAsA JKHIKOCTh TIpu 0a30BOM BapHWaHTE pas3pa-
0OTKH IPUHUMAETCS KaK CpefHee 3HAYeHUE B MEPH-
O]l anmpoKcuManuu (6a30BbIi epuon).

[Tporuo3Has KUIKOCTh IPU BapUaHTe pa3padoT-
KH C TIOJIIMEPHBIM 3aBOTHEHHUEM yBETMYeHa OTHOCH-
TEJNILHO 0a30BOTO BapHaHTa HAa BEJIMYHMHY YBEIHYCH-
HoM 3akauky. [Ipu 3TOM B mepBbIe 4 MecsIa 3aKauku
MPEyCMOTPEHO TUIABHOE YBEIMYECHHE JKUAKOCTH.
Hauvano moxcuera texHonormyeckoro >ddexra — ¢
anpens 2019 rona, T.e. ¢ Hadana 3aKa4yky MOJIMMeEpa
Ha OIBITHOM YydYacTke. Jljsi TpUTOTOBJIEHHUS IOJH-
MEpPHOTO PacTBOpa HEOOXOINMO HUCIIONB30BATh apTe-
3MaHCKYI0 CJIa0OMHMHEpaIn30BaHHY0 Boxy. Heobxo-
JUMasi KOHIeHTpawus nonumepa coctaput 2000 r/m3,
oOecrieunBas Bs3kocTh 44 cll. C nensio yBenndeHus
3G PEKTUBHOCTH TEXHOJIOTHH TIPEIyCMaTpUBACTCS
VM3MEHEeHNE KOHIIEHTPAIIUH MTOJMMEPHOTO pacTBopa ¢
2000 mo 3000 r/m®, obecrmeumBas Bsi3KOCcTh 95 cIl.
JUTMTENTbHOCTh  3aKauKWd BBICOKOBSI3KOW OTOPOYKH
€XeTOJTHO COCTaBHT | KBapTall.

[Iporuo3 0OBOJHEHHOCTH IPU MOJIWMEPHOM 3a-
BOJTHEHMM Ha y4acTKe CKBaKMH NeNe 1242-1244 BpI-
TIOJTHEH UCXOJISl U3 TMHAMUKA OOBOJTHEHHOCTH YYacTKa
«3amamy MeCTOpOXKICHUS «Z» 10 3amoiHeHus 9,5%
nopoBoro o0bema. @akTHueckas O0OBOAHEHHOCTb
y4acTka «3ana» MEeCTOPOXKICHHS «Z» OIKcaHa JIora-
pudMHIECKIM YpaBHEHHEM, Jlajiee PacCuMTaHo Mpo-
LEHTHOE W3MEHEHHE OOBOAHEHHOCTH OTHOCHTENIHHO
npensyayniero Mecsna. OT HOMy4eHHON 3aBUCUMOCTH
paccuMTaHa TIPOTHO3HAs OOBOJAHEHHOCTh YyYacTKa
ckBakuH NelNe 1242-1244, xotopast ormupaercst Ha 3a-
MOJIHEHHE TIOPOBOTO MPOCTPAHCTBA ydacTKa «3amaiy.
Jlanmee 0OBOTHEHHOCTh ydacTKa CKBaKMH NoNe 1242-
1244 ommcaHa 3aBUCUMOCTSIMH, TTPUBEIACHHBIMI HIDKE
C LEJBI0 JAJbHEHIIEro MPOTHO3UPOBAHUS 3aBUCHMO-
CTH OOBOIHEHHOCTH OT 3aIlONHEHHUsI TIOPOBOTO TIPO-

cTpaHCTBa y4acTka ckBaxuH NoNe 1242-1244. Kpussie
3aBHCHMOCTH OOBOTHEHHOCTH OT CTEIICHH 3aTIOJHEHUS
MOPOBOTO TPOCTPAHCTBA NPH IMOIUMEPHOM 3aBOHE-
HUM Ha ydacTke cKBaKUH NeNe 1242-1244 mpencras-
JIeHBI Ha pUCYHKaxX 4 1 5.
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Puc. 4. 3aBrucuMocTH OOBOJHEHHOCTH OT CTCICHH 3aIllOJIHEHHS
MOPOBOT0 MPOCTPAHCTBA TPH IOJMMEPHOM 3aBOJHEHHUH Ha
yudacTke ckBakuH NelNe 1242 (1) u 1244 (2)
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Puc. 5. 3aBHCHMOCTD 3aMoJIHEHHUs TOPOBOTO 00BEMa OT 00BOJ-
HEHHOCTH IIPH IIOJMMEPHOM 3aBOJHEHUHM HA YYaCTKE CKBaXKMH
NeNe 1242-1244

B pesynbraTe ObUIO MTOYYEHO ypaBHEHHUE!
y=77,311V00 R2 = (,9973.

YcaoBusa nMporHo3a Mpu NOJTUMEPHOM 3aBOJIHE-
HUU CIIEAYIOIIHE:

IlonmumepHbIil pacTBOp 3akauuMBaics B 2 1eil-
CTBYIOIIME HAarHeTaTeNbHbIe CKBAXKHHBI NoNe 1242 u
1244 ¢ 01.0.4.2019 r. ¢ cyTo4HBIM 00BEMOM 3aKay-
ku 50 1 30 M*/cyT cooTBETCTBEHHO. JlaHHBIH NEPHOJT
YCIIOBHO paccMaTpHBaeTCs Kak OyyIiee ¢ TMO3UINN
MIPeIbITYIINX JeT.

3amosHeHUWEe MOpPOBOrO0 O0bEeMa Ipu Cylle-
CTBYIOIIUX O00BEMax 3aKadykK JIOJKHO COCTAaBUTh
4,9% x 31.03.2024 r. CHmxeHue OOBOJTHEHHOCTH
nocturHet 75,5% x 31.03.2024 r. Ilpennonaranock
CHIDKeHHe 00BOogHEHHOCTH 10 11,3% OTHOCHUTENLHO
0a30Boii 00OBomgHEHHOCTH. [IporHO3HAS KUIAKOCTH
coctaBisier 3378,91 T/Mec + yBenndyeHWe Ha Cy-
TOYHYIO JO0OBIay 37 T/CYT.

95



19

3aHa BO3MOXXHOCTb IIPOIrHO3HOU OL€EHKH BapHUaHTOB
U nepuoaa pcajiu3alii TEXHOJOIMH MOJIHUMEPHOIO

3aBOJHEHHS,

KOTOPBIX  TTO3BOJIAIOT

B pesynbrare CTaTHCTHYECKOTO aHAK3a MOKa-
pe3yNbTaThl

[locnenyromuii mnepuon Mmokazail JOCTOBEp-
HOCTbh IIPOTHO30B Ha NEPHOA, YCIOBHO BBIOpaHHBIH

B KadectBe Oyaymiero, t.e. ¢ 01.04.2019 r. no

31.03.2024 r.

BuiBoabl
CKHE€ BapHaHTHI MPOIOIDKEHHS 3aKauKH MOJIMMEPHO-

o0ocHOBaTh Hanbosee dPPEKTHUBHBIC TEXHOJIOTHYE-
rO pacTBOpa Ha CKBAXHMHAX.

v

BapuaHTy U C NNOJIMMEPHBIM 3aBOJHEHUEM C 3aKa4YKOU

959 TLIC. TOHH.

KUWH na 31.03.2024 r. 101KEH COCTABUTD:

9
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Ha ocHOBaHMM BBIIIEH3IOXKEHHBIX YCIOBUM MPO-
THO3a TTIOCTPOEHBI TpaduKy TOOBIYH JKUIKOCTH, U3Me-
[lporHo3Hass HaKOIUIEHHAs JOMOJHHUTEIbHAS
noOwrua Hetr 3a nepuox 01.04.2019-31.03.2024 rr.
TIPY TIOJIUMEPHOM 3aBoTHeHUH — 8,3 %0;

HToroBbie pe3ybTaThl:
npupoct KNH -1,25%.

HEHUS1 OOBOJIHEHHOCTH U J00bIYM HEPTH TI0 0a30BOMY
6azoBsrii — 7,05 %);

MOJIMMEpA B 2 CKB)KUHBI B 3aBUCHUMOCTHU OT 3aIl0JIHE-
HHS TOPOBOT'O MPOCTPAHCTBA YYacTKa (PUCYHKHU 6-7).

JIOJIKHA COCTaBUTH 29
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Puc. 7. Z[I/IHaMI/IKa HU3MCHCHUA OGBOﬂHeHHOCTI/I u )106};1‘{1/1 He(I)TI/I ¢ 0a30BBIM BapUaHTOM U C NOJIMMEPHBIM 3aBOJHCHHUEM Ha Y4aCTKE

CKBaXXHUH
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OnHOU M3 OCHOBHBIX 3aj]a4 JAHHBIX JKCIEPU-  3allUd MEPOTIPHUSTHIA 1O BHITECHEHUIO HEPTH BOAOH
MEHTOB SIBJISIETCS OIleHKAa KO3 (HUIMEHTa BEITECHE- W BHIOPAHHBIM TOJMMEPOM Ha MOJCIAX 00pa3IloB
HUS W, KaK MMOKa3bIBAIOT PE3yJbTaThl, B 3aBHCHMO- KEPHA M HMX OIICHKA JUII MPUMCHCHUS B JaJIbHEH-
CTH OT KOJUIEKTOPCKHUX CBOMCTB MOpPOJ KO3 (UIM- IIeM Ha BBIOPAHHBIX YYacTKaX MECTOPOXKICHUS
CHTBl BBITCCHCHHUS TPU NPHUMCHECHUHW IIOJUMEPOB  OMNPABJIBIBAIOT NPUMEHCHUE IOJMMEPHOTO 3aBOJI-
3HAYUTEIBHO yBEIMUYMBAIOTCS. Pe3ynpTaThl peain-  HEHHS Ha pacCMaTPUBAEMOM MECTOPOK/ICHUU.
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AHAJIN3 ®PU3UKO-XUMHUYECKUX XAPAKTEPUCTHUK NOJMMEPOB JJIS1 TIOBBIINEHUSA HE®@TEOTAAYA
HA IPUMEPE SMBUHCKHX MECTOPOXJIEHA

Hockasuesa I'.I11.}, Bucenraanes M.J.'*, A6nemona I'.I'.}, Tyaerenosa O.I1L.}, Tupusepaues U.A.2
YAmwipaycruii ynusepcumem nepmu u 2aza um. C.Ymebaeea, Pecnybnuxa Kazaxcmarn
060027, . Amwipay, yn. M.batimyxanosa, 45a
2Munucmepcmso nayku u obpasosanus Pecnybnuxu Azepbaiidscan, Hucmumym nepmu u 2aza, Azepbaiioscan
AZ1000, baxy, yr. @.Amuposa, 9
*Aemop, omeeuarowuii 3a nepenucky: maks_bisengali@mail.ru

Pesrome. Ipu BeIOOpE YyIACTKOB JUIsl IPOBEASHUS pabOT MO BHEAPEHUIO CHCTEM 3aBOJHEHHS ILUIACTOB, KaK M3BECTHO, HEOOXOIHU-
MO K Ka)KZIOMY M3 HUX NMOJXOAUTh WHIUBHUAYATbHO, PyKOBOACTBYSChH IIPU 3TOM COOTBETCTBYIOLIEH METOJUKOM, KOTOpask MO3BOJIAET
onpeneiTh 061acTH 3G (HEeKTHBHOTO NPUMEHEHHS TEXHOJIOTHHA, C y4ETOM IeoJIoro-hU3NYEeCKHX XapaKTePUCTHK NPOAYKTHBHBIX IUIa-
CTOB, TEXHOJIOTHYECKUX MTAPAMETPOB PAOOTHI CKBAXKUH, a TAKKE TEXHUIECKHX BO3MOXKHOCTEH M SKOHOMHYECKOH LeNeco00pa3HOCTH.
Jlnst penienys JaHHOH MPoOIeMbl aKTYaJIbHBIMHE SIBIISTIOTCS 3a3Jja49M Pa3pabOoTKU HOBBIX PEareHTOB, ITO3BOJIIONINX 3HAYUTENHHO yBe-
TIuTh K03 ¢unuent n3snedenns Heptu (KMH) Ha yke pa3pabaTeiBaeMBIX MECTOPOXKICHUSIX. B cTaThe MpHBENeHBI NOAPOOHBIE
Ppe3ynbTaThl 1ab0PAaTOPHBIX MCCIESIOBAaHUH MO MOx00py monuMepoB. I1oAroToBka BHIOPAHHBIX MOJIMMEPOB UL JIAOOPATOPHBIX HC-
CJIeIOBAaHMI IPOBOJIMIIACH KaK HAa MOJIEIISIX CHHTE3UPOBAHHOW BOJBI, TaK W Ha 00pa3liax IUIaCTOBOW BOJBI, JTOCTABJICHHBIX C MECTO-
poxaenus. [Ipu 3ToM ocoboe BHUMaHHE yAETAI0Ch XMMHUECKOMY COCTaBYy ILUIACTOBOM BOJBI, TaK KaK BS3KOCTH BOJBI 3HAUUTEIHHO
3aBHCUT OT MUHEpanu3anuu. Jis u3ydeHust KpuTepueB MOJIMMEPHOTO 3aBOJHEHHS U OLCHKU 3((PEKTHBHOCTH €T0 MIPHMEHEHUS OBLIO
BBIOpaHO MeCTOpOXKAeHHE «X» (HAMMEHOBAHHE YCIOBHO IPUCBOCHHOE). Taxke OBUTH M3ydYeHBI OCHOBHBIE CBOMCTBA MONMMEPHOMN
KOMITO3UIIMY ISl YCIOBHH MECTOpOKAeHUH «X» 1 «Y». Ha ocHOBaHMM 71a00paTOPHBIX HCCIE0BaHUM OblIa pa3paboTaHa TEXHOJIO-
THsl ¥ POBE/ICHBI ONBITHO-IIPOMBIIIICHHBIE UCIIBITAHHUS HA PEATbHBIX CKBAKHHAX MECTOPOXKACHHS «X» H «Y». V3 nccienoBaHHBIX
MOJIUMEPOB JUIT MECTOPOXKICHUsT «X» Hauboyee MOIXOAANIMM IO MOKA3aHWSM PACTBOPHMOCTH M BS3KOCTH OKa3ajcsl IOJIMMEp
Flopaam 5115VHM, a mis mectopoxaenus «Y» — nomamepsl FP5205 VHM u FC 6725. Tlocienyromuii mepros mokasai J0CTOBep-
HOCTB IIPOTHO30B Ha ITEPUOJ, YCIOBHO BEIOpaHHBIH B KauecTBe Oyaymiero, T.e. ¢ 01.04.2019 r. 1o 31.03.2024 .

Knrouesvie cnosa: mecmopoosicoenue, nonumep, 8313K0CHb, NPOHUYAEMOCb, NOOOEPICAHUE NAACMO8020 0ABIeHUs, KO duyuenm
8blmecHeHUs

EMBA YATAQLARI TIMSALINDA NEFT VERIMININ ARTIRILMASI UCUN ISTIFAD® OLUNAN
POLIMERLORIN FiZiKi-KIMY9VI XUSUSIYYOTLORININ TOHLILI

Doskaziyeva G.S.%, Bisengaliyev M.D.1*, Abdesova G.G.!, Tulegenova O.S.%, Piriverdiyev I.A.2
1S, Otebayev adina Atirau Neft va Qaz Universiteti, Qazaxistan Respublikasi
060027, Atirau sahari, M. Baymuxanov kii¢asi, 45a
2Azorbaycan Respublikas: Elm va Tahsil Nazirliyinin Neft vo Qaz Institutu, Azarbaycan
AZ1000, Baki, F.Omirov kiig., 9
*Yazismalara masul: maks_bisengali@mail.ru

Xiilasa. Lay sulagdirma sistemlorinin totbiqi ticiin saholorin segilmosi zamani, molum oldugu kimi, hor bir sahayos fordi
yanagmagq, bu texnologiyalarin effektiv totbiqi ti¢iin saholori miioyyan etmays imkan veron miivafiq metodologiyaya asason, hasilat
laylarinin geoloji vo fiziki xiisusiyystlorini, quyularin is parametrlorini, elaco do texniki imkanlar1 vo igtisadi magsodouygunlugu
nazars almaq vacibdir. Bu masalani hall etmak tigiin méveud yataglarda neftverma amsallarini (NC) shamiyyatli doracads artira bilon
yeni reagentlorin hazirlanmasi vacibdir. Bu mogalads polimerlarin segilmasi {izra laboratoriya todqiqatlarinin otrafli naticalori tagdim
olunur. Laboratoriya tedqiqatlari tigiin segilmis polimerlor hom sintez edilmis su modellari, ham do yatagdan gstirilon hasilat suyu
nimunslori istifado edilorok hazirlanmigdir. Suyun 6zliiliiyii duzlulugdan ohomiyyotli daracods asili oldugundan, hasil suyunun
kimyavi torkibins xiisusi diqqgat yetirilmigdir. Polimer dasqinlarinin meyarlarin1 6yranmoak vo onun effektivliyini giymotlondirmok
tgiin "X" (yatagin sorti adi) sahosi secilmigdir. "X" vo "Y" yataqlarinin sortlori ticiin polimer torkibinin asas xiisusiyystlori do
Oyronilmigdir. Laboratoriya todgiqatlarina asasan, "X" vo "Y" yataqglarindaki real quyularda bir texnologiya hazirlanmis vo pilot
siagqlar aparilmigdir. Todqiq olunan polimerlordon Flopaam 5115VHM hallolma vo 6zliiliik baximindan "X" sahasi {igiin on uygun,
FP5205VHM vo FC 6725 iso "Y" sahosi tigiin on uygun oldugu siibut edilmisdir. Névboti dovr tigiin (01.04.2019 - 31.03.2024)
aparilmis "ekstrapolyasiya" hesablamalar1 prognozlarin métabor oldugunu tesdiglonmisdir.

Acar sézlar: saha, polimer, ozliiliik, kegiricilik, lay tozyiqinin saxlanilmasi, yerdayisma samaraliliyi
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HYDROCARBON EXPLORATION AND RESOURCE BASE DEVELOPMENT IN THE
REPUBLIC OF UZBEKISTAN: HISTORICAL TRENDS AND FUTURE PERSPECTIVE

Bogdanov A.N.*, Karshiyev O.A., Khmirov P.V.
Institute of Geology and Exploration of Oil and Gas Deposits, Republic of Uzbekistan
64, Olimlar Street, Mirzo Ulugbek District, Tashkent, 100164
*Corresponding author: bogdalex7@yandex.ru

Summary. The paper presents the results of a comprehensive analysis of oil and gas prospect-
ing and exploration activities in the Republic of Uzbekistan from the late 19th century to 2025. The
study aims to identify the main patterns in the development of the geological exploration sector,
assess the efficiency of hydrocarbon resource base replenishment, and determine the prospects for
further reserve growth. The research is based on official statistical data, archival materials and re-
sults of geological exploration activities conducted during different periods. The dynamics of key
production and geological indicators were analysed, including exploration drilling volumes, prepa-
ration of structures for deep drilling, oil and gas reserve growth, and the efficiency of exploration
activities at various stages of industry development. The study identifies periods of intensive sub-
surface development associated with the discovery and commercial deve-lopment of major oil and
gas fields, as well as stages of declining exploration activity accompanied by reductions in drilling
volumes and reserve growth. Particular attention is paid to the analysis of conversion coefficients
of forecast resources into commercial reserves, which show considerable variability over different
time periods. The results demonstrate that actual reserve growth in several cases significantly ex-
ceeded initial forecast estimates, indicating the need to improve methodological approaches to re-
source assessment and update the forecast resource base. The study confirms the high potential for
further development of Uzbekistan’s oil and gas sector through intensified exploration activities
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carbons, geological explora-
tion, resources, reserves

and the implementation of modern resource modeling and assessment technologies.
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Introduction

A significant part of the territory of the Republic
of Uzbekistan (more than 60%) is promising for oil
and gas. The history of oil and gas industry of the
country dates back more than 100 years. It originated
in the Fergana Valley in the second half of the 19th
century, initially with the development of oil sources
using artisanal methods, and then with the establish-
ment of the first oil field in Turkestan, Chimion
(Bogdanov, Khmyrov, 2025). The annual growth in
oil production necessitated the construction of refin-
ing facilities. Therefore, in 1906, the Vannovsky oil
refinery was put into operation, later renamed the
Altyaryk oil refinery, which is currently a branch of
the Fergana oil refinery (Bogdanov et.al., 2024).

The development of the oil refining industry in
the Republic of Uzbekistan was largely ensured by
the activities of the geological exploration service,
which, through the discovery of new hydrocarbon
deposits and the expansion of the mineral resource
base, formed the fuel and energy foundation for sus-
tainable economic growth.

Thus, during the first 50 years of the 20th centu-
ry, seven oil and gas fields were discovered in the
Fergana region, three of which were medium-sized
in terms of hydrocarbon reserves and four were
small. It is noteworthy that all of these fields, with
the exception of one (Chongara-Galcha), are still in
operation today with Chimion-Yarkutan-Chaur hav-
ing been in operation for over 120 years.

Chronologically, the next region was the Sur-
khandarya in which industrial oil and gas potential of
the Republic was established, where in 1934, a pow-
erful oil fountain with a flow rate of 400 tons per day
struck from the deposits of the Bukhara Paleogene
layers at the Haudag field (Bogdanov et.al., 2024). By
1950, three more fields had been discovered in the
Surkhandarya region, all of them small in terms of
hydrocarbon reserves, but oil production continues
there to this day (Bogdanov, Khmyrov, 2025).

These 11 fields located in the Fergana and Sur-
khandarya regions were the only ones producing
hydrocarbons in the republic until 1953, when the
discovery of the Tashkuduk and Setalantepe fields
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proved the industrial productivity of the Bukhara-
Khiva region, which has been the flagship of oil and
gas industry of Uzbekistan for over 70 years (Bog-
danov et al., 2023; Bogdanov, Khmirov, 2024).

With the discovery of the Adamtash field in
1962 and the Shahpakhty field in 1963, two more oil
and gas regions were identified: South-West Gissar
and Ustyurt, respectively (Bogdanov et.al., 2024).

The involvement in the geological exploration
process, primarily of the Bukhara-Khiva, as well as
the Ustyurt and South-West Gissar regions, made it
possible to identify a large number of hydrocarbon
deposits, mainly gas accumulations. This made it
possible to consider the territory of the Republic of
Uzbekistan for the presence of deposits with re-
serves of mainly free gas. Currently, natural gas
ranks third in terms of its share of fossil fuels in the
global balance of primary energy resources, and for
many years the world has been discussing the possi-
bility that natural gas will play a decisive role in
building a more sustainable energy future (World
Energy Council, 2016). The subsoil of the Republic
contains natural resources, including hydrocarbon
raw materials, the conversion of which into land-
based assets — human and physical capital — is
seen as a strategic direction that ensures sustainable
employment for the population and stimulates eco-
nomic growth (Venables, 2016; Tatar et.al., 2024).

Overall, the discovery of a significant number
of hydrocarbon deposits has contributed to the sys-
tematic and sustainable development of the repub-
lic's economy for many decades (van Krevel, Peters,
2024; Henstridge, Roe, 2018).

Materials and methods

The study is based on a comprehensive analysis
of the history of geological explorations aimed at
identifying oil and gas deposits in the Republic of
Uzbekistan. Due to the lack of reliable data available
to the authors on the types, volumes, and results of
geological exploration activities conducted prior to
1962, the analytical coverage is limited to the period
from 1962 to 2024. Data on the volumes of geophys-
ical explorations using the MOGT-2D method are
taken into account since 1970.

The database is based on materials from state
statistical reports, including the State Balances of
Mineral Resources of the Republic of Uzbekistan
(forms 06-Gr, 07-Gr), annual reports of geological
exploration organisations, reports on the state of the
fund of structures promising for oil and gas explora-
tion (form 03-Gr), as well as data on the volumes of
liquid and gaseous hydrocarbon extraction (form 3).

The comparison made it possible to determine
the contribution of each of five oil and gas regions
of the country, as well as to analyse the state, dy-
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namics, and growth of industrial-grade hydrocar-
bon reserves, annual and cumulative oil and gas
production.

Results of geological exploration works

As noted above, the Fergana region was a pio-
neer in the discovery of oil and gas deposits among
oil and gas-bearing territories of Uzbekistan. This
region has the widest stratigraphic range of hydro-
carbon deposits, from the Paleozoic rock complex
to the Neogene inclusive. Within the Fergana re-
gion, mainly oil accumulations have been identi-
fied, i.e., the region belongs to the oil and gas cate-
gory. As a result of geological exploration only
three (Northern Hankyz, Chakar, and Yangi Avval)
of the 34 hydrocarbon deposits identified in the
region have no oil deposits. On January 1, 2025 if
we convert the initial reserves of industrial catego-
ries into tons of fuel equivalent, the share of oil,
free gas, and condensate looks like this: oil ac-
counts for 81.8%, free gas for 17.6%, and recover-
able condensate for 0.6% (Fig. 1).

As we can see, oil reserves are of paramount
importance. During the entire period of geological
explorations in the Fergana region, 189 hydrocarbon
deposits have been identified in 34 fields, including
125 oil fields, 24 gas condensate fields, 21 gas
fields, 18 oil and gas fields, and 1 oil and gas con-
densate field (Fig. 2).

The discovery of large oil deposits in the Ferga-
na region against the backdrop of a lack of discover-
ies in the rest of Uzbekistan in the early stages (be-
fore 1934), led to the extraction of oil in the first
place. In 1962, annual oil production in the Fergana
region amounted to 1.522 million tons, which ac-
counted for 88.3% of the annual oil production in
the Republic of Uzbekistan. Currently, the volume
of annual oil production in the region has signifi-
cantly decreased due to the heavy depletion of de-
posits (some deposits have been in operation for
over 100 years) and in 2024 amounted to 121 thou-
sand tons, or 17% of the annual oil production in the
republic. Developing production strategies for the
most efficient exploitation of oil deposits requires
optimizing processes that reflect the nature of oper-
ational decisions and the associated geological un-
certainties. For the Fergana region, as for the re-
public as a whole, the oil recovery factor is quite
low (0.1-0.3), which is a consequence of the use of
oil reservoir flooding techniques and the lack of
application of modern secondary and tertiary meth-
ods of reservoir stimulation. In this context, there is
a potential opportunity to increase production from
even depleted hydrocarbon deposits in the republic
provided that innovative exploitation methods are
used (Barros et al., 2020).
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The analysis and summary of the source materi-
als show that until the end of the 1930s, oil deposits
were mainly found in the Paleogene sediments, then
the stratigraphic range of productivity expanded due
to the Neogene deposits, from the mid-1950s due to
the Cretaceous deposits, and from the mid-1960s
due to the Jurassic deposits. In addition, gas deposits
were discovered in the Paleozoic sediments at two
fields (Garbi Polvontosh and Southern Alamyishik),
from which gas was extracted for a short time, but
the deposits were not geometrised and reserves were
not calculated.

Currently, despite high depletion rates, oil fields of
the Fergana region rank second (26.2%) in the Repub-
lic after the Bukhara-Khiva region in terms of current

reserves of commercial oil. In terms of current reserves
of free gas, the region ranks last, in fifth place.

Further prospects for increasing the hydrocar-
bon resource base in the Fergana region are primari-
ly associated with the exploration of traditional
Paleogene-Neogene deposits and underlying the
Cretaceous and Jurassic deposits, in the latter of
which mainly gas deposits are expected to be dis-
covered. Certain prospects are also associated with
the refinement of the geological structure of previ-
ously discovered hydrocarbon deposits based on the
results of exploitation, in which the recovery of ex-
tractable reserves exceeded 100% (layers | and KKS
of the Andijan field; layers I, IlI, VIII of the
Sharikhan-Khojaabad field; layer 1V of the Vorukh
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field, etc.). In general, it can be stated that the pro-
cess of searching of oil and gas deposits within the
Fergana region looks promising in the future, but its
geological and economic efficiency is questionable
due to the high degree of exploration of the territory
and the complexity of its geological structure.

As of January 1, 2025, the initial total hydrocar-
bon resources of the Fergana region amounted to
835.6 million tons of oil equivalent, of which 4.4%
were current reserves of industrial categories
(ABC,), accumulated production for the entire peri-
od of operation — 9.1%, preliminary estimated re-
serves (Cy) — 14.5%, prospective resources (C3) —
21.5%, and forecast resources (D1+D2) — 50.5%
(Bogdanov, Khmyrov, 2025).

In 1934, based on the results of geological ex-
plorations, the Surkhandarya region was transferred
from the oil and gas prospective category to the oil
and gas bearing category following the discovery of
the Haudag oil field. The stratigraphic range of oil
and gas deposits covers rocks from the Jurassic to
the Paleogene age inclusive. At the same time, the
main stratigraphic complex of rocks containing the
overwhelming majority of deposits (86.7%) are the
Paleogene deposits. In addition, two fields
(Lyalmigar and Kuyi Haudag) have deposits in the
Upper Cretaceous sediments, and one field (Mus-
tagillikning 25 Yilligi) has deposits in the Lower
Cretaceous and the Middle-Upper Jurassic rocks.

Only two sites of 15 hydrocarbon deposits iden-
tified within the studied region as a result of geolog-
ical explorations — Mustakillikning 25 Yilligi and
Kuii Haudag — have been found to contain oil depos-
its and only gas deposits in the Cretaceous and the
Jurassic sediments. At the same time, the Kuyi
Haudag field, according to its geological and struc-
tural characteristics, is in fact a lower productive
horizon of the Haudag field, which allows being
considered not as an independent oil and gas struc-
ture, but as a part of a previously discovered field.
Thus, it can be stated that there is only one new object
where no oil deposits have been recorded — Mustakil-
likning 25 Yilligi. It should be noted that in the cur-
rent practice of recording the results of geological
exploration in the republic, the focus remains not only
on the increase in recoverable hydrocarbon reserves,
but also on the guantitative indicators of the discov-
ered fields. In the absence of uniform criteria for dif-
ferentiating between independent deposits and pro-
ductive horizons within a single oil and gas bearing
object, this approach can lead to a statistical increase
in the number of new deposits.

Within the Surkhandarya oil and gas region, oil
deposits have been the main focus of development,
which allows being classified as a gas-oil-bearing
territory with a predominance of oil-type fluids. As
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of January 1, 2025, the structure of initial total hy-
drocarbon reserves is characterised by a significant
predominance of liquid hydrocarbons: oil accounts
for 85.4% of total resources, while free gas accounts
for only 14.6% (Fig. 1). Condensate has not been
identified in the region, which reflects the specific
thermobaric conditions and fluid composition char-
acteristic of the sedimentary cover of this section of
the South Tajik oil and gas province.

Thus, the oil component forms the basis of the
resource potential of the region. During geological
explorations in the region, 43 hydrocarbon deposits
were identified associated with 15 fields of various
sizes. 34 of them are oil fields, 6 are gas fields, and 3
are oil and gas fields (Fig. 2). This ratio indicates the
pronounced specialisation of the region in oil pro-
duction with limited gas reserves, reflecting the
characteristic features of the formation and spatial
distribution of hydrocarbon accumulations in the
southern part of the Republic of Uzbekistan.

In 1962, annual oil production in the Surkhandar-
ya region amounted to 201,600 tons, which accounted
for 11.7% of the annual oil production in the Republic
of Uzbekistan. Currently, the volume of annual oil
production in the region has decreased due to the dep-
letion of fields (some fields have been in operation for
90 years) and in 2024 amounted to 71,000 tons, or 10%
of the annual oil production in Republic.

Currently, based on current reserves of commer-
cial oil, the fields in the Surkhandarya region rank
third (3.5%) in the republic. The region also ranks
third in terms of current reserves of free gas (6.0%).

Further prospects for increasing the hydrocarbon
resource base in the Surkhandarya region are linked
along with the Paleogene deposits, primarily to the ex-
ploration of deep Cretaceous and Jurassic deposits, in
the latter of which mainly gas deposits are expected to
be discovered. In general, the search for oil and gas
deposits in the Surkhandarya region will directly de-
pend on the technical capabilities of drilling equipment
capable of drilling to depths of more than 6-8 km in
order to study the Jurassic carbonate deposits under
salt, which are associated with the main prospects for
hydrocarbon growth in the Surkhandarya region
(more than 80% of the region's forecast resources
(D1+D2)) and the republic (more than 11% of the
republic's forecast resources) (Shuster, 2022).

As of January 1, 2025, the total initial hydrocar-
bon resources of the Surkhandarya region are esti-
mated at 1,762.2 million tons of fuel equivalent. The
structure of resource distribution by category shows
the dominance of the forecast component, which
indicates an insufficient level of geological explora-
tion and a limited degree of industrial development
of the territory. Thus, current reserves of industrial
categories (ABC1) account for only 7.4% of total



A.N.Bogdanov et al. | ANAS Transactions, Earth Sciences 1 /2026, 99-113; DOI: 10.33677/ggianas20260100170

resources, while cumulative production for the entire
period of operation accounts for 1.1%. Preliminarily
estimated reserves of category C, account for 4.0%,
prospective resources (C3) — 10.9%, while the bulk
is accounted for by projected resources of categories
D1+D2, which make up 76.6% of the total volume
(Bogdanov, Khmyrov, 2025).

This ratio of categories indicates the high poten-
tial for further expansion of the resource base through
the identification and preparation of new hydrocarbon
traps, as well as the need to intensify exploration and
prospecting activities in order to transfer projected
resources to higher categories of accounting.

The next region to receive oil and gas bearing
status was Bukhara-Khiva, where the first explorato-
ry reconnaissance work dates back to the 1920s, and
with the discovery of the Tashkuduk and Setalantepe
fields in 1953, the identification of oil and gas fields
in this territory began.

The stratigraphic range of oil and gas deposits
covers rocks from the Lower Jurassic to the Upper
Cretaceous age inclusive. The main stratigraphic
complex of rocks containing the vast majority of
deposits (90.3%) is the carbonate formation of the
Jurassic age (Bogdanov, Khmirov, 2024). In addi-
tion, four fields (Gazli, Tashkuuk, Akdzhar, and
Kaltakyr) also have deposits in the Upper Creta-
ceous sediments, 32 fields have deposits in the Low-
er Cretaceous sediments, and 28 fields have deposits
in the Middle Jurassic rocks.

In 216 hydrocarbon deposits identified within
the Bukhara-Khiva region as a result of geological
explorations, oil deposits were found in 95 deposits
and gas deposits were found in 159 deposits.

Within the Bukhara-Khiva oil and gas region, gas
deposits have been the main focus of development,
which allows being classified as an oil and gas region
with a pronounced predominance of gas-type fluids.
On January 1, 2025, the structure of initial total hydro-
carbon reserves is characterised by the dominance of
free gas, which accounts for 91.1% of total resources.
The share of recoverable oil is 4.3%, and condensate is
4.6% (Fig. 1). Thus, gas components form the bulk of
the region's resource potential, determining its strategic
specialisation in natural gas production.

Over the entire period of geological exploration
in the region, 544 hydrocarbon deposits have been
identified, located within 216 fields of various sizes.
Among them, gas condensate deposits predominate
— 364 deposits, which is more than two-thirds of
the total number. In addition, 44 gas, 21 oil and gas,
51 oil and gas condensate, and 64 oil deposits have
been identified (Fig. 2) (Bogdanov, Khmirov, 2024).
This ratio of deposit types reflects the complex
structure of the region's fluid system, in which gas
condensate and gas formations have become wide-

spread, forming the basis of the modern industrial
potential of the Bukhara-Khiva oil and gas province.

Analysis of the spatial distribution of deposits
shows that gas and gas condensate fields are concen-
trated mainly in the Mesozoic and Cenozoic sedi-
ments controlled by large anticline structures and
regional fault zones. The predominance of gas in the
resource structure is due to a combination of factors:
the considerable depth of productive horizons, high
thermobaric gradient, and the specific facies compo-
sition of the sedimentary cover, which is conducive
to the generation and preservation of gas systems.
Together, these features form a stable trend of gas
specialisation in the region, which is consistent with
its location in the southwestern part of the Amu-
darya oil and gas province and the overall evolution
of its oil and gas-forming systems.

In 1962, annual free gas production in the Bu-
khara-Khiva region amounted to 9.6 billion cubic
meters, or 96.9% of the annual gas production in the
Republic of Uzbekistan. Oil and condensate produc-
tion in the Bukhara-Khiva region had not yet begun
in 1962. The first oil production in the region was
recorded in 1963 at the Karaulbazar-Sarytash field
(3,000 tons) (Bogdanov, Khmirov, 2024).

Here it is necessary to explain this situation.
The fact is that oil and gas reserves in the region
were discovered relatively recently (1953), and de-
spite the fact that the first unique gas field in the So-
viet Union, Gazli (1956) with reserves of more than
500 billion m® (Bogdanov et al., 2024), the fields of
the region were still in the early stages of develop-
ment and production volumes were low. In addition,
during this period, the discovered oil and gas fields in
the region were located only in the Bukhara step (with
the exception of the Uchkyr field, discovered in 1960
and put into operation in 1968), where hydrocarbon
deposits were associated with structural traps.

However, with the start of exploration of the
Chargos stage deposits, the detailed study of core
material from the Urtabulak field wells allowed a
number of researchers concluding that the produc-
tive horizons of the carbonate Jurassic of this field
are reef-based and, possibly, that the productive ho-
rizons of other fields in the region are also reef-
based. As a result of the studies, significant varia-
tions in the thickness of the carbonate formation
were established, associated with the presence of
reef-type traps. At that time, this was of great im-
portance for the oil and gas geology of Uzbekistan,
as it opened up a new direction of work in the search
for reef massifs with high concentrations of hydro-
carbon reserves per unit volume. Subsequent discov-
eries of fields with hydrocarbon deposits in reef
traps (Zevardy, Alan, Southern Pamuk, Kokdu-
malak, etc.) made it possible not only to significant-
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ly increase the hydrocarbon resource base, but also
to significantly increase hydrocarbon production,
primarily free gas, thereby making the Bukhara-
Khiva region a leader in terms of hydrocarbon re-
serve growth and production (Punanova, 2022).

Currently (2024), the annual production of free
gas in the region amounted to 32.6 billion cubic me-
ters, or 74.2% of the annual gas production of the
Republic. This is not the highest development indi-
cator for the region over the entire period of opera-
tion, as in 2010 gas production reached 53.0 billion
m?, but due to the high depletion of unique and large
hydrocarbon deposits, this indicator is gradually de-
clining. A similar situation is observed with oil and
condensate production volumes.

In 2024, oil and condensate production volumes
in the region will be 495,000 tons (69.5% of the re-
public's annual production) and 517,000 tons (52.9%
of the republic's annual production), respectively. In
1998, these figures were 4.508 million tons and
4.402 million tons, respectively, or a total of 8.910
million tons of liquid hydrocarbons (oil + conden-
sate). In 1998, this accounted for 96.4% of the total
annual republican production. These figures in 1998
were mainly influenced by the Kokdumalak oil and
gas condensate field, which was discovered in 1985
and put into production in 1989. To date, the deple-
tion of this field has led to a significant decline in oil
and condensate production.

Currently, in terms of current reserves of hydro-
carbon raw materials (free gas, recoverable oil, and
condensate) of industrial categories, the fields of the
Bukhara-Khiva region rank first (65.9%, 69.1%, and
74.0%, respectively) in the republic.

As of January 1, 2025, the total initial hydrocar-
bon resources of the Bukhara-Khiva region are esti-
mated at 8,933.3 million tons of oil equivalent. The
distribution of resources by reserve category shows a
fairly balanced ratio between the developed and pro-
jected parts of the resource base. Thus, current reserves
of industrial categories (ABC;) account for 17.4%,
which reflects the high level of exploration and in-
volvement of resources in industrial development. The
share of cumulative production for the entire period of
operation is 34.5%, which indicates intensive and con-
tinuous industrial development of the region.

At the same time, preliminary estimated re-
serves (C) account for 2.9% of total resources, and
prospective resources (Cs) account for 7.5%, con-
firming the potential for expanding the mineral re-
source base through further exploration of identified
structures. The largest share, 37.7%, is accounted for
by projected resources (Di+D;), reflecting the re-
gion's significant prospects for discovering new de-
posits, primarily in poorly explored areas with deep
productive horizons.
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Thus, the current ratio of reserve categories
characterises the Bukhara-Khiva region as a highly
developed oil and gas bearing territory that still has
potential for development, where further resource
growth can be achieved by intensifying exploration
and prospecting in deep and poorly studied strati-
graphic complexes.

The next oil and gas region in chronological or-
der was South-West Gissar, where the Adamtash gas
condensate field was discovered in 1962.

The stratigraphic range of oil and gas deposits
covers rocks of the Middle-Upper Jurassic age (car-
bonate formation).

Within the South-West Gissar oil and gas re-
gion, many years of geological explorations have
revealed 19 hydrocarbon deposits, of which 16 con-
tain free gas and 5 contain oil accumulations. Thus,
the region belongs to the category of oil and gas
bearing territories with a pronounced predominance
of gas in the structure of resources.

As of January 1, 2025, the structure of the initial
total hydrocarbon reserves is characterised by the dom-
inance of free gas, which accounts for 92.7%. The
share of recoverable oil is only 0.9%, and gas conden-
sate — 6.4% (Fig. 1). This ratio of fluid components
indicates gas condensate specialisation of the region,
where the bulk of hydrocarbons is concentrated in gas
and gas condensate deposits of the Mesozoic complex.

During geological explorations within the re-
gion, 20 hydrocarbon deposits were identified, asso-
ciated with 19 fields. Among them, gas condensate
deposits predominate — 13 deposits, with an addi-
tional 1 gas, 2 oil and gas condensate, and 4 oil de-
posits (Fig. 2). This distribution of deposit types re-
flects the structural and facies heterogeneity of the
section, where gas and gas condensate formations
are mainly confined to tectonically complex anti-
cline uplifts and zones of tectonic disturbances,
which form favorable traps for gas accumulation.

The predominant gas orientation of the hydro-
carbon system in the South-West Gissar region is
due to the deep occurrence of source rocks, the high
level of catagenesis of organic matter, and the pre-
dominantly thermogenic type of fluid generation.
Together, these factors determine the high degree of
maturity of the oil and gas source rocks and the for-
mation of regional-scale gas condensate systems,
ensuring its key role in the modern gas production
structure of the Republic of Uzbekistan.

The first oil production in the region dates back
to 1991 (Okul), which amounted to 7,000 tons or
0.5% of the republic's annual oil production. In
2001, free gas production began in the region
(Southern Tandyrcha) — 533 million cubic meters, or
0.4% of the republic's annual gas production. The
launch of the Southern Tandyrcha field was prompt-
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ed by the need to supply the Shurtan gas chemical
complex with hydrocarbon raw materials and was
associated with the beginning of a decline in produc-
tion at the Shurtan field due to its gradual depletion.

At the end of 2024, the South-West Gissar re-
gion demonstrated stable production activity with a
clear predominance of gas. The annual volume of
free gas production amounted to 6.125 billion m3,
which is equivalent to 13.9% of the total production
of this type of raw material in the Republic of Uz-
bekistan. At the same time, oil production is esti-
mated at 25 thousand tons (3.5%), and gas conden-
sate production at 358 thousand tons (36.6%) of the
republic's total figures.

Currently, in terms of current reserves of free
gas and extracted oil of industrial categories, the
fields of the South-West Gissar region rank fourth
(4.5% and 1.0%, respectively), and in terms of cur-
rent reserves of extracted condensate, they rank third
(4.4%) in the Republic.

Further prospects for increasing the hydrocar-
bon resource base in the South-West Gissar region
are associated with Jurassic carbonate deposits.

As of January 1, 2025, the total initial hydrocar-
bon resources of the South-West Gissar region are es-
timated at 810.3 million tons of oil equivalent. A struc-
tural analysis of their distribution by category shows
that the region is characterised by a moderate degree of
geological exploration with significant potential for
further reserve growth. Current reserves of industrial
categories (ABC,) account for only 12.7%, which indi-
cates limited involvement of explored structures in ac-
tive development. At the same time, the share of ac-
cumulated production is 16.7%, reflecting a relatively
high level of industrial use of open deposits.

The share of preliminary estimated (C.) and pro-
spective resources (Cs) remains relatively low — 2.7%
and 3.4%, respectively. This indicates an insufficient
level of detail in the geological data on a number of
local structures, which opens up opportunities for in-
depth study of the section and refinement of resource
parameters. The most significant part of the region's
potential is formed by the projected resources of cate-
gories D1+D,, which account for 64.5%. Their pre-
dominance indicates the presence of significant but
poorly studied areas that are promising for the dis-
covery of new hydrocarbon deposits.

Thus, the South-West Gissar region can be
characterised as a territory with a developed indus-
trial base for gas and oil production, while a signifi-
cant share of projected resources determines the
need to intensify geological exploration and apprais-
al activities. In the long term, this will ensure the
reproduction of the mineral resource base and
strengthen the role of the region in the country's hy-
drocarbon potential.

The last region to receive oil and gas bearing
status was Ustyurt, within which the first gas field,
Shakhpakhta, was discovered in 1963.

The stratigraphic range of oil and gas deposits
covers rocks from the Paleozoic to the Upper Juras-
sic age inclusive. At the same time, the main strati-
graphic complex of rocks containing the overwhelm-
ing majority of deposits (71.4%) is the Middle Juras-
sic deposits. In addition, nine fields also have depos-
its in the Upper Jurassic sediments, 17 fields have
deposits in the Lower Jurassic sediments, and two
fields have deposits in the Paleozoic rocks.

As a result of many years of geological explora-
tions in the Ustyurt oil and gas region, 28 hydrocar-
bon deposits have been identified, all of which con-
tain gas reserves, with only one containing oil re-
serves (the West Aral field). Thus, in terms of fluid
type, the region is classified as oil and gas bearing,
but its resource base is clearly gas-specialised.

As of January 1, 2025, the structure of the initial
total hydrocarbon reserves shows a significant pre-
dominance of free gas, which accounts for 95.99%
of the total volume. Meanwhile, the share of recov-
erable oil is only 0.02%, and gas condensate is
3.99% (Fig. 1). This imbalance indicates the sus-
tained dominance of gas, which determines the re-
gion's strategic role in shaping the gas production
potential of the Republic of Uzbekistan.

198 hydrocarbon deposits have been identified
within the region, located in 28 fields up to now.
Among them, 189 deposits are gas condensate, 8 are
gas, and only one is oil (Fig. 2).

The productivity of the Ustyurt region is largely
determined by the specifics of its tectonic and strati-
graphic structure—the presence of a thick sedimen-
tary cover with a developed the Mesozoic-Paleozoic
complex and deep structural traps associated with
regional platform-type dislocations. Together, these
factors have ensured a high level of maturity of oil
and gas source rocks and the formation of significant
gas condensate systems, which determine the indus-
trial significance of the region in the modern struc-
ture of the country's fuel and energy balance.

The first production of free gas in the Ustyurt re-
gion took place in 1971 at the Shakhpakhta field,
which amounted to 404 million mé, or 1.2% of the
annual gas production in the Republic of Uzbekistan.
Oil production in the Ustyurt region has never been
carried out and is still not being carried out. The first
production of condensate in the region, amounting to
2,000 tons, was recorded in 1995 at the Urga field.

It should be noted that between 1963 and 1999,
only eight hydrocarbon deposits were discovered in
the Ustyurt region as a result of geological explora-
tion work. The turning point came in 1998, when, in
accordance with the Protocol of Instructions of the
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President of the Republic of Uzbekistan, I.A.Karimov
dated February 11, 1998, on intensifying oil and gas
explorations on the Ustyurt Plateau and in the Aral
Sea basin, extremely important decisions were devel-
oped and adopted on a radical change in geophysical
and drilling explorations in the region. The imple-
mentation of these measures ensured a sharp expan-
sion in the volume of geological explorations, result-
ing in the discovery of 20 new gas condensate fields
to date (Berdakh, East Berdakh, Shagyrlyk, Surgil,
North Aral, Uchsay, Shege, Aral, Dali, Northern
Berdakh, etc.). Subsequently, a number of fields were
combined into a single entity based on the results of
hydrocarbon reserve calculations: Surgil and North-
ern Aral into Surgil; Berdakh and Northern Berdakh
into Berdak-Shimoliy Berdak; Eastern Berdakh and
Uchsay into Sharkiy Berdak.

The significant shallowing of the Aral Sea over
the past decades has opened up opportunities for
geological exploration in the area that was previous-
ly the Aral Sea basin (Fig. 3).

As a result of the discovery of new deposits, the
hydrocarbon resource base has been significantly
expanded, as individual deposits have been reclassi-
fied as large in terms of hydrocarbon reserves: Sur-
gil, Sharkiy Berdak, Berdak-Shimoliy Berdak.

Currently, only four fields with unique hydrocar-
bon reserves (> 300 million tons of oil equivalent) have
been discovered within the Republic of Uzbekistan
(Gazli, Shurtan, Dengizkul-Khuzak-Shady-Northern
Dengizkul-Khodjasayat, Zevardy), which are located
in the Bukhara-Khiva region and have been the foun-
dation of production, primarily gas, in the republic for
many decades. No other regions with unique hydrocar-
bon reserves have been identified yet.

However, there is currently a real possibility of
identifying a unique hydrocarbon deposit within the
Ustyurt region. The fact is that between 1999 and
2021, seven deposits were discovered in the southern
part of the former Aral Sea basin, some of which (Sur-
gil, Berdak-Shimoli Berdak) are currently under devel-
opment, one field (Arslan) is ready for industrial de-
velopment, and four (Inam, Kyzyl-Shaly, Kuyi Surgil,
and Western Kuyi Surgil) are under exploration. Ac-
cording to final and operational estimates of hydrocar-
bon reserves carried out in various years, the produc-
tivity contours of these fields for various productive
formations are located within a single gas-bearing con-
tour, i.e., they are in fact a single field (Fig. 4).

Already today, by combining these fields and,
accordingly, hydrocarbon reserves into a single enti-
ty, it is possible to obtain a field with initial reserves
of industrial-grade hydrocarbons of approximately
346 million tons of oil equivalent, which means that
this combined field can already be classified as
unique in terms of hydrocarbon reserves. In addition,
as noted above, four fields are under exploration and
an increase in hydrocarbon reserves is seen in the
future. Furthermore, these seven fields have prelimi-
nary estimated reserves of 74.6 million tons of oil
equivalent in the C; category. In the Republic of Uz-
bekistan, the average conversion factor for prelimi-
nary estimated C; reserves to industrial ABC; re-
serves is more than one. However, exercising a de-
gree of caution and assuming this factor to be 0.9, an
increase in hydrocarbon reserves of 67.2 million
tons of oil equivalent can be expected. The prospects
of this approach are quite attractive, and given the
development of a unified project, we can hope for
high operational efficiency.

Fig. 3. Dynamics of the decline in the level of the Aral Sea
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As of 2024, the annual production of free gas
within the Ustyurt region amounted to 5.2 billion m?,
which is equivalent to 11.7% of the total annual pro-
duction in the Republic of Uzbekistan. Gas conden-
sate production for the same period reached 100,000
tons, or 10.2% of the republican level. These propor-
tions indicate the significant contribution of the Ust-
yurt region to the national gas production balance,
despite the relatively low degree of involvement of
reserves in industrial development.

Today, in terms of current reserves of industrial-
grade hydrocarbon raw materials (free gas and re-
coverable condensate), the fields in the Ustyurt re-
gion rank second (23.2% and 21.0%, respectively) in
the republic. In terms of current recoverable oil re-
serves, the region ranks fifth (0.1%).

Further prospects for increasing the hydrocar-
bon raw material base in the Ustyurt region are pri-
marily associated with the Jurassic deposits, as well
as the Paleozoic formations.

As of January 1, 2025, the total initial hydrocar-
bon resources of the Ustyurt region are estimated at
3,007.8 million tons of oil equivalent. Analysis of
the distribution of resources by reserve category in-
dicates an uneven degree of geological exploration
and industrial development. Current reserves of in-
dustrial categories (ABC:1) account for only 10.8%,
which indicates limited involvement of identified
structures in exploitation. At the same time, cumula-
tive production for the entire development period is
3.2%, reflecting the relatively short history of indus-
trial development in the region compared to more
mature oil and gas provinces in the country.

Preliminary estimated reserves (C;) account
for 3.3%, and prospective resources (Cs) —
19.4%, which confirms the existence of significant
potential for reserve growth through refinement of
the structure of prospective areas and further ex-
ploration. The most significant share — 63.2% is
made up of projected resources (D1+D;), concen-
trated mainly in poorly studied areas in the north-
ern and central parts of the region, where the de-
velopment of deep-lying Paleozoic and Mesozoic
complexes creates the conditions for the formation
of new hydrocarbon deposits.

Thus, the structure of the resource base of the
Ustyurt region is characterised by a high proportion
of prospective categories with a relatively low level
of industrial development, reflecting the early stage
of the geological-industrial cycle. With targeted de-
velopment of exploration and prospecting, especially
in the deep horizons of the Paleozoic basement, the
region has the potential for significant growth in gas
and condensate reserves, which could compensate
for the decline in production in the more developed
provinces of Uzbekistan.
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Discussion of the results of

geological explorations

Overall, in the 125 years since the first field was
discovered in the Fergana region, a great deal of work
has been done, including various regional and explo-
ratory geophysical surveys and deep drilling, which
has led to the discovery of 312 oil and gas fields.

The stratigraphic range of oil and gas deposits is
quite wide, as hydrocarbon deposits are located in sedi-
ments from the Paleozoic to the Neogene age inclu-
sive. The majority of deposits are located in carbonate
sediments of the Middle-Upper Jurassic age (68.9%).

Analysis of the results of many years of geolo-
gical explorations shows that 312 hydrocarbon de-
posits have been identified to date within the oil and
gas bearing territories of the Republic of Uzbekistan,
represented by various types of fluids and structural-
lithological conditions of occurrence. Gas plays a
dominant role: gas deposits have been identified at
258 fields, while oil deposits have been identified at
145 sites.

As of January 1, 2025, free gas resources pre-
dominate in the structure of the initial total hydrocar-
bon reserves of the Republic of Uzbekistan, accoun-
ting for 90.1%, while oil and gas condensate account
for 5.5% and 4.4%, respectively (Fig. 1). This ratio
reflects a steady trend towards a shift in the resource
base towards gas specialisation, which is characteris-
tic of large sedimentary basins in the Central Asia.

To date, 994 hydrocarbon deposits have been
identified in the republic, confined to 312 fields, of
which gas condensate facilities account for 59.4%,
oil facilities for 22.9%, gas facilities for 8.0%, oil
and gas condensate fields account for 5.4%, and oil
and gas fields account for 4.3% (Fig. 2). This struc-
tural organisation of reserves indicates a complex
relationship between fluid systems and traps of dif-
ferent ages, caused by both the evolution of the sed-
imentary cover and the heterogeneity of the thermo-
baric conditions of hydrocarbon generation.

In 2024, the total volume of hydrocarbon pro-
duction in the Republic of Uzbekistan amounted to
43.9 billion m?® of natural gas, 712 thousand tons of
oil, and 1,271 thousand tons of gas condensate. At
the same time, the share of gas in the overall produc-
tion balance reaches almost 94%, which underscores
the gas-producing vector of development of the na-
tional fuel and energy industry.

A long-term (1962—-2024) analysis of hydrocar-
bon reserves growth shows that this indicator de-
pends on the volume of parametric, exploratory, and
prospecting drilling (Fig. 5). However, as can be
seen from the graph, the increase in deep drilling
volumes in recent years has not had a significant
impact on hydrocarbon reserve growth indicators.
This situation is due to the fact that, as in previous
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years, the main oil and gas-bearing region in terms
of reserve growth and hydrocarbon production is the
Bukhara-Khiva region, which has been extensively
explored. As a result, increasingly smaller traps are
being drilled, which, in the event of a discovery, will
result in insignificant hydrocarbon reserves. The ef-
fectiveness of exploration and prospecting is also
affected by the need to search for deeper horizons.
Systematic explorations carried out between 1962
and 2024 has made it possible to identify character-
istic patterns in changes in the annual growth of hy-
drocarbon reserves, which, following a downward
trend, indicate a gradual but steady decline in the
growth of hydrocarbon reserves (Sokolov, 2023).
Figure 6 shows the dynamics of hydrocarbon
production in the Republic of Uzbekistan for the

period of 1962-2024. This figure shows that hydro-
carbon production in the Republic of Uzbekistan
peaked between 1996 and 2020 (Delannoy et al.,
2021). It also clearly shows that the basis of annual
hydrocarbon production is unique and large oil and
gas fields. The share of large and unique hydrocar-
bon deposits in total annual production varies from
37% (1963) to 95% (1992). In 2024, it was 72.2%.
Given that as of 2024 there were 312 oil and gas
fields in the republic, it turns out that 31 fields (4
unique and 27 large) or 9.9% of the total number
account for 72.2% of the republic's annual hydrocar-
bon production (Nuriyev, McFerren, 2025). Analysis
of the data in Figure 6 suggests that the downward
trend in hydrocarbon production will continue in the
future (Laherrere et al., 2022).
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If we consider only the share of unique hydro-
carbon reserves, this indicator ranges from 22.8%
(2019) to 87.2% (1966). In 2024, it was 25.4%,
meaning that four unique fields, or 1.3% of the total
number, account for more than a quarter of the re-
public's annual hydrocarbon production.

Figure 7 shows a graph of cumulative production
from all oil and gas fields in the Republic of Uzbeki-
stan for the period 1962-2024. This graph shows that
more than half (50.3%) of the total cumulative hydro-
carbon production in the republic comes from fields
that are unique in terms of hydrocarbon reserves. This
indicates that existing hydrocarbon reserves are une-
venly involved in active production. A study of the
distribution of cumulative production and current re-
serves of different groups of fields by reserve size
shows significant heterogeneity in the distribution of
these indicators (Sokolov, Shubina, 2023).

As of January 1, 2025, the total initial resources
of hydrocarbon raw materials in the Republic of Uz-
bekistan are estimated at 18,141.1 million tons of
fuel equivalent. This figure also includes the pro-
jected resources of categories D1+D-, determined for
the Khorezm and Middle Syr Darya oil and gas pro-
spective regions, where the total estimate is 1,041.4
million tons of fuel equivalent, and more detailed
geological exploration data is not yet available.

An analysis of the resource base structure shows
that the distribution of reserves by category varies signif-
icantly: current industrial reserves (ABC,) account for
12.9%, which reflects the level of exploration and indus-
trial development of deposits; cumulative production for
the entire period of operation accounts for 19.1%, indi-
cating the degree of involvement of resources in eco-
nomic turnover. Preliminary estimated reserves (Cy)

account for 3.5%, while prospective resources (Cs) ac-
count for 11.0%. The most significant part — projected
resources of categories D1+D;, reaching 53.5% of the
total volume — characterises the significant potential for
further reserve growth with the intensification of explo-
ration and prospecting activities.

This ratio of reserve categories shows that de-
spite the high level of geological exploration of main
oil and gas regions of the country, the potential for
growth in hydrocarbon resources remains signifi-
cant, especially in poorly studied areas with predom-
inantly projected estimates.

The relevance of conducting geological explora-
tion aimed at increasing oil and gas reserves in the Re-
public of Uzbekistan remains an indisputable and stra-
tegically important task. In this context, the volume of
hydrocarbon resources, estimated at 9,706.5 million
tons of oil equivalent, is traditionally considered as the
initial resource base for planning and implementing
exploration drilling with the aim of transferring hydro-
carbon resources into the category of commercial re-
serves. However, quantitatively significant estimated
resources do not in themselves guarantee the economic
and technical feasibility of conducting the relevant ex-
ploration activities. When determining resource poten-
tial benchmarks, key questions inevitably arise: how
much drilling is needed to confirm and transfer esti-
mated resources to the category of proven reserves?
What is the time frame for implementing such a vol-
ume of work? What is the expected efficiency of the
geological explorations being carried out? The answers
to these questions are critically important, as they allow
us to assess the feasibility of drilling programs and de-
termine the prospects for the commercial development
of prospective resources (Sokolov, 2023).
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Based on the analysis of the conversion rates of
forecast resources into industrial category reserves,
it can be reasonably asserted that previous estimates
of forecast hydrocarbon resources in categories
D;+D; (using the Bukhara-Khiva region as an ex-
ample) are clearly underestimated. This is confirmed
by actual data on the growth of industrial reserves of
categories ABC; over the past decades, which indi-
cate a high confirmation rate of forecast resources.

Thus, the increase in reserves for 1980-2022
significantly exceeded the estimated increase due to
the total forecast resources previously included in
the estimates. The coefficients for converting fore-
cast resources into reserves, calculated based on ac-
tual data, range from 0.51 to 0.64, and in certain pe-
riods (e.g., 1999-2020), they reach values above 1,
which indicates a very high coefficient of confirma-
tion of forecast resources, especially against the
backdrop of a lower coefficient of conversion of
prospective resources into industrial reserves (0.4).

These data indicate that the previously adopted
methodology for assessing forecast resources proba-
bly underestimated the actual potential of the re-
gion's subsoil, failing to take into account a number
of deep-lying objects, as well as poorly studied areas
with significant geological potential.

Thus, this analysis demonstrates that within the
Republic of Uzbekistan (using the Bukhara-Khiva
region as an example), the volume of hydrocarbon
forecast resources may be significantly higher than
previously stated figures and requires a correspond-
ing upward adjustment.

Conclusion

As of January 1, 2025, 312 oil and gas fields
have been identified in the Republic of Uzbekistan
as a result of geological exploration work. These can
be classified as follows:

— by oil and gas geological zoning — Ustyurt re-
gion (28 deposits), Bukhara-Khiva region (216),
South-West Gissar (19), Surkhandarya (15), Fergana
(34) (Bogdanov, Khmirov, 2023);

— by fluid type — gas (10), gas condensate (159),
oil and gas condensate (59), oil and gas (29), and oil
(55) (Bogdanov, Khmirov, 2023);

— by degree of development — under develop-
ment (114), prepared for industrial development
(93), explored (96) and mothballed (9) (Bogdanov,
Khmirov, 2023);

— by size of hydrocarbon reserves — unique (4),
large (27), medium (34), and small (247) (Bog-
danov, Khmirov, 2023).

The main source of hydrocarbon reserves growth
throughout the history of geological explorations in
the Republic of Uzbekistan has been four unique hy-
drocarbon deposits (Gazli, Dengizkul-Khozak-Shady-

Northern Dengizkul-Khojasayat, Shurtan, Zevardy),
which account for 36% of the initial reserves of hy-
drocarbons of industrial categories (ABC,) or an av-
erage of 9% of the republic's initial hydrocarbon re-
serves per unique deposit (Bogdanov et al., 2024). For
comparison, the 247 small hydrocarbon deposits ac-
count for a total of 11.4% of the initial reserves of
industrial categories (ABC:). The 27 large hydrocar-
bon deposits account for 43.6% of the republic's ini-
tial reserves of industrial categories. Together, unique
and large deposits account for 79.6% of the total bal-
ance of initial hydrocarbon reserves.

An analysis of hydrocarbon production in the
republic's main gas-producing regions — Bukhara-
Khiva and Ustyurt — shows that despite the high de-
pletion of industrial reserves in the Bukhara-Khiva
region, it continues to be the leader in terms of an-
nual production volumes compared to the Ustyurt
region, despite the relatively low depletion of the
latter's hydrocarbon reserves.

This is primarily due to the type of traps contain-
ing gas deposits. In the Bukhara-Khiva region, where
the main gas volumes are associated with reef-type
traps, the highest annual production reached 10-14% of
current reserves, while in the Ustyurt region, where
there are large quantities of hydrocarbon deposits con-
centrated in relatively low-capacity terrigenous reser-
voirs, the maximum annual production volume is with-
in the range of 2-4% of current hydrocarbon reserves.
Thus, the Bukhara-Khiva region continues to be the
main center of gas production in Uzbekistan.

Hydrocarbon production figures, both cumulative
and annual (2024) indicate that throughout the entire
period of oil and gas field operation in the Republic
of Uzbekistan, unique and large fields have been the
basis for hydrocarbon production, accounting for
50.3% and 38.9% of cumulative hydrocarbon produc-
tion, respectively, which together total 89.2%. Medi-
um and small fields in terms of hydrocarbon reserves
account for 5.1% and 5.7%, respectively. Approxi-
mately the same trend is observed today. Despite the
high depletion of all four unique hydrocarbon depos-
its in terms of reserves, as well as some large ones,
these two groups of deposits still account for the bulk
of annual hydrocarbon production: 25.3% and 46.6%,
respectively, which together account for 71.9% of the
republic's total annual production. This is a very high
figure. Medium and small hydrocarbon deposits ac-
count for 12% and 16.1%, respectively.

Analysing this situation, it can be predicted that,
provided no new unique (primarily) or large deposits are
discovered, there will be a further decline in hydrocar-
bon production volumes. Since traditional hydrocarbons
are running out, one solution is to explore unconven-
tional hydrocarbons, which are the main candidate for
future hydrocarbon production (Muther et al., 2022).
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There is cause for concern regarding the num-
ber of explored deposits, which has reached 96, or
30.8% of the total number of deposits in the re-
public. In 2000, the share of explored deposits in
the republic was 20.3%. The reason lies in the fact
that in recent decades, most of the newly discov-
ered deposits have begun to be exploited at an ac-
celerated rate, sometimes at industrial rates, in
order to compensate for the decline in production,
which does not allow proper completion of explo-
ration, reliable assessment of hydrocarbon re-
serves, and the development of an up-to-date in-
dustrial development project aimed at ensuring the
reliability of the exploited facility and increasing
the efficiency of hydrocarbon field development
(Suleymanov et al., 2022). As a result, not only
the geological exploration process suffer, when

fields are not completed by exploration and the
fund of explored fields is artificially increased, in
which the latter “hang” for decades, but also in the
long term, damage is done to the operational pro-
cess, when intensive hydrocarbon production re-
duces the potential for further development.

In conclusion, it can be stated that the oil and gas
industry provides the republic's economy with energy
resources, and despite some problems, the overall
outlook for the continued effective conduct of oil and
gas exploration activities appears quite optimistic
(Masnadi, Brandt, 2017). The presence of significant
volumes of projected resources (18,141.1 million tons
of oil equivalent), with the prospect of their possible
increase, gives hope for the discovery of new oil and
gas fields, including those with large reserves of hy-
drocarbons (Bogdanov, Khmirov, 2025).
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PA3BUTHUE PECYPCHOM BA3bI YIJIEBOJIOPOJI0OB U HE®TETA3OPA3BEJIOYHBIX PABOT
B PECITYBJIMKE Y3BEKUCTAH: UCTOPUYECKHUE TEHJAEHIIMU U ITIEPCIIEKTUBBI PA3BBUTUSA

Bornanos A.H.*, Kapmues O.A., Xmbipos I1.B.
Hnemumym 2eonozuu u pazeeoxu Hegpmanwvix u 2a308v1x Mecmopoxcoenutl, Pecnybauxa Ysbexucman
100164, Tawxenm, Mup3o-Ynyebexckuil pation, ya. Onumnap, 64
*Aemop, omseeuarowuti 3a nepenucky: bogdalex7@yandex.ru

Pe3ztome. B cTaThe npencTaBiIeHs! pe3ysIbTaThl KOMIUIEKCHOTO aHAIN3a Pa3BUTHS HE(TEra30MOMCKOBEIX M Pa3BeJOYHBIX paboT Ha
Teppuropun Peciyonviku Y36ekucTaH B iepuoz oT koHna XIX Beka g0 2025 roxa. MccnenoBanue HanpaBJieHO Ha BEISIBICHUAC 3aKO-
HOMEPHOCTEH pa3BUTHsI [€0JIOTOPa3BeIOYHON OTpaciu, OLEHKY 3(PEKTHBHOCTH BOCTIOIHEHUST MUHEPAIbHO-CHIPhEBOI 0a3bl yriieBo-
JOPOJIOB H ONpeiesIeHHE EPCIIeKTUB JaIbHEHIIIero MpUpocTa 3anacoB He(TH U ra3a. B kauecTBe HCXOIHBIX MAaTEPHAIOB HCIOIb30-
BaHbI O(HIHATbHBIC CTATUCTHYECKUE NaHHbIe, ()OHIOBBIC H apXMBHBIE HCTOYHHKHU, PE3yJIbTaThl T€0JI0T0Pa3BeA0YHbIX paboT, a Tak-
JKe CBE/ICHHS O TUHAMUKE JOOBIYM M OCBOSHHS MECTOpOXAeHUH. [IpoBei€H aHaIN3 OCHOBHBIX MTPOM3BOACTBEHHBIX U T€0JIOTHYECKUX
TIoKa3areliel, BKIII0Yast 00BEMBI TIOMCKOBO-Pa3BEIOYHOTO OypeHNs, OKa3aTelIn MOATOTOBKH CTPYKTYP K IIIyOoKoMy OypeHHIo, IpH-
poct 3anacoB He()TH U ra3a, a Takke 3PPEKTUBHOCTH Ie0JIOTOPa3BEOYHBIX PaOOT Ha Pa3IMUHBIX dTaraxX pa3BUTUS OTpacid. Beie-
JICHBI TIEPHOJIBI HanoJiee HHTEHCHBHOTO OCBOCHUS HEZP, CBS3aHHBIC C OTKPHITUEM M BBOAOM B IIPOMBIIIICHHYIO pa3paboTKy KpyIi-
HBIX HE(TSHBIX U Ta30BBIX MECTOPOXKACHMI, M 3TaIlbl CHIDKCHHS Te0JIOrOpa3BeIOYHON aKTHBHOCTH, COIIPOBOJKIABIIHMECS COKpale-
HUEeM 00BEMOB OypeHHs U IPUPOCTA 3aMacoB YIIIeBOAOpoaoB. Ocoboe BHUMaHKE YICICHO aHAIN3Y KOA(PHUINEHTOB MEpeBoaa mMpo-
THO3HBIX PECYPCOB B MPOMBIIUICHHBIC 3aI1achl, XapaKTePU3YIOMINUXCs 3HAYUTEIFHONH H3MEHUYNBOCTBIO B PAa3IMYHbIC BPEMEHHBIE TIe-
puoaBL. YCTaHOBICHO, YTO (PaKTHUECKHUI MIPUPOCT 3aI1acoB B PsE CIy4aeB CYIMIECTBEHHO MPEBBINIA NEePBOHAYAIFHBIC IPOTHOZHBIC
OIIEHKH, YTO CBUICTEIHCTBYET O HEOOXOIUMOCTH COBEPUICHCTBOBAHMS METOANYECKUX MOIXOIOB K OIIEHKE PECypCHOM 0a3bl U aKTy-
aJM3aliy IPOTHO3HEIX pecypcoB. [loyrydeHHbIe pe3yabTaThl MOATBEP)KAAIOT BEICOKUE MEPCIIEKTHBBI JalbHEHIEero pa3BUTHs He(Te-
ra30BOT0 KOMILIEKCa Y30eKHCTaHa MPH YCIOBHH aKTHBU3ALUH Ie0JIOrOpa3BeJOUYHBIX padoT, BHEIPEHUS! COBPEMEHHBIX TEXHOJIOTHIM
MOJICTIMPOBAHMS ¥ TIOBBIMIECHUS 3()()EKTHUBHOCTH OLIEHKH PECYPCOB.

Knrouesvie crosa: negpmo, 2as, yene6o0opoovl, 2e01020pazgedKa, pecypesl, 3andcwvl

OZBOKISTAN RESPUBLIKASINDA KARBOHIDROGEN EHTiYATLARININ KOSFiYYATI VO XAMMAL-RESURS
BAZASININ INKiSAFI: TARIXI INKiSAF MEYLLORI VO GOLOCOK PERSPEKTiVLOR

Bogdanov A.N.*, Karsiyev O.A., Xmirov P.V.
Neft Vo Qaz yataglarinin Geologiyast va Kasfiyyati Institutu, Ozbokistan Respublikast
100164, Dagskand, Mirzo-Ulugbek rayonu, Olimlar kiig., 64
*Yazismalara masul: bogdalex7 @yandex.ru

Xiilasa. Magala 1X-cu osrin sonlarindan 2025-Ci ilo godar Ozbokistan Respublikasinda neft vo qaz axtarist vo Kosfiyyat faaliyyot-
lorinin inkisafinin ohatali tohlilinin naticalorini toqdim edir. Todqigatin magsadi geoloji kosfiyyat sektorunun inkisafindaki tendensi-
yalar1 miioyyon etmok, karbohidrogen mineral resurs bazasinin borpasinin effektivliyini qiymotlondirmok vo neft vo gaz ehtiyat-
larinin daha da artmasi perspektivlorini miioyyon etmokdir. Rasmi statistik molumatlar, istinad vo arxiv monboloari, geoloji kosfiyyat
islorinin naticalori, elaco do istehsal vo saho inkisafinin dinamikasi hagqinda malumatlar monbs materiallart kimi istifads olunub.
Osas istehsal vo geoloji gostaricilorin — Koasfiyyat gazma hacmi, dorin qazma tiigiin sahonin hazirlanmasi gostoaricilori, neft vo gaz
ehtiyatlarinin artimi vo Sonayenin inkisafinin miixtolif morhololorinds geoloji kosfiyyat islorinin effektivliyinin — tohlili aparilib.
Boyiik neft vo qaz yataqlarimm kosf edilmosi vo istismara verilmasi ilo slagadar mineral ehtiyatlarin an intensiv istismar dovrlori,
eloco do gazma hacminds vo karbohidrogen ehtiyatlarinin artiminda azalma ilo miisayiot olunan Kkesfiyyat foaliyystinin azalma
morhalalori miioyyon edilib. Toxmin edilon ehtiyatlarin kommersiya ehtiyatlarina gevrilma nisbstlorinin tohlilina xiisusi diqqot
yetirilir; bu nisbotlor miixtolif dovrlorde shomiyyatli doyisiklik gostorir. Molum olub ki, bir sira hallarda ehtiyatlarin faktiki artimi
ilkin prognozlar1 shomiyyastli doracods iistoloyib, bu iso resurs bazasini giymotlondirmak iiglin metodoloji yanasmalar: tokmillog-
dirmayo va resurs prognozlarini yenilomaya ehtiyac oldugunu gostorir. ©lds olunan naticolor geoloji kasfiyyat islori giiclondirildikda,
miiasir modellogdirmo texnologiyalar1 totbiq edildikde va resurslarin qiymotlondirilmasinin somoroliliyi artirildigda Ozbokistamn neft
Vo qaz sektorunun daha da inkisafi ti¢iin giiclii perspektivlorin méveudlugunu tosdiglayir.

Acar sézlor: neft, gaz, karbohidrogenlar, geoloji kasfiyyat, resursiar, ehtiyatlar
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Summary. The objects of the study were fossilised bone remains of tortoises extracted from the
soil during excavations in the Binagadi bitumen deposit and suburban summer cottages of Ab-
sheron. The material was collected and processed during the period from 2020 to 2023 during ex-
peditionary and laboratory researches. The study of the material revealed a large number of bone
fragments. The generic and species affiliation of the discovered bone fragments of tortoises was
established. The study of the skeletal remains of tortoises found in the Binagadi bitumen deposit in
the Late Pleistocene layer (the Late Dryas) and its comparison with the bones of tortoises found in
the Holocene layer (the Middle Subatlantic period) on Absheron allowed assuming that the climate
at the end of the Pleistocene was cooler and more humid than in the Holocene. This was indicated
by some changes in the morphology of the bony shell of tortoises: a decrease in the indices of the
ratio of shell length to its width and height, as well as the width of the shell to its height; changes in
the size proportions of some bone plates of the carapace and plastron. All these changes presuma-
bly reflect some intensification of the adaptation processes associated with significant climate
changes in Azerbaijan in general and in its eastern part particularly during the specified geological

period (more than 0.012 million years ago).

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Bitumen deposits with ancient remains of flora
and fauna are confined to areas where oil comes to the
Earth's surface and are most often of Quaternary age.
In deposits of this type, organic remains accumulate
over a long period of time and have a fairly diverse
species composition, with the remains preserved to a
satisfactory level for study. Natural bitumen deposits in
Azerbaijan are concentrated mainly in the Absheron,
Shemakha-Gobustan, Nizhne-Kura, Gabala and Guba
regions. Several bitumen deposits are known on the
Absheron Peninsula: Gyrmaki, Binagady, Khirdalan,
Babazanan and Pirallahi Island (Artem). Only two of
them - Gyrmaki and Binagady have been studied for
paleofauna (Halilov, 2003; Alizadeh, 2024).

The Binagadi bitumen deposit is a unique and
the largest Upper Pleistocene cemetery of flora and
fauna of global significance. More than 300 species
of animals and plants have been identified here (43
species of mammals, 110 species of birds, two spe-
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cies of reptiles, one species of amphibians, 107 spe-
cies of insects, one species of mollusk, and 22 spe-
cies of plants). Only the Californian deposit Rancho
La Brea in the USA is comparable to it.

The Binagadi bitumen deposit was discovered
in 1938 by geologist A.S.Mastan-zade, who, having
discovered animal bones in bitumen, handed over
the unique paleontological finds to V.V.Bogachev,
who was able to appreciate the scientific signifi-
cance of these finds (Jafarov, 1966). Since then, em-
ployees of the Natural History Museum named after
G.Zardabi (Natural History Museum), and since
2020, the staff of the paleozoology laboratory of the
Institute of Zoology of Azerbaijan have been exca-
vating and studying the fossil remains of flora and
fauna there. The location of the remains of flora and
fauna coincided with the site of the most ancient oil
and bitumen production on the Absheron Peninsula,
where wells from which oil products were previous-
ly extracted manually have survived to this day.
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The study of the Binagadi remains of animals and
plants is very important for the reconstruction of the
fauna of the Quaternary period of Eurasia and the his-
tory of the formation of the modern fauna of Absheron
(Eybatov et al., 2015). Macrostructural markers played
a leading role in determining the Binagadi osteological
material, which have proven their priority significance
for determining the taxonomic status of many groups
of animals (Burchak-Abramovich, 1966).

The Binagadi burial site of the Quaternary fauna
and flora is located on the Absheron Peninsula in the
village of Binagadi. On the site of the Binagadi burial
site 150-40 thousand years ago there was an ancient
freshwater or slightly salty lake, around which there
were natural oil spills that were destructive to ani-
mals. Qil spills also penetrated into the lake itself,
increasing the area of the territory posing a danger to
representatives of the local fauna. As a result of many
years of work by the employees of the G.Zardabi
Natural History Museum: V.V.Bogachev (1938;1939),
P.V.Serebrovsky (1945;1948), N.l.Burchak-Abra-
movich (1949-1962), R.D.Jafarov (1954-1966),
D.V.Gadzhiev (1968-1978), T.M.Eybatov (2022),
N.E.Novruzov, K.A.Taptygova, T.M.Eybatov (2024)
et al. identified many species of insects, birds and
mammals by collecting and studying the fossil re-
mains of the Binagadi fauna.

Since 2012, the third stage of research and ex-
cavations in the territory of the Binagadi site of fos-
sil Quaternary fauna and flora began. During these
works, old and new layers rich in samples of fossil
fauna and flora were studied, in the study of which,
since 2020, employees of the Paleozoology Labora-
tory of the Institute of Zoology of Azerbaijan have
taken part together with the employees of the Natu-
ral History Museum. Currently, all collected fossil
plant, entomological and osteological material is
stored in the Natural History Museum of Baku.

Material and methods

The fossil bone material of tortoises was collect-
ed from 2020 to 2023 on the Absheron Peninsula in
the southeastern part of the Binagadi settlement
(40.06°N; 47.45°E), where the Binagadi burial site of
Quaternary fauna and flora is located. During excava-
tions, the soil mixed with bitumen containing bone
and plant remains was removed layer by layer in large
blocks and packed into large plastic containers. Sub-
sequently, in the laboratory, the blocks were carefully
divided into small parts, sorted and their composition
was studied visually and using magnifying devices
(magnifying glasses; MBI-6 and Nikon SMZ 1270
binoculars). The found objects were photographed in
different projections with a scale ruler superimposed
and sorted according to taxonomic classification and
morphological nomenclature. When identifying the

Binagadi fossil bone remains, the main consideration
was given to the structural features of the macro- and
microstructure of the bones, taking into account the
geochronological scale, paleoclimatic and paleoeco-
logical conditions of the Upper Pleistocene (Velichko,
2009). According to the stratigraphic scale, the stud-
ied horizons corresponded to the Late Pleistocene
(50-70 thousand years ago).

During the primary office processing for sorting
and identifying the material, the osteological collec-
tions of the Natural History Museum and the Insti-
tute of Zoology were used as comparative (refer-
ence) samples. Additional literature was also used:
anatomical atlases, identifiers and guides to compar-
ative animal anatomy (Gurtovoy et al., 1978; Car-
roll, 1992; Romer, Parsons, 1992; Kartashev et al.,
2004; Dzerzhinsky, 2005; Titov et al., 2011; Zagu-
menov, 2021). Various methods have been proposed
for preparing bone tissue sections (Eidlin, 1971;
Smirina, 1989; Castanet, Smirina, 1990; Smirina,
1994; Klevezal, 2007). However, in our case, they
did not fully ensure the production of thin sections
(up to 0.02-0.04 mm), especially from bones stored
in the soil for a long time, the surface layers and
compacts of which, having undergone mineralisation
processes during their stay in the soil, are easily de-
stroyed and their value may ultimately be lost. At
the same time, the degree of mineralisation of bone
tissue in the soil is one of the important features de-
termining the time of death of an animal [Rubezhan-
sky, Nedilko, 1972). In addition, the methods pro-
posed by the authors are quite complex in terms of
technique and require a significant investment of
time. We used a simplified method for preparing
thin sections, which allows avoiding the above-
mentioned disadvantages and preserve the mineral-
ised compacta layer on the bones for measuring its
thickness using the eyepiece micrometer of the mi-
croscope. The essence of the method for preparing
of thin transverse sections of long tubular bones was
as follows. From the middle of the diaphyses of long
tubular bones, cuts were made with a dental disk
cutter and by further grinding on grindstones with
different degrees of graininess (M20-M35 um) trans-
verse sections were prepared suitable for examina-
tion under a microscope in transmitted light. Then
the thin sections (15-30 um) were decalcified in a 3%
nitric acid solution for 20 minutes, washed with run-
ning water and examined under a binocular micro-
scope at 40-60x magnification. The thin sections
were stored in glass penicillin vials in pure glycerin.
The described method is characterised by the speed of
preparative of the preparat, allows obtaining very thin
sections, and is especially suitable for bones extracted
from the ground. We used it in the study of a large
number of bones of varying degrees of preservation.
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The material for the comparative study of the skele-
tons of tortoises from the Binagadi Pleistocene bitu-
men deposits with the skeletons of modern tortoises
were the bone remains of land tortoises obtained in
the Holocene layer (at a depth of up to 1.5 m) when
digging wells in old suburban summer cottages of the
Absheron Peninsula (Shuvalan, Dubendy, Govsan,
Turkyan). All linear measurements of the shells and
separate bones were carried out with mechanical and
digital calipers with an accuracy of 0.1 mm. Measu-
rements of the microstructural elements of bone sec-
tions were carried out with an accuracy of 0.01 mm
using the eyepiece micrometer of the MBI-6 micro-
scope. To fully describe the incomplete skeletons of
tortoises, a reconstruction of the shells was carried out
using the typological extrapolation method (Meyen et
al., 1988), i.e., completing the missing parts using
analog (standard) images taken from zootomic atlases
and processed in the graphic editors Paint and Corel
Draw. Statistical processing of the primary digital
data was carried out in Microsoft Excel and in the
PAST 4.03 programs (Hammer et al., 2001).

Results and discussion
Description of the fossil material. Two incom-
plete skeletons of tortoises and separate bones of

these animals were found in bituminous deposits at a
depth of about 2.5 m (Fig. 1). These finds were of
particular value, since they are extremely rare. The
postcranial skeletons of tortoises included bones of
the carapace and plastron (cervical, pygal, costal,
neural, marginal, suprapygal, epiplastron, entoplas-
tron, hyoplastron, hypoplastron, xiphiplastron), as
well as the caracoid, pelvic bones, part of the cervi-
cal and caudal vertebrae, long tubular bones of the
appendicular skeleton (humerus, radius, ulna and
clavicle, femur, tibia) (Fig. 2).

All bones were in satisfactory condition. The
presence of ossified epiphyses at the distal ends of
long bones indicated that these skeletal specimens
belonged to adults.

The material for the comparative study was the
bone remains of land tortoises, obtained in the Holo-
cene layer during the digging of wells in old summer
cottages on the Absheron Peninsula. The number of
claws on the limbs of tortoises extracted from a
depth of up to 1.5 m at old summer cottages on the
Absheron Peninsula was five on the front limbs and
four on the back limbs. This feature clearly indicated
that the discovered skeletons belonged to the genus
Testudo, presumably to the species Testudo graeca
Linnaeus, 1758 (Fig. 3).

Fig. 1. Location of tortoise bone fragments in bitumen layers in a section of the formation at a depth of 2.5 m (Binagady, 2020)
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Fig. 3. Fragments of the front five-fingered and back four-fingered limbs of the tortoise Testudo graeca
extracted from a depth of up to 1.5 m in the summer cottages of the Absheron Peninsula (paws with claws)

Due to the complex and confusing taxonomy of
this group, we did not carry out subspecific identifi-
cation of tortoise bones. Usually, it is carried out
based on a set of key morphological features (Vasi-
lyev et al., 2014). However, different geographic
populations of Testudo graeca are characterised by
morphological heterogeneity in a number of diag-
nostic features, which complicates the unambiguous
recognition of subspecies. Therefore, mitochondrial
genome markers were used by different researchers
for the taxonomy of this group. Different authors
distinguish from 4 to 20 subspecies within this taxon
(Ananyeva et al., 1998; Fritz et al., 1996; Pieh,
Perild, 2002). Currently, it is customary to consider
all populations of this species as a difficult polytypic
T. graeca complex, consisting of 11 morphological
species and six subspecies (Fritz et al., 2007).

Taxonomic position of tortoises of the genus Tes-
tudo in the Caucasus. Until the mid-1980s, it was be-
lieved that only one subspecies of the spur-thighed tor-

toise T. graeca ibera Pallas, 1814 inhabits the Cauca-
sus (Bannikov et al., 1977). It was later discovered that
it is polymorphic and, based on the morphological dif-
ferences of individual populations, three new subspe-
cies with isolated ranges were described: T. g. nikolskii
Chkhikvadze et Tuniev, 1986 (the western Caucasus);
T. g. armeniaca Chkhikvadze, 1991 (Armenia: Araks
River valley to the Zangezur Gate) and T. g. pallasi
Chkhikvadze et Bakradze, 2002 (foothills of Dagestan)
(Parham et al., 2006). Later, based on the variability of
the mtDNA cytb gene and ISSR markers, it was con-
cluded that the taxon T. g. pallasi Chkhikvadze et Bak-
radze, 2002 is a junior synonym of the subspecies T. g.
armeniaca Chkhikvadze, 1991. It is believed that the
habitat of this subspecies covers the central part of the
western coast of the Caspian Sea, the eastern and cen-
tral parts of the Caucasus region, including the Araks
River valley in Armenia and Turkey (Fritz et al., 2007).
It has been shown that allopatric populations of tortois-
es belonging to the subspecies T. g. armeniaca live on
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the territory of Dagestan (Russia), Azerbaijan, Arme-
nia and part of Turkey, and T. g. ibera, living in
Transcaucasia, represent two separate evolutionary
lineages. One of them unites tortoises T. g. ibera
from Georgia and the Mediterranean (ibera sensu
lato), as well as the West Caucasian tortoises T. g.
nikolskii, and the other — the tortoises T. g. ibera
from Azerbaijan, T. g. armeniaca and T. g. pallasi.
According to paleontological data, T. g. nikolskii and
T. g. pallasi descended from a single ancestor and
could have diverged in the late Pliocene or early
Pleistocene (Chkhikvadze, Tuniev, 1986).

Reliable remains of Pliocene land tortoises be-
longing to the Testudo graeca complex are known
from a number of locations in the North Caucasus.
Fossil remains of T. g. ibera tortoises are known in
Western Georgia from the Paleolithic and Neolithic,
i.e. this tortoise was widespread in Western Transcau-
casia much later, at the end of the Holocene (Chkhik-
vadze, 2010). A special place among the Testudo
graeca species complex is occupied by T. g. zarudnyi
tortoises, which are found in a few refugia of the an-
cient Mediterranean on the lIranian Plateau. They
probably survived there since the end of the Miocene
or the beginning of the Pliocene, i.e. they are the most
ancient forms of land tortoises in the region and be-
long to the relics of the Eastern Mediterranean
(Pereshkolnik, Leontyeva, 2014). In addition, another
extinct subspecies Testudo graeca binagadensis
Khozatsky, 1978 existed in the Pleistocene of Ap-
sheron (Alekperov, Khozatsky, 1977). The form T. g.
binagadensis, described by L.l.Khozatsky as a special
subspecies of the Mediterranean tortoise, differs from
the typical modern one in a number of details of the
structure of the shell and postcranial skeleton. The
most important feature of the Binagadi subspecies is
the relatively greater thickness of all bones, which is
revealed both while comparing the same parts of the
shell of this form with the modern one, and the pro-
portions of the bones of their postcranial skeleton.
This is especially noticeable on such bones as the
humerus, femur and other tubular bones of the appen-
dicular skeleton. The structural features of the Bina-
gadi land tortoise allow, according to L.I.Khozatsky,
to suggest that "it, hiding in shallow burrows, inhabit-
ed more or less open biotopes and adhered to shrub
and sparse woody vegetation." It should be noted that
the descendants of the Binagadi tortoises in eastern
Transcaucasia now live in an environment somewhat
similar to that which existed during the late Pleisto-
cene (Alekperov, 1978).

Taxonomy of tortoises based on the bones of
the postcranial skeleton. The taxonomic position of
the tortoises which remains were found in the Bina-
gadi bitumen deposit is presented below:

Class: Reptilia
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Order: Testudines

Suborder: Cryptodira

Superfamily: Testudinoidea

Family: Testudinidae Gray, 1825

Genus: Testudo Linnaeus, 1758

Testudo graeca Linnaeus, 1758

Testudo graeca ssp. indet.

The tortoises which remains of incomplete skel-
etons and separate bones were found in the Binagadi
bitumen deposit should presumably be considered
subspecies of Testudo graeca: Testudo graeca ibera
Pallas, 1814 (lives to this day) or the extinct Testudo
graeca binagadensis Khozatsky, 1978 (which lived
in the Middle and Upper Pleistocene of the Ab-
sheron Peninsula) (Alekperov, Khozatsky, 1977)
until their molecular (DNA) studies are conducted.

Material: incomplete postcranial skeletons of
two specimens of land tortoise, including carapace
and plastron bones, two or three posterior cervical
vertebrae, forelimb bones (two humeri), hindlimb
bones, and anterior caudal vertebrae. It was decided
to temporarily retain the third specimen from the bi-
tumen layers of the horizon at the excavation site until
further stratigraphic studies could be conducted.

The shells (carapaces and plastrons) were re-
constructed using the available fragments was car-
ried out using the typological extrapolation method
(Material and Methods) (Fig. 4).

Comparative study of osteological material of
tortoises. At the first stage of the work on the study of
faunal remains of the Binagadi Pleistocene bitumen
deposits, as a result of excavations, bitumen material
was removed from a new bone-bearing horizon located
at a depth of 1.5-2.5 m, which was a dense accumula-
tion of plant fragments and bones of various animals
enclosed in bitumen. According to the stratigraphic
scale, the removed material corresponded to the Upper
Pleistocene. A detailed study of the material revealed
fragments of the skeleton, specimens of the humerus,
radius, femur, tibia and other tubular and flat bones
belonging to various animals: birds, small mammals,
as well as fragments of the shell and long tubular and
flat bones of tortoises. In addition to a visual study of
the shape of the shell bones and tubular bones of tor-
toises, a reconstruction of the shells was carried out
(Material and Methods), and the main morphometric
parameters were measured: 1) maximum bone length;
2) width of the proximal epiphysis; 3) thickness of the
articular head; 4) minimum width of the diaphysis;
5) maximum width of the diaphysis; 6) width of the
distal epiphysis; 7) anteroposterior diameter of the
proximal articular complex; 8) anteroposterior size of
the distal articular complex.

At the second stage of the work, a comparative
study of the osteological material of tortoises obtained
during the digging of wells in the old summer cot-
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tages of the Absheron Peninsula was carried out. The
material of the comparative study of fossil and mod-
ern osteological materials were all the bones of land
tortoises of the Binagadi Pleistocene bituminous de-
posits discovered by us at the first stage of excava-

a

tions, their reconstructed shells (Fig. 4); bones of the
internal skeleton, as well as whole shells of modern
land tortoises found during the second stage of exca-
vations in the Holocene layer on the Absheron Penin-
sula (Shuvalan, Dubendy, Govsan, Turkan) (Fig. 5).

Fig. 4. Schematic figures of reconstructed tortoise shells found in bitumen deposits: a — gen-
eral view of the nominal bony-horny carapace (dorsal surface); b — bony carapace (dorsal sur-
face); ¢ — bony carapace (ventral surface); d — bony plastron (ventral surface). The present
skeletal fragments are highlighted in dark gray in the drawings

XY ((
‘(<¥ 3 ,,/\

Fig. 5. Fragments of the internal skeleton and whole shells of tortoises extracted from the
Holocene layer of Absheron on old summer cottages (up to 1.5 m)
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The compared osteological material was repre-
sented by the humerus, radius, femur, tibia long tub-
ular bones and flat bones of the carapace and plas-
tron (Tables 3-8). The fossil bones were visually and
morphologically almost indistinguishable from the
bones of modern representatives of the species, ex-
cept that the metric indicators of the fossil tortoises
for separate bones differed slightly from the bone
sizes of modern individuals (Tables 4, 6, 8). The
compared osteological material was extracted from a
depth of upto 1.5 m.

The humerus, radius, femur, tibia, as well as the
bones of the carapace and plastron (98 in total) were
examined. The following morphometric parameters
were used:

1) long bones: maximum bone length; width of
the proximal epiphysis; thickness of the articular
head; minimum width of the diaphysis; maximum
width of the diaphysis; width of the distal epiphysis;
anteroposterior diameter of the proximal joint com-
plex; anteroposterior size of the distal joint complex;

2) carapace: bone plates of the vertebral row, in-
cluding the supracaudal and caudal parts (measure-
ments — length along the midline and greatest width);
all costal plates (measurements — proximal width,
distal width, maximum length); all marginal plates
(measured in the same way as the costal plates);

3) plastron: length and greatest width of all
plates along the midline.

In addition, the general dimensions of whole
and reconstructed shells were used: length of the
carapace (L. car.), greatest width of the carapace (Lt.
car.), height of the shell (Al. t), length of the plastron
(L. pl.) and its greatest width (S. pl.) (Table 1).

The age of fossil tortoises from the late Pleisto-
cene and Holocene layers was estimated using two
methods: an empirically developed formula
(L.car(mm)/12) (Novruzov, 2016) and thin sections
from the middle of the diaphysis of long tubular bones
(Table 2). The number of annual layers found in the
thin sections was supplemented by 2-3 layers that un-
derwent resorption during the growth of the animal.

Table 1
Metric parameters of reconstructed late Pleistocene (No. 1, 2) and
whole Holocene (No. 3-7) bony shells of tortoises of the genus Testudo (mm)
Character/Indice Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6 Ne 7
L. car. 123.5 108.0 93.0 96.4 86.4 71.6 73.7
Lt. car. 102.9 85.6 77.3 75.8 73.2 62.7 59.2
Alt 63.3 59.0 47.5 49.6 47.9 39.9 40.3
L. pl. 110.5 93.7 78.1 85.8 76.4 66.6 63.6
S. pl. 90.5 815 69.8 70.5 66.3 57.5 57.0
L. car. / Lt. car. 1.20 1.26 1.20 1.27 1.18 1.14 1.24
L. car./Alt 1.95 1.83 1.95 1.94 1.80 1.79 1.82
Lt. car. /ALt 1.62 1.45 1.62 1.52 1.52 1.57 1.46
Table 2
Data on the age of tortoises obtained empirically (by formula) and from bone sections
Age (years)
Ne L. car.(mm)
By formula By thin sections Average
1 1235 10.29 6(+3) 9.6
2 108.0 9.00 5(+3) 8.5
3 93.0 7.75 4(+3) 7.3
4 96.4 8.03 4(+3) 75
5 86.4 7.20 4(+2) 6.6
6 716 5.96 3(+2) 5.4
7 73.7 6.14 3(+2) 5.5
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The correlation analysis of morphometric pa-
rameters of bone elements of the carapace and plas-
tron and the overall dimensions of the reconstructed
shell of land tortoises of the genus Testudo found
during excavations at the Absheron summer cottages
and in the Binagadi bitumens was carried out. Com-
parison of the correlation coefficients showed that
the area of the greatest correlation of bone elements
of the shell falls on the middle (dome-shaped) part,

where the vertebral (I-1V) and costal (I-V) plates
come into contact. At the junction of the first spine
and the first marginal plate to the cervical plate, the
area of the carapace is characterised by a reliable
correlation. Some parameters of the plates are also
significantly related: supracaudal, caudal and the last
marginal. The largest correlation zone between the
studied parameters in the plastron falls on the area of
the epiplastral and endoplastral plates.

Table 3
Morphometric indices of long tubular bones of fossil tortoises (No. 1, 2)

No Material Dimensions, mm
1 2 4 5 6 7 8
Humerus 32.4 13.1 5.1 4.1 7.8 8.6 11.6 8.5
1 Radius 20.4 6.6 5.1 4.2 34 5.1 7.2 6.8
Femur 28.3 9.7 5.8 3.2 5.5 7.9 9.6 7.2
Tibia 21.1 6.8 5.0 4.3 6.7 4.9 7.1 4.6
Humerus 28.5 11.3 6.6 3.9 6.1 8.9 10.9 8.1
) Radius 22.2 7.9 5.1 2.3 4.3 5.8 7.9 5.8
Femur 23.2 6.7 5.0 2.6 3.6 6.9 8.3 6.1
Tibia 18.0 5.3 4.1 2.0 3.5 3.7 5.1 3.4

Table 4
Morphometric indices of long tubular bones of the modern tortoise
Dimensions, mm
Material
1 2 3 4 5 6 7 8

Humerus 29.1 12.0 4.6 2.3 5.3 6.1 9.0 7.1
Radius 20.8 4.1 2.2 1.4 2.4 2.1 4.0 2.2
Femur 26.1 14.6 4.1 0.23 1.09 7.1 9.5 3.6
Tibia 20.8 5.0 3.8 1.7 3.1 34 4.1 3.3

Note (for tables 3, 4): 1 — maximum bone length; 2 — width of proximal epiphysis; 3 — thickness of articular head; 4 —
minimum width of diaphysis; 5 — maximum width of diaphysis; 6 — width of distal epiphysis; 7 — anteroposterior diame-
ter of proximal articular complex; 8 — anteroposterior size of distal articular complex.

Table 5
Morphometric indices of carapace bones of fossil tortoises (No. 1, 2)
) Dimensions, mm
Ne Material
1 2 3 4
Marginale 15.7 18.2 21.0 225
Neurale 18.7 13.3 19.4 191
1 Costale 41.2 20.3 44.4 44.2
Nuchale 31.1 24.3 21.7 27.3
Pygale 19.4 15.3 21.7 223
Marginale 18.8 16.3 22.9 21.6
Neurale 12.1 20.0 19.1 19.6
2 Costale 45.1 441 46.9 47.1
Nuchale 24.8 30.1 27.1 27.3
Pygale 15.1 18.9 21.6 22.1
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Table 6
Morphometric indices of carapace bones of modern tortoise
Material Dimensions, mm
1 2 3 4
Marginale 15.1 12.6 154 17.7
Neurale 18.7 10.8 18.2 18.6
Costale 33.2 134 34.2 36.1
Nuchale 22.0 22.4 20.1 20.2
Pygale 20.6 135 22.7 23.1
Table 7
Morphometric indices of plastron bones of fossil tortoises (No. 1, 2)
. Dimensions, mm
Ne Material > 3 1
Epiplastron 20.8 20.5 18.2 19.7
Entoplastron 23.4 23.0 22.2 23.1
1 Hyoplastron 36.5 45.6 50.1 47.2
Hypoplastron 315 44.4 52.3 52.8
Xiphiplastron 33.6 29.8 39.6 36.1
Epiplastron 21.0 20.1 15.6 20.2
Entoplastron 23.1 23.3 22.7 23.0
2 Hyoplastron 50.9 36.5 49.6 46.6
Hypoplastron 45.1 30.8 51.7 52.8
Xiphiplastron 29.3 34.1 39.4 36.4
Table 8
Morphometric indices of the plastron bones of the modern tortoise
Material Dimensions, mm
1 2 3 4
Epiplastron 19.8 21.0 15.1 23.2
Entoplastron 22.2 23.1 23.1 21.7
Hyoplastron 36.1 45.2 49.8 46.1
Hypoplastron 31.9 44.6 51.8 46.2
Xiphiplastron 33.9 29.7 39.1 36.6

Note (for tables 5-8): 1 — transverse length of bone; 2 — transverse width of bone; 3 — transverse diagonal of bone to the

left; 4 — transverse diagonal of bone to the right

Correlation and regression analysis of the meas-
urements of the tortoise bones (Tables 9-11) showed a
strong positive correlation between the long tubular
bones (r = 0.925-0.998) with the bones of the carapace
(r = 0.612-0.996) and the bones of the plastron
(r = 0.606-0.998). The exceptions were the nu-
chale (r =-0.097) and (r = 0.203) on the carapace
and the entoplastron (r = - 0.062) and hyoplastron
(r =-0.245) on the plastron (Tables 10-11).

Microstructure of long tubular bones of tor-
toises in transverse sections. Thin-sectioned bone
crossections (0.03 mm) suitable for examination un-
der a microscope in transmitted light were made af-
ter taking the main measurements from the middle
of the diaphysis of the long tubular bones. In total,
three series of thin sections were made: thin sections
from one bone from several sections of the diaphysis
and the proximal and distal epiphyses of tortoises;
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thin sections from the middle of the diaphysis of dif-
ferent bones.

A study of the microstructure of the long tubular
bones of tortoises found in the Binagadi bituminous
deposits showed that the periosteum is significantly
damaged or virtually absent in most bones (Fig. 6).
The bones have a clearly defined growth cycle,
demonstrating all stages of postembryonic ontogene-
sis. The narrow dark layers visible in the sections
can be considered as winter layers (the period of
growth cessation), and the wide transparent layers as
spring-summer, i.e., a continuous growth cycle.
Closer to the opening of the medullary canal, the
process of resorption of bone tissue previously re-
placed by endosteum occurs, which leads to com-
plete or partial disappearance of the first layers. The
layers are better expressed in the diaphyseal part of
the long tubular bones.
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Table 9
Results of correlation and regression analysis of morphometric parameters
of long tubular bones of fossils (No. 1, 2) and modern tortoises
Ne Material r t p m
Humerus 0.996 28.05 0.0001 10.3%
1 Radius 0.983 13.27 0.0001 28.7%
Femur 0.942 6.85 0.001 127.0%
Tibia 0.989 16.05 0.0001 22.1%
Humerus 0.993 20.60 0.0005 10.6%
’ Radius 0.984 13.31 0.0004 40.6%
Femur 0.925 5.96 0.001 135.1%
Tibia 0.998 35.87 0.00001 8.7%

Note: r — Pearson correlation coefficient; t — Student’s t-test; p — significance of difference; m — average approximation
error (%)

Table 10
Results of correlation and regression analysis of morphometric parameters
of carapace bones of fossil (No. 1, 2) and modern tortoises
Ne Material r t p m
Marginale 0.612 1.09 0.471 9.0%
Neurale 0.988 9.22 0.0687 2.2%
1 Costale 0.996 15.17 0.0403 2.1%
Nuchale -0.097 0.138 0.9126 4.9%
Pygale 0.988 8.94 0.0708 2.6%
Marginale 0.776 1.74 0.3318 6.6%
Neurale -0.439 0.691 0.6149 18.5%
2 Costale 0.836 2.15 0.2766 18.4%
Nuchale 0.203 0.294 0.8181 4.8%
Pygale 0.350 0.528 0.6908 18.6%
Table 11
Results of correlation and regression analysis of morphometric parameters
of plastron bones of fossil (No. 1, 2) and modern tortoises
Ne Material r t p m
Epiplastron 0.672 1.28 0.42145 9.1%
Entoplastron -0.630 1.14 0.45650 1.6%
1 Hyoplastron 0.998 22.54 0.02821 0.6%
Hypoplastron 0.947 4.18 0.14924 4.6%
Xiphiplastron 0.994 13.33 0.04763 1.0%
Epiplastron 0.851 2.29 0.26149 5.9%
Entoplastron -0.062 0.08 0.94387 2.5%
2 Hyoplastron -0.245 0.35 0.78173 9.8%
Hypoplastron 0.234 0.34 0.79070 15.2%
Xiphiplastron 0.606 1.07 0.47597 7.3%

3
Fig. 6. Microstructure of long tubular bones of tortoises from Binagadi bitumens: 1 — femur; 2 — tibia; 3, 4 — humerus (x64)
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Microstructural elements were also noted in the
thin sections of long tubular bones: vascular and Ha-
versian canals, osteons, lacunae, insertions of coarse
fibrous bone tissue in the middle and endosteal zones.
The thin sections of the bones of the skeletons of
identified tortoises (Pleistocene horizon) were com-
pared with the thin sections made from the bones of
identified tortoises (Holocene horizon) by the number
of microstructural elements. To count the microstruc-
tural elements (lacunae, osteons, Haversian and vas-
cular canals), we used the method of Golubovich
(1991) with some modification. In the space of the
bone thin section, using the eyepiece of a microscope
with an inserted lens with a grid (grid square = 10,000
sg. um) at 64x magnification, the microstructural el-
ements were counted (Table 12).

Correlation and regression analysis of the num-
ber of microstructural elements in the bone sections
of the compared tortoises showed a strong positive
correlation only for the metatarsus (r = 0.987), a
moderate negative correlation for the fibula (r
—0.562), and a weak correlation for the radius and
femur (r = 0.200 and 0.261, respectively). The num-
ber of adhesion lines in the sections made from one
bone and from all the studied long tubular bones
taken from one skeletal sample was the same. A
study of a series of sections made from the middle of
the diaphysis of the long tubular bones of turtles
showed that the process of endosteal bone tissue re-
sorption, which caused the complete or partial dis-
appearance of the first two or three layers in the
growth zone, makes it difficult to determine the ex-
act stage of reptile ontogenesis. Comparative study
of the microstructure of long tubular bones of tor-
toises discovered during the second stage of excava-
tions in the Binagadi bituminous deposits and tor-
toises found in the Holocene layer showed: 1) all
bones have a clearly expressed growth cycle; 2) nar-

row dark layers visible in thin sections should be
considered winter layers (growth cessation period);
3) wide light (transparent) layers should be consid-
ered spring-summer continuous growth cycle; 4) the
number of gluing lines in thin sections of all studied
long tubular bones taken from one sample is the
same; 5) a clear pattern of resorption of endosteal
bone tissue and complete or partial destruction of the
first two or three layers of the growth zone is ob-
served. The process of resorption of bone tissue pre-
viously replaced by endosteum leading to complete
or partial disappearance of the first layers in both
cases makes it difficult to determine the exact stage
of ontogenesis of these reptiles. Consequently, in
each specific case of determining the duration of
ontogenesis, 2-3 layers that underwent resorption
during the growth of the animal should be added to
the number of annual layers found in the sections.

Conclusion

The study of bitumen material extracted from the
Binagadi burial site of the Quaternary fauna and flora
allowed identifing two incomplete skeletons and sep-
arate bones of land tortoises of the genus Testudo.
The study of the bone skeleton of tortoises found in
the Binagadi burial site in the Late Pleistocene layer
(Late Dryas) in comparison with the bones of tortois-
es found on Absheron in the Holocene layer (Middle
Subatlantic period) leads to the assumption that the
climate at the end of the Pleistocene was cooler and
more humid than in the Holocene. This is indicated
by some changes in the morphology of the bony shell
of the Mediterranean tortoise: a decrease in the indi-
ces of the ratio of the length of the shell to its width
and height (L.car/L.t.car.; L.car/Al.t); the width of
the shell to its height (L.t.car/Al.t.); changes in the
size proportions of some bone plates of the carapace
and plastron.

Table 12
Number of microstructural elements in thin sections of different bones
of identified and already identified tortoises (per 10,000 sq. pm)
Name of the bone
[%2)
2 2
- — w —_ 3]
Microstructural = < E 2 < R s
element =] = B 5 a 8 @
T D o it (i [ =
[l Il [ Il [ Il [ Il A [ Il
Osteon - - = |-+ + + + + |+ | - | - ++ ++
Haversian Canal + + + + + | ++ + ++ + ++ +++
Vascular canal -+ |+ | + + + + + + - + +
Lacuna + + | =] + + + + + + - | - + +
Note: | — material being identified; Il — already identified material. Number of microstructural elements: (+++) — 20-30;

(++) — 10-20; (+) — less than 10; (—) — absent
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All these changes, confirmed by correlation-
regression analysis, presumably reflect some intensi-
fication of adaptation processes associated with sig-
nificant climate changes in Azerbaijan in general
and in its eastern part in particular during the speci-
fied geological period. They are expressed in a
greater need of the species for protective and ther-
moregulatory-compensatory  burrowing in  the
ground during periods of night pause, winter hiber-

ful survival in the resulting arid climatic conditions.
In the microstructure of tortoise bones removed from
bituminous layers, resorption processes are more
pronounced and affect 3-4 adhesion lines and the
endosteum region, whereas in the comparative mate-
rial of Holocene tortoises, resorption affects 1-2, less
often 3 adhesion lines, without affecting the endos-
teum. The ontogenetic age of the fossil remains of
tortoises was determined to be within 10-12 years.

nation and summer aestivation, ensuring its success-
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K U3YYEHUIO HCKOITAEMBbBIX KOCTHBIX OCTAHKOB YHEPEITAX (TESTUDINE§, TESTUDINIDAE)
N3 BUHATAJJMHCKOI'O BUTYMHOI'O MECTOPOXIAEHUS (ASEPBAUJIKAH)

Hogpysos H.D.*, DiidaTos T.M.2, TanTeiropa K.A.!
*Munucmepcmeo nayxu u obpazosanus Pecnybiuxu Aszepbaiioscan, Mucmumym 3o00n02uu, Azepbaiioscarn
AZ1073, Baky, npoe3o 1128, keapman 504
2Munucmepcmso nayku u obpasosanus Pecnybnuxu Azepbaiiocan, Ecmecmeennoucmopuyeckuii myseti, Azepbaiiodcan
AZ1006, baxky, ya. Jlepmonmosa, 3(17)
*Aemop, omseuarowuil 3a nepenucky: niznovzoo@mail.ru

Pe3ztome. OGBEKTHI HCCIIEAOBAHUS — HCKOMIAEMbIE KOCTHBIE OCTAHKU Yepernax, U3BJIeUCHHBIE M3 TPYHTA B MPOIECCE PACKOMOK B
BuHaraqnHCKOM OMTYMHOM MECTOPOXKACHUHU M CTaphbIX JauHBIX yyacTkax AOmepona. MaTtepuas coOpaH u 00paboTaH 3a MepHuo.
¢ 2020 mo 2023 rr. B mpolecce IKCMECTUIIMOHHBIX U JabopaTOpHbIX HcchenoBaHuii. COOpaHHBIM OCTEOJOTHUCCKUN MaTepHas
xpanutcs B EcrecTBeHHOUCTOpUUEeCKOoM My3ee ropojaa baky u B naboparopuun maneo3oosorun UHctuTyTa 30000rUN A3epOaii-
JoKkaHa. M3ydyeHne marepuana Mmo3BOJUIO BBIABUTH OOJBINOE KOJIMYSCTBO KOCTHBIX (DparMeHTOB. Y CTAaHOBJICHA POJOBAas M BUIO-
Basi MPUHA/UICKHOCTh 00HAPYKEHHBIX KOCTHBIX (parMeHTOB depenax. M3ydeHne KOCTHBIX OCTAHKOB CKEJIETOB Yepenax HaiIeH-
HBIX B BUHAraginHCKOM OMTYMHOM MECTOPOXKICHHH B MO3IHEIUIEHCTONEHOBOM cioe (TI03AHUI JApruac) U CpaBHEHHE €ro C KOCTsI-
MU Yepernax Haii[eHHbIX Ha AOIIepoHe B TOJIONEHOBOM ClIOe (CpeAHuil CyOaTIaHTHIECKHU MTePUO/) TO3BOJIHMIO CAETATh HPEAIo-
JIOXKEHHUE, YTO KIMMAT B KOHIIE TUIelicTOIeHa ObUT O0Jiee MPOXIaHBIM M BIAKHBIM, 4eM B ToioleHe. Ha 3T0 yka3piBanu HEKOTO-
pbie u3MeHeHHs B MOP(HOIOTHH KOCTHOTO MAaHIMPS Yepernax: YMEHbIICHHE WHIACKCOB COOTHOIICHUS JIMHBI MAHIUPS K €ro Iu-
PUHE U BBICOTE, a TAKKEC IIUPUHBI MaHIUPSA K €r0 BbBICOTEC; U3MCHCHUA Pa3MEPHBIX HpOl’lOpL[PIP’I HEKOTOPBIX KOCTHBIX IJIACTHUHOK
Kapamakca u IuacTpoHa. Bee 3Tu n3MeHeHUs, NPeAoIoKUTEIBHO, OTPAXKAIOT HEKOTOPOE YCUIICHNE alallTAllHOHHBIX TPOLIECCOB,
CBSI3aHHBIX CO 3HAYUTCJIBbHBIMHU U3MCHCHUIMU KIIMMATa B A3ep6af/'111>1<aﬂe BOOGLHC M B €r0 BOCTOYHOM YaCTH B YaCTHOCTH 3a yKa—
3aHHBIA reonorndeckuid nepuox (6onee 0.012 murH. net Hazan). COBOKYITHOCTh WACHTH(PUIIMPOBAHHBIX OCTAaHKOB OMHATaIMHCKO-
ro taoreHo3a BeChMa BaXKHA JUISI PEKOHCTPYKIUHU (hayHBI YETBEPTUUHOTO mepuoa EBpasun u uctopuu GOpMUPOBAHUS COBPE-
MeHHOU (ayHbl AOmepona. OGHapyKeHHbIE MUKPO- U MaKpOCTPYKTYypHBIE MapKepbl bUHAragHHCKOTO OCTEOJIOTHIECKOTO MaTe-
pHUana MOTyT HMETh [IPUOPUTETHYIO 3HAYUMOCTb ISl YCTAHOBJIEHHSI TAKCOHOMHYECKOTO CTaTyca OyIyIIMX MCKOMAEMbIX HaXOIO0K.
LIUKIMYHOCTh pOCTa KOCTHOM TKaHW B MHKPOCTPYKTYpE [UIMHHBIX TPyOUaThIX KOCTEH depernax MO3AHEIICHCTOLEHOBOTIO CIIOs
TMO3BOJIACT KOPPEKTUPOBATH JAHHBIC O KIIMMaTHUYCCKUX yCJ'[OBI/lHX YETBCPTUYHOT'O NIEPHOJA.

Knrouesvie cnosa: 6umymnoe mecmoposicoenue, uckonaemvle OCMAanKu, 4epenaxu, Mopgoocus, KOCmu, MUKPOCMPYKMypa
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AZORBAYCANIN BiNOQODI QIR YATAGINDA TAPILAN TISBAGALARIN (TESTUDINES, TESTUDINIDAE)
FOSIL SUMUK QALIQLARININ OYRONILMOSINO DAYIR

Novruzov N.9.!*, Eybatov T.M.2, Taptiqova K.A.!
L4zarbaycan Respublikasimn Elm va Tohsil Nazirlivi, Zoologiya Institutu, Azarbaycan
AZ1073, Baki sah., 1128, mahallo 504
2Azorbaycan Respublikasinin Elm va Tohsil Nazirliyi, Azarbaycan Tobiat Tarixi Muzeyi, Azarbaycan
E-AZ1006, Baki sah. , Lermontov kiig., 3(17)
*Yazismalara cavabdeh olan miisllif: niznovzoo@mail.ru

Xiilasa. Todgigat obyektlori Binogadi qir yataginda vo Abseron baqglarinda su quyularinin qazinti zamani torpaqdan ¢ixarilan
tisbagalarin siimiik qaliglaridir. Material 2020-2023-cii illordo toplanmigdir. Toplanmis osteoloji material Baki gohorinin Tobist
Tarixi Muzeyindo vo Azorbaycan Zoologiya Institutunun paleozoologiya laboratoriyasinda saxlanihir. Todgigat naticasinde coxlu
sayda stimiik fragmentlori askar edilmigdir. Tisbagalarin agkar edilmis siimiik parcalarinin cinsi vo név monsubiyysti miioyyan
edilmigdir. Binagodi bitum yataginda gec Pleistosen qatinda (gec drias) tapilan tisbagalarmn skeletlorinin siimiik qaliglarinin dyranil-
mosi Vo Abseronda Holosen gatinda (orta subatlantik dovr) tapilan tisbagalarin siimiiklori ilo miigayiss edilmasi pleistosenin sonun-
daki iglimin holosens nishaton daha sarin va riitubstli oldugunu irsli siirdii. Bunu tisbagalarin siimiik qabiginin morfologiyasindaki
bazi dayisikliklar géstordi: gabigin uzunlugunun enins Vo hiindiirlityiine, homg¢inin gabigin genisliyinin hiindiirliiyiina nisbatinin
indekslorinds azalma; bozi karapaks va plastron siimiik 16vhalarinin 6l¢ii nisbatlorinds doyisikliklor. Biitiin bu doyisikliklor, ehtimal
ki, imumilikdo Azarbaycanda vo onun sorq hissasindo, xiisuson do gostarilon geoloji dévrda (0.012 milyon ildon ovval) iglimdoki
shamiyyotli doyisikliklorlo slagoali uygunlagma proseslorinin bir godor giiclonmasini oks etdirir. Tisbaga skeletlori haqqinda sldo
edilon morfoloji molumatlar Testudo cinsinin miirokkab politipik kompleksinin forglondirilmasinds miigayisali morfoloji tadgigat-
larda, filogenetik vo taksonomik név farglorinds istifads edils bilor. Binogadi tafosenozunun miisyyan edilmis galiglarinin macmusu
Avrasiyanin dordiincii dovriiniin faunasinin yenidon qurulmasi va Abseronun miiasir faunasimin yaranma tarixi ticiin ¢ox vacibdir.
Binagadi osteoloji materialinin agkar edilmis mikro vo makrostruktur markerlori golacok fosil tapmtilarinin taksonomik statusunun
yaradilmasi liglin prioritet ola bilar. Gec Pleistosen tobagassinin tisbagalarinin uzun borulu siimiiklorinin mikrostrukturunda siimiik
toxumasinin dovri boylimasi dordiincii dovriin iqlim soraiti hagqinda malumatlar1 tonzimlomayo imkan verir.

Acar sozlar: bitum yatag, fosil qaliglar, tisbagalar, morfologiya, stimiiklor, mikrostrukturu
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