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ANALYSIS OF METHODS FOR EVALUATING THE EFFECTIVENESS
OF GEOLOGICAL AND TECHNICAL MEASURES AND DECISION-MAKING
FOR THEIR SELECTION: CONCEPTUAL REVIEW
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Summary. The paper examines modern approaches to the selection and evaluation of the effec-
tiveness of geological and technical measures (GTM) aimed at enhancing oil recovery and deve-
loping hard-to-recover reserves. The primary objective is to identify optimal methods that ensure
high technical and economic efficiency under complex geological and operational conditions.

The study analyzes traditional and modern methods for assessing GTM effectiveness, including
extrapolation of basic production characteristics, analysis of oil production decline curves, and
forecasting using probabilistic-statistical models. The paper emphasizes the insufficient reliability
of traditional approaches due to data uncertainties, multi-criteria considerations, and the non-linear
interaction of factors. A review of literature highlights the potential use of fuzzy logic, "least con-

Keywords: oil field,
geological and technical
measures, fuzzy cluster
analysis, forecasting,
decision-making

cessions” methods, cluster analysis, and expert systems, which allow accounting parameter boun-
dary uncertainties and making more accurate decisions in the context of incomplete data.

Examples of applying modern methods to various oil fields are provided. The possibility of de-
veloping integrated information systems on decision support, incorporating mathematical algo-
rithms, databases, and predictive models, is discussed. Particular attention is given to selection of
parameters to evaluate the effectiveness of measures, such as physical and geological characteris-
tics, water cut, oil production rates, and economic indicators.

The paper substantiates the necessity for further improvement of approaches to GTM evalua-
tion and planning. It proposes the integration of modern methods for data analysis, modeling, and
forecasting to enhance the reliability and accuracy of decisions, thereby contributing to the success-

ful optimization of oil field development and risk reduction.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

At present, oil field development is increasingly
focused on enhancing efficiency through the imple-
mentation of new technologies and geological and
technical measures (GTM). The task of selecting the
most effective methods, capable of ensuring high
technical and economic efficiency under specific

conditions is highlighted. Despite the progress made,
more than half of geological oil reserves remain un-
tapped. The primary efforts are directed towards de-
veloping extraction methods suitable for various
geological conditions.

The successful development of hard-to-recover
reserves requires the integration of modern mathe-
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matical methods, technological solutions, and avail-
able data. Consequently, improving systems for data
collection, analysis, and decision-making in select-
ing GTMs remains a pressing challenge.

2. Current State of Research on the Analysis
and Evaluation of GTM Efficiency

Currently, there is a wide range of analytical
methods available to evaluate the effectiveness of
various measures. GTMs are classified into catego-
ries such as technical, maintenance, hydrocarbon
production intensification, enhanced oil recovery
(EOR) methods, and wellbore treatment (WBT). For
instance, the EOR-Office software package,
(PaxpennuuaoB u ap., 2001; Xacanos u ap., 2001),
automates processes and assists specialists in mak-
ing well-founded decisions.

The most effective method to evaluate GTM ef-
ficiency is the «extrapolation method», which allows
actual results to be compared with forecasts based on
production history. However, even minor calculation
errors can lead to incorrect conclusions while select-
ing and planning effective measures (Kazakos, 2003).

The practical evaluation of GTM effectiveness
is generally based on methods related to the charac-
teristics of oil displacement by water. Simply put,
the overall efficiency of GTMs can be divided into
the effect caused by the specifics of the displace-
ment process and the effect associated with fluid
production intensification (Kazakos, 1999).

GTM efficiency is determined analyzing oil
production decline curves. There are numerous types
of displacement characteristics (Ka3akos, 1999;
axBepaueB u ap., 2014), and the main challenge
lies in selecting the most suitable one. This choice
should correspond to the field's development history
and ensure accurate extrapolation for forecasting
(Cerptiianos, 2002).

In the study carried out by Glukhikh et al.
(Tmyxux u np., 2002), the most accurate methods of
evaluation are examined, along with dependencies
demonstrating the technological effect achieved
through increased oil production rates. The author
notes that the forecast of the expected GTM effect,
based on the extrapolation of oil production curves
(actual and basic), is not always reliable. This indi-
cates that the duration of GTM effects, such as hy-
draulic fracturing (HF), ranges from 5 to 7 years.
Furthermore, the use of water cut curves for long-
term forecasting is effective only when the water cut
level is 50-70%. At lower water cut levels, forecast
accuracy decreases, especially in the early stages of
development when the forecast duration is limited to
3-6 months. In such cases, GTMs are typically car-
ried out in wells with water-free production or low
water cut levels.

4

In the study presented by Shpurov et al. (IlImypos
u ap., 2000), the forecast objects include well clusters,
their groupings, formations, oil and gas production
areas and other targets, with forecast intervals ranging
from one month to one year. It is important to note that
the structure and sequence of upcoming measures re-
quire numerous calculations, considering various sce-
narios. This necessitates the use of modern and highly
efficient mathematical methods.

Pyankov, Filev (IIssiakoB, ®unes, 2000) outline
methods to calculate basic scenarios and provide a
classification of indicators reflecting the technologi-
cal efficiency of various measures in their work. An
example is the Ershovsky oil field, where the effec-
tiveness of different geological and technical
measures is evaluated.

The authors emphasize that the use of this soft-
ware significantly improves the accuracy and effec-
tiveness of evaluations as well as the forecasting of
qualitative characteristics for the examined oil field.
The core principle of the methodology lies in calcu-
lating displacement process parameters that best ap-
proximate the actual production data obtained during
previous stages of field development. Users can in-
dependently set the approximation interval based on
production history. The method of the least squares
is applied to assess approximation errors, enabling
comparisons between predicted results and actual
production figures obtained during operational acti-
vities (IIbstakoB, @unes, 2000).

In the paper of Sarvaretdinov et al. (Capapert-
muHOB u ap., 2001) the authors employing the
«method of fuzzy sets» explore the aspects of form-
ing a database for GTM applications in wells rec-
ommended for production. A fuzzy set refers to an
object the degree of membership of which is defined
not by an absolute value but with a certain degree of
confidence. The primary principle of this method is
classifying wells based on their suitability for pro-
duction, i.e.,, as "recommended for production.”
However, the multi-criteria nature of the task pre-
sents significant challenges in decision-making.

The paper focuses on the application of this
method in the decision-making process and high-
lights the effectiveness of the «least concessionsy»
approach, which facilitates the calculation of pre-
dicted GTM efficiency values (Strekov et al., 2013).
Methods such as combining criteria into a single
generalized measure, the "least concessions” meth-
od, and the principles of L. Zadeh's fuzzy set theory
are successfully applied under conditions of uncer-
tainty. The classification of uncertainties helps in
selection the appropriate decision-making method.
To assess the type of uncertainty, the distribution of
data criteria and their correspondence to standard
distribution laws are analyzed.
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The «least concessions» method reduces a mul-
ti-criteria decision-making task to the sequential op-
timization of individual criteria while considering
acceptable concessions. The criteria are prioritized
by importance, and a concession value is assigned to
each, starting with the most significant. This process
is repeated on all criteria until optimal strategies are
achieved.

The study carried by Strekov et al. (2013) pre-
sents the results and approaches for decision-making
in selecting the optimal GTM based on variant cal-
culations and a comparative analysis of the effec-
tiveness of different methods under varying condi-
tions. Five criteria were used to determine the best
GTM:

1. Duration of the effect;

2. Additional oil production;

3. Increase in oil flow rate;

4. Oil flow rate after GTM implementation;

5. Water cut level after GTM.

The proposed approach enables forecasting effi-
ciency indicators for various targets based on the
chosen GTM.

The possibility of calculating GTM qualitative
characteristics based on data on technological pa-
rameters, physical and geological features, and ope-
rational factors is emphasized (AGacos u ap., 2003).
This data forms a comprehensive data base that
serves as a foundation to assess different targets,
select optimal technologies for implementing
measures, and analyze the degree of their impact on
the final outcome. This approach enhances the vali-
dity of decision-making and improves the predicta-
bility of GTM effectiveness.

The paper by llyushin et al. (Mmromwms u mp.,
2015) analyzes a range of fields grouped by geo-
graphical location. It highlights that modern GTM
methods play a critical role in ensuring stable oil and
gas production and in reducing potential risks asso-
ciated with geological and engineering factors.
However, natural systems are highly complex, data
is multidimensional, and influence of individual fac-
tors remains uncertain. These characteristics limit
the accuracy of traditional methods to assess GTM
effectiveness. The development of mathematical
models and modern information technologies opens
new possibilities for analysis and problem-solving,
even under conditions of the limited initial data.

Based on the above mentioned, it can be conclu-
ded that there is a pressing need to develop and im-
plement new approaches that enable a more adequate
and comprehensive techno-economic evaluation not
only of individual geological and technical measures
(GTM) but also of their collective efficiency. Such
approaches would allow optimizing the selection and
application of measures for both individual wells and

entire reservoirs, ensuring a holistic approach to man-
aging hydrocarbon production processes.

One promising direction in addressing this chal-
lenge is the use of the integrated methods that com-
bine probabilistic-statistical approaches with ele-
ments of fuzzy logic. This approach allows more
precise evaluation of the effectiveness of measures
under high uncertainty conditions particularly
(Strekov et al., 2013; Zadeh, 1978; 3onoTyxuH u 1p.,
1991). In recent years, technologies such as expert
information systems (Wiseman, Gradijan, 2011,
KpaBuenko, Maxno, 2009; Bsibop reooro-
TEXHUYECKUX MepoIpusaTHii ..., 2004; Well Flo, elec-
tronic resources) and methods of cluster analysis
(CaBuenko, 2010; Ddenmue u ap., 2018, 2016;
Akhmetov et al., 2018) have been actively imple-
mented.

The paper by Glukhikh et al. (I'myxux u np.,
2002) presents key issues regarding the selection of
the most accurate methods for evaluating GTM effi-
ciency. The authers present dependencies that illus-
trate different options for differentiating the techno-
logical effects of methods aimed at improving the oil
recovery factor. In their opinion, forecasting the
GTM effect (i.e., calculating the expected impact)
based on the extrapolation of actual and basic oil pro-
duction curves using characteristic methods may be
unreliable due to several factors. In particular, this is
related to the duration of the effect from certain types
of GTMs, such as hydraulic fracturing (HF). As it is
noted the use of water cut curves for long-term fore-
casting is effective only at high water cut levels ex-
ceeding 50-70% due to HF effect lasting 5-7 years. It
is advisable to limit the forecasting period to 3-6
months at earlier stages of development, with low
water cut levels. However, a significant proportion of
GTMs are carried out in water-free or low-water-cut
wells, making such forecasts less accurate.

Nevertheless, reliable extrapolation of dis-
placement characteristics becomes possible with suf-
ficient data on the dynamics of oil production after
GTM implementation (at least 4-6 observation
points). In such cases, forecasting methods based on
oil production decline coefficients can be effective.
If post-GTM oil production data is limited, the au-
thors recommend using decline coefficients calcula-
ted on similar wells with a longer operating period
after the measures.

Thus, the improvement of methods for select-
ing and evaluating the effectiveness of GTMs re-
mains a relevant challenge. The development of
new tools and analytical technologies that account
for the specifics of various wells and reservoirs is
essential for enhancing hydrocarbon production
efficiency and ensuring sustainable management of
oil and gas projects.
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Several studies emphasize the necessity of the
development of data, mathematical, and software
tools aimed at improving the GTM design process.
For instance the primary issue in GTM design is
identified as the lack of a unified methodology for
assessing their effectiveness in Zhanturin’s papers
(*Kantypun, 2007, 2008, 2009). The proposed solu-
tion involves the creation of the integrated software
to evaluate both actual and forecasted GTM perfor-
mance, which would significantly enhance the accu-
racy and validity of decision-making.

From the perspective of monitoring data on the
current state of field development, an important as-
pect is the planning of GTMSs, which is examined in
studies by Sarvaretdinov et al. (CapBapeTnnHoB u
ap., 2001), Strekov et al. (2013), Ilyushin et al.
(MmrommH u ap., 2015), Zadeh (1978), Zolotukhin et
al. (3omoryxuH u 1p., 1991). One of the major stages
in the development of GTM selection algorithms and
methods has been the implementation of expert in-
formation system technologies, as discussed in pa-
pers by Wiseman, Gradijan (2011), Kravchenko,
Makhno (KpaBuenko, Maxuo, 2009) and Well Flo
electronic resources. However, despite progress in
creating new models and information systems for
planning and forecasting GTM effectiveness, the
issue of comprehensive support for all stages of the
planning process remains unresolved. The existed
approaches and software tools typically cover only
specific fragments of the GTM planning lifecycle,
limiting their applicability significantly.

Taking into account the complexity of tasks,
multi-criteria and multi-factorial analysis, as well as
the inaccuracy and limited nature of initial data, the
development of decision-making systems for GTM
design remains a pressing challenge. These systems
should be based on modern probabilistic-statistical
methods and fuzzy logic methods. For example, de-
pendencies were constructed for the efficiency of one
type of GTM — water inflow restriction — based on
geological and technological factors in the paper by
Moldabayeva et al. (2023). The calculations and error
analysis confirmed the accuracy of the developed
models, which allowed determining the impact of
each factor within specified intervals of its variation.
The models helped estimate key indicators such as the
duration of isolation effects, the volume of additional
oil extracted, and the amount of water restricted.

Significant factors in the model were identified
and selected, simplifying the model by retaining on-
ly the variables that significantly influenced the re-
sults. Decision-making on the selection of techno-
logical solutions was carried out using mathematical
statistics methods and fuzzy logic theory. First, pre-
dictive calculations of the effectiveness of water iso-
lation measures were performed, then selection of

6

optimal technological solutions was carried out ac-
cording to geological conditions. During the analy-
sis, the fuzzy set theory developed by L.Zadeh was
applied. This approach allowed considering multiple
conflicting criteria and selecting solutions that pro-
vided a balanced compromise among them. Thus,
the development of methodological foundations for
GTM design continues to be a priority requiring the
implementation of new integrated methods and
technologies.

Summing up the literary analysis, the following
conclusions can be drawn. It has been determined
that the traditional methods of evaluating the effec-
tiveness of geological and technical measures
(GTM) and decision-making, applied until a certain
time, do not sufficiently cover the study of the in-
fluence of numerous factors, which negatively af-
fects the quality of decisions made. Nevertheless, in
recent years, significant progress has been observed
in this field due to the introduction of modern ma-
thematical methods for data processing, information
analysis, and decision-making. However, there is
still no unified methodology or computational
framework that could take into account the uncer-
tainty of modeling conditions and decision-making
processes.

It is particularly worth noting that traditional ap-
proaches rely on models with clearly defined parame-
ters and their boundaries. However, in real-world
conditions, parameters and their values often have
blurred boundaries, making the decision-making pro-
cess more complex. To ensure a more accurate as-
sessment of GTM effectiveness, it is essential to con-
sider the following aspects of uncertainty:

— multi-criteria and multi-factorial data: GTM
effectiveness depends on numerous factors, each
influencing the outcome to varying degrees;

— data inaccuracy: Many parameters are difficult
to measure with high precision, which complicates
the development of reliable forecasts;

— non-linear interactions: In many cases, factors
influence each other in a non-linear manner, reduc-
ing the accuracy of traditional analytical methods.

Modern approaches can provide more reliable
and adaptable solutions to evaluate GTM effective-
ness under uncertain and dynamic conditions solving
these challenges.

3. Research Methods

In recent years, data processing and information
analysis have increasingly relied on methods that
combine mathematical statistics with fuzzy set theo-
ry. This approach allows considering uncertainty and
data ambiguity, which are characteristic of GTM
planning tasks. One of the key approaches applied in
this area is fuzzy cluster analysis.
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Fuzzy cluster analysis is a method that enables
the grouping of objects or parameters while consi-
dering their uncertainty. Unlike traditional methods,
where an object belongs to only one cluster, this ap-
proach allows an object belonging to several clusters
simultaneously, with varying degrees of probability.
This is particularly important to solve problems
where data is heterogeneous and has blurred bounda-
ries. The use of fuzzy clusters makes it possible to
account for multiple aspects of uncertainty, thereby
increasing the accuracy of evaluations and decision-
making processes (Wiseman, Gradijan, 2011).

Thus, further development of methods for eval-
uating GTM effectiveness requires a comprehensive
approach, combining traditional methods with the
latest data analysis and processing technologies.
This integration will enable the making of more sub-
stantiated and accurate decisions, even under condi-
tions of high uncertainty and data ambiguity.

While addressing tasks related to the compara-
tive assessment of GTM effectiveness and selecting
optimal solutions, researchers focus on the following
critical aspects:

1. Determining Parameters for Analysis.

The effectiveness of GTMs depends on a varie-
ty of parameters, each reflecting geological and
technological conditions. Key parameters identified
by researchers include:

— Total reservoir thickness;

— Oil-saturated thickness;

— Sandiness coefficient;

— Porosity and permeability;

— Oil viscosity and density;

— Gas content and reservoir temperature;

— Oil and fluid production rates before GTM;

— Water cut prior to GTM;

— Economic indicators (e.g., cost of measures,
implementation timelines).

These parameters are used for analysis as they
have the greatest impact on the selection and effec-
tiveness of the measures undertaken.

2. Data Set Formation.

For each of the listed parameters, value ranges
are defined and described using fuzzy sets. For ex-
ample, parameter efficiency levels can be catego-
rized as “low”, “medium” or “high”. This approach
allows taking into account data uncertainty and
blurred boundaries, which is particularly important
in conditions of the limited data.

3. Application of Fuzzy Clustering Algorithms.

To process and group data, fuzzy clustering al-
gorithms, such as Fuzzy C-Means (FCM) are ap-
plied. This algorithm distributes data into clusters
based on object characteristics and the degree of
their membership in each cluster.

4. Assessing Object Membership in Clusters.

In fuzzy clustering, each parameter of an object
is assigned a degree of membership to a specific
cluster. This approach accounts for the possibility of
a single object belonging to multiple clusters with
varying degrees of probability. Such a method pro-
vides a more accurate representation of the data and
its impact on the final outcome.

In the context of evaluating GTM effectiveness,
fuzzy cluster analysis helps grouping various factor
combinations into clusters, determining their closest
alignment with specific development conditions or
scenarios. This method is particularly valuable in
situations where:

— Initial data is incomplete or contains signifi-
cant inaccuracies;

— Geological conditions are highly variable;

— Engineering outcomes are conflicting or am-
biguous.

Key Stages of Applying the Method.

1. Defining Fundamental Parameters, such as
the duration of the effect, oil production rate in-
crease, reduction in water cut, and the economic fea-
sibility of the measures are identified as primary cri-
teria.

2. Creating an Input Data Matrix, where each
parameter is described using fuzzy values (e.g.,
"low," "medium," "high™).

3. Analysis and Clustering of Results which help
determining the group of effectiveness each measure
belongs to. This process also helps identify potential
risks and weaknesses in the proposed solutions.

Thus, fuzzy cluster analysis allows obtaining a
more complete and accurate picture of the efficiency
of GTM by integrating uncertain and variable data
into the decision-making process.

4. Comparative Evaluation of GTM Effec-
tiveness Using Probabilistic-Statistical Methods
and Fuzzy Logic

Several studies (Moldabayeva et al., 2023), pro-
pose a decision-making framework for selecting op-
timal measures to restrict water inflows. The key
elements of the framework include:

— multi-criteria analysis: decisions are made
considering various factors that influence effective-
ness, such as geological and physical conditions and
past GTM performance;

— model development: mathematical models are
created for each indicator, incorporating comprehen-
sive statistical assessments and uncertainty;

— optimization of decisions: algorithms are de-
veloped to select the best technological solutions
based on the significance of factors, models, and
their evaluations.
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The paper by Efendiyev et al. (3denaues u mp.,
2025) analyses factors influencing GTM efficiency
metrics including:

— duration of the effect;

— average increase in oil production;

— reduction of water inflows;

— profitability of measures.

To address the multi-criteria analysis problem,
the following steps are highlighted:

1. Aggregation of Efficiency Indicators: com-
bining various efficiency metrics into a single com-
prehensive assessment.

2. Data Clustering: dividing data into three ho-
mogeneous groups (clusters) using a fuzzy cluster-
ing algorithm.

3. Assignment of Linguistic Values such as
"high,” "low," "medium"” to each cluster and their
correspondence to the aggregated indicators.

4. Fuzzy Rule Construction: developing rules
based on the "if..., then..." principle to forecast GTM
effectiveness under different conditions.

The effectiveness of measures is categorized in-
to several levels:

—high;

—good;

— average;

— satisfactory.

This framework, combining probabilistic-
statistical methods and fuzzy logic, enables a more
comprehensive and adaptable evaluation of GTM
performance, especially in conditions with uncer-
tainty and variability. It helps optimizing decisions
by integrating key performance indicators and align-
ing measures with specific field conditions.

The calculation methodology allows determin-
ing which GTMs are most effective under specific
conditions. Membership functions are used to pre-
dict the effectiveness of measures for each oil field.

Forecasting based on fuzzy models helps deter-
mining the correspondence between reservoirs and
GTMs with high effectiveness. For instance, Fig.1
demonstrates the alignment between reservoirs and
GTM types characterized by «high effectiveness».
As there, the most effective GTMs were «optimiza-
tion», «perforation», and «hydraulic fracturing +
perforation».

Zhanturin (2008) notes that the best results for
specific reservoirs are achieved when combinations
such as «hydraulic fracturing + perforation» are ap-
plied. Similar figures have been constructed for oth-
er clusters, each representing a corresponding level
of effectiveness (Fig.1).

This visual representation highlights the practi-
cal applications of the fuzzy model, ensuring that
GTM selection corresponds to specific geological

and operational conditions ultimately improving the
accuracy and reliability of decision-making.

Reservoir GTM types
(symbols) | Optimization | Perforation | HF+perform.
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Fig. 1. Correlation between reservoirs and GTM types charac-
terized as «High effectiveness»

The results based on GTM technology data pro-
vide the ability to:

— select the most suitable measures for specific
geological conditions;

— take into account the information gaps;

— make well-grounded decisions.

Similar conclusions were drawn for the condi-
tions analyzed in (Kautypus, 2008). These conclu-
sions, based on actual GTM application data, serve
as a guideline to select measures for specific reser-
voirs, especially in situations with the limited data.

The use of fuzzy modeling and forecasting ena-
bles an assessment of the interaction between GTM
effectiveness and geological objects, facilitating the
optimal selection of measures for various operation-
al conditions.

Thus, modeling and forecasting are crucial tools
for addressing data ambiguity and uncertainty,
which enhances the accuracy of GTM selection and
their effectiveness under operational conditions. The
application of modern mathematical methods plays a
significant role in achieving these improvements.

5. Conclusions

The problems discussed in this paper are exam-
ined from both specific and systemic perspectives
incorporating research methods such as probabilis-
tic-statistical approaches and fuzzy logic-based
methods. Using these methods, the authors devel-
oped models for various GTM efficiency indicators
and outlined decision-making pathways under condi-
tions of uncertainty.
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The analysis shows that, despite the significant
number of results accumulated to date, the im-
provement of GTM selection methods remains a
pressing task. The necessity of integrating mathe-
matical, informational, and software solutions is
evident to enhance the accuracy of effectiveness
evaluations.

The introduction of comprehensive analytical
systems based on modern methods, such as cluster
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Pe3ztome. B ctaTbe paccMaTpHBAIOTCSI COBPEMEHHBIE MTOJXOIBI K BEIOOPY U OlleHKe 3 (HEeKTHBHOCTH Ie0JIoro-TeXHIIECKHX Mepo-
npustuii ('TM), HanpaBlIeHHBIX Ha HOBBIIICHHE He(TEOTAaun M pa3pabOoTKy TpyXHOHM3BIEKaeMBIX 3amacoB. OCHOBHOH 3amauei
SIBJIICTCS ONPEIENICHHE ONTUMAIBHBIX METO/I0B, 00ECIIEUMBAIOIINX BEICOKYIO TEXHUKO-3KOHOMHYECKYIO 3 (EKTUBHOCTD B yCIOBHAX
CIIOKHBIX T'€OJIOTHYECKHX, & TAKKe IKCIUTyaTallHOHHBIX IapaMeTpoB.

AHaNM3MPYIOTCS TPAAULMOHHBIE U COBPEMEHHBIE METOJbI OLeHKH dbdexTuBHOCTH I'TM, BKIIOYAs 3KCTPALOJLHIO Ga30BBIX
XapaKTepUCTUK J00bIYH, METO/IbI aHAJIN3a KPUBBIX MaJIeHHs 1eOuTa HehTH U IPOTHO3UPOBAHHS C UCIOJIb30BAHUEM BEPOSTHOCTHO-
cTaTHCTHYeCKHX Moaenel. [ToguépkuBaercst HenoCTaTOYHAs HAEKHOCTD TPAJUIMOHHBIX ITOJIXOJ0B U3-32 HEONPEACIEHHOCTH aH-
HBIX, MHOTOKPHTEPHAIILHOCTH ¥ HEIIMHEHHOCTH B3auMozeHcTBHs (akTopoB. B mponecce aHamu3a JIuTepaTypHBIX HCTOYHUKOB pac-
CMOTpEHa BO3MOKHOCTh HCIIOJIb30BaHUSI HEUETKON JIOTHKH, METOJIOB «HAMMEHBIINX YCTYIIOK», KIACTEPHOTO aHaIn3a U SKCIEPTHBIX
CHCTEM, KOTOpBIE MO3BOJISIOT YUUTHIBATh Pa3MBITOCTh TPAHUI] TApAaMETPOB M NPUHUMATH 0OJiee TOUHBIE PEIICHHSI B YCIOBHSIX He-
TIOJTHOTH! HH(OPMAILHH.

B crartbe mpuBeNeHBI IPUMEPBHI IPUMEHEHUSI COBPEMEHHBIX METOZOB Ha PA3JIMYHBIX MECTOPOXKICHUIX. OOCy)KaaeTcs BO3MOX-
HOCTb CO3/IaHHsl KOMIUICKCHBIX MH()OPMAIMOHHBIX CHUCTEM Ui MOAJCPKKU NPHHATHS PEIICHUH, BKIIOYAIONIMX MaTeMaTHYECKUE
ITOPHUTMBI, 0a3y JaHHBIX M MPOrHO3HBIE Moaenu. Ocoboe BHUMaHUE YIEISAeTCsl BEIOOPY MapaMeTpoB Ul OLECHKU 3P (PEKTHBHOCTH
MEPOIIPUATHH, TAKUX KaK (U3HKO-TCONOTHUECKHE XapaKTEPHUCTUKH, OOBOAHEHHOCTD, IEOUTHI HEPTH, a TAKKE SIKOHOMHYECKUE MOKa-
3aTeIH.

B yxazanHOl paboTe 000CHOBBIBAaETCSI HEOOXOAUMOCTh JaJbHEHIIEr0 COBEPIICHCTBOBAHMS TTOXO0JI0OB K OIIEHKE U IIaHHPOBa-
nuto ['TM. B Heil npemnaraercst mHTErpanys COBPEMEHHBIX METO/OB aHaNW3a JAHHBIX, MOJCIHPOBAHMUS U IMPOTHO3UPOBAHMS IS
TIOBBIIICHUS] HAIEKHOCTH Y TOYHOCTH PEIICHHUH, YTO CIIOCOOCTBYET YCIEITHOMY PEIICHHIO 3aa4 ONTUMU3aluK pa3paboTky HedTs-
HBIX MECTOPOK/ICHHI U CHH)KEHHIO PHCKOB.

Knrouesvie cnosa: mecmoposrcoenue, HeUémKuil Kiacmep-anaius3, 2e01020-mMexHUIecKie Meponpusmus, nPOSHO3, NPUHAMuUe pe-
weHuti

GEOLOJI-TEXNIKi TODBIRLORIN EFFEKTLiYININ QiYMOTLONDIRILMOSi USULLARININ TOHLILi VO
ONLARIN SECILMOSi UZRO QORARLARIN QOBUL EDILMOSI: KONSEPTUAL iCMAL

Moldabayeva G.J.%, Abbasova S.V.2, Zakenov S.T.3, Kirisenko O.G.*,
iklasova J.U.5, Janturin J.K.5, Tuzelbayeva S.R., Vang J.2
Y0azaxistan Respublikas: K.I.Satpayev adina Universitet, Qazaxistan
050013, Almati, Satpayev kiig. 22
2Azarbaycan Doviat Neft va Sanaye Universiteti, Azarbaycan
AZ 1010, Baki sahari, Azadlq pr. 34
8Yesenov adina Xazor Déviat Texnologiya Vo Miihondislik Universiteti, Qazaxistan
130000, Aktau sahari, 32 mkr.
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AZ 1000, Baki sohori, F.Omirov kiig., 9
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Atrau sahori, mkr. Privokzalniy, Baymuxanov kii¢. 454

Xiilasa. Mogalods miiasir yanagmalarin se¢imi vo giymatlondirilmasi, geoloji-texniki todbirlorin (GTT) effektivliyi, neft hasila-
tinin artirtlmast vo ¢atinliklo hasil olunan ehtiyyatlar miizakiro olunur. Burada osas mosalslordon biri optimal gorarlarin gobul
edilmasi bunu ti¢giin aparilan svvalki morhslolorde miixtolif geoloji-texniki gorarlarin modellogdirirmasi giindslikdo duran asas mase-
Ialordon biridir. Onu da geyd etmok lazimdir ki, biitiin bu mosslolarin halli hal-hazirki vaxta qodor ¢otinliklo ¢ixarilan ehtiyyatlarin
imumi tosnifatinin olmamasi sababindon nazors ¢arpacaq dorocads ¢atinlogir. Qeyd olunmus istigamotds dorc olunmus elmi tadgigat
islori belo bir sistemin metodologiyasinin yaranmasmin va bunun ¢oargivasinds ¢otinlike ¢ixarilan ehtiyytlarin tosnifati miixtolif
geoloji-fiziki goraitdo aparilan geoloji-texniki tadbirlor hagqinda molumatin toplanmast va tehlili hamin prossesin modellogdirilmosi
Vo gorarlarin gabul edilmasi masalalorini imumilikds aktual bir problem kimi giindaliys ¢ixarib. Biitiin bunlar irali siiriilon layihado
nozors alinmigdir. Layihados ilk novbads isin mogsadi, baxilacaq masalalor va gozlonilon yeniliklor 6z oksini tapmigdir.

Acar sézlar: yataq, geyri-salis mantiq, klaster-analiz, geoloji-texniki todbirlor, neft hasilati, gorarin gabul edilmasi
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Summary. In the last 30 years, monitoring and research works have not been carried out in the
territory of Karabakh and the Eastern Zangezur economic regions, which include Gubadli region.
The paper aims to assess the radioecological risk and ecological safety of the demined area in the
Gubadli region of Azerbaijan. Radiation background levels were measured at 64 locations within
the area and average radiation background was determined to be 7.5 pR/h, which provided com-
prehensive understanding of radiation levels in the region.

In addition to radiation background analysis, hydrochemical analysis and assessment of water
quality in the area, suitable for domestic consumption, agriculture and industrial purposes, and to
assist in water management were also carried out. Total 7 water samples were taken from various
sources in the area including rivers and other water bodies. These samples were subjected to the
detailed analysis to determine their suitability for domestic, livestock consumption, and irrigation
purposes. Physicochemical processes in river systems are affected by various parameters of water
quality, which makes continuous monitoring essential for environmental and scientific purposes.

The research results revealed that the mineral content in two water samples was higher than
others but did not exceed the limits set by World Health Organization (WHO) standards. In addi-
tion, high concentrations of iron (Fe) were detected in three samples, and high concentrations of
manganese (Mn) in one sample. These results indicate that these water sources are hazardous for
drinking, livestock and irrigation, and highlight the need for additional monitoring and restoration

efforts in the region.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Gubadli district is one of 66 districts of Azerbai-
jan. It is located in the southwest of the country and
is included in the Eastern Zangezur Economic Re-
gion. The district borders Lachin, Khojavand, Jabra-
yil and Zangilan districts and Syunik province of
Armenia. The region is surrounded by the Karabakh
range in the southwest, the Bergushad range in the
east, and the Karabakh plateau in the southeast. It is
here, in the southeast stream between the winding
Bazarchay and the Hekari River, that is the continua-
tion of the Karabakh Plateau which slowly descends
up to 450 meters lies the Yaziduzu plain.

The Bargushad, Hekari and their tributaries (the
Aga river, Kichic Hekari, Meydandersi, etc.) flow
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through the territory of the district. The water of
these rivers was mainly used for irrigation purposes.

The length of the Bargushad river (also called
the Bazarchay in some sources) is 178 kilometers.
The river mainly takes its source from the Zangezur
mountains, the Zalkha lake at an altitude of 3040
meters on the Karabakh plateau, and the Arikli
mountains. It is called Bazarchay up to the Urud vil-
lage. 93 kilometers of the river is in the territory of
Armenia. The Bargushad river merges with the
Hekari river near the Garalar village of Gubadli dis-
trict and flows into the Araz. The area of the basin is
2711 square km. After joining the Hekari river, it
flows through a relatively flat area and divides into a
number of tributaries. The annual flow is under-
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ground (55%), snow (35%) and rain waters (10%).
Snow waters flood the river in spring and summer.

Average annual water consumption is 19.0 cu-
bic m/sec. 45% of it occurs in spring, 25% in sum-
mer, 18% in autumn, and 12% in winter.

The length of the Hekari river is 113 km, the ar-
ea of its basin is 2570 km?. It is the second largest
river of the Lesser Caucasus after the Tartarchay
(together with the Bazarchay) within Azerbaijan. It
begins at an altitude of 2580 m, 3.5 km east of the
peak of Shishtepe on the southern slope of the Mi-
khtoken ridge. It is formed by the confluence of
Shelvachay and Hojazsuchay rivers (950 m), and
connects with the Bargushad river near the Garalar
village of Gubadli district (Hindverd Cape). The
largest tributary in the Gubadli region is the Lesser
Hakari river. Runoff comes from snow (23%), rain
(1-5%) and groundwater (62%). Snow waters flood
the river in spring and summer. 60-70% of its annual
flow passes during the flood period (April-June).
The least water consumption in the river is observed
in winter.

The water of these rivers is widely used in irri-
gation and energy. At the same time, these water
sources are also evaluated as potential sources of
drinking water.

Currently, surface water resources in the territo-
ry of Azerbaijan are 27 cubic kilometers, and this
figure decreases to 20-21 cubic kilometers in dry
years. 70-72 percent of fresh water resources of the
country are formed outside the borders of the coun-
try (Suleymanov et al., 2008; Ahmadov et al., 2017).

The water resources of rivers in the territory of
the Karabakh economic region are 831.7 million
cubic meters. The river water reserve formed in the
territory of the East-Zangazur economic region is
equal to 1622.6 million cubic meters in total. On the
territory of Karabakh and East Zangezur economic
districts, freed from occupation, the river water re-
serve is 2508.4 million cubic meters in total. This is
equal to 22 percent of the river water reserve formed
in the territory of Azerbaijan.

In the last 30 years, monitoring and research
works have not been carried out in the territory of
Karabakh and the Eastern Zangezur economic re-
gions, which include Gubadli region. During this
period, deliberate change of topography of the re-
gion, merciless looting of natural resources, and the
use of heavy military equipment and various types
of explosives polluted the area, disturbed the eco-
logical balance and caused pollution of existing
water sources.

For this reason, it is of particular importance to
measure the radiation background in the area and to
determine the physical-chemical and biological

characteristics of the river in order to control the wa-
ter quality.

Hydro-chemical analysis and subsequent water
quality evaluation often reveals quality of water that
is suitable for domestic consumption, agriculture and
industrial purposes, as well as aiding in the ma-
nagement of the water resource. Furthermore, it is
possible to understand the change in water quality
due to either rock water interaction or anthropogenic
influence. Water often consists of seven major
chemical ions which include cations Ca?*, Mg?',
Na*, K* and anions Cl-, HCOs", SO,%. Other parame-
ters include pH, Colour, Turbidity, Free Carbon Di-
oxide and Total Dissolved Solid. These chemical
parameters play a significant role in classifying and
assessing water quality. In this paper, we present the
results of our studies on the radiation measurement
and water quality in the territory of Gubadli district
of Azerbaijan Republic. The water samples were
collected from different water sources of the Gubadli
district, were analyzed and compared with water
quality standards for domestic, industrial, livestock
and irrigation usage.

Materials and methods

It is known that natural background radiation is
the main source of exposure for most people. Back-
ground radiation is a measure of the level of ionizing
radiation present in the environment at a given loca-
tion that is not due to the intentional application of
radiation sources. Background radiation comes from
a variety of sources, both natural and man-made. In
order to assess the radioecological risk during the
research, the radiation background was measured in
64 locations cleared of mines in the territory of
Gubadli region (Fig. 1). Gamma radiation exposure
dose rates were measured using the IndetiFINDER-2
dosimeter-spectrometer according to the recommen-
dations of the International Atomic Energy Agency
(UNSCEAR 1988; UNSCEAR 1993; UNSCEAR
2000a; UNSCEAR 2000b).

Measurements were made according to standard
operating procedures, and the average radiation
background was determined to be 7.5 uR/h, with the
natural radiation background observed for these lo-
cations varying in the range of 2.5-14.5 uR/h. The
dose rate of radiation at the measurement points is
presented in Fig. 2.

As it can be seen, only one point has a relatively
high result. Relatively high radiation levels were
observed in the point 22-Davudlu area, which neces-
sitates continuous monitoring. In general, the ob-
served results for radiation background measure-
ments indicate that there are no risks in terms of ra-
diation safety in the study area.
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Fig. 1. The measurement of radiation background was carried out in the areas of Gubadli district
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Fig. 2. The dose rate of radiation at the measurement points in the Gubadli district

Water samples were taken from 7 different
points of Gubadli area. Water samples were collect-
ed using a standard polyethylene water sampler,
which was rinsed several times with river water
from the sampling point before obtaining representa-
tive samples from 30 cm below the water surface. A
200 ml water sample was filtered through a 0.45 pum
membrane filter using a manual plastic filtration as-
sembly. A few drops of high-purity nitric acid
(HNO3) were added to the filtrate to adjust the pH.
The sample was then securely stored at 4°C during
transport to the laboratory. Water sampler was
rinsed with deionized water between each sampling
event. All plastic ware including sample bottles, pi-
pette tips, filtration units, and flasks were soaked in
10% v/v HNOs for 24 hours and rinsed with deion-
ized water before use.

When water samples are brought in sterile con-
tainers and cannot be measured immediately, they
are stored in a refrigerator. The samples are trans-
ferred from the containers to the measuring beakers
for immediate measurements.

The pH meter is calibrated first and then used to
take measurements. The pH meter electrodes are
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rinsed with distilled water to prevent cross-contami-
nation between different samples.

If immediate measurement is not possible, water
samples are usually carefully stored in sterile con-
tainers in the refrigerator to preserve their integrity.
Once ready for analysis, these samples are trans-
ferred to measuring containers. This meticulous pro-
cess helps maintain the integrity and accuracy of pH
measurements.

To assess total dissolved solids (TDS), conductivi-
ty (Cond), and salinity, a conductivity meter is utilized
with its electrodes rinsed using distilled water follow-
ing each sample measurement. The conductivity meter
provides crucial insights into water conductivity levels.
The dedicated DO meter is employed for measuring
dissolved oxygen (DO) after being cleaned with dis-
tilled water offering rapid results within seconds allow-
ing swift analysis of oxygen levels in the samples.
Measurements are iterated multiple times ensuring re-
liable data collection to enhance precision. The results
obtained from the water samples are tabulated (Table
1) providing a comprehensive overview of their re-
spective characteristics. This approach guarantees ac-
curate assessment of water composition and quality.
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Table 1
Water parameters of samples taken from Gubadli district
Parameters Source Coordinates pH COND TDS DO
N Sampling points longitude latitude mksm/cm mg/L mg/L
1 | Mahmudluv. Bargushad river | sq0)c0070 | 046933501/ 8.3 250 173 | 7.29
2 | Aliguluushagi-Davudlu, 3004815312/ | 046°28'149" 8.1 256 187 | 771
Bargushad river
3 Sprlng - Drinking water source 39026/297/ 046°27/286/ 8.1 544 339 7.36
N éir\');‘:“'a” border, Bargushad | 3507550 0n | 046°23214" | 82 239 164 | 7.71
5 | Lachm border, Gulabird v., 39°28'368" | 046°37/054" 8.2 292 186 | 7.64
Hekari river
6 | Armenian border, Eyvazli-
Shahverdiler v. 39°25'50.0" 046°23"21.4" 8.5 213 146 6.88
(Technical water)
7| Davudiuriver 39926/240" | 046°25/342" 8.2 453 301 | 6.24
WHO (World Health 6.5-85 | 500-1000 | 500 -
Organization)

Water samples collected for the assessment of
metal pollution is a complex process need to ensure
accurate analysis. Initially, the collected samples are
filtered. These prepared samples are seperated as
filter and then total sample stored in containers suit-
able for heavy metal analysis. The water samples
were collected after 30 minutes of pumping to avoid
stagnant and contaminated water. White plastic con-
tainers were rinsed out 3-4 times with sample water.
Then the containers were filled up to capacity and
were immediately sealed to avoid exposure to air.
After collecting the samples, the containers were la-
belled for identification and brought to the laboratory.

Water samples were tested for pH, TDS, sodium
(Na*), potassium (K*), calcium (Ca?*), magnesium
(Mg?), sulfate (SO4%), chloride (CI), bicarbonate

(HCOg3) and metal concentrations were analyzed for
Cu, Fe, Mn, Mo, Ni, Zn. Na*, K*, Ca?", and Mg?
were determined among the analysed parameters
using a flame atomic absorption spectrometer.

After some stages, element concentrations in
each sample are measured utilizing an Agilent 7700x
ICP-MS (Inductively Coupled Plasma Mass Spec-
trometry) system operating in helium mode (Mam-
madzada et al., 2021; Ahmadov et al., 2016). Before
analytical measurements, the instrument is allowed
thermally equilibrating minimum of 30 minutes. Pri-
or to analysis, mass calibration and resolution
checks are performed in the specified mass regions
of interest to ensure the accuracy and reliability of
the measurements. Metal concentration of samples
are given below (Table 2).

Comparison of metal concentration with WHO recommended limit values Teble

No Sampling Point FS‘;/JL ng?L ;':g?L ::g?L ME;L uzgr/]L
1 | Mahmudlu v. Bargushad river 3.41 425 170 <MDL 7.04 55.4
2 | Aliquluushagi-Davudlu,Bargushad river 8.22 314 405 6.86 8.6 100
3 | Spring - drinking water source 6.16 209 31.2 <MDL 1.54 10.9
4 | Armenian border, Bargushad River 5.9 251 32.7 <MDL 7.7 10.2
5 | Lachinborder, Gulabird v., Hakari river 4.61 214 42.8 1.06 <MDL 6.3
6 Armeni_an border, Eyvazli-Shahverdiler v. 993 134 204 25 4 136 23

(Technical water)
7 | Davudlu river 5.1 325 48.4 <MDL 2.83 2.74

WHO (World Health Organization) 2000 300 100 70 70 5000
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Results and discussion

As shown in Table 1, the electrical conductivity
measured for the samples taken from the Davudiu
River and the spring (sample number: 3.7) has a higher
value than other sources but does not exceed the rec-
ommended limit according to the guidelines of the
World Health Organization (WHO) and can be re-
commended as drinking water sources. The relatively
high electrical conductivity of the mentioned water
sources indicates the high mineralization of these
sources. In all the water samples analyzed, the levels of
Cu, Mo, Ni and Zn are notably below the thresholds set
by the WHO (Table 2). However, at the first sampling
point, concentrations of Fe and Mn exceed the recom-
mended limits, while at the second and seventh points,
only Fe surpasses the guidelines. Although the average
iron concentration in rivers is typically around 0.7 mg/L,
post-treatment, Fe levels are usually maintained below
0.3 mg/L for safe drinking water.

Hence, it's not advisable to utilize the mentioned
water sources (sampling points 1, 2, and 7) directly
for drinking purposes.

Comparing the received conductivity results
with the standards showed that all samples complied
with the requested standards and may be used in
livestock drinking purposes and irrigation. Anions
and cations analysis results in samples demonstrate
that HCOg', CI-, SO4%, Na*, K*, Mg?*, and Ca?* ions
dominate in the studied areas.

Comparison of the cation concentrations of the
studied water samples showed that water samples 1
and 5 have 1) Ca>Mg>Na>K sequence, water sam-
ples 2,3,4,7 have 2)Ca>Na>Mg>K sequence, and wa-
ter sample 6 have 3)Na>Ca>Mg>K sequence of cati-
ons. This means that Na ions prevail over K ions and
Ca ions prevail over Mg ions for all sequences of cat-
ions. It is known that, observation of the existence of
Ca and Mg in water samples is the result of the
weathering of crystalline dolomitic limestones and
Ca-Mg silicates (amphiboles, pyroxenes, olivine, bio-
tite and others (Zakir et al., 2013; Singh et al., 2009).
The origin of Na and K in water may be atmospheric
deposition, evaporate dissolution, and silicate as al-
bite, anorthite, orthoclase and microcline weather
(Zakir et al., 2013; Ghosh et al., 1983, Singh et al.,
2007; Ayers and Westcot, 1985; Singh et al., 2010).
As it is noted in (Zakir et al., 2013), if Na concentra-
tion in water is less than 50mg/L, it is not dangerous
for human drinking and if it is less than 920 mg/L it is
not dangerous for irrigation. The concentration of
sodium changes in the range of 5.6-38 mg/L and has
an average of 15.87 mg/L on the studied water sam-
ples. As shown in Table 3, all water samples are suit-
able for irrigation and for human drinking. K concen-
tration obtained for water samples changes from
2.3mg/L to 6.4mg/L and has the average of 3.5mg/L.
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Comparison of potassium concentration in the studied
water samples with standards (Table 4) shows that K
concentration is less than 100mg/L for all samples
and this water is suitable for drinking but the studied
water sources are problematic for irrigation. The con-
centration of Ca for the measured samples changes
from 15mg/L to 48 mg/L and has average of
32.7mg/L. If the concentration of Ca in water is less
than 800 mg/L, it has no danger for irrigation. There-
fore, all measured water samples can be implemented
for irrigation and using water of this standard for irri-
gation is not problematic for soil (Zakir et al., 2013).
We can note that all water samples are suitable for
human drinking according to Ca results considering
the opinion of authors (Zakir et al., 2013; Ghosh et
al., 1983, Singh et al., 2007). The concentration of
Mg on the studied samples changes in the range of
6.2mg/L — 12.2mg/L, and has the average of
8.67mg/L. As shown in Table 4, if the concentration
of Mg in water is less than 120 mg/L, this source has
no danger for irrigation. The maximum acceptable
concentration of Mg is 30 mg/L for human drinking
water (Ghosh et al., 1983). Therefore, all measured
samples, may be used as human drinking water.
HCOs™ anion concentration on the studied river waters
changes in the range of 61 mg/L —105 mg/L and has
average of 78mg/L. Only samples 3 and 7 have more
than 92mg/L HCOjs; anion concentration and these
samples are not suitable for irrigation according to the
HCOs anion concentration rate. The HCOs anion
concentration of the studied samples complies the
requested standards (Ghosh et al., 1983) and they are
suitable for being used as drinking water.

The concentration of SO4* ions in the measured
water samples varies from 31 mg/L to 116 mg/L with
average of 66.85 mg/L. Water for agriculture usage
purposes has a permissible level equal to 20 mg/L for
SO4* ions according to Tables 3 and 4. Therefore,
not all water samples from the investigation areas
can be used for irrigation. The recommended levels
are 200 mg/L and <250 mg/L for human and livestock
drinking water according to (Zakir et al., 2013; NAS
1983). Therefore, all the studied water samples are
suitable for usage. The suitability of water for irrigation
purposes depends on its mineral constituents. Several
criteria for judging its suitability have been proposed in
(Wilcox, 1955; Eaton, 1950). Irrigation water contain-
ing large amounts of sodium is of special concern due
to sodium effects on the soil and its potential to pose
sodium hazard. The high concentration of sodium in
irrigation water may negatively affect soil structure and
decrease soil hydraulic conductivity in fine-textured
soil. The degree to which sodium will be absorbed by
soil is a function of the amount of sodium to divalent
cations (Ca and Mg) and is regularly stated by sodium
adsorption ratio (SAR) (Bouwer and Idelovitch, 1987).
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Table 3
Data for investigated water parameters
N | pH Conduc- | e C;mg p?\lglt-e Bicar- | Sodium | Potassium | Calcium | Magnesium
tivity ch (SO.) bonate (Na) (K) (Ca) (Mg)
mkSm/cm | mg/L | mg/L mg/L mg/L mg/L mg/L mg/L mg/L
1 8.3 250 173 5.3 52 76 8.3 2.3 28 8.6
2 8.1 256 187 7.8 54 78 9.4 2.8 29 9.3
3 8.1 544 339 26 116 105 38 6.4 48 8.9
4 8.2 239 164 9.9 48 62 7.8 3.2 26 6.2
5 8.2 292 186 11.4 66 61 5.6 2.3 33.2 8.7
6 8.5 213 146 14 31 62 16 4.4 15 6.8
7 8.2 453 301 24 101 102 26 3.1 46 12.2
min | 8.1 213 146 5.3 31 61 5.6 2.3 15 6.2
max | 8.5 544 339 26 116 105 38 6.4 48 12.2
mean | 8.23 321 213.7 | 14.05 66.85 78 15.87 3.5 32.17 8.67
Table 4
Geochemical parameters in the water samples compared to desirable
standard values for drinking, livestock and irrigation use
Max. desirable value Max. desirable value for Max. desirable val-
Parameters Range Mean S . S L
for drinking water livestock drinking water ue for irrigation
pH 8.1-8.5 8.23 6.5-8.5 6.8-7.5 6.0-8.4
EC(uS/cm) 213-544 321 750 - -
TDS(mg/L) 146-339 | 213.7 500 <500 -
HCO3™ (mg/L) 61-105 78 200 <400 92
SO4 (mg/L) 31-116 66.85 200 <250 20
Cl- (mg/L) 5,3-26 14.05 250 - 142
Ca?*(mg/L) 15-48 32.17 75 - 800
Mg?*(mg/L) 6.2-12.2 8.67 30 - 120
Na* (mg/L) 5.6-38 15.87 50 - 920
K* (mg/L) 2.3-6.4 3.5 100 - 2.0
The Sodium Absorption Ratio (SAR) can be SSP= Soluble(Na*+K)+100

calculated from the ratio of sodium to calcium and
magnesium (Asadollahfardi G. and Asadollahfardi
R., 2011).

The equation is expressed as follows:

Na*

J(Ca2t+Mg?+)/2

where, all the ions are expressed in meg/L.

Variation from 0.2230 to 1.3182 average value of
0.6244 (Table 5). Sodium Absorption Ratios for all
water samples are less than 10. The potential for so-
dium hazard increases in waters with higher sodium
adsorption ratios (SAR) values. The sodium absorp-
tion ratio (SAR) content in the study area has shown
and indicates excellent quality for irrigation. The
samples fall in the excellent (S1) category (Table 6).

Soluble Sodium Percent (SSP) is also used to
evaluate sodium hazard. SSP is defined as the ratio
of sodium to the total cations (Asadollahfardi G. and
Asadollahfardi R., 2011; Todd and Mays, 2005):

SAR=

Total cations consentration

where, all the ionic concentrations are expressed in
meq/L.

Soluble Sodium Percent (SSP) values less than
50 or equal to 50 indicate good quality water and
those more than 50 indicate water quality unsuitable
for irrigation. The values of Soluble Sodium Percent
(SSP) range from 11.3 to 38.0 and average 23.7.
100% Soluble Sodium Percent (SSP) for water in
test areas is less than 50 and indicates good quality
water for irrigation purposes (Table 6).

KR: Sodium measured against Ca?* and Mg?" is
used to calculate Kelley’s ratio. The formula used in
the estimation of Kelley’s Ratio (Wilcox, 1955;
Who 2008):

KR=Na*/(Ca?*+Mg?").

Kelley’s Ratio (KR) of more than one indicates
an excess level of sodium in water. Hence, water
with Kelley’s Ratio less than one are suitable for
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irrigation, while those with a ratio of more than one
are unsuitable for irrigation. The values of Kelley’s
Ratio (KR) range from 0.10 to 0.53 and average
0.29. 100% of Kelley’s Ratio values for the water of
the test area are less than 1 and indicate good quality
water for irrigation purpose (Table 6).

Residual sodium carbonate (RSC): The Re-
sidual Sodium Carbonate (RSC) was also calculated
and used for irrigation water quality assessment.
This parameter is used for the assessment of effect
of carbonate and bicarbonate on quality of water for
agricultural purposes. RSC is calculated as follows:

RSC= (COs* +HCOy3)-(Ca*+Mg?")
where, all the ions are expressed in meg/L.

The potential for sodium hazard increases as
RSC increases, and much of the calcium and the

magnesium are precipitated out of solution when
water is applied to the soil. Salts become concentrat-
ed when soil dries out, as less soluble ions (as Ca?*
and Mg?") tend to precipitate out of solution (Omo-
toso and OJO, 2012; Zafar and Ahmad, 2018; How-
ladar et al., 2017). The values of RSC ranges from -
1.64 to -0.30meg/L with average value of -1.05 (Ta-
ble 5). In the test area, the RSC is negative showing
that Na* build-up is unlikely, with practically no Na*
hazard and therefore classified as suitable for irriga-
tion. Water having less than or equal to 1.25 epm of
RSC is safe for irrigation purposes. The water hav-
ing a RSC from 1.25 to 2.5 epm is marginally suita-
ble for irrigation purposes, whereas water having
more than 2.5 epm of RSC is not suitable for irriga-
tion purposes. Based on RSC values, all the samples
of the test area have values less than 1.25 epm and
are safe for irrigation (Table 6).

Table 5
The results of the geochemical analysis of water samples collected from Gubadli district of Azerbaijan
. Na, K, Ca, Mg, Cl, S04, |Bicarbonate % Sodi-
Ne meg/L | meg/L | meg/L | meg/L | meqg/L | meg/L | meg/L SAR um RSC | KR
1 0.36 0.06 1.4 0.72 0.15 1.08 1.25 0.3508 16.6 -0.87 | 0.17
2 0.41 0.07 1.45 0.78 0.22 1.13 1.28 0.3875 17.8 -0.95 | 0,18
3 1.65 0.16 24 0.74 0.73 2.42 1.72 1.3182 36.6 -1.42 | 0.53
4 0.34 0.08 1.3 0.52 0.28 1.00 1.02 0.3558 18.8 -0.80 | 0.19
5 0.24 0.06 1.66 0.73 0.32 1.38 1.00 0.2230 11.3 -1.39 | 0.10
6 0.70 0.11 0.75 0.57 0.39 0.65 1.02 0.8574 38.0 -0.30 | 0.53
7 1.13 0.08 2.3 1.02 0.68 2.10 1.67 0.8778 26.7 -1.64 | 0.34
min 0.2230 11.3 -1.64 | 0.10
max 1.3182 38.0 -0.30 | 0.53
mean 0.6244 23.7 -1.05 | 0.29
Table 6
Classification of water based on SAR, KR, SSP and RSC
Parameter Range Water Class Samples % age
SAR <10 Excellent (S1) 7 100
10-18 Good (S2) Doubtful
18-26 (S3) Unsuitable (S4)
>26
SSP <50/>50 Good/Bad 7/0 100/0
KR <1/>1 Good/Unsuitable 7/0 100/0
RSC <1.25 Good 7 100
1,25-2.5 Doubtful Unsuitable
>2.5

18



F.Humbatov et al. | ANAS Transactions, Earth Sciences 1 /2025, 12-21; DOI: 10.33677/ggianas20250100138

Conclusion

In order to assess the radioecological risk during
the research, the radiation background was measured
in 64 locations cleared of mines in the territory of
Gubadli region, and the average radiation background
was determined to be 7.5uR/h. For estimation water
quality water samples were collected and analyzed for
their hydrochemical characteristics and an evaluation
of water quality for drinking and irrigation purposes
was made. Water samples were tested for pH, TDS,
sodium (Na*), potassium (K*), calcium (Ca?*), mag-
nesium (Mg?"), sulfate (SO4*), chloride (CI"), bicar-
bonate (HCO3) and metal concentrations were ana-
lyzed for Cu, Fe, Mn, Mo, Ni, Zn.

In all the water samples analyzed, the levels of
Cu, Mo, Ni, and Zn are notably below the thresholds
set by the WHO. However, at the first sampling point,
concentrations of Fe and Mn exceed the recommend-
ed limits, while at the second and seventh points, only
Fe surpasses the guidelines. The high concentration
observed for Fe and Mn elements can be explained by
the leaching of minerals in mountain rivers.

Comparison of the cation concentrations of the
studied water samples showed that water samples 1
and 5 have the 1)Ca>Mg>Na>K sequence, water
samples 2,3,4,7 have 2)Ca>Na>Mg>K sequence,
and water sample 6 have 3)Na>Ca>Mg>K sequence
of cations. This means that Na ions prevail over K
ions and Ca ions prevail over Mg ions for all se-
quences of cations. SAR values and sodium percent-
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OLEHKA PATHO3KOJIOT'MYECKUX PUCKOB U TPUT'OAHOCTH KAYECTBA BO/IbI
AJIs1 TATBEBOT'O U CEJILCKOXO35IMCTBEHHOI'O UCITOJIb30BAHUS
B I'YBAJIVIMHCKOM PAMOHE PECITYBJIMKHU ABEPBAUVKAH

T'ymbator ®.'2, U6parumos I'.1, Acnanora I'.l, Hemkatu Coayr X .2,
Banaer B.}, Kapamoga H.., KapumGeiinn U.!
"Munucmepcmeso nayku u obpazosanus Pecnybnuxu Azepbaiioncan, Uncmumym paduayuonnwix npodaem, Azepbaiiocan
AZ 11439, baky, yn. b.Baxab63aoe, 9: hfamil@mail.ru
24zepbatiodcanckuil Yuueepcumem apxumeKkmypsl u cmpoumenscmea, Asepbatiodcan
AZ1073, Baky, yn. Auna Cynmanosa, 5

Pe3rome. 3a nocnenuue 30 ner Ha tepputopun Kapabaxa m BocTouHO-3aHre3ypckoro 5KOHOMHUECKUX PaiOHOB, KyAa BXOIUT
I'y6Gauisl, MOHUTOPHHT U HCCIIEOBaTEILCKHE pabOTHI He IIPOBOIAMINCE. B cTaThe MPHBOISTCS pe3ysbTaThl paboT MO OLIEHKE Paano-
9KOJIOTHYECKOTO PHCKA U KOJIOTHYECKOH 0e30IacHOCTH Pa3MHHHPOBAHHOM TeppuTopuu B ['yOaminHCckoM paiioHe A3zepOaiipkaHa.
VYpoBeHb panuanoHHOro (oHa ObUT M3MepeH B 64 TOYKax TaHHOW TEPPUTOPUH, W CPENHMI paananvoHHBINA (GOH cocTaBmi 7.5
MKP/4ac, 94T0 fano monHoe npeacTaBiIeHne 00 ypOBHE Paflallii B PETHOHE.

Kpome ananmsa paguannoHHOTo (oHA, Takke ObUIM MPOBEAEHBI THAPOXUMUYECKHUI aHAIU3 U OIIEHKAa B 9TOM paiioOHE KadecTBa
BOJIBI, IPUTOJHOTO IJIsI OBITOBOTO MOTpPEOIEHNUs, CEbCKOTO XO35HCTBAa M NMPOMBIIIICHHBIX meneil. Beero Ob110 B3aTO 7 00pasmoB
BOJBI U3 PA3IMYHBIX MCTOYHHMKOB, BKIIIOUAsl PEKH U JIPyTHe BOJAOEMBL. DTH 00pa3lbl MOABEPIINCH AETAIBHOMY aHANIU3Y C IEBI0
OIIPEAENICHHUS X IPUTOAHOCTH JUISl OBITOBOTO MCIIOJIB30BaHMs, TOTPEOJICHUSI CKOTOM U opolieHns. DU3NKO-XUMIYECKHE IPOLECCH B
PEUYHBIX CHCTeMaX 3aBHCAT OT Pa3INYHBIX IapaMeTPOB KauyecTBa BOJBI, YTO JIENAeT MOCTOSHHBIA MOHUTOPHHI HEOOXOIMMBIM JUIS
9KOJIOTHYECKUX U HAYYHBIX HCCIIEIOBAHUH.

Pe3ysbTaThl HccaenoBaHUs MOKA3aly, YTO COJAEep)KaHHEe MHHEPAJoOB B ABYX oOpa3lax BOJb! OBUIO BBIIIE, YeM B APYTHX, HO HE
MPEBBILIAJTIO MPEAETIOB, YCTaHOBICHHBIX cTangapTamMu BO3. Kpome Toro, B Tpex oOpasiax ObUTH 0OHApPY>KEHBI BBICOKHE KOHIICHTPA-
nun xenesa (Fe), a B omHOM 00pasie — BbICOKasi KOHIIEHTpanus Mapraina (Mn). OTu pe3yabTaThl CBUACTEIBCTBYIOT O TOM, YTO JaH-
HBIE UCTOYHUKH BOABI HENPHUTOIHBI JUIS MUThS, UCTIOIB30BAHMUSA AT CKOTAa M OPOLICHHS, YTO MOAYEPKUBAET HEOOXOINMOCTD Jallb-
HEWIIero MOHUTOPUHTA U yCTPAHEHUSI 3aTPSI3HEHUH B 3TOM PETrroHe.

Knrouesvie cnosa: I'vbaonunckuil pation A3epbatiodcana, paouoskoniocus, YnpasieHue Kauecmeom 600bl, OCMAmMouHblil Kapbo-
nam nampust (OKH), koagpgpuyuenm noenowenuss nampus (KIIH), npoyenm pacmeopumozo nampus (I1PH)

AZORBAYCAN RESPUBLIKASININ QUBADLI RAYONUNDA RADIOEKOLOJI RISKLORIN V3 SU
KEYFiYYOTININ iCMOLi VO KOND TOSORRUFATI UCUN YARARLILIGININ QiYMOTLONDIRILMOSi

Hiimbatov F.12, ibrahimov G.., Aslanova G.!, Necati Solut H.%,
Balayev V.2, Karimova N.%, Karimbayli 1.
tAzorbaycan Respublikast Elm va Tahsil Nazirliyi, Radiasiya Problemlari Institutu, Azorbaycan
AZ 11439, Baki, B.Vahabzadb kii¢.9: hfamil@mail.ru
2Azorbaycan Memarlhq va Insaat Universiteti, Azorbaycan
AZ1073, Baki, Ayna Sultanova kiig., 5

Xiilasa. Son 30 ildo Qarabag vo Sorgi Zongozur iqtisadi rayonlarinda, o ciimlodon Qubadlida monitoring vo tadqiqat islori
aparilmayib. Tadqiqatin asas magsadi Azorbaycanin Qubadli rayonunda yerlogon minadan tomizlonmis orazilords radioekoloji riskin
giymatlondirilmasi vo ekoloji tohliikasizliyin 6yronilmesidir. Orazinin 64 noqtasinds radiasiya fonu dl¢iilmils vo orta radiasiya fonu
7.5uR/saat olaraq miioyyon edilmisdir ki, bu da homin orazilords radiasiya seviyyssi haqqinda genis molumat olds etmoys imkan
Verir.

Radiasiya fonunun tohlili ilo yanasi, orazidoki suyun moisot istehlaki, kond tesorriifatt vo Sonaye mogsadlori, hamginin su
ehtiyatlarimin idaro edilmasindo kémok iigiin uygun olan hidrokimyovi tohlil vo giymstlondirmo aparilmisdir. Miixtslif su
monbolarindan, o ciimladen ¢aylardan va diger su hovzalarindon 7 su niimunasi gotiiriilmiisdir. Bu niimunslor moisat, heyvandarliq
Vo kond tosorriifat1 tigiin yararliligini miioyyon etmok {igiin analiz edilmisdir. Cay hovzalorindo bagveran fiziki-kimyavi proseslor
suyun keyfiyyot parametrlorindan asilidir vo bu parametrlarin davamli monitoringi elmi todgigatlar va ekoloji nozarot iigiin vacibdir.

Toadqiqatin naticalori iki su niimunasindoki mineral torkibin digarlorins nisbston daha yiiksok oldugunu, lakin UST standartlart ilo
miloyyon edilmis haddlori kegmodiyini gostormisdir. Bundan olavo, ii¢ niimunods domirin (Fe) basqa bir niimunods iso manqanin
(Mn) yiiksok konsentrasiyasi askar edilmisdir. Bu naticolor gostorir ki, homin su monbalori igmsli su, heyvandarliq vo suvarma tigiin
yararsizdir, bu iso bolgads slave monitoring vo tomizloms islorinin vacibliyini vurgulayir.

Acar sozlar: Azorbaycamin Qubadl rayonu, radioekologiya, suyun keyfiyyatinin idara edilmasi, natrium karbonat qaligi (NKQ),
natrium udulma amsali (NUO), hall olunan natrium faizi (HNF)
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Summary. The Caucasus region located at the junction of the Eurasian and Arabian tectonic
plates is a key area for understanding continental collision processes and their impact on seismic ac-
tivity. The aim of this work is to analyze the region’s tectonic processes, seismic history, and the risks
associated with potential large earthquakes. The study employs modern methods including satellite
imagery, GNSS data, drone-based modeling, and paleoseismic trenching. In April-May 2022, a team
of scientists from the University of Oxford, in collaboration with early-career researchers from the
RSSC, carried out the first geological fieldwork in Azerbaijan focused on paleoseismology and active
tectonic processes. Two trenches were analyzed. One of the key findings was the identification of ac-
tive faults, such as the Aghsu fault, and evidence of surface ruptures associated with historical earth-
quakes. Two surface rupture events (1713-1895 and 1872-2003) were identified likely linked to the
surface displacements caused by the 1668 and 1902 earthquakes, which inflicted significant damage
on the city of Shamakhi. Our reassessment of the 1902 earthquake suggests its magnitude may have
reached Mw 7.4, whereas earlier estimates placed it at M 6.9. Additionally, evidence of a surface-
rupturing earthquake dated between 334 and 118 BCE was found in a second trench located 60 km
west of Aghsu near Goychay along with signs of another possible event within the past 2000 years.
This work highlights the importance of continued field investigations to better constrain fault lengths,

assess historical earthquake magnitudes, and improve regional seismic hazard maps.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

The Caucasus mountain system located at the
junction of the Eurasian and Arabian plates repre-
sents a key site for understanding the complex geo-
dynamic processes of continental collisions and their
influence on seismic activity. Despite the fact that
much of the structural paragenesis of orogenic zones
has been thoroughly studied, the morphological fea-
tures of mountain systems such as the Greater Cau-
casus still require further exploration. These moun-
tain forms not only reflect the history of tectonic
forces but also serve as indicators of underlying ge-
odynamic processes offering valuable insights, espe-
cially when direct geological data is limited.

The seismicity of the Greater Caucasus has his-
torically been significant with numerous destructive
earthquakes recorded over the centuries. These
events, such as the earthquakes of 1139, 1668, and
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the series from 1828 to 1902 have left an indelible
mark on the history of the region. However, the lack
of instrumental earthquake data for much of the re-
gion complicates our understanding of the full seis-
mic potential of the area. Turning to historical earth-
quake records and modern geophysical data reveals
that the fault systems of the region are active with
the possibility of significant seismic events still
looming. The goal of this study is to explore the geo-
dynamic conditions of the Greater Caucasus focus-
ing on historical seismicity and the active faults re-
sponsible for shaping the region's seismic landscape.
The research in this article presents a comprehen-
sive analysis of the region’s tectonic processes, seis-
mic history, and current risks associated with poten-
tial future earthquakes based on modern technologies
such as satellite imagery, drone modeling, GNSS
technologies, as well as paleoseismic trenching.
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On April — May, 2022, a team of five scientists
from Oxford University Department of Earth Sci-
ences led by Professor Richard Walker collaborated
with young scientists from RSSC to conduct the first
field geological studies focused on paleoseismology,
earthquake geology, and active tectonics in Azerbai-
jan. The aim of this research was to understand the
potential locations and frequency of strong destruc-
tive earthquakes (M7+) that occurred before the de-
velopment of modern seismic networks.

At the conclusion of this research, a comprehen-
sive article titled "'Surface Rupturing Earthquakes
of the Greater Caucasus Frontal Thrusts, Azer-
baijan'" was published. Our article is a summary of
that study, which was published in 2024. It provides
a concise overview of the research helping a broader
audience quickly understand the key findings.

1.1. The Mountain System of the Greater
Caucasus

To date, the structural paragenesis of orogenic
zones has been thoroughly studied but the morpho-
logical features of the orogens themselves remain
incompletely understood. These differences reflect
geodynamic processes and can serve as indicators of
these processes, particularly in cases where direct
geological data are absent or insufficient. Structural-
ly, orographic forms of orogens retain data on the
geodynamic conditions of their formation (Maka-
rova et al., 2000; Kopkyranosa, 2000). In recent
decades, numerous studies in the fields of geology,
geodynamics, geodesy, and geophysics have been
conducted to investigate the evolution of the Cauca-
sus and its surrounding areas, as well as to refine our
understanding of current tectonic processes, litho-
spheric deformations, seismicity, and the associated
seismic risks and hazards. The results of these stud-
ies are reflected in a number of papers published in
international journals, as well as in those published
in the former Soviet Union, Armenia, Azerbaijan,
Georgia, and Russia. Furthermore, recent geological,
geophysical, and geochemical studies have provided
additional clarification on the tectonic framework of
the region. The question of the age of continental
collision remains unresolved with various studies
suggesting a range from the Late Cretaceous to the
Pliocene (Ismail-Zadeh et al., 2022).

The Caucasus region is known to be part of the
ongoing continental collision between the Arabian
and Eurasian plates. For over 100 million years, the
lithosphere of the Neo-Tethyan Ocean has been sub-
ducted beneath Eurasia (Xaun, 1975; Adamia et al.,
1985). This process has led to inversion and the
formation of fold-and-thrust belts in the Greater and
Lesser Caucasus (Mosar et al., 2010).

The diagram showing the tectonic structure of
the Eastern Black Sea region is presented in Figure 1.
The following key tectonic units can be identified
within this region (Myparos, 1969; Letouzey et al.,
1977; Starostenko et al., 2004; Saintot et al., 2006;
Adanacenko u ap., 2007; Rolland et al., 2011; Ni-
kishin et al., 2012): (1) the South Crimea Orogen, (2)
the Greater Caucasus Orogen, (3) the system of ter-
ranes of the Central and Eastern Pontides with Meso-
zoic volcanic belts (Middle Jurassic and Cretaceous),
and (4) the Eastern Black Sea Basin with oceanic crust
and strongly stretched continental crust due to rifting.

The Greater Caucasus mountain system, which
stretches approximately 900 km between the Black
and Caspian Seas, is considered to have formed as a
result of tectonic inversion of a former back-arc ba-
sin that developed on continental crust and opened
in the early Mesozoic above the northern subduction
zone of Neo-Tethyan Ocean (Adamia, 1985; Mosar
et al., 2010). Thermochronological studies have
shown that the formation of the topography of the
western Greater Caucasus began as early as the Oli-
gocene (Vincent et al., 2018a,b). Estimates of total
shortening across the Greater Caucasus remain un-
certain ranging from 150 to 400 km with shortening
increasing from west to east (Ismail-Zadeh et al.,
2022). Continued convergence has generated com-
pressive stress, which activated deformation and up-
lift of the Greater Caucasus during the Pliocene. Ac-
cording to McQuarrie and Van Hinsbergen (2013),
the closure of the Neo-Tethyan Ocean to the north of
the Arabian Plate occurred about 27 million years
ago, although subduction continues along the Hel-
lenic and Cyprian trenches. Cowgill et al. (2016) link
the changes in the Arabian-Eurasian collision zone to
the closure of the rift basin on the southern slope of
the Greater Caucasus. However, Vincent et al.
(2018a) argue that, sedimentological and seismologi-
cal data suggest an earlier closure of the basin around
the early Oligocene at least for the western part of the
Greater Caucasus. Cowgill et al. (2018) propose that
basin closure began around 35 million years ago and
was completed around 5 million years ago when the
Lesser Caucasus collided with the Scythian Platform
forming the Greater Caucasus. The final collision of
the Arabian and Eurasian plates and the formation of
the modern intracontinental mountain structure of the
Caucasus occurred during the Neogene-Quaternary
period (Ismail-Zadeh et al., 2022).

The paper (Sengor et al., 2023) proposes a revi-
sion of traditional models highlighting the Pacific-
type margin and the dynamic motion of the conti-
nent. The Cimmerian Continent was a complex tec-
tonic structure that not only rifted from Gondwana
but also underwent internal extension forming oce-
anic basins such as the Neo-Tethys (Fig. 2).
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Its evolution is tied to the subduction of the Pal-
aeo-Tethys and its subsequent closure as well as the
opening of new basins and eventual collision with
Laurasia. The northern margin of the Cimmerian
Continent was of Pacific-type not Atlantic-type as
claimed by some authors implying active subduction
processes and back-arc basin formation.

The continent traversed the Tethyan realm in a
"serpentine motion" making it impossible to recon-
struct synthetic isochrons to precisely track its north-
ward migration (except for simplified visualizations of
its journey). Oceanic basins including the Neo-Tethys
opened as back-arc basins behind the subducting slab.

The movement of the Cimmerian continent
across the Tethyan region occurred between the Late
Triassic and Late Jurassic and in some places possibly
even in the Early Cretaceous, when the Cimmerian
continent collided with the Laurasian margin. Due to
the complex nature of this movement, the authors
note that it is impossible to construct synthetic
isochrons to accurately track the northward migration
of the Cimmerian continent except for a simplified
visualization of its path across the Tethyan region.

Many outstanding scientists have studied the
tectonics, geodynamics, and seismicity of the Great-
er Caucasus and Azerbaijan including G.V.Abich,
R.A.Agamirzoyev, Sh.A.Adamia, A.A.Alizade,
F.S.Akhmedbeyli, B.K.Balavadze, G.Sh.Shengelia,
G.l.Baranov, R.M.Gadzhiev, 1.S.Guliyev, F.A.Kadi-
rov, T.N.Kengerli, M.L.Kopp, V.V.Korobanov,
E.E.Milanovsky, V.E.Khain, and others (Abich,
1862, 1873; Aramupsoes, 1987; Adamia, 1985; Amu-
3ane u ap., 1968; 1982; AxmenOeimu, 1991, 2001;
Balavadze et al., 1975, 1966; BapanoB u I'pexos,
1982; T'amxues, 1965; Guliev et al. 2002; Kengerli,
1997; Komm, 1997; Korobanov, 1990; MwuiaHoBCcKHit
u 1p., 1963; Xaun, 1984; Xaun u ap., 2005).

1.2. Paleoseismogeological studies and histor-
ical tectonic activity of the Greater Caucasus.

The first paleoseismogeological studies in the
Greater Caucasus region began in the late 1960s based
on the hypothesis that large earthquakes that occurred
in the distant past leave traces on the Earth's surface in
the form of paleoseismodislocations (Florensov, 1960).
Evidence of such events was recorded in various parts
of the Caucasus: on the southern slopes of the North-
western Caucasus in the central Western Caucasus
(Xpomosckux u np., 1979) near Mount Elbrus (Ni-
konov, 1991) in the vicinity of the Caucasian Mineral
Waters (bemoycoB u ap., 2000) in North Ossetia
(Hukutva u ap., 1993) in North Caucasus and in
mountainous Dagestan, and on the coast of the Caspian
Sea (bynun, 1985; Korzhenkov et al., 2019; Osgcro-
yenko u ap., 2014; Rogozhin et al., 2015; Gmyrya et
al., 2019). These studies revealed that the seismic ac-

tivity of the region might be significantly higher than
previously believed on the basis of traditional seismici-
ty statistics. Most of the identified ancient seismogenic
structures were linked to gravitational processes. How-
ever, in most cases, researchers could not precisely
determine the locations, magnitudes, and ages of an-
cient earthquake sources. One exception was the work
led by V.P.Solonenko (Xpomosckux u mp., 1979),
where the first estimates of earthquake magnitudes and
focal zones were obtained. In the late 1980s and early
1990s, several significant earthquakes occurred in the
Caucasus region affecting both the Lesser and Greater
Caucasus. These included the 1986 Paravan earthquake
with a magnitude of 6.5, the 1988 Spitak earthquake
with a magnitude of 6.9, the 1991 Racha earthquake
(magnitude 7.0), the 1991 Java earthquake with a mag-
nitude of 6.5, and the 1992 Barisakh earthquake with a
magnitude of 6.2 (Porosxun u ap., 2014).

The primary tectonic structure associated with
this process is the Main Caucasus Thrust character-
ized by northward dip. Around 1.5 million years ago,
deformation began to spread to the Kur foreland fold-
thrust belt, which experiences shortening at a rate of
6.7-13.6 mm/yr as determined from reconstructed
balanced cross-sections (Forte et al., 2015; Kangarli
et al., 2018), and through GNSS measurements,
which show a rate of around 10 mm/yr in the Kur
Basin (Reilinger et al., 2006; Yetirmishli et al., 2022).

The Kur fold-thrust belt stretches from west to east
for about 275 km, from the vicinity of Thilisi in Georgia
to the Shamakhi area in Azerbaijan. Its structure consists
of a series of overlapping thrusts, the number of which
varies from one to four depending on the section of the
belt. Despite the fact that no earthquake with M>7.0 has
been recorded in the southeastern part of the Greater
Caucasus during the instrumental period, the region has
experienced numerous destructive earthquakes in the
pre-instrumental period. The region is known for its his-
torical earthquakes, the most destructive of which were
the events of 1139, 1668, and a series of earthquakes
between 1828 and 1902 (Ismail-Zadeh et al., 2022;
Pierce et al., 2024). The widely felt earthquakes of 1668
and 1902 devastated the medieval capital of Shamakhi
(Fig. 3b), while moderate (M ~ 6) events in 1828, 1859,
1869, and 1872 caused serious damage to the city. The
1859 event claimed 100 lives and destroyed 741
buildings prompting the capital to move from Shama-
khi to Baku. The 1872 event claimed 118 lives and
destroyed all but 20 buildings (ILlebamun, 1982). The
1902 event claimed 2,000 lives and destroyed 4,000
homes. In Fig. 3a, we have transformed the isoseists
for the Shamakhi earthquakes of 1828-1902, initially
recorded on the intensity scale developed by Weber.
Weber (1903) constructed isoseists for the 1902
earthquake using observations from 120 villages
throughout the region (Pierce et al., 2024).
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Fig. 3. MMI scale isoseismals of the 1828-1902 yy. Shamakhi earthquakes adapted from the original intensity scale (a) and destruc-
tion after the Shamakhi earthquake of 1902 developed by Weber (1903)

These isoseismal maps suggest that the epicen-
ter was located near Shamakhi and that the rupture
that occurred follows the general trend of the Kur
thrust. Our paleoseismic trenching results from
Aghsu indicate two surface-rupturing events since
the early 18th century (1713-1895 and 1872-2003).
The more recent of these rupturing events could be
the surface rupture of the 1902 Shamakhi earth-
guake, while the penultimate event may correspond
to the 1668 earthquake if we disregard two radiocar-
bon dates. Modern Shamakhi located just 18 km
northeast on the hanging wall of the Aghsu basin
would have experienced intense ground shaking if
the northeast fault rupture occurred, so the destruc-
tion recorded during these events aligns with our
paleoseismic results (Pierce et al., 2024).

According to the research by Jackson and Am-
braseys (1997), historical seismicity data over the
last 400 years account for only about 25% of the
total crustal shortening in the Caucasus region. This
presents significant challenges in estimating the
seismic potential of the region, as it remains un-
clear whether the lack of major earthquakes west of
Shamakhi is due to insufficient historical records,
aseismic processes such as fault creep, or the buil-
dup of unresolved tectonic stresses within the fold
and thrust system.

2. Methodology

The study employed advanced technologies, in-
cluding satellite imagery, drone modeling, GNSS
technologies, seismic positioning, and paleoseismic
trenching. Faults were remotely mapped using
Google Earth and elevation models derived from
Sentinel satellite stereo images (Smith, Johnson,
2022) before fieldwork conducted from 2020 to
2022. Field surveys included vehicle and on-foot
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exploration of fault sections as shown in Fig. 4. Key
sections were carefully examined using photogram-
metry, where images were captured with a Teokit-
equipped DJI Phantom 4 Pro v2 drone (Pierce,
Koehler, 2023). Teokit is a differential GPS system
(dGPS) used for accurately geolocating the images,
which were corrected then using the Post-Processing
Kinematic (PPK) method via the Emlid Reach RS2
dGPS base station (Zhang et al., 2019).

The captured photographs were processed using
Agisoft Metashape software to generate digital eleva-
tion models (DEMSs) and orthomosaic images with a
resolution of 6-10 cm/pixel and 3-5 cm/pixel, respec-
tively. Two paleoseismic trenches were excavated
across mapped faults, which were then cleaned, grid-
ded, and documented (Fig. 4) (Pierce et al., 2022,
2023). Documentation was based on 3D models cre-
ated using Structure-from-Motion (SfM) from photo-
graphs taken with Samsung Galaxy S20 Ultra (2022)
and Pixel 7 Pro (2023) smartphones. These models
were precisely adjusted, oriented, and scaled using
reference points from LiDAR scans of the trench
walls performed with an iPad. Before generating and
exporting 2D orthomosaic images, this process yield-
ed 2D images of the trench walls with centimeter-
level geometric accuracy (Pierce et al., 2024).

Layers and faults were then drawn on these 2D
images using an iPad. The units and faults were sep-
arated and described following standard paleoseis-
mic methods (McCalpin, 2009), including sedimen-
tary facies, cross-cutting relationships, and soil de-
velopment. Samples of charcoal, plant material,
bones, and soil were documented in trench logs, col-
lected, processed, and then analyzed at the Beta An-
alytic laboratory in Miami, Florida. They were cali-
brated using OxCal v4.4 (Bronk, Ramsey, 1995)
with the IntCal20 calibration curve.
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Fig. 4. Tectonic map of the southeastern part of the Greater Caucasus, paleoseismic trenches in the Aghsu and Goy-
chay areas, and epicenters of major (M>5.0) historical earthquakes occurring between 1669 and 1956

2.1. Formation of covers in the
Shamakhi-Gobustan trough

The study used advanced technologies including
satellite imagery, drone modeling, GNSS technolo-
gies, seismic positioning and paleoseismic excava-
tions. Horizontal movements at a rate of 10 mm/yr
between the Arabian and Eurasian plates are mainly
provided by the Main Caucasus fold-and-thrust belt,
which extends between central Azerbaijan and
Georgia along the southern front of the Greater Cau-
casus (45-48°E) (Pierce et al., 2022, 2023). In the
southern foothills of the Greater Caucasus most fold-
and-thrust faults arose under compressional condi-

H(km)

Shamakhi

tions resulting in southerly and, occasionally,
southwesterly displacements of the massifs. These
faults are clearly visible on the seismic tomograph-
ic profile constructed from earthquake traveltime
data for the period 2017-2023. The construction
method is described (Gunnels et al., 2021,
Kazimova, 2020) (Fig. 5). The modern structure of
these dislocations consists of local folds, which are
complicated by faults. In the Shamakhi-Gobustan
trough, a large Perikyushkul-Baskal nappe stands
out, which continues west almost to the Geychay
River valley. Here, the displacement amplitude of
the allochthonous part of the nappe is 20-25 km.

Agsu Trench

, Z D(km)
40 < 60SW M.

Fig. 5. Seismic tomographic section along profile 1-1 across the strike of the thrust structure in the NE-SW direction
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In some places, the thrust plate overlaps the Mi-
ocene layers indicating active compressive stresses
in the neotectonic period. Clayey rocks in the Upper
Miocene were subjected to intense deformation and
have many cracks. Similar stresses are observed in
other local structures of Central Gobustan.

Thus, compression in the mountainous region of
the Greater Caucasus is the main cause of horizontal
movements in the above-mentioned structural ele-
ments: Gobustan, Ajinour and the Kur interfluve. It
is also important to note the significant influence of
the Ganykh-Ayrichay-Alat deep fault, which showed
high activity in late orogenic tectonic processes.
There is a high probability that the geodynamic im-
pact of this fault contributed to the formation of rup-
ture and fold dislocations in the Ajinour and Go-
bustan zones. If the current geological processes
continue, it can be assumed that the young folded
zones of the Kur-Ajinohur interfluve, as well as the
Shamakhi-Gobustan trough are at the initial stage of
the formation of the future orogen. Currently, the
foothills of the southern clone of the Greater Cauca-
sus are rising at a rate of 2-3 mm per year. Based on
these observations, it can be concluded that the foot-
hill zone is already beginning to form as an extended
pile, which indicates the further development of late-
orogen processes.

2.2. Space geodesy data (GNSS)

Based on the GNSS space geodesy data of the
RSSC and seismological data, the current geodynam-
ic conditions in the territory of Azerbaijan for 2014-
2024 were analyzed. The data were taken from
Yetirmishli et al. works (2022; 2023; 2024). One of
the most noticeable features of the horizontal move-
ment velocity field is the decrease in the velocity val-
ues perpendicular to the direction of the Greater Cau-
casus strike from south to north. The velocity field

Q GPS Velocities
i 20 mavyr
95% confidence

% 47 48 a9 50 5t

clearly illustrates the movement of the Earth's surface
in the N-NE direction. (Fig. 6) This phenomenon re-
flects the process of successive accumulation of elas-
tic deformations in the zone of subduction interaction
of the structures of the northern side of the South
Caucasian microplate with the accretionary prism of
the Greater Caucasus. In addition, within the Middle
Kur Depression and the Lesser Caucasus, a tendency
toward horizontal displacement is observed, which is
expressed in an increase in the velocity of movement
from west to east along the continuation of the ridge.
It has been established that on the Absheron Peninsu-
la the Earth's crust is contracting at a rate of ~5
mm/yr. Earthquakes that occurred during this period
are localized in the zones of the transition gradient
from maximum to minimum velocities. These are
mainly the Ismailly, Shamakhi, Aghdam and Shamkir
regions. In this zone, a change in the magnitude of the
GNSS velocity vectors is observed, which can be ex-
plained by the main reason for the accumulation of
stress.

The maximum values of horizontal velocities
were recorded at the stations of Aghdam, Lerik,
Lankaran, Jalilabad, Fizuli, and Saatly with an aver-
age speed across the republic of 7.3 mm/yr. In 2021,
the average speed across the entire territory of the
republic was 7.6 mm/yr. The highest speeds were
noted at the stations of Yardimli (12.2 mm/yr), Lan-
karan (13.1 mm/yr), and Saatly (12.3 mm/yr).

Along the Kur Depression (from the Middle
Kur Depression to the Lower Kur Depression, i.e.,
from NW to SE), there is a gradual increase in hori-
zontal movement speed from 7.3 to 11.3 mml/yr,
which characterizes a state of compression. The aver-
age speed of the mega-zone on the southern slope of
the Greater Caucasus ranges from 4.2 to 5.4 mm/yr.
The Middle Kur mega-zone is characterized by
speed of 8.85 mm/yr.

V(mm/yr)

Fig. 6. Overview map of (a) Azerbaijan showing GNSS velocities relative to stable Eurasia (Kadirov et al., 2024), faults from the
Active Faults of Eurasia Database, and focal mechanisms of earthquakes from the database of RSSC (Compiled by Kazimova), b)
map of horizontal movement velocity distribution based on GNSS station data from the RSSC (Compiled by Kazimov)
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3. Paleoseismic Trenches in Aghsu

The Kur thrust located immediately next to
Aghsu runs along the front of the Greater Caucasus
range. In this area, the active fault has created an
uplifted bench approximately 50 meters high tilting
back towards the northeast with a distinct fold at its
crest. About 2.5 km east of Aghsu, a small alluvial
valley cuts through this bench, where a stream has
incised perpendicularly to the fault trace. Within this
valley, two low terraces have formed T1, the lower
terrace, and T2, which is elevated by about 1 meter.
These terraces have smooth, flat surfaces and can be
continuously traced upstream for approximately 300
meters from the valley mouth (Fig. 7).

At the entrance to the valley, both terraces ex-
hibit vertical displacement marked by fault scarps
approximately 2 meters in height. Along the western
edge of the valley, a minor stream has deeply eroded
the T1 terrace. A hillshade image obtained from
drone data reveals signs of human alteration on the
scarp of the T2 terrace; however, the T1 terrace
shows no such modifications on either side of the
fault allowing for clear correlation. A paleoseismic
trench was dug across the 2-meter-high scarp inter-
secting the T1 terrace within this alluvial valley.

3.1. Stratigraphic and Structural Analysis of

the Aghsu Trench Exposure

The length of the trench that was excavated in
the Aghsu region was 22 meters, and the depth was
5 meters (Fig. 8). The eastern trench wall was me-
ticulously documented through detailed logging and
photography. The excavation exposed a sequence of
clay, alluvial, and colluvial deposits that have been
disrupted by a low-angle fault (FO), which branches
into multiple splays (F1-F4) as it extends upward.

The lowest stratigraphic layer, U1, consists of a col-
luvial deposit with a mixture of rounded cobbles and
gravel embedded in a silty-sandy matrix.

Overlying U1 is U2, a fluvial deposit that thick-
ens southward, comprising well-sorted, grain-
supported sands, gravels, and rounded cobbles. The
contact zone where U2 overlaps U1, marked in gray
consists of fine-grained sediments potentially repre-
senting a paleosol. At the top of U2, a distinct ~40
cm thick, light-colored paleosol is visible extending
across the southern part of the trench. In the hanging
wall, U3 is a 1.5-meter-thick, laminated clay layer
that fractures into prismatic blocks and shows signif-
icant shearing near the fault zone. Above this, U4
consists of finely laminated clays, silts, and sands.
Units U4 and U5 are exclusive to the hanging wall
with U5 containing laminated silts, sands, a thin
cobble layer, and traces of modern plastic debris in
its upper 20-30 cm.

Above U2 lies W1, a colluvial deposit composed
of a poorly sorted mixture of small boulders, cobbles,
and gravels within a fine-grained matrix. A ~20 cm
thick light-colored paleosol caps W1, which is thick-
est near the fault scarp and gradually thins southward.
Overlying W1 is W2, another colluvial deposit made
up of angular clay blocks within a fine-grained matrix
with sparse pebble inclusions. A nearly horizontal
fault (FO) cuts across the trench branching into four
distinct faults (F1-F4) in the hanging wall. F4 forms a
shear zone within U3, while F3 and F2 enclose a
shear band composed of Ul material, indicated by
aligned cobbles and pebbles. F1 displaces the paleo-
sol at the top of U2. The hanging wall units (U1-U4)
show clear folding, whereas U2 in the footwall re-
mains largely undisturbed.

Fig. 7. Paleoseismological investigations of a trench excavated in 2022 in the Aghsu area
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Fig. 8. Geological section of the Aghsu trench. The ages provided are modeled as outlined in the text. Evidence of
two events is mainly inferred from the colluvial wedge stratigraphy on the footwall (W1 and W2) (Pierce et al., 2024)

The stratigraphy observed in the southern sec-
tion of the trench reveals evidence of two distinct
faulting events indicated by the presence of two col-
luvial wedges (W1 and W2) overlying the undis-
turbed fluvial deposits of unit U2 (Fig. 4). A recon-
struction model of fault displacement is illustrated in
Fig. 9. The earlier of these events (E1) led to the
formation of the W1 colluvial wedge, which consists
of an unsorted mixture of cobbles and gravels cover-
ing the paleosol that had developed atop the U2 flu-
vial sediments. Over time, a thin layer of fine-
grained soil accumulated on the surface of W1. The
more recent seismic event (E2) resulted in the depo-
sition of the W2 colluvial wedge, primarily com-
posed of angular clay blocks derived from U3. This
wedge subsequently buried the thin soil layer that
had formed on top of W1.

The contrast between the two colluvial wedges
is highly pronounced. During the penultimate E1
event, the FO, F1, and F2 faults ruptured through the
U1 colluvial layer and the upper portion of the U2
alluvial deposit at the base of the northern section of
the trench following a sub-horizontal fault plane
(Fig. 9). As FO branched into F1 and F2, it caused a
sharp fold in segments of U2 and the U1 colluvium,
which subsequently collapsed, giving rise to the E1
wedge. The thick clay layer, U3 was deposited be-
fore the E1 event and may have accumulated behind
a fold in U1, possibly formed by an earlier rupture
along a different fault strand. However, as this
strand is not visible in the trench exposure, this in-
terpretation remains uncertain. In this scenario, U3
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would have initially covered and laterally bordered
U1 before the E1 rupture occurred.

Time 4
Post E2 (Today)

Time 3
Post-E1

Time 2
Post-E1

U1, Uz, U3 faulted, W1 wedge deposited, U1 & U2 are folded

E1(16687)

Time 1
Pre-E1

U3 abuts U1, possibly deposited in pre-existing fold in U1,
U2 deposited onlapping against scarp

Fig. 9. Reverse-slip reconstruction of the Aghsu trench. The col-
ors and symbols correspond to those used in Fig. 4. The most
distinct evidence of seismic events is found in the colluvial wedge
stratigraphy (W1 & W2) within the footwall (Pierce et al., 2024)

During the E1 rupture, the Ul unit was dis-
placed into the near-surface fault zone along the
nearly horizontal FO fault. It is possible that the ex-
treme flatness of FO in this exposure is partly due to
the trench’s oblique orientation relative to the fault.
Additionally, the U3 clay unit, being significantly
more rigid than the U1 colluvial deposit may have
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influenced fault propagation, as the fault exploited
this contrast in material strength. Initially, U3, which
both capped and laterally bordered U1 remained un-
affected by the surface rupture. It was only after fur-
ther slip accumulation during the subsequent E2
event that U3 was incorporated into the fault zone.

Following the E1 rupture, fine-grained sediments
of U4 were deposited atop U3 within the hanging
wall accumulating behind the fold generated by the
E1 event. By restoring the displacement of U1 along
faults F1 and F2, a minimum of 6.6 meters of slip is
estimated for the E1 rupture. During the more recent
E2 event, fault FO was reactivated, and fault F3 also
ruptured at the base of U3 further folding U3 and U4
into a pronounced fold-scarp. This event resulted in
the formation of a new colluvial wedge (W2). Similar
to U4, U5 represents growth strata that accumulated
behind the fold on the hanging wall. At least 3.5 me-
ters of slip was necessary to thrust U3 over the crest
of the fold in U1. However, due to the intense shear-
ing of U1 and U3 within the fault zone, there is sig-
nificant uncertainty in these displacement estimates.

The trench stratigraphy and reconstruction (Fig.
9) illustrate how shallow folding during surface-
rupturing earthquakes contributes to the formation of
growth strata on both the hanging wall and footwall
of a thrust fault. This finding underscores the limita-
tions of scarp diffusion modeling when applied
without subsurface data and highlights the need for
caution when estimating the age of thrust fault
scarps based solely on surface observations.

3.2. Aghsu 14C Geochronology
The 14 radiocarbon sample locations from the
Aghsu trench are plotted on Fig. 8. Table 1 shows

the samples of charcoal, plant material, bone and
soil that were documented in trench logs, processed
and then analyzed at Beta Analytic in Miami, Flori-
da. These samples, as noted above were calibrated
using OxCal v4.4 (Bronk, Ramsey, 1995) with the
IntCal20 calibration curve (Pierce et al., 2024).

Specimens — labeled R5, R7, R10, and R33 — were
found to be contemporary plant remains. These were
subsequently disregarded for further study. Specimen
R18, identified as a plastic candy wrapper from the
late 1990s is estimated to originate from around AD
1995 + 5 and has been designated as the upper chrono-
logical marker for the stratigraphic sequence.

Samples R25 and R26 consisting of carbon
from bulk sediment are considered less trustworthy
than isolated charcoal fragments due to their tenden-
cy to show wide age discrepancies — sometimes
spanning millennia — within a single horizon (e.g.,
Griitzner et al., 2016). Specimen R22 retrieved from
the faulted area (Unit U1) was a sizable piece of ny-
lon cloth. Given nylon’s invention in the mid-20th
century, its presence at this depth suggests dis-
placement by burrowing fauna, especially since oth-
er samples from Unit U1 date to the medieval period
(R26: AD 1028-1171; R29: AD 1669-1859).

The trench’s distinct layering combined with the
scarcity of modern artifacts at deeper levels and an
increased presence of plastics near the surface, dis-
counts the possibility of extensive mixing across the
profile. The usable age estimates were fed into an
OxCal chronological model (Fig. 10) producing re-
sults that establish the timing of two ground-
rupturing episodes: E1 is dated to AD 1713-1895,
and E2 to AD 1872-2003, each within 95.4% confi-
dence limits.

Table 1
Radiocarbon Sample Data from Aghsu trench
i b
Sgg;ﬂe Location | Unit | Lat(°) | Lon(°) | Sample material® ca?l?grlloage Caéi?g%ei?bn%qtiéﬁD r(r?ggeal‘:adv:; P::ge:;rr;wg: 813C (%)
(BP) (AD.95.4%) (pMC)

R1 Aghsu T1| U4 | 40.572 | 48.427 |Charcoal -20+£30 1954-1957 (60.9%) | 1811-1917 100.25+0.37 -27.0
R5 Aghsu T1| U4 | 40.572 | 48.427 |Plant material -2.08+30 | 1978-1979 (89.3%) - 129.55+0.48 -24.8
R6 Aghsu T1| U4 | 40.572 | 48.427 |Charcoal 190+30 1724-1812 (52.0%) | 1739-1948 97.66+£0.36 -24.9
R7 Aghsu T1| U5 | 40.572 | 48.427 |Plant material -770+£30 1996-2000 (92.9%) - 110.06£0.41 -28.0
R10 Aghsu T1| U2 | 40.572 | 48.427 |Plant material 3.41+£30 1967-1971 (93.2%) - 152.88+0.57 -25.8
R11 Aghsu T1| U2 | 40.572 | 48.427 |Plant material 1240430 758-880 (55.8%) 695-887 85.7+0.32 -26.3
R18 Aghsu T1| U5 | 40.572 | 48.427 |Plastic candy wrapper - - 1985-2006 - -
R24 Aghsu T1| U2 | 40.572 | 48.427 |Charcoal 70+£30 1810-1919 (68.7%) | 1683-1853 99.13+0.37 -23.5
R25 AghsuT1| U2 | 40.572 | 48.427 |Organic Sediment® 1160+£30 820-978 (83.9%) 774-979 86.55+0.32
R26 Aghsu T1| U1l | 40.572 | 48.427 |Organic 940+30 1028-1172 (95.4%) | 1028-1171 88.96+0.33 -26.2
R29 Aghsu T1| U1l | 40.572 | 48.427 |Charcoal 120+30 1799-1940 (67.2%) | 1669-1859 98.52+0.37 -26.3
R31 Aghsu T1| U3 | 40.572 | 48.427 |Charcoal 690+30 1272-1317 (65.5%) | 1271-1389 91.77+0.34 -25.4
R33 Aghsu T1| W2 | 40.572 | 48.427 |Plant Medical -150+30 | 1954-1956 (95.4%) - 101.88+0.38 -29.0
R35 AsuTl | W2 | 40.572 | 48.427 |Charcoal 160£30 1719-1786 (31.6) 1741-1948 98.03+0.37 -25.6
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Fig. 10. The radiocarbon data with event timing from the Aghsu trench to establish a chronology.
The timeframes for events E1 and E2 are defined as AD 1713-1895 and AD 1872-2003, respec-
tively. The resulting probability density functions (PDFs) are depicted in dark gray, while the unad-
justed calibrated age ranges are shown in light gray (Pierce et al., 2024)

3.3. Paleoseismic Trenches in Goychay

The Goychay trench measured 19 meters in
length and 4 meters in depth. About 55 km west of
Aghsu, in Goychay, the Kur thrust intersects the
Goy River, creating a series of uplifted river terraces
and heavily folded Pleistocene sediments. Upstream
from this fault intersection, the Goy River flows
through a broad valley with a very shallow structure.
Near Goychay, the Kur thrust forms a 500 m high
rangefront fold scarp, consisting of Unit 1 (2.2-0.88
Ma) from Forte et al. (2013) (Fig. 4). Around 5 km
west of Goychay, a relatively young fault scarp is
intermittently traceable over approximately 1 km.
Here, a series of small uplifted hills in front of the
main rangefront display a flattening near their lead-
ing edge, which we interpret as evidence of back-
tilting and active folding. Additionally, a distinct
~1-meter-high south-facing fault scarp cutting
across an alluvial fan forms a small terrace situated
in a drainage channel between these hills (Fig. 11).
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A survey of the area reveals that it is entirely made
up of fine-grained sediments, primarily silty and clay-
rich, which have weathered into a “badlands” land-
scape. The site has been heavily altered by human
activities with a concrete foundation for a building
located directly next to the trench site, downhill.

3.4. Stratigraphy in the Goychay Trench

We did not log the eastern side of the trench
because this was benched for trench safety due to the
depth of the trench (Fig. 12) although we undertook
visual comparisons to track units across the trench.
The trench revealed a sequence of mostly fine-
grained silty/clayey deposits along with several in-
filled anthropogenic canals, extensive charcoal and
pottery layers, and some small lenses comprised of
fine gravels and sand. Two low angle north-dipping
faults (F1 and F2) displace units within the trench.
Most of the unit contacts in the trench are gradation-
al and/or wavy.
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Fig. 11. The location of the Goychay trench on the relief, according to Pleiades satellite images and the topographic profile along the

route of the trench (Pierce et al., 2024)
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Fig. 12. Geological section of the Goychay trench. The ages provided are modeled ages. We interpret the evidence of a single event
based on the capping of a distinct fault, marked by a narrow light gray horizon at the top of U1 (Pierce et al., 2024)

The trench exposed a sequence of predominantly
fine-grained silty and clayey deposits along with sev-
eral anthropogenic canals, layers of charcoal, pottery,
and small lenses of fine gravels and sand. Two low-
angle, north-dipping faults (F1 and F2) displace the
units within the trench. Most unit boundaries are ei-

ther gradational or undulating. The oldest layer in the
trench, Unit 1 (Ul) is a weakly laminated, fine-
grained, clay-rich layer found in both the hanging
wall and footwall of F1, and only in the hanging wall
of F2. The upper portion of Ul contains a 5-10 cm
thick, wavy grey marker horizon that clearly shows
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disruption across the faults, with upward warping in
the hanging walls of both faults. Above Ul is U2, a
slightly coarser and more stratified layer, which spans
the entire trench exposure. While U2 is about 1 meter
thick in the hanging wall of F2, it reaches about 2 me-
ters thick in the footwall of F2. The hanging wall of
F2 contains a single 20 cm diameter rounded cobble
and several discontinuous silty/sandy laminae with a
predominantly clayey matrix. In the footwall of F2,
U2 contains several 10-20 cm thick sand and fine
gravel lenses, in contrast to U1, which lacks such
coarser sediment lenses. The upper portion of U2 in
this area includes numerous scattered rounded cob-
bles up to 20 cm in diameter.

Overlying U2 in the footwalls of both F1 and F2
is U3, a fine-grained massive layer made primarily of
silt and clay. Above U3 in the hanging wall of F2 and
capping F1 is U4 another fine-grained silty/clayey
layer, which thickens down-slope from F1. Above U4
is U5, which contains numerous 1-2 c¢cm charcoal
fragments and pottery shards. In the southernmost
part of the trench, U5 includes an infilled canal unit
containing mammal bone fragments and intact clay
pots consistent with similar radiocarbon ages. Above
U5 in the hanging wall of F2 lies U6, a thin layer with
few charcoal fragments but several beds of sand and
silt. Overlying U6 is U7, a layer that extends across
the entire trench and consists mostly of clays and silts,
forming a weak blocky structure. U7 also contains
dispersed charcoal. Toward the southern end of the
trench, near the base of the scarp, U8 consists of two
infilled canals with well-defined boundaries. The
lower canal is filled with cobbles at the base and
loose gray sand above. Plastic trash found near the
top of the higher canal suggests that it is of modern
age. The top layer, U9; consists of modern soil and
anthropogenic trash, and includes part of the concrete
building foundation located near the trench site.

3.5. Tectonic activity in the Goychay Trench:
Layer displacement and fault structures

Evidence for tectonic movement in the Goychay
Trough is particularly evident through the truncation
and offset of the light grey horizon that occurs at the
top of the U1 layer in the zone of two faults (F1 and
F2; Fig. 12). The older U1 block overlies the U2/U3
blocks. The light grey layer at the top of U1 is offset
by 90 cm across the upper F1 fault, which has a nor-
therly dip of 25°. This layer is not found in the foot-
wall of F2, which we interpret as its offset below the
trench level yielding a minimum offset estimate
along F2 of 3.2 m since the formation of the upper
Ul. Thus, the total offset of the upper Ul across
both F1 and F2 faults is at least 4.1 m. In the hang-
ing wall of both faults, this layer bends along the
fault remaining nearly horizontal in the footwall.
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Fault F1 is overlain by U4, which provides a clear
horizon for Event E1; establishing a time frame be-
tween deposition of U3 and U4. We cannot exclude
the possibility that Fault F2 may have been activated
by a later event (E2) that eroded all blocks U1 to U7,
which would postdate deposition of U7. Our field-
work revealed that irrigation canals are often built at
the foot of fault scarps suggesting that the U8 canals
were located near an active fault. However, excava-
tion of these canals makes it difficult to find clear
evidence for the second event. The contact offset
between U2 and U3 on Fault F2 is 1.7 m, which may
represent the total offset along this fault for both
Event E1 and potential E2 events. It should be noted
that since the U2 layer is present throughout the
length of the trench, we believe that during hanging
wall uplift along both faults, the larger sand and
gravel lenses found in the footwall of fault F2 were
eroded from the hanging wall.

3.6. Goychay 14C Geochronology

Thus, in the Goychay trench, a total of eight ra-
diocarbon samples were analyzed. Among them, six
were charcoals, one was an organic sediment
(GOY10), and one was a mammal bone (GOY5)
located in the southern section of U3. All dates fol-
lowed a clear stratigraphic sequence, with the excep-
tion of GOY®6, which was slightly younger than oth-
er samples from similar layers. The OxCal strati-
graphic model (Fig. 13) indicates that a distinct E1
event occurred between 334 and 118 BC.

4. Conclusions

The two recorded surface rupture events (1713-
1895 and 1872-2003) identified in the Aghsu trench
are likely linked to surface ruptures within the Kur
fold-and-thrust belt instigated by historical earth-
guakes in 1668 and 1902 that caused significant dam-
age to the city of Shamakhi, which was the capital of
Azerbaijan. Our reevaluation of the 1902 earth-
quake’s magnitude indicates it may have reached Mw
7.4 contrary to the earlier estimate of M 6.9. Research
on cultural heritage sites affected by the 1902 earth-
quake in the vicinity of Shamakhi, particularly in the
hanging wall of the Aghsu trench yields critical in-
sights for further archaeoseismic investigations.

Additionally, the second trench situated 60 km
west of Aghsu near Goychay provided evidence of a
surface rupture earthquake that occurred between
334 and 118 BCE along with indications of another
potential event in the last 2000 years. To validate
these findings more extensive fieldwork is essential,
which will assist in determining the potential lengths
of faults, accurately assessing the magnitudes of his-
torical earthquakes, and exploring the fault history in
other regions of the Kur fold-and-thrust belt.
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Fig. 13. Radiocarbon ages and event horizons from the Goychay trench. The E1 event is firmly dated between 334 and 118
BC with a potential subsequent event occurring within the last 2,000 years. The dark gray probability density functions
(PDFs) represent the sequence model results, while the light gray indicates the full calibrated age ranges (Pierce et al., 2024)

The observed shortening rates and the absence of
documented surface rupture events in the central and
western sections of the Kur fold-and-thrust belt since
1668 (or earlier) suggest that significant stress has
accumulated in the region. Given the historical record
of major earthquakes along this belt, we hypothesize
that this accumulated stress may be sufficient to ge-
nerate an earthquake exceeding magnitude 7.7. This
hypothesis aligns with previous geodetic and strati-
graphic studies, which indicate convergence rates of
6.7-13.6 mm/year (Kadirov et al., 2012). Our find-
ings reinforce the idea that the Kur fold-and-thrust
system plays a key role in accommodating the colli-
sion between the Arabian and Eurasian plates in the
eastern Greater Caucasus. Future studies involving
more extensive field investigations and fault length
assessments are necessary to further validate this hy-
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HAJEOCEMCMOJOTHMYECKHE UCCJEJOBAHUS B IIEACTOCEMCMHAYECKOM OBJIACTH
IMAMAXWHCKUX 3EMJIETPSICEHUI 1668 1 1902 rr.

IMupc U, Tyaues U.C.%, Erupmumuiu I'.JI:x.5, Kasumosa C.9.%, Yoaxkep P.,
Kaszumor U.2.3, Aoayuiaes H.P.%, l:xoncon B.}, Mapmama H.!
YOxcgopockuii ynusepcumem, Benukobpumanus
3 S apkce Poyo, Oxcgopo
2[Ipesuouym Hayuonanwvnoti akademuu nayk Asepbatioscana, Azepbaiioican
Va. Ucmuenanuiiam, 30, baxy, AZ1001
3Pecnybruxanckuii yenmp ceiicmopasseoxu Hayuonansnoti akademuu nayx Azepbaiioscana, Azepbaiioncan
123, npocn. I'ycevina /icasuoa, baxy, AZ1141

Peszrome. KaBka3ckuii perioH, pacroyioKeHHbIN Ha cThike EBpasuiickoil 1 ApaBUNCKON TEKTOHUYECKUX ILIMT, SIBJISETCSA BaXKHOM
30HOM [UISl TOHUMAHHS IIPOLIECCOB KOHTHHEHTANBHBIX CTOJKHOBEHUH M X BIUSHUS HAa CEHCMUYECKYIO aKTUBHOCTB. Llenbio paboTe
SIBIISIETCS aHAIN3 TEKTOHHYECKUX MPOIECCOB PErHoHa, CEHCMUYECKOH MCTOPUH M PHCKOB, CBA3aHHBIX C BO3MOKHBIMH CHJIBHBIMU
3eMIICTPACCHUSIMU. B mccnenoBanuy nCTIonb30BaHbl COBPEMEHHBIE METOIBI, BKITIOUAsl CIIyTHHKOBYIO CheMKy, JaHHbie GNSS, Moze-
JUPOBAaHUE C OMOLIBIO IPOHOB U MAlCOCEHCMUYECKOE 30HANpoBaHue. B meprox ¢ anpens mo mait 2022 roga KOMaH/a yUCHBIX H3
OxcdopACKOro yHUBEpPCUTETa COBMECTHO ¢ MOJIOIbIMH HccienoBarensiMu n3 PIICC mpoBena nepBrle MOJIEBbIe Te0JIOTHIECKHE HC-
CJIe/IOBaHMs, HAIIPABJICHHBIE HA H3YYEHHE MAJICOCEICMOIOTHH ¥ aKTHBHBIX TEKTOHHMYECKHX MpoleccoB B Azepbaiimkane. bsun mpo-
aHaIN3UPOBAHEI JiBe TpaHiier. OTHUM U3 KIIFOYEBBIX PE3YJIbTaTOB UCCIEIOBAHHS CTAJIO BHISBICHHE aKTUBHBIX PAa3JIOMOB, TAKHX KaK
paznoMm Arcy, ¥ oOHapyXeHHe CJIe/IOB MTOBEPXHOCTHBIX HAPYLICHHUH, CBSI3aHHBIX C HCTOPHYECKHMH 3eMileTpsiceHHsIMH. Bbuio oOHa-
PY’KEHO /1Ba 3aperHCTPUPOBAHHBIX COOBITHS caBHTa 1m0 MoBepxHOCTH (1713-1895 m 1872—-2003), BeposITHO, CBSI3aHBI C IOBEPXHOCT-
HBIMH CMEIICHHSIMH, BBI3BAHHBIMU UCTOPHYECKIMU 3eMiteTpsiceHusMH 1668 u 1902 ronoB, KOTOpBIe HAHECTH 3HAYUTENBHBIN yIIepo
ropoay lllemaxa. Ilo pe3ympraTam Hamreil mepeoneHKH MarHuTyAa 3emierpsicenns 1902 roga, ero BeIM4MHA MOTJIA JOCTHTaTh Mw
7.4, B TO BpeMs Kak paHee OHa olleHHBajach kak M 6.9. Kpome Toro, Bo BTOpOii TpaHIiiee, pacrojoXeHHOH B 60 KM K 3amaay ot
Arcy, Henaneko ot ropoja I'€iivaii, ObuIM MOTyYeHbI CBUAETENBCTBA MMOBEPXHOCTHOIO CABUTA, BBI3BAHHOTO 3€MIICTPSICEHUEM, IPO-
n3omeanuM Mexxay 334 u 118 rr. 10 H.9., a TakkKe yKa3aHus Ha elié OHO BO3MOXKHOE COObITHE, pou3omieuiee 3a nociaeanue 2000
ner. PaboTa moquepkuBaeT BaKHOCTh JaJbHEHIINX MOJICBBIX MCCISIOBAHUM 11 60Jiee TOYHOTO YTOYHEHHMS JUIMHBI Pa3IOMOB, OLCH-
KH MarHUTYJ] HCTOPHYECKHUX 3EMJIETPSCEHUH M YTOUHEHUsI KapT CEHCMUYECKHUX PUCKOB B PETHOHE.

Knrouesvie cnosa: naneoceiicuuyeckue mpanueu, semaempscenue 6 Lllemaxe 1902 200a, ckraduamo-naosueoguiii nosc Kyper,
CRYMHUKOBblE CHUMKU, MOOETUPOBAHUE C HOMOWbIO OPOHO8, MoOdenb nociedosamenvrhocmu OxCal, nosepxnocmuvie cosueu

1668-Cl VO 1902-Cl iLLORIN SAMAXI Z9LZ9LOLORININ PLEISTOSESMIK BOLGOSINDO
PALEOSEYSMOLOJI TODQIQATLAR

Pirs i.1, Quliyev i.S.2, Yetirmisli Q.C.3, Kazimova S.E.3, Uolker R.%,
Kazimov I.E.3, Abdullayev N.R.2, Conson B.1, Marsal N.!
YOksford Universiteti, Boyiik Britaniya
3 S Parks Road, Oksford
2Azarbaycan Milli EImlor Akademiyasimin Rayasat Heyati, Azarbaycan
Istiglaliyyat kii¢, 30, Baki, AZ1001
3Azarbaycan Milli Elmlor Akademiyasinin Seysmik Kasfiyyat Markazi, Azarbaycan
123, Hiiseyn Cavid prospekti, Baki, AZ1141

Xiilasa. Bu tadqiqat Boyiik Qafqaz regionunun geodinamik soraitinin tohlilins hasr olunmusdur. Diqqat tarixi seysmikliys, aktiv
qirtlmalara va galacakds bas vera bilacak seysmik hadisalara yonalmisdir. Avrasiya ve Orab tektonik plitalarinin qovsaginda yerlason
Qafqaz regionu qito toqqugmalarinin vo onlarin seysmik foalliga tosirinin dyronilmosi baximindan miihiim ohomiyyoto malikdir.
Orogen zonalar1 ilo bagli genis todqiqatlara baxmayaraq, Boylik Qafqaz kimi dag sistemlorinin morfoloji xiisusiyyatlori olave
aragdirma tolob edir. Todqiqatin mogsadi regiondak: tektonik proseslori, seysmik tarixi vo giiclii zolzololorlo baglt risklori tohlil
etmokdir. Todqiqat zaman1 peyk goriintiilori, GNSS molumatlari, dron vasitesilo modellosdirme vo paleoseysmik todqiqatlar daxil
olmaqla miiasir metodlardan istifado olunmugdur. 2022-ci ilin aprel-may aylarinda Oksford Universitetinin alimlori vo RSSX-don
olan gonc tadqiqatgilar Azorbaycanda paleoseysmologiya vo aktiv tektonik proseslorin Syronilmasina yonslmis ilk saho geoloji
tadqiqatlarii hoyata kegirmislor. Tki qazilmis xondok analiz olunmusdur. Dsas naticalorden biri Agsu qirilmast kimi aktiv qirilma-
larin miioyyan olunmasi vo tarixi zelzalolorlo alagali sothi qirilma izlorinin askarlanmasi olmusdur. Iki sothi qirilma hadisosi (1713—
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1895 vo 1872-2003) qeydo alinmigdir vo bunlar ¢ox giiman ki, 1668 vo 1902-ci illordo bas vermis; Samaxi gohoring ciddi ziyan
vurmus zalzalslorle slagoelidir. 1902-ci il zslzslesinin yeniden giymatlondirilmasi naticesinde onun maqgnitudasinin avvalki M=6.9
dayari ilo miigayisado Mw=7.4-0 qadar cata bilocoyi miiayyon edilmisdir. Bundan slavs, Agsu soharindon 60 km garbds, Goycay
yaxmliginda yerlason ikinci xondokdo eramizdan ovval 334-118-ci illor arasinda bas vermis sathi qirilma zslzalssinin siibutlari,
hamginin son 2000 il arzinds bas vermis ola bilocok bagqa bir hadisonin slamatlori miioyyen edilmisdir. Bu todqiqat regionda faylarin
uzunlugunu daqiqlosdirmak, tarixi zslzalolarin magnitudasini giymatlondirmak va seysmik risk xaritolarinin deqiqlogdirilmesi iigiin
golacak saha todqiqatlarinin vacibliyini vurgulayir.

Agar séozlar: paleoseysmik xondaklor, 1902 Samaxi zalzalasi, Kiir tistagalma-sixilma zolagi, peyk goriintiilari, dron modellasdiril-
masi, OxCal ardicilliq modeli, sathi qirilma
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Summary. The paper discusses the application of artificial intelligence (Al) methods to address
challenges in lithofacies mapping and the assessment of reservoir properties. The choice of an Al
method depends on the nature of the data, objectives of the study (such as classification, regression,
clustering, or image segmentation), and requirements on the final interpretation and modeling re-
sults. An analysis of various machine learning (ML) algorithms including the support vector ma-
chine (SVM), random forest (RF), neural networks, etc. were conducted. Evaluated effectiveness
of each method was evaluated on the basis of open-source data and geological datasets. Ad-
vantages and disadvantages of these methods were analyzed and factors influencing on the selec-
tion of an appropriate Al method were identified. Classification of geological problems and corre-
sponding Al methods, encompassing SVM, RF, linear and polynomial regression, k-means cluster-
ing, hierarchical clustering, and convolutional neural networks (CNN) were presented. The article
also introduces open-source ML platforms such as TensorFlow, PyTorch, and Keras along with
factors influencing on the selection of the optimal Al method for lithofacies analysis and reservoir
property assessment. Recommendations to select the most suitable Al methods for specific objec-
tives were provided. The importance of data volume and quality in selection of Al method and pre-
vention of model overfitting was emphasized.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

In modern petroleum geology, where data vo-
lume increases exponentially, artificial intelligence
(Al) becomes an essential tool to solve complex
problems. Traditional methods based on the interpre-
tation and modeling of field and well geophysical
data, as well as laboratory studies of core, cuttings,
and fluid properties are usually labor-intensive,
time-consuming, subjective, and limited in their
ability to process massive data.

The labor intensity and time consumption are de-
termined by: a) the level of professional expertise of
specialists, the availability of equipment, methodolog-
ical complexes, and software; b) insufficient flexibil-
ity of workflows; c) the necessity to write additional
scripts for software to optimize the process.

Subjective limitations are determined by: a)
overestimated expectations from clients and/or in-
sufficient competence of the performers; b) the need
to configure machine learning (ML) based on the
results of "expert" training. The system will not cre-
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ate something entirely new; it will attempt to repli-
cate the expert's solution. This is relevant while con-
sidering the specifics of commercial software.

Limited capabilities to process big data sets ad-
dressed as positive ML use cases emerge. The ad-
vanced software already incorporates «Python» as
one of the programming modules/languages, which
has significantly expanded their capabilities.

According to the Technological Research of
KPMG (2025), Al in Central Asia and the Caucasus
is not yet a priority technology for most companies.
Only 17% of organizations actively use Al, while
29% face insufficient management support and in-
vestment constraints, which hinders its implementa-
tion.

Moreover, only 44% of companies in Central
Asia and the Caucasus plan to implement Al for au-
tomating routine targets and improving employee
productivity. This indicates a growing interest in
using Al as a tool for optimizing operational pro-
cesses and reducing costs. Additionally, 36% of or-
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ganizations aim to apply Al for developing new
products and services highlighting its role in main-
taining competitive advantage and stimulating inno-
vation (KPMG, Caucasus and Central Asia, 2025).

In this context, increasing attention was paid to
the application of Al methods, which have the abil-
ity to rapidly process big data and identify patterns
opening new opportunities for more accurate, effi-
cient, and objective forecasting of oil and gas poten-
tial in exploration targets. Of particular relevance is
the use of Al to solve objectives related to lithofa-
cies mapping and the assessment of reservoir proper-
ties, which play a key role in success of geological
exploration in any oil and gas prospective region.

Therefore, the goal of this study was to analyze
and determine the capabilities of Al methods for
solving lithofacies mapping and reservoir property
assessment targets, with a focus on their practical
application based on a comprehensive analysis of
available archival and published data and require-
ments for the results.

An important role in this process was played by
the analysis and selection of optimal Al methods
depending on specific targets and data characteris-
tics. Significant attention was given to the correct-
ness of the initial data, the algorithms of their prepa-
ration, and the configuration of models. This is par-
ticularly relevant since not all objectives have been
fully resolved, especially when it comes to deep con-
volutional networks. To overcome the identified chal-
lenges, it recommended to empirically assembling
such networks to address the following objectives:

o Review of existing Al methods applied in pe-
troleum geology for lithofacies mapping and
the assessment of reservoir properties.

o Classification of Al methods based on the types
of objectives to solve and their functionality.

o Determination of criteria to select the optimal
Al method depending on the nature of the data,
research objectives, available resources, and
requirements for the interpretability of results.

o Analysis of examples of successful applica-
tions of Al methods in oil and gas industry.

2. Research methods and data

The modern world of Al in petroleum geology
characterized by openness and active exchange of
ideas. There are numerous open-source ML platforms
to create Al systems, such as TensorFlow, PyTorch,
Keras, MxNet, CNTK, Caffe, Paddle, Scikit-learn,
and Weka, which significantly simplify and accelerate
the process of interpretation and modeling geological,
geophysical, and field data (Ng, 2023).

For example, Keras is a software interface or li-
brary that allows building deep networks and simpli-
fies working with the core functions of TensorFlow

making them more user-friendly and accessible. It
provides high-level abstractions, automates routine
processes, and reduces the complexity of writing
code while retaining the full power and flexibility of
the original framework (Keras.io/).

Scikit-learn is a library for data processing. It
can solve most objectives in conjunction with Pan-
das. Pandas is a Python software library for data
processing and analysis (Scikit-learn official docu-
mentation).

In addition to ML, there are nonlinear neural
networks that enable inverse-predictive modeling
during the integrated interpretation of seismic, drill-
ing, and other data. In such cases, big data allow the
use of more complex algorithms, which require a
significant number of examples of training.

In these scenarios, it is crucial to consider the
issue of model overfitting, a common problem in
ML where the model "memorizes" the training data
too well, including noise and random deviations,
instead of identifying general patterns in the real
geological environment. As a result, such a model
performs excellently on the training dataset but
poorly on new data (Easyoffer.ru/question/5440).

Combating overfitting is a classic step in tuning
ML algorithms. Through a Pipeline (an automated
data processing workflow that includes collection,
cleaning, transformation, model training, and result
evaluation), the data samples obtained after the ana-
Iytical stage are divided into tuning and blind test
sets. The tuning dataset were divided for internal
cross-validation. This helps prevent overfitting, as
only the parameters that yield the best results ac-
cording to the search metric are selected during the
model tuning phase; discarding the overfitting stage.

The problem of model overfitting due to insuf-
ficient data (Easyoffer.ru/question/5440) can also be
addressed by applying regularization methods, such
as ridge regression. Regularization introduces a pen-
alty term into the loss function of the model reduc-
ing its tendency to overfit. Essentially, ridge regres-
sion implements L2-regularization. This penalty
term limits the magnitude of the model's parameters
by minimizing their squared values, thereby redu-
cing model complexity and enhancing its generaliza-
tion ability (Hastie et al., 2009). This approach be-
comes particularly important in situations with li-
mited data availability, which is typical for many
studies where the existing information is often insuf-
ficient to build reliable models

In addition to traditional neural networks, a new
type of neural network based on the Kolmogorov-
Arnold mathematical theorem (Kolmogorov-Arnold
network — KAN) for representing multivariate func-
tions gains popularity. According to this theorem,
any continuous function of several variables can rep-
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resent as a superposition (composition) of continu-
ous functions of one variable followed by an addi-
tion operation (Simplified explanation of the new
Kolmogorov-Arnold network from MIT, 2024).

Due to the improved approximation and inter-
pretability, KAN can be used for: a) building models
that classify lithofacies and reservoir properties
based on well logging and seismic data; b) identify-
ing complex relationships between geophysical pa-
rameters and lithofacies types.

At the same time, the choice of the optimal Al
method or methods for lithofacies analysis and the
assessment of reservoir properties determined by a
combination of factors related to the nature of the
data, research objectives, available resources, and
interpretation requirements.

Data presented as numerical arrays (e.g., well
logging values, results of core and thin section la-
boratory analyses, seismic data, electrical, gravity,
and magnetic survey data) play a key role in selec-
tion of the Al method.

The methodology of the conducted research in-
volves the analysis and selection of Al methods
based on the following factors:

¢ Nature of the data (type, volume, quality).

o Research objectives (classification, regression,
clustering, image segmentation).

¢ Requirements for the interpretability of results.

¢ Available resources.

This article provides an overview of modern
methods to apply Al in lithofacies analysis and the
assessment of reservoir properties. Various ap-
proaches based on ML, neural networks, and other
Al algorithms are discussed.

3. Research results

In the practical assessment of lithofacies and
reservoir properties, data from seismic surveys, well
logging, and laboratory core studies (petrophysical
properties, lithological descriptions), as well as geo-
logical data on the study area; are used.

Next, the presented overview of ML methods
was applied to solve various geological targets. The
methods were classified by their functionality with a
brief description of their essence and geological ex-
amples.

Various ML algorithms can be used to solve the
objectives, such as:

e Support Vector Machines (SVM): Effective
for classification and regression in complex en-
vironments. Classification was performed: a)
based on anomalies on geophysical maps; b) at
separating rock samples into different types
based on geochemical, petrographic, or geo-
physical data; ¢) determining the probability of
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hydrocarbon presence based on geological, geo-

physical, and field data.

¢ Random Forest (RF): An ensemble of decision
trees that provides high accuracy and resistance
to overfitting by using random subsets of fea-
tures and training data for each case.

e Neural Networks: Capable of approximating
complex nonlinear relationships using inversion
techniques to calculate the contrast volume of
geophysical parameters around the target layer
improving the correlation of target parameters.
The prediction procedure consists of two stages:

1) Training: The stage of training neural networks
using paired input data (attributes of potential geo-
physical fields and sets of map values in sliding
windows) with the calculation of optimal neural
network coefficients by minimizing the objective
function; 2) Computation: The stage of calculating
the attribute of potential geophysical fields based on
a set of the given maps.

The output includes maps of standard deviation
P10, P50, and P90 (pessimistic, realistic, and opti-
mistic forecasts). This approach considered valid
when dealing with a discrete parameter, such as res-
ervoir/non-reservoir. In this case, the model outputs
a probability. Subsequently, the probability distribu-
tion can be converted into an array indicating the
presence or absence of a reservoir, based on a de-
fined threshold value.

However, if the parameter is continuous, the so-
lution search will rely on the standard approach of
minimizing the residual functional of multiple varia-
bles.

Artificial Neural Network (ANN): Consists of
multiple interconnected "neurons™ organized in lay-
ers. It is capable of approximating complex nonline-
ar relationships between input and output data.

e Convolutional Neural Networks (CNN): Well-
suited for processing seismic data to identify
structures and classify rock types.

e Recurrent Neural Networks (RNN): Used for
processing sequential data to identify patterns,
such as modeling changes in mineral concentra-
tions.

o Generative Adversarial Networks (GAN): Used
for generating new data. GANs can be em-
ployed to create realistic three-dimensional
models of mineral deposits (Introduction to ma-
chine learning, 2019).

When applied to solving practical issues in pe-
troleum geology, the aforementioned ML and neural
network methods should consider the specific geo-
logical environment in each case. For example, the
subsalt carbonate of the Precaspian depression (in-
cluding its southeastern board) is the primary targets
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for hydrocarbon production. These sediments are
characterized by high heterogeneity and complex
structures including widespread fracturing making
them one of the most challenging objectives for tra-
ditional analysis methods.

Nevertheless, modern ML algorithms, such as
SVM, RF, ANN, CNN, RNN, and GAN enable ef-
fective solutions to classification, regression, and
modeling targets in complex fractured environments.

For instance, in studies of carbonate reservoirs,
ANNs were used to predict the distribution of frac-
turing based on seismic inversion data. The model
improves the correlation between geophysical pa-
rameters and actual fracturing data obtained from
core samples. Of particular importance is the ability
to analyze the orientation, density, and size of frac-
tures, which is crucial to comprehend the filtration
properties of reservoirs.

Neural Network Learning

The fundamental element of neural networks is
the "mathematical neuron™ or perceptron. This is a
simplified mathematical model of a biological neu-
ron, which forms the basis of ANN (Neural net-
works for beginners, 2023).

Inputs Synapses
Xy MNeuron
cell

Axon Output
Y

S=> X;w, Y=F(s)

Fig. 1. Artificial neuron (Neural networks for beginners, 2023)

A neuron performs a nonlinear transformation
of input signals. First, the values of the input signals

(x;)) multiplied by their corresponding weights (w;).
Then, the resulting products were summed. The re-
sult of this summation undergoes a nonlinear trans-
formation using an activation function. The output
of this transformation is the neuron's output signal
(Neural networks. psy.wikireading, 2023).

In Fig. 2 the algorithm of lithofacies and reser-
voir properties evaluation were shown using Kol-
mogorov neural networks (Simplified explanation of
the new Kolmogorov-Arnold network from MIT,
2024) based on seismic data with the application of
deep networks (convolution and shifting are imple-
mented within tensors). The activation function
plays an independent role and was defined separate-
ly. Typically, this is a sigmoid function, where the
perceptron's response can be determined as yes/no
based on cutoff value of the activation function.

At the same time, it is important to consider that
modern industry software already incorporates ML algo-
rithms for calculating inversion based on seismic data,
which produce an inversion cube as output. The primary
focus should be on calibrating seismic and well data to
enhance the resolution of seismic impedance.

KAN were used to approximate nonlinear rela-
tionships between input data (well logs and seismic
attributes) and output parameters (lithology and reser-
voir properties). Cross-validation allows assessing how
well the trained network will perform on new, previ-
ously unseen data and helps to prevent overfitting.

Fig. 3 shows a cross-plot comparing the results of
calculating parameters such as PIMP (P-wave acoustic
impedance), VP/VS (ratio of compressional to shear
wave velocities), and porosity obtained using two dif-
ferent methods: the synchronous inversion algorithm
(red curve) and ML algorithms (blue curve).

The comparison reveals that the results were ob-
tained by the two methods align, but differences are
observed, which attributed to the methodologies of
the two approaches.

Interpreted Log data

Neural network

Cross-validation

Assessment of lithofacies/
reservoir properties

Fig. 2. Evaluation of lithofacies and reservoir properties using KAN (Simplified explanation of the new Kolmogorov-Arnold network

from MIT, 2024)
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Fig. 3. Comparison of parameters calculated by the synchronous
inversion algorithm (red curve) and ML algorithms (blue curve)
with the original well logs (based on data from PGSK, 2025)

Synchronous inversion is based on physical
models and requires precise knowledge of initial
parameters, such as the acoustic properties of rocks
and boundary conditions. It can be more sensitive to
noise in the data and requires careful calibration.

ML uses data to train models that can identify
complex nonlinear relationships not always explicit-
ly described by physical equations. To mitigate these
differences, cross-plotting across the entire dataset is
necessary.

The article (TTpuesxer u np., 2023) describes
the successful application of neural network predic-
tion (using KAN) for creating geological models of
hydrocarbon fields. In particular, upon completion
of drilling Well 7, the predicted distribution of the
reservoir was confirmed, which allowed refining the
3D model and optimizing drilling, thereby improv-
ing the economic efficiency of the project (see Fig.
4) (ITpuesxes u mp., 2023).

A consolidated reservoir (characterized by a
high degree of compaction and cementation, leading
to the predominance of secondary porosity) identi-
fied using neural network prediction (highlighted
contour on the upper cross-section), was confirmed
by Well 7 (Ilpuezxes u ap., 2023).

-2480

-2560

Well 7

Fig. 4. Cross-section from the three-dimensional reservoir model- extracted using the neural
network prediction methodology before drilling Well 7 (top), and the updated model after

drilling Well 7 (bottom) (ITpuesxes u ap., 2023)
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The possibility of comparing the net pay of the
model (H_eff model) and the net pay determined
from well logging data (H_eff logging) exists, but it
requires a comprehensive approach.

To compare H_eff model and H_eff logging, it
is necessary to calibrate the model based on well
logging data. This involves comparing calculated
values with real data and adjusting model parameters
such as porosity, permeability, and saturation. An
important step is the construction of petrophysical
relationships that associated parameters measured in
wells with logging data. For example, the relation-
ship between acoustic impedance and porosity al-
lows refining the model and improving its alignment
with real data ([loopsiauH, 2009).

In the study (Priezzhev et al., 2019), a method
for analyzing seismic facies was proposed using 3D
Kohonen neural networks. This approach enables the
establishment of complex, nonlinear relationships
between various parameters of seismic traces. Opti-
mization of the classification process was achieved
through the application of ML and self-organizing
maps (SOM). RGB blending of 1D, 2D, and 3D pro-
jections were used to visualize the results, which
helps identify relationships between classes and ob-
tain a more accurate geological interpretation based
on well data and analogs (Priezzhev et al., 2019).

RGB blending is a data visualization method in
which three different parameters or datasets were
displayed as color channels (red, green, and blue) to
create the integrated image (bpays, 2011).

According to the article (Konbuxosa, 2021), the
tuning of the cluster model was carried out in several
stages which allows solving objectives related to
lithotype classification and saturation prediction.
Initially, a model was created to group limestones
based on their ability to hand over oil. Then, a more
detailed model to distinguish various rock types was
developed using well logging and core data. Accord-
ingly, the statistical algorithm Multi-Resolution
Graph-based Clustering (MRGC) was applied,
which associates geophysical data to rock type. This
method is based on comparing new data with known
examples and takes into account various rock char-
acteristics. As a result, five main rock types includ-
ing two reservoir types were identified (KonOukosa,
2021).

In the paper (Merembayev et al., 2021), the as-
sessment of lithofacies was studied using ML algo-
rithms of geological data from Kazakhstan and
Norway. ML methods such as k-nearest neighbors
(KNN), decision trees, RF, XGBoost, and Light
GBM both with and without wavelet transformation
of the data were considered. Input data of the ML
models include gamma ray, acoustic and neutron
logs, etc. (Merembayev et al., 2021).

For the evaluation of lithofacies and reservoir
properties in the southeastern board of the Precaspi-
an Basin, it is advisable to use a comprehensive ap-
proach combining various Al methods considering
the complexity of the region's geological structure.

For lithofacies classification, where high accu-
racy and resistance to overfitting are required, meth-
ods such as RF are most suitable. SVM and neural
network learning are recommended to assess reser-
voir properties, where the ability to approximate
nonlinear relationships is important.

However, any ML method is resistant to overfit-
ting, and this is achieved within the basic "work-
flow." In this case, the key factor is the balance be-
tween accuracy and computation time. The calcula-
tions can be performed on different models followed
by selecting the one that best solves the problem
considering limitations on accuracy and time. To
enhance the robustness of the calculations, a "vot-
ing" model can be applied; incorporating several
different models.

For example, as it is noted above, the Upper
Paleozoic fractured carbonate reservoirs in the
southeastern Precaspian Basin is characterized by
high heterogeneity due to the presence of secondary
porosity (fractures, vugs, and leaching channels).
Analyzing such reservoirs requires a method capable
of accounting for spatial variability and identifying
lithological and facies features.

The most suitable Al method for solving these
targets is CNN, which can effectively process seis-
mic data and well logs, enabling the identification of
fracture systems and vuggy intervals that play a key
role in the formation of the filtration and storage
properties of productive reservoirs.

Based on the analysis of inversion results and
neural network learning with actual well data, it was
established that neural network learning demon-
strates convergence in absolute values and possesses
high resolution. This is due to the consideration of
nonlinear transformations that neural networks can
effectively be modeled. The use of a nonlinear oper-
ator based on neural networks and evolutionary al-
gorithms provides the following advantages:

e The model has the ability to establish nonlinear
relationships between heterogeneous types of
data significantly improving the accuracy of in-
terpretation and prediction of characteristics of
set of geological objects, such as fractured car-
bonate reservoirs, where traditional methods
may not account for complex interrelationships
between lithological, textural, and structural
features of rocks.

e The model automatically adapts to various types
of input data and conditions; increasing its effi-
ciency.
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Automatic tuning of model parameters contrib-
utes to achieving optimal results, i.e., obtaining hy-
perparameters. The search for these defined by an
iterative solution search code based on gradient de-
scent — this is part of the workflow in model tuning.

Gradient descent, or the gradient descent meth-
od is a numerical method for finding the local mini-
mum or maximum of a function by moving along
the gradient, and it is one of the primary numerical
methods in modern optimization (Scikit-learn offi-
cial documentation)

4. Discussion

For the subsalt reservoirs of the southeastern
Precaspian Depression, as it is noted above, the most
suitable methods for assessing lithofacies and reser-
voir properties are SVM and RF.

Both methods exhibit high sensitivity to noise,
which is crucial for processing geophysical data that
usually contain interference. They also have medium
computational complexity (Table 1) making them
accessible for processing.

An important factor is that both methods are
well-adapted for processing, interpreting, and mod-
eling geological sections including seismic sections,
which play a key role in studying the Precaspian
Depression.

In addition, RF also exhibits resistance to over-
fitting, which is a significant advantage while work-
ing with limited data. Overall, the choice between
SVM and RF depends on the specific task and avail-

able resources. If high classification accuracy is re-
quired, RF may be preferable. Another advantage of
RF is that it does not require data standardization.

If speed is important, SVM may be more suit-
able.

The application of neural network learning in
the southeastern board of the Precaspian Depression
can demonstrate its effectiveness due to its ability to
account for nonlinear relationships between seismic
fields and parameters measured in wells.

The main factors contributing to the advantages
of neural networks include:

e Accounting for nonlinear distortions: Neural
networks can model nonlinear dependencies.
This is particularly important in geological set-
tings where salt structures, fault zones, and oth-
er distorting factors are present.

e Absence of theoretical limitations: Neural net-
works do not require strict theoretical frame-
works to handle nonlinear distortions making
them more versatile.

However, neural networks are just one group
among many ML methods and do not always yield
the best results. In such cases, it is necessary to
adopt a comprehensive approach, i.e., seismic data
and well measurements to build a high-frequency
model, which significantly enhances resolution and
prediction accuracy.

The tasks addressed using Al in lithofacies
analysis can be divided into several main categories,
as presented in Table 2.

Table 1

Comparison of characteristics of Al methods (Shamaev, 2022)

Almettodrame | Comptatonal | Amountof datare SIS (0 proceig 20
geophysical data
SVM Medium Small High Medium
Relevance Vector Machines High Small Low Medium
Decision Tree Medium Medium High Medium
RF Medium Medium High Medium
Genetic Algorithms High Not Required Low Poor
Gaussian Process Regression Medium Small Medium Poor
kNN Low Medium Low Poor
Logistic Regression Medium Medium Low Poor
Ridge Regression Medium Medium Medium Medium
Jackknife Regression Medium Medium Medium Medium
ANN (CNN, RNN, GAN) High Medium Low Good
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Table 2

Categories of tasks solving using Al

Task/Function Objective

Methods

Assigning rocks to specific
facies types based on avail-
able data (lithological, geo-
physical, petrophysical).

Facies
/ lithofacies
classification

o SVM — effective for classifying complex data, handles nonlinear
class boundaries well.

¢ RF — ensemble of decision trees, resistant to overfitting and noise,
provides good classification accuracy.

¢ Naive Bayes Classifier — simple and fast method, works well on da-
ta with independent features.

similarity of their character-
istics.

Regression Estimating quantitative res- | e Linear Regression — method used to establish a linear relationship
for reservoir ervoir properties (porosity, between variables.
property esti- permeability, oil saturation) | e Polynomial Regression - An extension of linear regression, allowing
mation based on available data. modeling of nonlinear relationships.

Dividing a dataset into o k-means — simple and popular method that divides data into k clus-
Clustering groups (clusters) based on ters by minimizing intra-cluster distance.

e Hierarchical Clustering — Builds a hierarchy of clusters, allowing
analysis of data structure at different levels.

Identifying regions in im-
ages corresponding to dif-
ferent minerals, pores, frac-
tures, and other elements.

Image segmen-
tation

o CNN: Architectures like U-Net, SggNet, and others — Show high ef-
fectiveness in image segmentation tasks.

Thus, the application of Al methods for lithofa-
cies analysis and reservoir property assessment in
the southeastern Precaspian Basin opens new oppor-
tunities for more accurate and efficient interpretation
of geological, geophysical, and field data. However,
the choice of a specific Al method requires careful
analysis and consideration of several factors (accu-
racy, data completeness, and desired results).

6. Conclusions

The article analyzes the application of Al meth-
ods in solving objectives related to lithofacies map-
ping and reservoir property assessment of play zones,
which is a highly promising direction capable of sig-
nificantly improving the efficiency and accuracy of
geological exploration. This facilitated by the diversi-
ty of Al methods, such as ML, neural networks, and
genetic algorithms, which provide a wide range of
tools for solving various objectives related to the
analysis of geological, geophysical, and field data.

For facies and lithofacies classification, meth-
ods such as SVM, RF, and the Naive Bayes classifi-
er are recommended. Regression methods, including
linear and polynomial regression can be applied for
reservoir property assessment.

A key aspect for ML methods is understanding
the parameters to be worked with — whether they are
continuous or discrete — and whether the applied
algorithms have versions for both regression and
classification.

Clustering, particularly k-means and hierar-
chical clustering also finds applications in geology.

For image segmentation, CNN are used, although
the option of using other tools is not excluded.

Practical examples show that CNNs are effec-
tive for identifying fractures in rock masses due to
their ability to process 2D geophysical data
(IIamaes, 2022). For lithofacies classification goals
based on well logging data, KAN can be useful due
to their improved approximation and interpretability
(Simplified explanation of the new KAN from MIT,
2024).

At the same time, it is necessary to check the
sensitivity of models to their inputs and evaluate the
importance of each variable in the optimized model.
This verification was conducted using a separate
library, which enhances the interpretability of most
models.

For seismic facies analysis, effective methods
such as 3D Kohonen neural networks were proposed,
which allow establishing complex, nonlinear relation-
ships between various parameters of seismic traces.
Optimization of the classification process was
achieved through the application of ML and SOM.
Visualization of results using RGB blending of 1D,
2D, and 3D projections helps to identify relationships
between classes and obtain a more accurate geologi-
cal interpretation based on well data and analogs.

In summary, the most effective methods were
recognized as SVM, RF, and neural networks for the
southeastern board of Precaspian Basin.

¢ RF exhibits high resistance to overfitting and

can handle high-dimensional data; making it
useful for classification and prediction.
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o Neural networks demonstrate high accuracy
and resolution due to their ability to account for
nonlinear distortions in seismic signals and de-
pendencies between geophysical parameters.

e SVM have proven effective in lithofacies
classification goals, especially in conditions of
limited data volume and the presence of noise.

At the same time, it is important to note the in-

tegration of several Al methods, which enhances the
accuracy of predicting reservoir properties and litho-
facies.

Despite the obvious successes achieved, the ap-

plication of Al in geology and geophysics remains a

REFERENCES

Brown A.R. Interpretation of Three-Dimensional Seismic Data.
Translated from English. Society of Exploration Geophysi-
cists (SEG). Moscow, 2011 (in Russian).

Dobrynin V.M., Vendelstein B.Yu., Kozhevnikov D.A. Interpre-
tation and modeling of geophysical data. Nedra. Moscow,
2009, 456 p. (in Russian).

Easyoffer.ru. What is model overfitting. URL: https://easyoffer.ru/
question/5440 (accessed: 10.10.2023).

Hastie T., Tibshirani R., Friedman J. The elements of statistical
learning: Data mining, inference, and prediction. 2nd ed.
Springer. New York, 2009, 745 p.

Introduction to machine learning. URL: https://habr.com/ru/post/
448892/ (accessed: 3.09.2019) (in Russian).

Keras: The Python Deep Learning API. Official Documentation.
URL.: https://keras.iol.

Kolbikova E.S. lithofacies analysis and prediction of properties
based on geophysical and seismic data using machine learn-
ing methods.: Roxar Paradigm — Software and Solutions
LLC. Moscow, 2021, 120 p. (in Russian).

KPMG Caucasus and Central Asia. Technological Research
2024. KPMG. February 2025.

Merembayev T., Kurmangaliyev B., Bekbauov B., Amanbek Ye.
A comparison of machine learning algorithms in predicting
lithofacies: Case studies from Norway and Kazakhstan. En-
ergies. Vol. 14, No. 7, 2021, p. 1896, DOI: https://doi.org/
10.3390/en14071896.

Neural networks for beginners. Part 1. Habr. URL: https://habr.com/
ru/articles/312450 (accessed: 10.10.2023) (in Russian).

Neural networks. Psy.Wikireading. URL: https://psy.wikireading.ru/
12215 (accessed: 10.10.2023) (in Russian).

Ng A. Artificial Intelligence (Al) for Everyone. Deep Learn-
ing.Al. 2023, URL: https://www.deeplearning.ai (accessed:
10.10.2023).

Priezzhev L.1., Taikulakov E E., Kayumov I. L., Leonov A.V.,
Gorbach D.A., Miroshkin V.G., Ovechkina V.Yu. Direct
neural network prediction of reservoir properties based on
seismic data: A case study of clinoform deposits in Western
Siberia. PRONeft. Professionalno o nefti, Vol. 8, No. 2,
2023, pp. 28-39, DOI: https://doi.org/10.51890/2587-7399-
2023-8-2-28-39 (in Russian).

Priezzhev I. 1., Veeken P. C. H., Egorov S.V., Nikiforov A.N.,
Strecker U. Seismic waveform classification based on Ko-
honen 3D neural networks with RGB visualization. First
Break, Vol. 37, No. 2, 2019, pp. 37-43.

Scikit-learn: Machine Learning in Python. Official Documenta-
tion. URL.: https://scikit-learn.org/stable/user_guide.html.
Shamaev S.D. Application of artificial intelligence methods in
processing and interpretation of geophysical data. Izvestiya

UGGU, No. 1 (65), 2022, pp. 86-101 (in Russian).

50

relevant and promising direction with many issues
requiring further study, understanding, and handling.
The problems related to the interpretation of results,
big data, training data, and the adaptation of existing
methods to specific geological conditions are among
these.

Nevertheless, it can be confidently stated that
Al will continue to play an increasingly important
role in geology contributing to the development of
new approaches to subsurface exploration and
providing more accurate and efficient solutions to
objectives related to the search and exploration of
mineral resources.
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HPUMEHEHUE METOJ0B MAILIMHHOI'O OBYUYEHMS U HEHPOHHBIX CETEM B 3AJIAYAX KAPTUPOBAHUSA
JIMTO®AIINI A OITEHK! KOJIJIEKTOPCKHX CBOMCTB: AHAJIN3 U BEIEOP METOJIOB

Aé6etoB A.E.}, CeiiT:kanoB A.K.2, Camenos E.P.!
1Kaszaxcxuil nayuonanoubiii ucciedosamenvcxutl mexuudeckuii ynugepcumem umenu K. M. Camnaesa, Kazaxcman
Va. Camnaesa 22, Armamer, 050013
2Kasaxcmancko-Bpumanckuii Texnuueckuii Ynueepcumem, Kazaxcman
V. Tonebu, 59, Anmamut, 050000: ansar.seitzhanov.98@mail.ru

Pe3ztome. B craTbe pacCMOTPEHBI aCHIEKTH IPIMEHEHHST METO0B HCKyccTBeHHOTo nHTeiutekTa (V) mis pernenus 3amad kapTu-
poBaHus nuTo(hanui U OIEHKH KOJUIEKTOPCKUX CBOMCTB mopox. [Ipn stom BEIOOp MeTona VI 3aBHCHT OT XapakTepa JaHHBIX, Lelel
uccienoBaHus (KiaccHUKaLys, perpeccusi, KjIacTepu3anus, CerMeHTalys H300pakeHnit), TpeOoBaHNH K KOHEYHBIM pe3yJbTaTaM
HHTEpIpeTanny U MojenupoBanus. [IpoBeieH aHaIM3 Pa3INYHBIX AITOPHTMOB MAIIMHHOTO O0YYEHHMs, TAKHX KaK METOJ OIOpPHBIX
BEKTOPOB, CIIy4alHbIi Jiec, HeHpOHHBIE ceTH U Jpyrue. OreHeHa 3G ()eKTHBHOCT KXAOTO HX MEPEUYUCICHHBIX METOJIOB Ha OCHOBE
OTKPBITBIX HCTOYHHKOB U T€OJIOTMYECKHUX TaHHBIX. [IpoaHaIM3UPOBaHbI UX MPEHMYIECTBA M HEJOCTATKH, a TaKkKe UICHTUGUIUPO-
BaHBI (haKTOPBI, BIUAIONME Ha BeIOOp Merona V. TlpeacraBneHa Kiaccu(uKays reoJOrH4eckuX 3a1ad U COOTBETCTBYIOLINX Me-
tonoB WU, Bmouas SVM, RF, nmuHeliHyI0 H MOJMHOMHAIBHYIO perpeccuro, k-means, uepapxudeckyro kiaactepusamuio u CNN.
[pencraBnens! miaThopMbl MAIMHHOTO OOYYEHHUS ¢ OTKPBITBIM HCXOIHBIM KoioM, Takue kak TensorFlow, PyTorch u Keras, a Tak-
ke (haKTopHl, BIUSIONMINE HA BBIOOp onTHManbHOro Merona VU i nuTodanuanisHoro aHaan3a M OLEHKH KOJUIEKTOPCKUX CBOMCTB.
[pemnoskeHsl pEeKOMEHIAIMN IO BBIOOPY ONTHMAaJbHBIX MeTonoB MU 1t pemieHus KOHKpETHBIX 3anad. IlomuepkHyTa Ba)KHOCTB
o0beMa 1 KauecTBa JaHHBIX U1t BEIOopa Metona M u npenoTpamienus nepeodyuenus Moaenu. Hanbompiyro pe3yasTaTHBHOCTD B
ycaoBusix FOro-Bocrounoro Ipukacmust MOTyT HpOIEMOHCTPHPOBATH METOJ ONMOPHBIX BEKTOPOB, CIYyYaiHBIN Jiec M HEHPOHHBIC
CeTH, KaXIbI U3 KOTOPBIX 00JafaeT YHUKAJIbHBIMH NPEUMyLIECTBAMH. B paboTe OTME4eHbI KIIIOUeBbIC MPOOIEMbI, CBSI3aHHbIC C
KaueCTBOM HCXOJHBIX JJaHHBIX, HHTEPIPETHPYEMOCTBIO PE3yJIbTaTOB M afaNTalleii METOJ0B K KOHKPETHBIM I'€OJIOTHYECKIM YCIIO-
BUSIM, a TakoKe nepeodydeHre. B 00cykaeHNH 1 3aKIII0UCHUH Npe/icTaBlicHa HHYOPMAIMs KacaTeJIbHO IPUMEHEHHUS KKI0T0 METO-
Jla MaIlIMHHOTO 00YYeHHMS O/l KOHKPETHBIE 3a1a4H U YCIIOBHS.

Knrouesvie cnoea: uckyccmsennulili uHmeniekm, MawunHoe obyuenue, Kiaccupukayus 2eo102uieckux 3a0ay, IuHeuHas u noau-
HOMUANbHASL peepecciis, K1acmepu3ayus Iumo@ayuii, KoI1eKmopcKue c6oucmsa

LITOFASIYALARIN XORITOLONDIRILMBSi VO KOLLEKTOR XUSUSIiYYOTLORININ
QiYMOTLONDIRILMOSi TAPSIRIQLARINDA MASIN OYRONMOSi VO NEYRON SOBOKO
METODLARININ TOTBIiQi: METODLARIN TOHLILi VO SECIiMi

Abetov A.E.!, Seyidzhanov A.K.2, Samenov E.R.!

K. I Satpayev adina Qazax Milli Tadgiqat Texniki Universiteti, Qazaxistan
Satpayev kiig., 22, Almati, 050013
2Qazaxistan-Britaniya Texniki Universiteti, Qazaxistan
Tolebi kii¢., 59, Almati, 050000: ansar.seitzhanov.98@mail.ru

Xiilasa. Mogalodo siini intellekt (SI) metodlarimin litofasiyalarin xoritolosdirilmosi vo siixurlarm kollektor xiisusiyyatlorinin
giymetlondirilmasindo totbiq imkanlar1 arasdirilmisdir. SI metodunun segimi molumatlarin xarakterindon, todgiqatin mogsadlorindon
(tosnifat, reqressiya, klasterlogsms, tosvirlorin seqmentasiyasi), eloco da interpretasiya vo modellogdirmays qoyulan talablordon asili
olaraq miioyyan edilir. SVM, RF vo CNN vs digar magin 6yronmasi algoritmlori tohlil olunmugdur. Bu metodlarin effektivliyi agiq
monbali molumatlar vo real geoloji verilonlor osasinda qiymetlondirilmig, onlarn stinliiklori vo mohdudiyyotlori miioyyon
edilmigdir. Siini intellekt metodlarinin segimins tosir edon osas amillor miisyyonlogdirilmis vo geoloji vazifalorin tosnifatina uygun
metodlar toqdim edilmisdir. Bunlara SVM, RF, xotti vo polinomial regressiya, k-means klasterlogsmasi, iyerarxik klasterlosmo vo
konvolyusion neyron sobokolor (CNN) daxildir. TensorFlow, PyTorch vo Keras kimi ag¢iq monbo kodlu masin Gyronmasi
platformalari toqdim olunmus vo litofasiyalarin analizi ilo kollektor xiisusiyyastlorinin giymatlondirilmasi {igtin optimal metodun
seciming tosir gostoran amillor miizakiro edilmisdir. Miiayyan geoloji masalalorin halli {igiin konkret metodlara dair tovsiyslor
verilmigdir. Modelin hoaddindon artiq 6yrodilmasi (overfitting) riskinin qargisimn alinmasi mogsoadilo verilonlorin hacmi vo
keyfiyyatinin ohomiyyati xiisusi vurgulanmigdir. Conub-Sorgi Xozor regionunun geoloji soraitindo dostok vektorlart metodu, tosadiifi
meso Vo neyron sobokalorin yiiksok notico verdiyi miloyyon edilmigdir. Hor bir metodun spesifik tstiinliiklori qeyd olunmusdur.
Aragdirmada ilkin molumatlarin keyfiyysti, noticalorin interpretasiya imkanlart vo metodlarin konkret geoloji soraito
uygunlasdirilmasi ilo yanasi, modelin haddindon artiq dyradilmasi ilo bagl osas problemlor da nazordon kegirilmigdir. Miizakirs vo
naticalor bolmosinds iss masin 6yronmosi metodlarinin konkret geoloji masalalor vo onlarin tatbig oluna bilacayi soraito uygun
istifadosi otrafli tohlil olunmusdur.

Agar sézlar: siini intellekt, masin dyranmasi, geoloji vazifalarin tasnifati, xatti vo polinomial reqressiya, litofasiyalarin klaster-
logdirilmasi, kollektor xiisusiyyatlari
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A NEW APPROACH TO THE OIL AND GAS GEOLOGICAL ZONING OF THE TERRITORY OF AZERBAIJAN
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Summary. The theoretical foundations have been developed and a scheme of oil and gas geologi-
cal zoning of Azerbaijan has been created based on the introduction of "basin" characteristics into the
nomenclature of elements allocated in the "provincial™ approach. The novelty in the proposed scheme
of oil and gas geological zoning is the allocation of a hierarchical level — "hydrocarbon systems”. The
Caspian-Kura oil and gas province (megabasin) is distinguished on the territory and in water area of
Azerbaijan. As the next hierarchical level of oil geological zoning within the oil and gas province
(megabasin), three oil and gas areas (basins) have been identified — the Middle Kur, South Caspian

Keywords: Qil and gas geo- and Middle Caspian areas (basins). The next category of hierarchically subordinate elements in the
logical zoning, Azerbaijan, systematics of zoning objects is the hydrocarbon system (HS), which distinguishes the proposed
basin, province, hydrocarbon scheme of oil and gas geological zoning of Azerbaijan. The results of the analysis and numerical
systems, oil and gas bearing modeling of hydrocarbon systems in the South Caspian oil and gas basin reveal three classical genera-
areas tion-accumulation hydrocarbon systems (GAHS): Eocene-Pliocene GAHS; Maikop-Pliocene GAHS

and Miocene-Pliocene GAHS. Within the basin, there are also three unconventional (shale) HS: Eo-
cene, Maikop and diatomaceous HS. In the Middle-Kura region, there are two GAHS: Eocene and
Maikop GAHS; two unconventional (shale) HS — Eocene and Maikop. In the Middle Caspian region,
there are three GAHS: Eocene-Pliocene, Maikop-Pliocene and Maikop-Cretaceous GAHS. There are
also three unconventional HS — Cretaceous, Eocene and Maikop.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

YcnemHocTs peleHns 3ajadd, MPOTHO3MPOBa-  NIENSIeTCsS 3HAHMEM OOIIUX 3aKOHOMEpHOCTel (op-
HUE U OIleHKa He(Tera3onepCrneKTUBHOCTH HCCIe- MHPOBaHHSA U 00hEMHOTO — 10 TUIOMIAJIU U B pa3pese
IyEeMBIX TEPPUTOPHIA U aKBATOPHIA BO MHOTOM OIpe-  HM3Y4aeMOTO T€OJIOTHYECKOTO PEerHOoHa — pacipese-
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JICHUS YIJIEBOJOPOAHBIX CKOIUIEHWH. Pe3ynbraThl
IIPOTHO3a BBIPAXKAIOTCS B BBISIBICHUU U I'€0JIOTHYE-
CKOM 00OCHOBaHMH He(]TerazonepcrneKTuBHOCTH
M3YYEHHOTO y4YacTKa Heap, a 3¢ (HEeKTUBHOCTH perlie-
HUSl 3312494 IPOTHO3UPOBAHUS — B €€ IPAKTUIECKOM
MOJTBEP)KACHUN OypeHHEM Ha YpPOBHE Te€0JIoTHYe-
CKHM ONpeneNEéHHBIX TePpUTOpHUil: o0macTH, paiioHa,
30HBI WJIM OT/IEJIBHOTO JIOKAJIbHOT'O OOBEKTa.

[lepBoii CTymeHBIO MPOTHO3a W OLEHKH Iep-
CIEKTHUB HE(TETa30HOCHOCTH HEJp Ha YpOBHE KOH-
TUHEHTAJIBHOIO WJIM MOPCKOI'O PErHOHa B LEIOM
WIA €ro 4acTH SBISETCS ero HedTerasoreoyoruye-
ckoe paiionupoanue. OHO mpeacTaBisieT coboit
pas3zesieHue TEPPUTOPUH WM aKBaTOPUM Ha Hedre-
ra30HOCHBIE/NIEPCIIEKTUBHBIC IUIOMIAIHBIE OOBEKTHI
pasHoro macmraba ¥ B3aMMHOTO COIMOJYUHEHHS Ha
OCHOBE aHajM3a COBOKYITHOCTH T'€OJIOTHYECKUX
JaHHBIX O CTPYKType, CTpaTturpaduyeckoMm conep-
KaHMH, BELIECTBEHHOM COCTaBe pas3pesa paccMar-
pHBaeMoro peruoHa, o0 ycioBUsX ero (popMHpOBa-
HUS 1 He(pTera3oreoJorunieckux cBOicTBax.

B 3aBucuMocTH OT OCOOEHHOCTEH TIeoJIorHye-
CKOI'O CTPOEHUS TEPPUTOPUN U aKBATOPHUM, IIPH BbI-
JeNicHHH OOBEKTOB He(TEera3oreoJorndeckoro pam-
OHUPOBAHMUS, KJIIFOYEBYIO POJb MOTYT MIpaTh CTPYK-
TypHO-TEKTOHUYECKHE, JIUTOJIOTUIECKUE WM KOM-
TUIEKCHBIE (haKTOPEI.

IIpoGiiema HedTEra3oreoJIOrHIecKoro panioHH-
POBaHUSI TEPPUTOPUI U aKBaTOpPHUH HMeeT OOJbLIOoE
Hay4YHOE W MPAKTUYECKOE 3HAUCHHUE, TMOCKOIBKY OT
MPaBUJIBHOCTH BBIOOpA MOJENH M MOCTPOEHHS COOT-
BETCTBYIOIIEH KapThl WM CXEMbl PaliOHUPOBAHUS
3aBUCUT TIPaBHJIBHOCTH MPOTHO3a MEPCIIEKTHB PETHO-
Ha, MPaBUIILHOCT BHIOOPa U APPEKTUBHOCTH IPUME-
HEHUSI METO/IMKH TTOWCKOBBIX U Pa3BEIOYHbIX paldoT B
ero mpeaenax, OOOCHOBAaHHOCTh W HWCIIOJHUMOCTb
JIOJITOCPOYHBIX IUIAHOB M IPOTPaMM OCBOCHHS pe-
CYPCOB PEruoHa M pa3BUTHS OTPACIH B LIETIOM.

Ipunuunel U 3aga4yu HedTerazoreooruye-

CKOro paiiOHUPOBaHUS

Pa3paboTkoil MpUHIMIIOB BBIIEICHUS M KJIACCHU-
(ukanmmyu HedTEra30HOCHBIX TEPPUTOPUI 3aHUMA-

JIUCb ~ MHOTME y4€Hble, B YHCIE KOTOPBIX
M.B.AGpamoBny,  b.K.babazage, A.A.bakupos,
@®.M.barup-3aze, N.O.bpog, M.1.Bapennos,
H.b.Baccoesmu, UW.B.Beiconkmii, UW.M.I'yOkuH,
H.A.Epémenxo, B.IO.Kepumon, C.I1.Makcumos,
LII.d.MexTHes, C.I'.Canaes, X.b.}Ocyd3zane,
A.H.I'ycetitnoB, = K.M.Kepumon,  II.C.Kouapim,

M.M.3eitnanos, H.IL.FOcyboB u apyrue mccienoBa-
temu (Kerimov et al., 2014; 2017; 2019; 2023; Kepu-
MOB | 1p., 2016; 2019).

HedTterazoreomornueckoe paiiOHUpOBAHUEC SIB-
JIIETCS HAYYHOU OCHOBOM JUISL PEIICHUS CIICTYIONIUX
3a/ay;

— BBISICHEHHS CBS3€H pa3MelleHs] perHOHAIBHO
He()TEera3oHOCHBIX TEPPUTOPHA C TEMH WU WHBIMHU
TUTIAMH KPYITHBIX TE€OCTPYKTYPHBIX AJICMEHTOB 3€M-
HOM KOPBI ¥ MPUYPOUEHHBIMHU K HUM (DOPMAITUSIMU;

— muddepeHITMPOBAHHON OICHKA TEPCIICKTHB
HE()TEra30HOCHOCTH PAa3IUYHBIX YacTel W3ydacMoun
TEPPUTOPUH C YYETOM OCOOCHHOCTEU CTPOCHUS W
(hopmupoBaHus €€ KPYMHBIX T€OCTPYKTYPHBIX dJIe-
MEHTOB;

— BBIABJICHUS T'COJIOTMYECKUX YCIOBHM pa3me-
IIeHHs] TIPOTHO3UPYEMBIX pecypcoB HepTH W rasa B
Pa3IMYHBIX YACTSIX W3y9aeMOW TEPPUTOPHH, B TOM
YHUCIIC 30H HAUOOJIBIINX KOHIIEHTPAIIUH dTHX Pecyp-
COB;

— BBIOOpa ONTHMANTBHBIX HANPaBICHUNA U METO-
JIOB TIOMCKOBO-Pa3BeIOYHBIX pa0OT Ha HE()Th U ras.

CyIiecTByeT JBa OCHOBHBIX, YCTOSIBIIMXCS B
TEOPETUIECKOM M MPAKTUIECKOM OTHOIIEHUH W JI0-
CTaTOYHO aKTUBHO NMPUMEHSIEMbIX MPHHIATHAIEHBIX
MOJIXOJIOB K BBUICJICHUIO U Kiaccudukaiu Hedre-
Tra30HOCHBIX W TIEPCIEKTUBHBIX TEPPUTOPHIA U aKBa-
TOpHUH, OAWH U3 KOTOPHIX OCHOBaH Ha BEHISBICHHUU B
ICOJIOTHYECKOM CTPYKTYpe 3eMHOM KOphl Hedrera-
30HOCHBIX 0acCcelHOB, a IPYroi — He(hTera30HOCHBIX
NPOBUHIUI.

[Toaxon, Wiy NpUHLIKIL, YCIOBHO ONpPEAEIIAEMbIN
KaK "0accelHOBBIN'", COCTOMT B BBIICIICHUN YIIOMS-
HYTHIX BbIlIe HedrerazoHocHbx OacceitnoB (HI'B),
KOTOpbIe, cormacHo aaHHoMy M.O.Bpomom ompene-
JICHUIO, TPEJICTABJIAIOT COOOW 3aMKHYThIC WM Ya-
CTHYHO 3aMKHYTHIE BIIQJIMHBI, Pa3HOOOpPa3HBIE II0
CTPOCHUIO U MCTOPHU Te€OJOTHYECKOTO Pa3BUTHS, CO-
Jiep Kallie B pa3pe3e 0CaZ04yHON TOJIIM CBUTHI, KO-
TOpBIE 3aKNIOYAlOT B cebe 3anexu HeDTH W raza
(bpon, 1964). DtoT momxom pa3BHBaeTCA MO TPEM
HaIpaBJIeHUsIM, OJHO U3 KOTopbiX Bbiaesnser HI'b no
XapakTepy UX oOpaMiieHHs W BO3pacTy QyHIaMeHTa,
BTOpPOE OCHOBBIBAETCS Ha MX KIIACCHU(HKAIINY TI0 TEK-
TOHUYECKUM TIPUHIIUIAM, TPEThE HCXOAWUT U3 HEOoO-
XOIMMOCTH TIEPBOOYEPETHOTO PACCMOTPEHHUS YCIIO-
BUH reHepalyy 1 aKKyMYJISIIUU YTIEBOJI0POJIOB.

Hepapxuuecku MOMYMHEHHBIMUA SJIEMEHTAMHU B
CHUCTEMAaTHKe OOBEKTOB palOHMpOBaHHUS TpH "Oac-
ceifHOBOM" moaxo/ie SBJSIOTCS apeai ¥ 30Ha Hedre-
ra30HaKOIUICHUS, MECTOPOXKICHHUE U 3aJIEXKb.

[lomxon, ocHOBaHHBIN Ha BEIIEICHUHM HedTera-
30HOCHBIX MPOBHHINHN ("'TIPOBUHIMAIBHBIN" MOAXOM,
WIA TPUHIMII), a B HX COCTaBe He(TerasoHOCHBIX
obiacteif, paifoHOB U Oonee NpOOHBIX Kiacchduka-
LMOHHBIX eAMHUI ObLT npeioskeH M.M.I'yOKUHBIM 1
B nanbHeimeM pa3BuT A.A.bakupoBbIM, €ro Kosuie-
ramu u nocnenoBarensmu (bakupoB u ap., 1971).
OTOT TOAXO/l AABHO W TUIOJOTBOPHO MPHUMEHSETCS B
MIPaKTUKE HEePTEra30reoIOTHUECKOro PalioOHUPOBa-
HUS1, PEKOMEHYeTCsl K MPUMEHEHUIO COBPEMEHHBIMU
METOJIMYECKUMH W3JIaHUSIMU, UCIONB3YETCS B CIIpa-
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BOYHHKAX ¥ O(HUIHMANTBHBIX KapTorpaduuecKkux Io-
KyMEHTaX, XapaKTepr3yIoux (aKkTHUeCKylo HedTe-
ra30HOCHOCTb POCCUHCKHUX TEPPUTOPUI U aKBATOPUH.

Heob6xonumMo OTMETHTH, YTO PacCMOTPEHHBIE
MOIXOABl K PAaOHWPOBAHUIO HE SBISIOTCS AHTAro-
HUCTaMHM 10 OTHOIIEHHUIO IpYyT K ApyTy. bonee Toro,
Ha YpPOBHE TaKHX JJIEMEHTOB KJIacCH(PUKAIUH, KakK
30HBl HE(TEra3oHAKOIUIEHHS, MECTOPOXACHUS M
3aJIe’)KM OHM WICHTUYHBL VX pasznuuust Ha ypoBHE
KPYIIHBIX KIaCCU(PHUKALMOHHBIX EAWHUI] 3aKIroya-
IOTCSI B POJIM, KOTOpasi OTBOAUTCS (akTopaMm TEKTO-
HUKH, T€OJUHAMUKH, OHTOT€He3a HePTH U IPYTUM —
IpU BBIACTICHUH W YCTaHOBJICHMHM KOH(UTYyparuu
He(Tera3oHOCHOHN TeppuTOpHH. B 3TOM OTHOIIEHHH
"[MPOBHUHITMANBHBIN" TTOAXOJ TPEICTABIACTCS Oomee
BCEOOBEMITIOIIUM IO KOMIUIEKCY YUHUTBHIBAEMBIX
q)aKTOpOB 1 B CBA3HU C 3THUM MCHEC 3aBUCUMBIM OT
WHAMBUAYAIbHON MO3MLMHU HCCIEN0BATENsl OTHOCHU-
TEJIbHO HWHTErpallMd M HCTOJKOBAaHHUS I€0JIOrHye-
ckux ngaHHeix (KepumoB u nap., 2019; 2024ab).
VYuuThIBas, 4TO OCaJO4YHbIE OacCEeHMHBI B COCTaBE
He(TEra30HOCHOW MPOBUHLMUYU SIBIAIOTCS HEOTHEM-
JIEMBIMHA M BaXKHBIMH yYaCTHHKaMH Tpoiiecca (op-
MHUpOBaHUS €€ YIJIeBOJOPOJHOIO IOTEHLHUANa,
HEOO0XOIMMO BKpaTLie OCTAHOBHUTHCS Ha XapaKTepu-
CTUKe WX oO0mwmx 4epr. OAHOH K3 ONTUMAJIBHBIX
CXeM KJIacCU(HKAINU 0CATO0UYHBIX OaCCEHHOB, OCHO-

BaHHOH Ha PaH)XUPOBAaHUU CTPYKTYpHO-TEKTOHHU-
YECKHX 3JIEMEHTOB, OOpa3yMOLIMX TEKTOHHYECKYIO
OCHOBY Pa3HOMAcCIITaOHBIX OCaIOYHBIX OACCEHHOB U
HX TEOAMHAMHUYECKYIO0 XapaKTEPHUCTHKY, SIBIISIETCS
nepapxuueckas Kiaccu(uKanus, HIOCTPOEHHAs II0
"MopdomeTpuueckomy" npuHIUTY (Popma-pasmep).
[Ipumep yxkpynHEHHONW MOP(HOTOTHUECKON Kiaccu-
(ukarmu 6acCeHHOBBIX OOpa30BaHHWK B COITOCTAB-
JICHUU C Pa3HOPaHTOBBIMH CTPYKTYpHO-TEKTOHHU-
YEeCKMMHU D3JIEMEHTaM{ TMOJIBIDKHBIX  (CKJIaayaTo-
OPOTCHHBIX) M CTAaOMIBHBIX (IIaT(OPMEHHBIX) Tep-
puTopuii mpuBeAEH B TabMIIe 1.

Ora Tabauila OTOOpaKaeT Koppensinur Oac-
CEeHHOBBIX 00pa30BaHMIl B 36MHOHW KOpe, BBIIENse-
MBIX 110 MOP(OJOTHIECKOMY NMPU3HAKY C TEMH, KO-
TOpBIE ONPENEISIFOTCSI HA OCHOBaHWU CTPYKTYPHO-
TEKTOHHYECKOTO aHAllM3a Te0JIOTUYECKUX JTAHHBIX.
U3 Heé ciemyeT, 4TO CTPYKTYpPHO-TEKTOHUYECKUM
3JeMEHTaM TI00aTbHOr0, CyOrI00aIhbHOTO U OTYa-
CTH HaJIpEeTHOHAJIBHOTO paHra MoOpQOJIOTrHUECKU
COOTBETCTBYIOT OTPHULIATENIBHBIE 3JIEMEHTHI, HMeE-
IOIAe paHT ocajoyHoro MerabacceitHa. Mopdo-
METPUYECKOH KaTeropueil ocajo4yHoro OacceiiHa
OIMUCBIBAIOTCA OTPULATCIBbHBIC 3JICMCHTBI HAAPCTH-
OHAJIbHOTO, PETHOHAIBHOTO U CyOpErHOHANIbHOTO
paHra, a karteropueil cyOOacceiiHa — cyOperuo-
HaJbHBIC U JIOKAJIBHBIC DJICMCHTHI.

Tabnuuya 1

Uepapxudeckas kiaccuuKanus OTPHULATEIBHBIX (0aCCEHHOBBIX) CTPYKTYPHBIX IIEMEHTOB
(u3Bneuenue u3 obuiei knaccudpukanuu no (Mepapxudeckas kiaccupukanus. .., ¢ gononHenusimu, 2018))

IIpumepHasi koppeJsiuus ¢
I'eonmnamMuyeckasi XapaKTepuCTHKA MopdomeTpuueckuM «dacceii-
Paur HOBBIM PSIOM»
CTPYKTYPHO-
TeKTOHUYECKHUX
IMoaBuKHBIE
3JIEMEHTOB CradujbHble TEPPUTOPUHI
TeppuTOPHHU
. Cknamgaras o0acTb

I'moGansHBIH [Tmatdopma

(cuctema)

N Ckiaggaterid .

Cy6r106a1bHbLi AHAATIE Ilta METABACCEIH

(oporeHHsI#) mosic

N CuHKIMHOpHAs

HanpernonanbsHelii sona CuHeknIM3a U aBIaKOreH
PernonamsHbiii MeracuHKIMHOPUH Bnagnnaa n nmporuto
(I mopsizKa) p P BACCEITH
CyOperuoHaabHBIH .

CunknuHOpUil Jenpeccus ¥ KOTJIIOBUHA
(I mopsinka)

CYBBACCENH

JlokanbHbII JlokanpHbIE OTpHULIATENHHBIE

CHHKIMHAID
(III nopsinxa) CTPYKTYPBbI
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Hcxonst w3 3TOH CTPYKTYpHOH KOpPpENSIUU
npodeccop B.FO.KepumoB B mpemiokeHHO# cxeme
(puc. 1) HedTera3zoreoI0rHueCKOro paioOHNPOBaHUS
BBEJl COOTBETCTBYIOMIYIO "OacceiiHOBYyIO" XapakTe-
PUCTUKY B HOMEHKJIATYPy 3JI€MEHTOB, BBIAEISIEMBIX
IpU «MIPOBUHIHMATBHOMY» IOAXOJE, W YCTaHOBHII,
TakuM 00pa3oM, MPHUMEPHOE PAaHTOBOE COOTBET-
CTBHE MEXIY HUMH U 3JIEMEHTaMH, KOTOPbIE Bblle-
JSI0TCS TPH paiioHUpoBaHMH 1O "OacceiiHOBOMY"
npuHOumy. /JIpyroif HOBHM3HONH B TpeAIoKEHHON
cxemMe He(Tera3oreoJoruieckoro paioOHHPOBAHUS
SIBIISIETCS.  BBIACIICHUE HMEPAPXUUECKOTO YPOBHA —
"yrineBonopoanele cuctembl'. Takum oOpa3om, B
He(TEera30HOCHBIX OacceifHax BBIOENSIOTCS I'eHepa-
LUOHHBIC-aKKYMYJISIIMOHHBIEC YTJIEBOJOPOIHbIE CHU-
crembl (CAYC) — ecTecTBeHHas cucTeMa yrieBoo-
poaHbIX (QIIOMIOB, KOTOpasi BKIIOYAET B ceds ovar
reiepauun (T.e. 00JacTh Pa3BUTHS AKTUBHBIX
He(TeMaTepUHCKUX TOPOJT), BCE CBA3aHHBIE C HUM
YIIEBOAOPO/IBI, BCE 3HAYMMBIE 3JIEMEHTHI U MpoIiec-
Cbl, HEOOXOANMBIE JUIsI BOSHUKHOBEHHUSI CKOIUICHHUH
HedTH M Traza. DIEeMEHTaMH YIJIEBOJOPOIHBIX CHU-
CTeM Hapsdy ¢ HeTeMaTepUHCKUMH MOPOJaMHU SB-
JISIIOTCS. BMEIIAIONINE TIOPOJIBL, JIOBYIIKH, pe3epBya-
PBl M KOJUICKTODPBI, IMOKPBILUIKH, IEPEKPHIBAIOIINE
TOJIIY, & MPOLECCHl — ATO TCHEPALUsl, MUTPALUs U

akkymyJsinus ckorieHuii YB. HepaspbeiBHOCTH CBS-
3¢l TaKUX 3JIEMEHTOB YIVIEBOJOPOAHOW CHUCTEMBI,
KaK oyar reHepanuy He()TH U Ta3a, 30H €ro MHUrpa-
UM U aKKyMYJSIIMU SIBIISICTCS Ba)KHBIM YCIIOBHEM,
OTIPENEIIAIOIINM KOPPEKTHOCTh He(Tera3oreoyioru-
YECKOro pailOHMpOBaHUS M MPOTHO3a HedTeraso-
HOCHOCTH. Takoil moaxoA Mo3BOJSIET MPUAEP)KUBATh-
Csl BAXKHOTO TIPUHITHIA, KOTOPBII MOXeT ObITh cop-
MYJUpPOBAaH Kak "IPUHLMI HEpPa3pbIBHOCTHU CBA3EH
MEX]y DJIEMEHTaMU YTJIEBOJIOPOJHON CUCTEMBI", KO-
TOPBI OCHOBAaH Ha KOHLEMIMH YIJIIEBOJOPOIHBIX CHU-
creM, pazpadbortanHoii B mepuoj 80-90-x romoB XX B.
(Magoon, Dow, 1994; Magoon, 2004).

[anee B mpenmemax yIiaeBOAOPOAHBIX CHCTEM
BBIJIETISIIOTCST 30HBI HE(PTETa30HAKOIICHHUS (TUIeH) —
accoluanusl CMEXKHBIX M CXOJHBIX MO TEOJIOrHYe-
CKOMY CTpPOCHHMIO MECTOPOKACHWI He(TH W Ta3a,
MIPUYPOUYCHHBIX B LEJIOM K €IWHON IpyIe T'eHEeTu-
YECKH CBSI3aHHBIX MEXAY COOOH JIOBYIIEK, MECTO-
POKIEHHE — acCOIMalKs 3aieel, MPUYPOUEHHBIX K
OIHON WJIM HECKOJBbKHM JIOBYILIKAM, PaCIOI0KEH-
HBIM Ha OJHOM JIOKAJIFHOM IUIOIIANM, 3aJICKb —
€CTECTBEHHOE JIOKAJIbHOE €IWHUYHOE CKOIUICeHHE
YB B 0IHOM WM TpYyIIIE IUIACTOB, KOHTPOJIUPYEMOE
eanHbIM (06mmmM) Bogored TssHEIM (BHK) nmm raso-
BoasiHbIM (I'BK) KoHTaKkTOM.

‘ HedTerazsoHocHas npoBUHLUUA

HedrerazoHocHbIn merabacceunH

h 2

HedrTerazoHocHas ob6nacrtb

HedTerazoHocHbIN 6accenH

Puc. 1. O6wast cxema HedTera3oreoI0rHyecKoro paioHMPOBAHHS
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HedTterazoreomornueckoe paiioHUpOBaHUE
MIPOBOJNTCS HE TONBKO Mo Jatepain. OCHOBHBIMHU
CJAMHULIAMU BEPTHKAILHOTO HedTera3oreoiorunyie-
CKOTO pacueHEHHs pa3pe3a He(Tera3oHOCHBIX Tep-
pUTOpHI SABISAIOTCS HedTerasoHocHas (GopMarus,
pETHOHANBHBINA, CyOpernOHANbHBIA, 30HAIBHBIA
He(Tera3oHOCHBIH KOMIUIEKCHL. B cBs3M ¢ 3TUM
Hapsimy ¢ MOPQOJIOTHIECKHMHA ¥ CTPYKTypHO-
TEKTOHUYECKUMHU XapaKTePUCTUKAMH  OCAJOYHBIX
OacceifHOB, JAaOUIMMU TPEACTaBICHHUS O COIOCTa-
BUMOCTH T'€OJIOTHYSCKUX OOpa3oBaHUM H3ydaeMoun
TEPPUTOPUH B IUTaHE, UCIONB3YIOTCS W JAPYTHE Xa-
paKkTepuCTUKH (WM KiIaccH(pUKaIMOHHBIC KaTero-
pHUH) OCaOYHBIX OacCceiHOB, MPUMEp KOTOPBIX MPH-
BelIEH B TabimLE 2.

Hcnonp3oBaHue B Mpolecce BBIJECIECHUS 3Je-
MEHTOB He(Tera3oreojoruuecKoro palioOHUPOBaHUS
1 000CHOBaHMS UX KOHTYPOB 3THUX U IPYTHX Xapak-
TEPUCTUK TEOJIOTHYECKOTO CTPOCHHS H3ydaeMon
TEPPUTOPHUH SIBISETCS 3aJIOTOM TMOCTPOSHUS OMTH-
MaJIbHOH MOJIeNu ¢€ He()Tera3onepCreKTHBHOCTH.

OnpIT HepTEra3oreoJ0ru4ecKoro paiioHu-

poBaHus A3epOaiimkaHa U 0 HEOOXOAUMOCTH

ero nepecMoTpa

OO6mas miomanas HeTera30HOCHBIX M IIEPCITeK-
TUBHO-HE()TETa30HOCHBIX palioHOB A3sepOaiikaHa
oneHuBaetcs mopsaka 92.8 teic. km?. Ileppas “Kap-
Ta MECTOPOXKAEHNH He()TH U ra3a U NePCHEKTUBHBIX
mromanei Azepbatimkanckoit CCP” Opna n3mana B
1958 1. mom pemakmmern M.B.AGpamoBuua,
b.K.ba6azane u I1I1.d.MexTtuesa. B 1985 r. mox pe-
naknued akagemukoB AH AsepOaiimkanckoit CCP
II.d.MextueBa u @®.M.barup-3aae (puc. 2) koi-
nexktuBoM aBTopoB: A.U.Anmes, ®.M.barup-3ane,
3.A.bynuar-3ane, A.H.I'yceiinoB, ®.I'./lanamies,
[I.d.Mextues, C.I'.Canae, X.b.}Ocyhzane (Anues
u 1p., 1985) 6pu1a coctasnena “Kapra mecropoxe-
HUHl He(PTH U raza MepCrIeKTUBHBIX CTPYKTYp A3ep-
Oarimkanckoit CCP”. Tlpu cocTaBieHUN 3TON KapThl
UCTIONIb30BANUCH: “TekToHnyeckas kapra AsepOaii-
mxaHckor CCP” 1981 r. u “Kapra rpsizeBbIx BysKa-
HOB He()Tera30HOCHBIX O0JacTeil AzepOaiixaHcKon
CCP” 1978 r. nuznauus.

Tabauua 2

Bo3moskabie KJ'IaCCI/I(bI/IKaL[I/IOHHBIe KaTeropum oCaa04HbIX OacceiiHOB

KuaccudukanuoHHnbie KaTeropun

HexoTopble npuMepbl NPU3HAKOB (CBOIicTB) O0acceiina

VYcnoBust ocagkoo0pa3zoBaHus

KonTruHenTananHbIE,
ITyOOKOBOIHBIE, PAa3HBIX KIUMATHUECKUX 30H U T.1I.

O3€PHBIC, JIaI'YHHBIC, OKPAaMHHO-KOHTUHCHTAJbLHBIC,

JIutonoro-hopMaIoOHHEIH cocTaB

Momnaccsl, ¢uuii, 3BanopuThl, KPACHOIBETHI, YTIIEHOCHbIE ()OPMAIUU U T.1.

OTIIOXKEHUN
«ONUTeOCUHKIIMHANBHBII», «3INMUILIaTGOPMEHHBINY, PUPTOTEHHBIH (BHYT-
IIpoucxoxaenue PUKOHTHHEHTAIBHBIN, MEXKOHTHHEHTANbHBIN), HaapudToBas (mupudTo-
Basl) Ienpeccus U T.1.
Mopdoomorus Henuneiinpie (130MeTpUYHBIC) YIUIMHEHHBIC, THHEWHBIE U T.J.

TexroHunka (CTpyKTYpa)

CuHeknM3a, BIaJWHA, rpabeH, HAJIOKEHHas BNAJNHA, NEPHUKPATOHHOE IO-
rpy’kKeHue, KpaeBoH (Iepe1oBoii) Mporuod u T.1I.

Hctopus pa3sutus (MorpyxeHus)

yCTOﬁqHBOC, IIPEPBIBUCTOC, C OCTAHOBKAMU WJIM KPAaTKOBPEMECHHBIMU IOA-
HATHUAMU, 6BICTpOC W MEIJICHHOEC, B MOPCKUX HUJIM UHBIX 00cTaHOBKax

T'eonunamuka

XapakTepuCTUKH HANpPaBJICHHOCTH M MHTCHCHUBHOCTH OCHOBHBIX M COITYT-
CTBYIOIIMX TIPOIIECCOB B 00JIACTH OCaJAKOHAKOIUICHUS! B 3aBUCHMOCTH OT €€
MOJIOKEHHSI BHYTPU JUTOC(HEPHBIX IUINT WM HAa UX JAUBEPreHTHBIX, KOHBEP-
TeHTHBIX WJIM TPaHC(OPMHBIX I'PaHUNAX (B YCIOBHSX JEWCTBHS CHJI pacTs-
JKCHUSI, COKATHsL MJTH C/IBUTA)

[TonmoxeHne OTHOCHUTENBHO APYTHX
JJIEMEHTOB CTPYKTYPHI 3€MHOM KO-

pHI

BaytpunnatgopmeHHsle, OKpamHHO-TUIAT(OPMEHHBIC, NEPUKOHTHHEHTANb-
HBIE, IEPHOKCAHNIECKIE, IOBHEIC, IOTPAaHINYHBIE H T.JI.
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-

-
—

Puc. 2. Hedrerasoreonoruueckoe paiionupoBanue Asep6aiimkanckoit CCP (Anuer u np., 1985). HedrerazonocHsie paiio-
Hel: | — A6meponckuii; 11 — bakunckuii apxunenar; |l — Hmwknexypunckuii; IV — Illamaxa-I'oOycranckuii; V — EBnax-
Armxabenuackuit; VI — Iaamkuncknit; VII — mexaypeuse Kypsr u ['a6sippst; VIII — Ipukacnmiicko-I'youHckuit. [Tepcnek-
TUBHO-He()Tera30HOCHBIE Tepputopuu (akBatopum); IX — I'myOokoBomnas wacte IFOxknoro Kacmus; Bo3smoxxHo-
MepCIeKTUBHBIE Tepputopun; X — AmkuHoypckas; X1 — [hxkamnabanckas; Tepputopus ¢ HeBBIICHEHHBIMU MEPCIIEKTHBAMHU
Hedrerazonocnoctr; XII — Jlxapaer-Caarmuackas; XIII — Munbcko-Myranbsckas; XIV — Anasano-Arpuuaiickas; XV —
Apasckas: XVI — HaxupiBaHCKas.

Paiionsr: 1 — ¢ peanu3aiueil HadaabHBIX TOTEHIMATIBHBIX pecypcoB Ooiee 80%; 2 — BBICOKONEPCIIEKTHBHBIE; EPCIEKTHB-
uele; 3 — I kareropun; 4 — 1l kateropum; 5 — 111 kaTeropun; 6 — MePCIEKTHBHO-HEPTEra30HOCHBIE TEPPUTOPUH (AKBATOPUH);
7 — BO3MO>KHO-TIEPCIIEKTUBHBIE TEPPUTOPHH; § — TEPPUTOPUH C HEBBISICHEHHBIMHU NEPCIIEKTHBAMU HedTera3oHOCHOCTH; 9 —

OecrepCreKTHBHBIE TEPPUTOPHH.

Ilpu oreHKe mepcreKTHB He(Tera3oHOCHOCTH
OTJIENIbHBIX PAaHOHOB 32 OCHOBY OBUIW MPUHSTHI Clie-
JIYIOIINE KPUTEPUU: YAEIbHBIM BEC MOTEHIUAIBHBIX
PECYPCOB U TUIOTHOCTh TMEPCIEKTUBHBIX U MPOTHO3-
HBIX 3armacoB He(TH ¥ ra3a OTICNbHBIX PalOHOB;
CTeTeHb peann3anuu (T.e. MepeBojia B MPOMBIILICH-
HbIC KATErOPHMH) HAYaJbHBIX MOTCHIHATBHBIX pe-
CYpCOB YTJICBOJOPOIOB; PE3YIbTATHBHOCTH MTOUCKO-
BO-Pa3BEIOYHBIX PabOT; COCTOSIHUE HW3YYEHHOCTH
OCHOBHBIX TEPCIEKTHBHO HE(PTEra30HOCHBIX KOM-
TUIEKCOB U JIOCTOBEPHOCTH MOJYYECHHOUW Teojornye-
ckoi mH(popMaIy; naneoreorpapuyecKkiue yCIoBHs
HAKOIUICHHSI OCA/IKOB M OCOOCHHOCTH Te€OTEKTOHHYE-
CKOTO Pa3BUTHS HE(PTEra30HOCHBIX PAOHOB; TECOXU-
MHUUECKHE YCIOBHS HETEra3000pa3oBaHus; HATNYNC
OJIaronpUsITHON (halvu KOJUICKTOPOB IS CKOTLJICHHUS
HeTH ¥ ra3a; HATMYHE HAJSKHBIX MOKPBHIMIEK ISt
coxpaHeHHs1 3anexed HedTH u rasa (AmueB u Jp.,
1985; Anmues A.W., Anues D.A., 2011).

CrietyeT OTMETHTh, YTO PACCMOTPEHHBIC BBIIIE
MOJXOIBI K PAHOHHUPOBAHMIO HE ABJISIOTCS aHTArOHU-
CTHYECKUMH JpYT Apyry. boriee Toro, Ha ypoBHE Ta-

KHX 3JIEMEHTOB KJacCH(hUKalMK, KaK 30HbI Hedrera-
30HAKOIICHHS, MECTOPOXKICHUSI M 3aJIeKH, OHH
AIAEHTHYHBL. X pasnnuus Ha ypoOBHE KPYIIHBIX €IH-
HUI] KJIACCH(PHUKAINK 3aKITIOYAFOTCS B POJIM, OTBOIH-
MOW TEKTOHUKE, T€OJMHAMHKE, OHTOTEHE3y HEPTU U
IpyruM (pakTopaM — B BBISBJICHHH W yCTaHOBJICHUH
KOH(Urypanuu He(hTera30HOCHOW TEPPUTOPHH.

Pe3ynbTathl 3THX IBYX HANpPaBICHUN OTPAKECHBI
B KapTax TEKTOHHYECKOTO H He(TerazoHOCHOTo
paliOHMpOBaHUs TEPPUTOPUH A3sepOalpkaHa W
npeacTaBieHsl Ha puc. 3 U 4. OHM OCHOBaHBI Ha
0000IIIeHNH Pe3yNbTATOB TPEABIIYINX HCCIIEI0Ba-
muii (AmueB A.W., AmueB D.A., 2011; I'amkues u
ap., 1983; Kepumos u np., 2002; 2003) ¢ yyerom
pE3yIBTATOB TEONIOTO-TeOPU3NUECKUX PadOT, Mpo-
BeIeHHBIX B mepuoa 1985-2002 rr.

COBOKYIMHOCTh TPUBEJCHHBIX T€0JIOTHYECKUX
KpUTEPUEB TMO3BOJIMJIA aBTOpPaM BBIJCIUTh HA TEp-
putopuu A3sepOaii/pkaHa BBICOKOTIEPCIIEKTUBHBIE U
nepcnekTuBuble I, 11, 111 kateropuii HedrerazoHoc-
HbIC pPaiOHBI, IMEPCICKTUBHO-HE(TEra30HOCHBIE U
BO3MOXKHO-TIEPCTIIEKTUBHBIE TEPPUTOpHH  (aKBATO-
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pHUH), a TaK)Ke TEPPUTOPUN C HEBBISICHEHHBIMH IEp-
cnextuBamu. Ciemyer MOAYEPKHYTh, YTO HAJIMYNE
TakOH KapThl OYCHb IOMOIJIO TPHU ONPEACICHUU
HanOoiree 3PPEKTUBHBIX HAIPaBICHUH W pa3Melle-
HAA OO0BEMOB IIOMCKOBO-PA3BEMOYHBIX pPabOT Ha
He(Tb U Tas.

Hcnonp3oBanue reojoro-reohpu3nveckoi MH-
dhopmartim, HakoIUIeHHO# 3a epro ¢ 1985 mo 2003
IT. rpynnoi aBropoB, B 2003 r. ObUIM COCTABIICHBI U
M3JIaHbl TEKTOHUYECKAss U He(Tera3oreoaorudeckas
kapthel (KepumoB u mp., 2002; 2003). Bropas kapra
(puc. 4), KaKk ¥ MpeAMIECTBYIONINE, COCTaBIeHa TaK-
’K€ Ha TEKTOHUYECKOW OCHOBE.

B Heil oTMeueHBI: IIaBHbIE CTPYKTYpPHBIE 3Jie-
MEHTBI JIENPECCUOHHBIX 30H; OCHOBHBIC TTyOWHHBIC
pas3iioMbl U PETHUOHAJIBHBIC PA3pPbIBBI B 0CAJ0OYHOM
YCXJIC; HM3O0TUIIChl IMOBEPXHOCTU KOHCOJIUAWPOBAH-
HOH KOPBI; BBISIBJICHHBIE CTPYKTYPhI U MECTOPOXKIE-
HUS 10 IUIMOIEH-YETBEPTUYHOMY,  ITaJIeOreH-
MHOLICHOBOMY M ME3030MCKOMY 3TakaM; CTPYKTYyp-
HBIE CXEMBI 110 KPOBJIC TIPOXYKTUBHOM TOJIIN CpPe-

HEro IuIHoIleHa (OCHOBHOM 3Ta)k He(TerazoHOCHO-
CTH) M MO TOBepXHOCTH Me3030s (Kepmmos, 2019;
Mustaev et al., 2023; Kadirov et al., 2024,
Eppelbaum et al., 2024).

Oco060 mogYepkuBacM, 94TO BO BCEX padoTax,
HamlpaBICHHBIX Ha COCTaBICHUE KapT HedTeraso-
Te0JIOrMYecKoro paiioHupoBaHus AszepOailkaHa B
OCHOBY TIOJIO)KEH T'E€OTEKTOHWYECKAW WPUHIUI C
YY4ETOM MOIIHOCTH M (PauuaibHO-TEOXUMHYECCKUX
YCIOBUH OCaJOYHOTO BBIMIOJHEHUS, CTCNCHH H3Y-
YEeHHOCTH pailOHa W HAJEeKHOCTH OCHOBHBIX KpHUTE-
pHEB OLIEHKU NEPCIIEKTUB HEPTEra30HOCHOCTH.

[IpoBeneHHbIe HCCTIEAOBAHHS C HCIIONB30BaHUEM
CeiCMOpa3BEIOYHBIX JTaHHBIX ITO3BOJIIIN CHIENaTh
BBIBOJ] O TOM, YTO TIOJSI TEKTOHUYECKUX HAIPKSHHUN
B OCaJ0YHOM HeXJe, CO3JAIOIIUe Pa3phIBHBIC Hapy-
MICHUA aKTUBU3UPOBAJIMCH B TCUCHUC NBYX MHTCPBA-
noB reonorudeckoro spemenu (FOcy6os, 2023). Ilep-
BBl MEpPUOJ AKTUBU3ALWHU, CO3JABIIMA BEPTHKAIIb-
Hble (WK CyOBEpPTUKAIIBHBIC) Pa3iOMBI, ISHCTBOBAT B
OCHOBHOM JI0 HaJaja MaJeoreHa.

(o]

427

41

(s}

409

39

Puc. 3. Kapra TekToHHYECKOro paiilOHHpOBaHUs He(TEra30HOCHBIX paiioHOB A3zepbaiimkana (Kepumos u np., 2002). Ha xapte mse-
TOM TIOKa3aH IpeArojiaraeMblii Bo3pacT pyHIaMeHTa: | — ckiaguaTeie TopHBIe cucTeMbl; 1 — panHenporepo3oiickwuit; [11 — mo3ane-
MIPOTEPO30HCKO-KeMOpHiicKHit; [V — apxelicko-naneo30ickuil; V — O3 THEPOTEPO30UCKHIA.

VYcnoBHbIe 0003HaUeHMs: | — THHUM ceficMudecKux npoduiei (puc. 5, 6, 7); 2 — riTyOUHHBIC pa3phIBbI;, 3 — KPYHMHBIE TEKTOHUIECKHE
pasnomsl; 4 — (ekcyphl WM TIpearnoaaraeMble pa3IoMel; 5 — 6eperosas U Kacrnmiickoro Mopst; 6 — TEKTOHHYIECKHH pa3IioM Mo
JAHHBIM CEHCMOJIOTUH, CEHCMOPA3BEIKH U T€0JIOTHH; 7 — BBIXOJBI ME3030MCKHUX OTJIOXKEHUH; 8§ — aHTUKINHAJIbHBIE 00BEKThI, MECTO-

POXKACHUS He()TH U Ta30KOHeHCaTa
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Puc. 4. Kapra He(Tera3oreoIornaeckoro paioHUpOBaHKS U MEPCIIEKTHB HeTerasoHocHOCTH AsepOaiimkana (Kepumos u ap., 2003)
VYcnoBuele o6o3Hauenus: 1 — kpynusle nporu6s (I — Cpenne-Kacnuiickuii, Bkmovaromuii [Ipukacnuiicko-I'yOnHCkuit paiioH, kak
yacTb Tepcko-Kacnmiickoro nporn6a n CeBepo-Abuieponckoii cunkimmaamy, 11 — FOxxno-Kacnuiickuii ¢ A6meponckoi, 'obycran-
ckoit 1 HmxHekypuncko#t 3onamu, [11 — EBnax-Armkadenunackuii ¢ I'sapknackoi u Caarsl-I eliuaiickoii 3onamu, IV — I"aGbIppeI-
AmKUHOYpCKHUit ¢ AJUKHHOYPCKOHM 30HOH 1 MexxaypeubeM Kypsl u ['aGbipper), 2 — HedTera3oHOCHBIE, MEPCIIEKTUBHBIE, BEICOKOTIEP-
CIEKTHBHBIE U BO3MOXKHO-TIEPCIIEKTHBHBIE C HEBBISICHEHHBIMH TIEPCIEKTHBAMH PailOHbL, 3 — TEKTOHMYECKUE PA3IOMBI O (pyHIaMeH-
Ty ¥ 0CaOYHOMY KOMIUIEKCY Me30-KaiH0304, 4 — HeTSIHBIE MECTOPOXKICHUS, 5 — Ta30BBIE MECTOPOXK/ICHHS, 6 — aHTUKIINHAIBHEIE
MIOCTPOIKH, 7 — U30IMHUH IO TIOBEPXHOCTH (yHIaMEHTa

Cpeane-KypHHCKas BIagHHA

T B2 T3 4 (s N (N7 s [ 9 (10

Puc. 5. Bpemennoii pazpes o muann A-A (puc. 1). B neBoit u npasoit gactsix npodust ormeuarorcs Kypuacknii, IIpenmanokaskas-
ckuii u IIpenbompiiekaBKa3cKiil TEKTOHMYECKHE pa3lIoMbl. PacdeTsl MOKa3bIBaloT, 4To IIpeaManokaBKa3cKuil pa3ioM aMILIUTY O
Gosree 1.5 kM obGpazoBaiics B pe3ynbTaTe SMUTPANUH YTIIEBOJOPOJOB B IIECYaHBIE pPe3epByaphl, PacloNI0OKeHHbIe B 0a3aJbHBIX Maii-
KOIICKHX FOPU30HTaX, C()OPMHUPOBABIINXCS B MAHKOIICKUX ITOPOJIAX.

VcenoBHbIe 0003HaUeHUs: 1 — roJionieH; 2 — MeicToleH; 3 — ardarsur; 4 — IUIMOLIEH; 5 — MUOIIEH; 6 — MalKoI; 7 — majeoreH; 8 — Me;
9 — ropckuii meprox; 10 — TEKTOHUYECKHE Pa3ioMBbl.
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O6pa3oBaHHBIC B 3TOM HHTEpBaje TI'eOJIOTHUE-
CKOTO BpPEMEHH pa3lIOMbl OXBAaTWJIM pa3pe3 HIDKE
MOBEPXHOCTH ME3030UCKUX OTJIOXKEeHU. BTopoit
MIepHOJ, HAYaBIIMICSA C KOHIIA MUOIIEHA, CO3JaBall U
co3/aeT CyOBepTHKAIbHBIE TEKTOHHYECKUE Pa3PHIBBI
B KalfHO30MCKO YyacTu paszpesa.

IIpu 3TOM pasnombl O HIKHEMY 3Taxy Ipak-
TUYECKH HE HCIIBITHIBAIOT KaKUX-THOO0 N3MEHEHHH, B
pe3yJIbTaTe TEKTOHWYECKUX COOBITHIA, MPOUCKOIS-
X B KailHO30€, YTO MOATBEPKIAeTCS NaHHBIMU
COBPEMEHHOM celicMOpa3BelKH, OXBaThIBAIOIIECH
BECh CTpAaTUTpaPUICCKUN WHTEPBAT ME30-KalHO30s
(cm. puc. 5, 6, 7).

IIpormio okono 20 net co Bpemernn m3manust (2003
I.) mocienHuX KapT — ‘“TekToHmueckas kapra HedTera-

ra30reoJormiecKoro pPaliOHMPOBAaHWS W TIEPCIEKTHB
HedTerazoHocHoCTH A3epOaiimkana”. 3a mporreariee
BpeMs: HOsBIWIMCH 2D celicMuieckue AaHHBIC PErHo-
HAJIBFHOTO MaciiTada TMpH IUIOTHOCTH CETH CelicMuYe-
ckux mpodrreit 2.5x2.5 kM u 3D ceficMopa3BeKy, BbI-
noHeHHOM B KacmmiickoM Mope; Ha Tepputopud (Cy-
ma) AsepOaiimkana ObLT 0TpabOTaH PsiJl PETHOHAIBHBIX
CeMiCcMOpa3BeIOYHBIX PO W Ha HEKOTOPBIX ILIO-
masx BeimonHeHa 3D ceiicMopasBe/ika ¢ UCIIONb30Ba-
HUEM WHHOBAIMOHHBIX TEXHOJIOTHIA; MOSBIINCH HOBBIC
pe3ynbTartel  ToIyOokoro Oypenmst (KepumoB w mp.,
2012). ITo pe3ymibTaTaM MPOM3BOCTBEHHBIX W HAYYHBIX
WCCJIC/IOBAaHUN YTOYHEHO TEOJIOTMUECKOE CTPOCHHE
TeppuTopun A3epOaiikaHa, B TOM YHCIIE OTIETHHBIX
IUTOMIa/eH AENPECCHOHHBIX 30H M aKBaTOPUH a3epOaii-

30HOCHBIX palioHOB AsepOaiimkana” u “Hedre- mxanckoro cexktopa Kacmmiickoro mopsi.
FOxno-Kacmmiickas Bnajuna 0B
—— —Tﬂ_g__‘_/f sy ~ Bomssiii coii 0.00
| S A
: "f NN A L S Bl 4 60
R I | / L) i
JTATHMAMMELTHH- e /~ CaarmacKoe \jf ; )
CKOe TOHSTHE " mommmme . p
<5 A S 135
= 025 50 = 10.0
C . i H, xm
LI 2] 3 [ |4 s e |7 [ {8 [ 9[—1]10

Puc. 6. Ceiicmoreonorudeckuii npoduis C3-IOB Hanpasnenue (puc. 1, munus B-B)

VYcnoBable 0003HaueHU: 1 — CIIO¥ BOABI; 2 — FOJIOIEH + IUIEH

CTOIIEH; 3 — ar4arsur, 4 — IUIHOILEH; 5 — MHOIEH; 6 — Maii-

Kom; 7 — maneoreH; 8 — men; 9 — ropckuii neprox; 10 — TekTOHUYECKHe pa3IoMBl.

0

2

)

N

W\

0.00

Y

lq‘f\\

A/ ] ” \\\

1.06

\ \ ‘\

T = 7 — == ——

217

3.38
4.60

5.90
7.35

|8 [—19

Puc.7. Bpemennoii pa3pes B KOxxno-Kacmmiickom Mope (cM.: I

o muanu C-C na puc. 1). Ha pucyske mokasaHo mepecede-

HHUC JIMHHUU HpO(i)I/UISI C pas3jiOMOM, BbIABJICHHBIM IIO CEHCMOJIOTHYECKUM M CEHCMUYECKUM JJAaHHBIM. Ha s>tom ydacTke

pas3jioM OTMEYECH MaJIOAMIUIUTY JHBIM CMEIICHUEM, KOTOPOC U3~

3a ero Macirada He 3aMeTHO.

VYcnoBuble 0003HaYeHUsT: 1 — CJ10# BOJIBI; 2 — TOJIOLEH + IJIEHCTOLeH; 3 — aryarbul; 4 — IUTHOLIEH; 5 — MHOIICH; 6 — Maii-
Kom; 7 — naneoreH; 8 — men; 9 — ropckuii nepuox; 10 — TEKTOHUUECKHE Pa3IoMbl
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Pe3ynpTatsl 311X pabOT MOKA3aly, YTO PsiI BBIBO-
JIOB TIPEABIOYIIUX HCCICIOBAHUNA YCTapeaun U IpHH-
LIUITBI, BJIO’KEHHBIE B OCHOBY He(hTerazoreoaoruiecko-
ro palloHNPOBaHMUS, HE YUUTHIBAIOT COBPEMEHHBIE J10-
cTwkeHus (yHIAMEHTAlbHON HedTerazoreoiormye-
CKO HayKH U MPAKTUKH U TPEOYIOT IIepecMOTpa.

B nenom B pabotax, NOCBSIIEHHBIX HedTeTrazo-
I€0JIOTHYECKOMY PallOHMPOBAHUIO, HET YETKOCTHU, U
MPUCYTCTBYET OOJbIIasi MyTaHWLA MPH BbIIEICHUH
00bekToB. Tak B pabote (ABepOyx, 1995) aBTop He-
kotopsle HI'P HazpiBaeT 30HaMu — 30Ha HukHeky-
puHCKOM Branwubl, CpegHeKypuHCKas 30Ha, Typk-
MeHcKasi He)Tera3oHOCHas 30Ha, 30Ha [EHTPaJIbHOM
yactu FOKbB.

He ucnonp3yercst KOHIENIHS yTI€BOAOPOIHBIX
cucteM, paspabortanHas B nepuon 80-90-x romom
XX B. U MO3BOJIAIONIAS KOMIICKCHO, CHCTEMHO II0-
JOUTH K ONPENECICHUIO U MOJHOLCHHOU XapaKTepu-
CTHKE NEPCIEKTUBHON TEPPUTOPUH WM aKBATOPHH
C YYETOM BCEN COBOKYIHOCTH JAHHBIX O F€OJIOTHYE-
CKOM CTPOCHHMHU U COCTaBe pa3pesa, ero GU3NIecKux
napamerpax, 0COOEHHOCTSIX TEKTOHUKH U T€OIHMHA-
MUKH, UCTOPUHU T'€OJIOTUYECKOTO PA3BUTHS U H3Me-
HEHUI BO BPEMEHU T'€OJIOTMYECKOM CpeAbl U HC-
M0JIb30BaHUM COBPEMEHHBIX METOJIOB U TEXHOJIOTHIM
anHanmm3a U MonenupoBanusi (Kerimov et al. 2021;
Kadirov et al., 2023). B cooTBeTCTBHM C 3THM NIPUH-
LUIIOM B OCaJOYHBIX OacceiiHaX OJDKHBI BBIIEIATh-
Cs1 €CTECTBEHHBIE YIIIEBOIOPOIHBIE CUCTEMBI.

Bo Bcex cxemax paifOHMPOBaHUWSI TEPPUTOPHU
AszepOaiipkaHa B KadecTBE YacTH He(TEra30HOCHOU
00JacTy BBIAEIISIOTCS HeTera3oHOCHbIE paiioHsl. [1pu
9TOM y pa3HBIX aBTOPOB UX KOJMYECTBO KOJEOJIETCS B
IIMPOKOM HHTEpBaJie. JTO TPEXIE BCETO CBS3aHO C
TEM, YTO B OCHOBY BBIZIETIEHHS] HETETA30HOCHBIX paii-
OHOB BJIOKEHBI Pa3IMYHbIE KPUTEPHU — TEOJIOrO-
CTPYKTYpHBIE WK reorpaduueckue, a B OOJIBIINHCTBE
CIIy4aeB — MO aJIMMHHCTPATUBHOMY HJIM IPOMBILIJICH-
HO-a/IMUHUCTPaTUBHOMY IPHU3HAKAM.

Kak ormeueno B cratee (FOcy0Oos, 2023), ycra-
PEBILIE BBIBOABI — 3TO T€, KOTOPBIE OTHOCSITCS B OC-
HOBHOM K BBIBOZAM, CBSI3aHHBIM C TEKTOHHYECKUM
CTPOEHHEM OCaJ0YHOTO KOMIUIEKCA ME30-KaifHO305 U
YIIIEBOZIOPOJTHON CHUCTEMBI, COCTABHBIMU YacTSIMU KO-
TOPOU SABJISAIOTCS: HATMYME B 36MHOM KOpE YCIIOBUM AJIsI
MEPBUYHOTO 00pa30BaHUs YIJIEBOJIOPOAOB (HedTema-
TEPUHCKHE TIOPOpl); HAIMYHE MOPUCTBIX (TPOHHUIIAe-
MBIX) TOPHBIX MOPOJ (KOJUIEKTOPOB), KAHAJIOB ISl MU-
rpalyy yIIeBOAOPOJIOB B BEPXHHE CJIOHW, IUIACTOB-
TIOKPBIIIEK, COCTOSIINX W3 HENPOHUIIAEMBIX TOPHBIX
TIOpOJI, OrPaHUYHBAIONIMX IepeMellieHrne HehTH U ra3a
TI0 BEPTHUKAIHN (SKPAHOB WJIH TIOKPBIIIIEK ).

PesynbTarhl ceiicMopa3BeoUHBIX paboT U TITy00-
KO€ TIONCKOBOE Oypenwue 3a 6oee yeM 30 JeT He TpH-
BOJWIM K JIONOJHEHHIO HMMEIOIIErocsi CTPYKTYPHOTO
¢onma. B To xe Bpems no nanHbM 3D ceficMopassen-

KH YIQJIOCh B 3HAYUTENIHHOW CTETIEHH YTOYHHUTH T'€O0-
METPHYECKHEe ¥ TPOTHO3UPOBATH METPOPHU3NIECKIES
MapaMeTphl BBISBICHHBIX paHee B pe3yIbTaTe FeoIoro-
reo(pU3NICCKHUX HCCIICIOBAHNN aHTHKIIMHAIICH, TIpea-
CTaBIISTIOIINX WHTEPEC C TOUKHU 3pEHNUS 00HAPYKEHUS B
Hux mecropoxnenuii (FOcyoos, 2020; 2022).

3akiaoueHue

Cxema He()TErazoreoiorn4ecKoro panoHu-

poBanus AsepOaiigxaHa

Kak ObLIO OTMEYEHO BBIIIE, OCagO4YHbLIE Oac-
CelHBI B cocTaBe He(DTEra30HOCHOW MPOBHHIINH SIB-
JSIFOTCS. HEOTHEMJIEMBIMA M BaXKHBIMU 00JaCTSIMU
nponecca (GOpMHUPOBaHUs €€ YrIIEBOJOPOAHOTO MO-
TeHuuana. M3BecTHO, YTO HAa TEPPUTOPHU U B aKBa-
Topuu AsepOaiikaHa pa3MeniaroTcsl (BbIICISIOTCS)
yacTu JAByX KpymnHbIx — Kacnuiickoro u Kypunckoro
MerabacceifHOB, He(TEra3oHOCHOCTh KOTOPBIX SIB-
JsieTcsl ycTaHoBIeHHOW. Mcxoas U3 3TOro aBTOPHI
npemnaraioT BbyienuTsh Kacnmiicko-Kypunckyro
He()Tera3oHOCHYI POBUHIHUIO (Meradacceiin).

CorsacHO NIpEeACTaBJICHUSIM aBTOPOB, NPUMEHE-
HHE JTJAHHOTO TMOJX0Ja K HeTereoIornueckomy pam-
OHUPOBAHMIO HE OTPHULIACT BO3ZMOKHOCTH BBIACICHUS
HapsAay ¢ HedTera3oHOCHBIMH OacceifHaMHU TakkKe U
HedrerazoHocHbIX TpoBuHIME. Kiaccupukanmeit
pa3HOMAacIITa0HBIX OCAJ0YHBIX 0aCCEHHOB, BKJIFOYA-
IoUIel YIIIeBOAOPOJAHBIE CHCTEMBI COOTBETCTBYIOLIE-
ro YpOoBHS, (popMHpPYIOIIEH BHYTPEHHIOIO CTPYKTYPY
HE(TEra30HOCHBIX MPOBHHIIUM M  OIPEICIIAIONICH
BO3MOKHOCTb HX pa3/iesIeHHsl Ha APOOHBIE JIEMEHTEI
paliOHMpOBaHMS, SBISAETCA HEpapXUyecKas KIaccH-
¢dukanus, mocTpoeHHas 1o "Mopdomerpuueckomy”
npuHimny (popma-pasmep). U3 Heé cremyer, uTo
CTPYKTYPHO-TEKTOHHYECKUM 3JIEMEHTaM IJI00aJIbHO-
ro, cyOrio0albHOTO W OTYACTH HAJIPErHOHAIBLHOTO
paHra MOp(QOIOTHUECKH COOTBETCTBYIOT OTpHIIa-
TeNIbHbIE 3JIEMEHTHI, UIMEIOIINE PAaHT 0CAJI0YHOTO Me-
rabacceiina. Mopdomerprdeckoil kareropueir oca-
JIOYHOTO OacceiiHa OITUCHIBAIOTCS OTPUIATEIILHEIC
3JIEMEHTBl HAJIPETHMOHAIBHOTO, PETMOHAJIBHOIO |
CyOpermoHaIbHOTO paHra, a Kareropueil cyoodaccei-
Ha — CyOperHOHAIbHBIE U JIOKAJTBHBIE DJIEMEHTHI.

B cBsi3M ¢ BBINIEU3I0KEHHBIM B KauecTBE Clie-
IOYIOLIETO HEepPapXU4ecKoro YpoBHSI He(Tereonoru-
YECKOro palloHMpOBaHUs B COCTaBe HedTerasoHoc-
HOM TmpoBHUHIMH (MeradacceiiHa) BBIIENSIOTCS
Hepmezazonocnvle obnacmu (bacceiinpy). B npe-
nenax Kacnuiicko-Kypunckoro HedrerazoHocHOro
Oaccelina (IPOBHHIIMS) BBIICISIOTCS TpU Hedrera-
30HOCHBIE obOmactu  (Oacceitma) —  Cpeome-
Kypunckaa, HOxucno-Kacnuiickaa u  Cpedne-
Kacnuiickaa obracmu (6acceiinw) (puc. 8). B atux
00J1acTsIX CO3JAJIUCh BECbMa YHHUKAJIbHBIC YCIIOBHS
JUISL SBOJIIOIMM M PAacHpOCTPaHEHUsI TeHEPalOHHO-
AKKyMYJISALIMOHHBIX YTIIEBOJIOPOJHBIX CHCTEM.
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Kacnumncko-KypuHckas
HedTera3oHoCHasa NPOoBUHUUA (MerabacceiH)
=

Puc. 8. Cxema Hedrerasoreonorudeckoro paitonnposaunus Kacnuiicko-Kypunckoit HI'TI
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Puc. 9. I'eHepallnoHHO-aKKyMYJISILLIMOHHBIE yrieBoaopoanble cucteMbl FOKB

VYcnoBHble 0003HadeHNS: | eHepannoHHO-aKKyMYJIAIMOHHBIE YTJIEBOAOPOIHBIC CHCTEMBI: a — JOLEH-TUIMOLEHOBas, 6 — MaiKom-
IUTAOLICHOBAS, B — MHUOIICH-TDIHOIIEHOBAs; 1 — 00JIacTh MCCIIEIOBaHNUS, 2 — COBpeMEHHast OeperoBasi JIMHUSA, 3 — TPSI3eBbIC BYJIKAHEI, 4
— pasnoMsl, 5 — mceBIOoCKBaXXHHEL, 6 — rpannna [AYC: 6a — 301eH-ITHOIIEHOBOH, 60 — MaHKOIICKO-TUTHOIIEHOBOH, 6B — MUOLICH
IUTHOIIEHOBOH, 7 — 30HBI aKKyMYJISIIUH (30HBI He()Tera30HaKOIUICHHS), 8 — 00IacTH akKyMyJIsIuy Kuakux YB, 9 — obmactu akky-
MyJsun razoobpasueix YB, 10 — 3penocts OB B ouare (R0,%): 10a — menbiue win pastao 0,5%, 106 — ot 0.55 g0 0.75%, 108 — ot
0.75 mo 1%, 10r — ot 1 0o 1.3%, 101 — ot 1.3 no 2%, 10e — ot 2 1m0 3%, 10 — ot 3 no 4%, 103 — ot 4 1m0 5%, 11 — dakTHUeckue
MmecropoxaeHnus: 11a — neptsnsie, 116 — razossle.
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Crenmyromeit Kateropueil nepapXmdecKd TOmdd-
HEHHBIX DJIEMEHTOB B CHCTEMAaTHKe OOBEKTOB PAiOHH-
poBaHus Mpu "OacceHOBOM" TOAXOME, SBISIOTCS "ye-
n1e6000poouste cucmemnt (YC) " (puc. 8 u 9), 9uro o1-
JMYaeT TPEUIOKEHHYI0 CXeMy HedTerasoreonorude-
CKOro parioHMpoBaHus AsepOaiipkana. B pesynbrate
MPOBEACHHOTO aHAIN3a U YMCIICHHOTO MOJICTTMPOBAHUS
yrieBomopomHeix  cucteM B HOkHO-Kacmmiickom
He(hTera3soHOCHOM OacceiiHe BBIIEIIOTCS TPH KIIAcCH-
yeckux ['AYC: 30LEH-IUIMOLICHOBAs; MaMKOI-ILINO-
[IEHOBass M MHOLCH-TUIMOLCHOBAS  YIIICBOIOPOIHBIC
cucremsl (puc. 9). B npenenax OacceliHa BBIIEISIOTCS
TaKxKe TPU HETPaJULIMOHHBIX (crnaHneBbix) YC: sore-
HOBasi, Maiikorickas u nuatomoBas YC. B Cpenne-
Kypunckoii oonactu Beinesstorest 1se 'AYC: soueHo-
Bas ¥ MaHKOIICKas, IBC HETPaUIIOHHBIC (CIIAHIICBBIC)

YC — noneHoBas u maiikonckas. B Cpemne-Kacrmii-
ckoit obmactu Beierstores Tpu ['AYC: soreH-umo-
LICHOBAsl, MAKMKOI-IUIMOLEHOBAas W MaHKOIM-MeoBast
I'AYC. 3nech BBIIENSIOTCS TakKe TPU HETPAJUIMOH-
HeIX YC — MesoBas, 2011eHOBast 1 MaMKOIICKas.

[anee B mpezaenax yriaeBOJOPOIHBIX CUCTEM BbI-
JIETSAIOTCS. 30Hbl HeghmezazonaKonnenun (nieu) —
accoupanysi CMEXHBIX U CXOIHBIX 110 T€0JOTHYECKO-
My CTPOCHHIO MECTOPOXKICHUM HeTH M Taza, Me-
CMOpOoIHcOeHUs — acCOIMaIUs 3aJIeKel, TPUYpPOUEH-
HBIX K OJHOW WJIM HECKOJIBKUM JIOBYILKAM, PacIojo-
JKCHHBIM Ha OJHOM JIOKANLHOM IIIOIIAIN, 3A/1€HChb —
€CTECTBEHHOE JIOKAIbHOE SANHINYHOE CKOTUIeHHe Y B.

Ha ocHOBaHMHM BBILIEHU3TI0KEHHOIO HAMHU Hpen-
Jaraercs KapTra HedTera3oreoyiornieckoro paioHu-
poBanus AzepOaiimkana (puc. 10).
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Puc. 10. Hedrerazoreomnorudeckoe paiionupoBanue Aszepbaiimkana. Kypuncko-Kacnmiickas HedTerasoHocHas mpoBHHIUS (Mera-
6acceiin). | — FOxuno-Kacnuiickas; 11 — Cpenne-Kypunckas; III — Cpenne-Kacnuiickast HedTerazonocHasi oéacrun (6acceii-

Hb1); IV — OecniepcneKTHBHBIE H TOPHO-CKJIAI4YaThle PaliOHbI.

VYcnosHele 06o3HaueHus: 1 — [ocynapcTBeHHas rpaHuna; 2 — riyOMHHBIE pa3phbiBbl; 3 — KPYMHbIE TEKTOHMYECKUE PA3JIOMbl;, 4 —
(rekcypsl WK TIpeAnoaraeMble pasinomsl; S — Oeperoas nuHus Kacnuiickoro Mopsi; 6 — TEKTOHMYECKUH Pa3JIoM 10 JIaHHbBIM Ceii-
CMOJIOTHH, CeHCMOpa3BEIKH M T'€OJIOTHH; 7 — BBIXOJIbI Ha MOBEPXHOCTh ME3030MCKUX OTIOKEHUH; 8 — aHTHKIHHAIBHBIE 00BEKTHI,

He(i)TSIHLIe 1 Ta30KOHCHCATHBIC MECTOPOXKACHUA
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HOBBIN NMOJXO0/I K HE®PTET'A3OIEOJIOTMUECKOMY PAMOHUPOBAHHIO TEPPUTOPUU ASEPBAMIKAHA

Kepumos B.IO.12, IOcy6or H.ILY, I'yaues U.C.%, Kagupos ®.A.13
"Munucmepcmeo nayxu u obpasosanus Azepoaiiocanckoti Pecnybnuxu, Hncmumym nedpmu u 2asa, Asepbatiosican
AZ1000, Baxy, yr. @. Amuposa, 9: vagif.kerimov@mail.ru
2Poccutickuti 20cydapcmeennblii 2eono2opazeedounsiii ynusepcumem umenu Cepzo Opooconuxudse, Poccus
117997, Mocksa, yr. Muxnyxo-Maxknas, 23
SMunucmepcmso nayku u obpasosanus Asepbaiiosicanckoti Pecnybnuxu, Mucmumym 2eono2uu u 2eopusuxu, Azepbaiiocan
AZ1073, Baxky, npocn. I" [{ocasuoa, 119
Tpesuouym Hayuonanvnoti akademuu nayk Asepbaiioncana, Azepbaiioxcan
Va. Ucmuenanuiiam, 30, baxy, AZ1001

Pe3ztome. Pa3paboTaHbl TEOPETHUECKHE OCHOBBI U CO3JjaHA CXeMa He(hTera3oreosornieckoro paiiOHUPOBaHUs TEPPUTOPHU A3ep-
Oaif/pkaHa Ha OCHOBE BBeNIeHHA "0acCeifHOBON" XapaKTEPUCTUKU B HOMEHKIIATYPY JIEMEHTOB, BBIACISIEMBIX ITPH "MTPOBHUHIIUAIHLHOM"
noaxozne. HoBU3HOH B MpeoxkeHHON cxeMe HedTera3oreolornieckoro paiOHHPOBAHUS SIBISICTCS BBIIEICHHE HEPAPXHIECKOTO
ypoBHs — "yrieBogopoaHble cucTeMbl". Ha Teppuroprun u B akBatopun AsepOaiimkana Beiensercs Kacrmiicko-Kypuackas Hedre-
ra3oHOCHas pOBUHIMS (MerabacceliH). B kadecTBe ciemyromiero nepapXudeckoro ypoBHsl He(hTereoJIorHIecKoro palfOHUPOBAHNS B
cocTaBe He(TErazoHOCHOH mNpoBHHUIMK (MerabacceiiHa) BblmeleHbl TpU HedTerazoHocHele obnactu (Gacceiinbl) — CpenHe-
Kypunckas, HOxno-Kacnuiickas n Cpenne-Kacnmiickas obnactu (6acceiinsl). Cnenyromield kKaTeropueil nepapXuueck MoJuuHEH-
HBIX JJIEMEHTOB B CHCTEMAaTHKE OOBEKTOB palioOHMpOBaHuUs siBisercs yrieBonopoanas cucrema (YC). B HedrerazonocHsix 6acceii-
Hax BBIJEISIOTCS TeHEePaI[MOHHBIE-aKKYMYIJISIMOHHBIE yrieBoopoaHbie cucteMbl (ITAYC) — ecrecTBeHHas cuCTeMa yTIIEBOAOPOA-
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HBIX (DIFOMIOB, KOTOpasl BKIIOYAET B ce0s ouar reHepariy, BCe CBSI3aHHBIC C HUM YIJIEBOIAOPOJBI, BCE 3HAYMMBIC 3JIEMEHTHI U IIPO-
LIECCHI, HEOOXOANMBIE JUISl BOSHUKHOBEHHMS CKOIUICHUI He(TH U rasza. DlleMeHTaMH YIJIeBOJOPOIHBIX CHCTEM Hapsay ¢ Hedremare-
PHHCKHMH MOPOJaMH SIBJISIOTCS. BMELIAIOIIHE TTIOPOJIBL, JIOBYIIKH, PE3epPBYapbl U KOJUICKTOPBI, TOKPBIIIKH, IEPEKPHIBAIOIINE TOJILIH,
a MPOLECCHl — 3TO T€HEepalus, MUTPpalMs U aKKyMyJsus ckomeHuid Y B. Hepa3pbIBHOCTD CBs3€H TaKMX JIEMEHTOB YIJIEBOIOPOJ-
HOI CHCTeMBI, KaK ouar reHepaluuy He)TH U rasa, 30H ero MUTPALUH U aKKYMYJISILIUHI SIBISCTCS BaXKHBIM YCIOBHEM, ONPEIEIAIONM
KOPPEKTHOCTh He()TEera3oreoornueckoro paifoHMpoBaHUs U MPOTHO3a He(Tera3oHOCHOCTU. Tako# MOIX0A MO3BOJSET NPHUACPKH-
BaTHCSI BAXKHOTO IPHHIIMIA — "MPUHIMIIA HEPA3PEIBHOCTHU CBS3EH MEXKIy dJIEMEHTaMH YIJTIEBOJOPOJHON CHCTEMBI'", OCHOBAaHHOTO Ha
KOHIIETIIIMU YTIIeBOJOPOIHBIX cucTeM. B FOxHo0-Kacmuiickom HedTerazonocHoM OacceliHe BEIIEISIOTCS TPU KIacCHUSCKUe TeHepa-
IIMOHHO-aKKyMYJISIIUOHHEIE YTJICBOJOPOAHBIE CHCTEMBI: SOLEH-TUIHONEHOBAs; MaWKOI-IUIMOIICHOBAss ¥ MHOLCH-TUIMOLCHOBas. B
npezeniax OacceifHa BBIAEISIIOTCS TakoKe TP HETPaJHUIOHHBIE (CIIAHIEBbIE) YTITIEBOJIOPOIHBIE CUCTEMEL: S0IL[EHOBAsI, MAHKOIICKasT 1
auaromoBasi. B Cpenue-KypuHckoi 0051acTi BBIIENSIOTCS ABE YIVICBOJOPOIHBIE CHCTEMBI: 30LICHOBAsE M MalKOIICKast; ABE HETpaJu-
LMOHHBIE (CIaHLEeBBIC) — 30IeHOBas U Maiikonckas. B Cpenne-Kacnuiickoil 001acT BBIACTSIOTCS TPH YITICBOAOPOAHBIE CUCTEMBI:
J0IICH-TUIHOIICHOBAsT, MAHKOM-IUIMOLICHOBAs: X MaWKOII-MENOBas, a TAKXKE TPH HeTpaauuuoHHble YC — MesoBast, S0LeHOBas U Maii-
KOTICKasL.

Knrouesvie crosa: Hegpmezazozeonoeuueckoe paiionupoganue, Azepbatioscan, baccetit, nposutyus, yene6000p0OHble CUCTEMDYL,
HeghmezazonocHvie obracmu

AZORBAYCAN ORAZISININ NEFT-QAZ SAHOLORININ GEOLOJi RAYONLASDIRILMASINA YENi YANASMA

Karimov V.Yu.}2, Yusubov N.P.4, Quliyev 1.S.4, Qadirov F.A.L3
YAzarbaycan Respublikasinin Elm va Tahsil Nazirliyi, Neft va Qaz Institutu, Azorbaycan
AZ1000, Baki soh., F. Omirov kii¢., 9: vagif.kerimov@mail.ru
2Sergo Ordjonikidze adina Rusiya Déviat geologi Kasfiyyat Universiteti, Rusiya
117997, Moskva sah., Mikluxo-Maklay kii¢., 23
3Azorbaycan Respublikasinin EIm va Taohsil Nazirliyi, Geologiya vo geofizika Institutu, Azorbaycan
AZ1073, Baki sah., H.Cavid pr., 119
*Azarbaycan Milli Elmlor Akademiyasinin Rayasat Heyati, Azarbaycan
fstiqlaliyyat kii¢, 30, Baki, AZ1001

Xiilasa. "Hovzo" xarakteristikasinin "Vilayot" yanagmasi zamani ayrilan elementlorin nomenklaturasina daxil edilmasi osasinda
Azorbaycanin orazisinin neft-qaz-geoloji rayonlasdirilmast sxemi iglanib vo hazirlanmisdir. Toklif olunan neft vo gaz — geoloji ray-
onlagdirma sxemindaki yenilik iyerarxik soviyysnin - "karbohidrogen sistemlori"nin ayrilmasidir. Azarbaycanin orazisinds vo akva-
toriyasinda Xozor-Kiir neft-qaz vilaysti (meqahdvzo) ayrilir. Neft — qaz vilaystinin (meqahdvzo) torkibinds neft-qaz rayonlasdiril-
masmin ndvbati iyerarxik soviyyssi kimi ti¢ neft-qaz vilayati (hovzolori)-Orta Kiir, Conubi Xozor vo Orta Xozor vilayotlori
(hovzelori) miloyyan edilmisdir. Rayonlasdirma obyektlorinin sistematikasinda iyerarxik olaraq tabe olan elementlorin névbaoti Kate-
qoriyast karbohidrogen sistemidir. Neft vo qaz hévzalorinds generativ-akkumulyator karbohidrogen sistemlari forglonir — generasiya
moarkazini (yoni aktiv neft-qaz stixurlarinin inkisaf sahasi), onunla slagali biitiin karbohidrogenlor, neft vo qaz yigilmasinin bas ver-
moasi {igiin lazim olan biitiin shamiyyatli elementlor vo proseslor. Karbohidrogen sistemlorinin elementlori, ana siixurlari ilo yanasi,
tolalori, kollektorlari, qalinlig: iist vo proseslor - karbohidrogen qruplarmin yaranmasi, miqrasiyast vo yigilmasidir. Neft vo qazin
yaranma Moarkoazi, onun migrasiya vo yigilma zonalar1 kimi karbohidrogen sisteminin bu ciir elementlorinin slagelorinin davamliligi
neft-qaz-geoloji rayonlagdirmanin diizgiinliiylinii vo neft-qaz hasilatinin prognozunu miioyyan edon vacib sortdir. Bu yanagma, kar-
bohidrogen sistemlori konsepsiyasina asaslanan "karbohidrogen sisteminin elementlori arasindaki slagoslorin davamliligi prinsipi”
kimi formalagdirila bilon vacib bir prinsipo riayst etmoys imkan verir. Karbohidrogen sistemlorinin tohlili vo odadi mod-
ellogdirilmosinin naticalorine gora Canubi Xozor Neft vo qaz hovzasinds ii¢ klassik generativ-akkumulyativ karbohidrogen sistemi
miiayyon edilir: Eosen-pliosen; Maykop-pliosen vo Miosen-pliosen. Hovza daxilinds ii¢ geyri-onanavi (sist) karbohidrogen sistemi
do miiayyan edilir: Eosen, Maykop vo Diatom. Orta Kiir bolgasindo iki karbohidrogen sistemi miiayyan edilir: Eosen vo Maykop; iki
geyri — ananavi (sist) - Eosen vo Maykop. Orta Xozar bolgasinds ti¢ karbohidrogen sistemi miiayyan edilir: Eosen-pliosen, Maykop-
pliosen vo Maykop-tabasir. Burada ii¢ qeyri — onanovi karbohidrogen sistemi miioyyon edilir — Tobasir, Eosen vo Maykop.

Acar sézlar: Neft-qgaz geoloji rayonlagdirma, Azarbaycan, hévza, Vilayat, karbohidrogen sistemlori, neft-gaz rayonlar:
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CPABHUTEABHAS XAPAKTEPUCTUKA 3010TOHOCHOCTUA
TEPPUTEHHO-KAPEOHATHBIX OTA0XXKEHUN AZIMA ABIKCKOI'O
PYAHOT'O PAMMIOHA C MECTOPOXXAEHUSMMI KAPAMHCKOI'O TUTIA

Mynaysosa M.A.}, Carmros C.C.!, Hypxoaxaes A.K.?

ITocydapcmeetirioe Yupexderue «Vrncmumym muneparvrvx pecypcos», Ysbexucman
100164, Tawkerm, ya. Oaumaap, 0. 64: mavlyuda. munduzoval956@gmail.com
2['ocydapcmeentoe Yupexderiue «VIncmumym zeorozuu u 2e0pusuKu»

umeru X.M.A0dyAraesa, Y30exucman
100164, Tawikerm, ya. Oaumaap, 0. 64

COMPARATIVE CHARACTERISTICS OF THE GOLD CONTENT IN TERRIGENOUS-CARBONATE DEPOSITS
OF THE ALMALYK ORE REGION WITH DEPOSITS OF THE KARLIN TYPE

Munduzova M.A.%, Sayitov S.S., NurkhodjaevA.K.2

Linstitute of Mineral Resources, Uzbekistan

64, Olimlar str., Tashkent, 100164: mavlyuda.munduzoval956@gmail.com
2Institute of Geology and Geophysics named after H.M.Abdullayev, Uzbekistan
64, Olimlar str., Tashkent, 100164

Keywords: Gold content,
terrigenous-carbonate
deposits, dolomites,
comparison, Almalyk, Karlin,
manifestations, deposits

Summary. For the first time in Uzbekistan, studies on gold content in terrigenous-carbonate
deposits of the Almalyk ore region were conducted by M.A.Munduzova, S.T.Badalov and others.
The gold content was determined both — in the rocks composing these strata and individual occur-
rences within them. Gold mineralization in terrigenous-carbonate strata can be one of the uncon-
ventional sources of gold mineralization. The selected samples from gray, black dolomites contain-
ing organic compounds (bituminous) were analyzed both in laboratories of the Republic of Uzbeki-
stan and in laboratories of the USA. The convergence of the results obtained in the laboratories of
the two countries was confirmed. Gold mineralization in terrigenous-carbonate rocks in both prov-
inces is finely dispersed, difficult to diagnose and difficult to extract. The author continues the la-
boratory and technological research on the extraction of gold from terrigenous-carbonate rocks, in-
cluding studies to determine the relationship of thin, scattered gold with organic matter in black,
bituminous dolomites. Gold in sedimentary terrigenous-carbonate rocks is finely disseminated with
organic matter. Carlin-type gold deposits are hosted in carbonate sediments and are represented by
fine-grained sulfide mineralization. Varieties of gold are distinguished: films on the surface of py-
rite and amorphous carbon, gold-organic compounds, native gold, gold in realgar and native arse-
nic. The most favorable prospecting and predictive signs of such mineralization in the Chatkal-
Kurama region are lithological and structural factors, certain formations and areas of conjugation
of multidirectional faults and interformational positions in the form of scanning, ferruginization,
crushing and other secondary changes.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

3onoTopyaHble MecTopoxieHus: KapnuHckoBoro
TUMA SIBISIIOTCSL  CHHTCHETUYHO-3IIUTCHETUYECKUMU,
BKpAIJICHHBIMH, 30JI0TOHOCHBIMH THPHUTOBBIMHU (Map-
Ka3UTOBBIMH WIIM apCEHONMPUTOBBIMU) MECTOPOXKJIe-
HUSIMH, XapaKTepH3yIOIIMMHUCS W3MEHEHHBIMU KapOo-
HATHBIMH MTOPOJIAMH — apTHJLTUTH3UPOBAHHBIMH, CYJTb-
dbummsupoBanHbEIME B oKpeMHeHHBIME (Hofstra, Cline,
2000). MecToposIeH s BCTPEYatoTCs B PYIHBIX y3Jax
(k;macTepax), COCpEIOTOYEHHBIX BAOJb JOCTATOYHO
MIPOTSDKEHHBIX pasiioMoB (Bomkos, [amsimos,2020).

68

MecTopoxnenus 3onota KapauHckoro Tuma c
6oxee 10 000 T 3amacamu coctaBustoT okoso 9-10%
MHPOBOTO TIPOoN3BoAcTBa 30510Ta (Bonkos, Cunopos,
2016). 3anace! 3010Ta Ha MecTOpoXxaAeHnu Kapiama-
ckoro tumna B ceBepHoi HeBane — 5500 T u mo 3Ha-
YUMOCTH YCTYMAalOT TOJBKO TakoBoMy Bwutsa-
tepcparnmy B IOxHoW Adpuke. MecTopoxaeHne
Kapnunckoro tuna B paiione saub-Lgub-1yit B 3a-
nagHoit yactu [unenun Ha tore Kutas xapakrepu-
sytores 3anacamu 400 T (Saunders et al., 2014). B
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patione I'onx bap (Gold Bar) pasmemieHsl Ttk 30-
JIOTOHOCHBIX MecTopoxkJeHuil KapnuHckoro Turma,
KOTOpBIE IO COBOKYIMHOCTH 3aIacoB 30JI0Ta JOCTH-
rarot 1.6 muH. yHnmit (Yigit, Hofsra, 2003).

Mectopoxaenus KapnuHckoro Ttumna pasme-
LIal0TCs B Ipefenax 30J0TOPYJHOro IMosca ITara
HeBana (Birak, Hawkins, 1985) u Bctpeuarotcs B
CJIIOKHOH TEOJOTHYECKOM O0OCTaHOBKE B CEBEPO-
LEeHTpaIbHOM 4acTh Hemanpl, KoTopyto OOBIYHO Ha-
3BIBAIOT MPOTEPO30ICKON pUGTOBOI 3amalHON OKpa-
nHoit CeBepo-Amepukanckoro kparona (Hollings-
worth et al., 2018). Mectopoknenus 3omota Kapmia-
CKOTO THMA SIBISIIOTCS 30JI0TO-IIOJHCYIb()UAHBIMHU,
TOHKOBKPAIUIEHHBIE 30JI0TOCYIB(MHUIHBIE PYIbl HAXO-
JSITCS B aCCOIMAINH C PeallbrapoM, aypUITATMEHTOM
u antumonuToM (Monamuuos, 2019). B mkacnepou-
Jax OOJBIIMHCTBO TPEUIMH M KaBEpH 3aroIHEHO ApY-
30BBIM KBaplleM U MOTYT COJAEP)KaTh KAONWHHT, aH-
TUMOHHT, OapuT, KaneuuT (Cline et al., 2005).

eoxummueckuit npoduis pyast — Au—TI-As—
Hg-Sh—(Te)-Ba — xapakrepusyercss HU3KHMH CO-
nepxanmsiMu Ag u noiumeramioB (Bomkos, Cumo-
poB, 2016). PacnipeneneHue pacTBOPEHHBIX PYIHBIX
KOMIIOHEHTOB OTpa)KaeT PEeaKIHu MEXIy Marmaru-
YECKUMH THUAPOTEPMAIBHBIMA (hITFOMIaMH, OOTaThI-
mu Na, 1 BMeIaroummMu mopoaamu, 6orareiMu Ca u
Mg (Jin et al., 2021). Pe3ynbraThl HCCieIOBaHUI
Murura u Xodcrpa MoKasany, 4T0 H3MEHEHHe JIH-
TOXUMHUYECKHX TIOKa3aTelell pyIOBMEINAoNX I0-
POl CBUAETEIBCTBYIOT O  IPOrPECCUPYIOIIEM
OKPEMHEHUH, JIeKapOOHM3aNHY (IeKATBIIUTH3AINHA U
JIETOJIOMUTH3AINN ), apTHLTH3AIUU (MILTAUT) U CYJIb-
¢dbuan3anuy B 3aBUCUMOCTH OT MHHEPAJIH3alUu 30-
nota (Yigit, Hofsra, 2003).

B nocnenaee BpeMst MpOBOASTCS MHOTOYHCIICH-
HbIE Pa0OTHI TIO BBISBICHHUIO 30JIOTOPYIHBIX MECTO-
poxxnennii Ha Tepputopun CHI'. A.C.bopucos orie-
HWJI TIEPCIIEKTUBBI 30JI0TON MuHepanm3aiu Kap-
JuHCKoro tuma ydactka OxjoBckod B Ilepmckom
Kpae. 30J10TO — TOHKOBKpAIIEHHOE C COAEpP)KaHUEM
oprannyeckoro BemiectBa (bopucos, 2018). Pesyib-
TaThl aHaIM3a reoQU3NIECKUX MOJEIe 3eMHOHN KO-
PBI TIOKA3aJId CXOJICTBO T€OAMHAMUYECKHX 00CTaHO-
BOK ()OPMHUPOBAHUS HEBATUHCKUX M CAKBIHIKUH-
CKMX MecTopokJaeHni KapinuHckoro Tuma, 4to moa-
TBEPXKJIAET BBICOKUE TEPCICKTHUBBI OTKPBITHS KPYyTI-
HBIX MECTOPOXKJICHUN B 3TOM apKTUYECKOM paiioHe
SAxytun (Bonkos u ap., 2020).

[Ipeanoceuiku 0OHAPYKEHUS 30JI0TOCYIb(UI-
HOTO OpYJCHEHHS B TMAlE030MCKUX TEPPUTEHHO-
KapOOHATHBIX TOJIMAX MOMOHTAWCKON ILIOIaan
Marasmanckoii obnacti yctanosneHsl PsazanoBbiM K.
ITo cpegneMy TeueHuro pyubd SICHBIN BBISBIEHBI
KOMIUIEKCHBIE aHOMAJHH 30JI0Ta, Oapus, CypbMBI,
PTYTH U JIPYTHX DJIEMEHTOB, KOTOPBIE XapaKTePHBI
s Mmectopoxkaennidt Kapnuackoro tuna (Psizanos,

EnransraeB, 2020). Pesymprater pabor Xommuua u
bopuckuHol CBUAETENBCTBYIOT O CONOCTaBUMOCTHU
TEKTOHO-CTpaTUrpapuueckux (HaxTOpoB U IeoHHa-
MHYECKUX TO3WINN, TOBIHUSIBIINX Ha (OpPMHpPOBa-
Hue MmectopoxaeHuid Kapnunckoro tumna B HeBajne
(CIOA) m B roro-3amagHbix NpoBUHIMAX Kutas u
[Tpuamypsst (P®) (Xomuu, bopuckuna, 2020).

Jna Bocrtounoro Kazaxcrana BmepBbie Bblje-
JICHbl HOBBIE amoKapOOHATHbIE (OPMALMOHHBIE THU-
bl 30JI0OTOHOCHBIX JKacneponnoB. Ha mnpumepe
BbaitOypruHCKOTO PYOHOTO TONS M3y4YeHBI CTPYKTYp-
HO-TEOJIOTHYECKHE OCOOCHHOCTH PYAHBIX TEJT 30JI0-
TOHOCHBIX JkacriepousioB (Ky3pmuna, 2015).

B V30ekncrane BrepBble OBUIO BEISBICHO He-
CKOJIBKO OOBEKTOB 30JI0Ta, pa3MEIIeHHBIX B Kap0o-
HATHBIX OTJIOKEHUSAX U MPEJCTABIEHHBIX TOHKO3Ep-
HHUCTOW CynbpUIHON MUHepaiau3anueil B ropax by-
kaHTay, YakunkansH, Yarkano-Kypame. Herpanu-
[IMOHHBIE aroKapOOHATHBIE THUITBI 30JI0TOTO OpYyIe-
Henus (Kapnunckuii Tum) B Y30ekucTane TOBOJIBLHO
mpoko paccMoTpensl B pabore B.J. Los (Loid,
2010; Loit u mp., 2011), M.A.Mynmy3oBoit (2004;
Hoit u np., 2011). ITocTpoeHHas Moxaeab GOPMHUPO-
BaHMS aroKapOOHATHOT'O 30JI0TOTO OPYICHEHHS OT-
pakaeT MPUBHOC PYIOHOCHBIX pacTBOpoB SiOz +
Al;O3 (Au, WOs3) BI0ih pyAONOABOASIIETO Pa3io-
Ma, HAJIOKEHHE WX Ha JOJOMHTHI C 00pa3oBaHUEM
KkBapua, meenurta u 3onota (Llo#, 2010; Lot u mp.,
2011).

UepTsl CXO/ACTBA C METAJJIOTEHUYECKUMH 103U~
OUsMU (HaJau4aue 30JI0TOpyAHON mpoBuHIMHK) [Ipo-
BuHIMU bacceiinoB u XpeOtoB 3amamuoro TsHb-
[TaHs MO KOMIUIEKCY IPU3HAKOB 0XapaKTepU30BaHbBI
IToroBeiM (1958). AnMaNbIKCKUI PYIHBIA paiioH
pacmhoyoXeH Ha CEeBEepHBIX CKioHax KypamuHCKoOro
xpedTa U BXOAUT B cocTaB KypaMHWHCKOW MOJ30HBI
UYarkano-KypamuHcKkoil  cTpyKTypHO-(paruansHON
30HbI (AKOapoB, YMapxokaes, 1978).

OCo0eHHOCTH Te0JIOTHYeCcKOro CTPOeHH

MecTtopoxaeHnii Kapinnckoro tuma

Kapnuackuid THI XapakTepu3yeT 4YacTb Me30-
30MCKO-KailHO30MCKOW 30JI0TOHOCHOM IPOBUHIIMH,
MIPOTSAHYBIIEHCS C CeBepa Ha IOT BJOJb 3amagHON
yactn CeBepHON AMEpHUKH, K KOTOPOW OTHOCATCA
MECTOPOKAECHHU KOPEHHOTO 30J10Ta PAa3InYHbIX T€0-
JIOTO-TIPOMBIIIUIEHHBIX THUIIOB. KapnuHCcKas 3anexsp,
Haxoxsmascs B LleHTpe pyaHOTo mossi, craia TUIO-
BOM sl Kjacca OCaJOYHBIX MEJIKOBKPAIUIEHHBIX
30JI0TOHOCHBIX MECTOPOXKIEHUH, OOBIYHO H3BECT-
HBIX Kak «3anexu Kapnuackoro tuma». OTKpEITOE B
1960 r. reomoramu «HproMoHT MaitHHHTY, OHO CTa-
JI0 IIEpBBIM B MHUpPE KPYIHBIM MECTOPOXKIECHUEM 30-
JI0Ta, pa3padaThIBaBUIMMCS METOJIOM OTKPBITOH J0-
Ob1un. C TOro BpeMeHH B paiioHe OBUIO 0OHAPYKEHO
6onee 30 OTAETBHBIX MECTOPOKICHHH.
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3onortoe opyneHenue tumna Kapnue nokanusyer-
Csl B CYIIECTBEHHO KapOOHATHBIX IIOPOAAX BO BCEM
cTpaturpaMueckoM [uana3oHe OT OpAOBHKA [0
MO3/IHET0 TpHaca BKIHOYUTENBHO. 371€Ch BBIIBICHO
TOHKOJHUCIIEPCHOE 30JI0TO  CYOMHKPOCKOUYECKHX
pa3sMepoB, akKyMyJHUpOBaHHOE B mupute. OKOI0py -
HBIE TIPOLECCHI MPEJCTABICHBl OKBAPIIEBAaHUEM, ap-
TMJUINTU3A0UEN TIOPOJ, NEPEOTIOKEHUEM YTIIEPOIH-
croro Bemiectsa (Clark, 1970; Radtke, 1985).

®opmupoBaHue MecTopoxaeHuil Kapaunckoro
TUTIA CBSI3BIBAIOT C MOCTMAarMaTHYECKUMH (IIrouaa-
MHU. [laHHBIE O PACHpEleNIeHUH PacTBOPEHHBIX Be-
LIECTB CBUAETENIBCTBYIOT O peakuuu (iarounsa-
nopoasl Mexnay OorateiMd Na MarMaTH4eCKUMH
THIPOTEPMATIbHBIMUA (IIOMJAMH W BMEIAIOIIUMHU
nopoxamu, OorateiMu Ca u Mg (AkOapoB, Ymap-
xojpKaeB, 1978).

HccnenoBanne MaHTUIHBIX IUIIOMOB MECTO-
poxnenns Tuma KapnuH B mpepenax OacceitHa
IOm3gH B BOCTOYHOM YacTH KPYMHOM Marmaruye-
CKOIl MPOBUHLIMHK OM3MIIaHb YKa3bIBaeT Ha BO3PACT
260 muH. neT (Zhu et al., 2020).

Rb—Sr u30TOMHEBIN aHATU3 30JI0TOCOAEPIKAIINX
KBapLEBbIX (UIIOUAHBIX BKIIOYEHUN 30JI0TOPYAHOTO
Mectopoxaeans Hubao B Kutae ompenemsier ero
Rb-Sr nzoxponnslit Bo3pact 142 + 3 u 141 £ 2 muH.
aer (Lulin Zheng et al., 2019).

MecTtopoxnenune Kapnua HaxoguTcs B ceBep-
HOM yactu mtata Hesana, mpumepHo B 50 kM K 3a-
nagy ot r. O1ko. MecTopokIeHHE pacIonaraeTcs y
BOCTOYHOTO Kpasi TEKTOHHYECKOro OkHa JIMHH B
30He HajsBura Pobeprc-MayHTuHC. B paiione Bbife-
nsieTcsi 8 TaKMX OKOH ¢ COOCTBEHHBIMH HaWMEHOBa-

HUAMH. TekToHmueckoe OKHO JIMHH mpeacraBisieT
€000 BBIXOJ HA TMMOBEPXHOCTH KAPOOHATHBIX ITOPOJT
nexxadero Ooka HajaBura (aBroxToHa). OpylcHEeHUE
MPUYPOYCHO K BepxHel yactu (opmammu Podepre-
MayHTHH, MPENCTaBICHHOW WIMCTBIMA TOHKOCIIOH-
CTBIMH H3BECTHSIKAMH, JIOJOMHUTHUCTHIMH H3BECTHS-
KaMy, COAEpKAlMMH TJIMHUCTBIA M NECUAHUCTHIN
MaTepuan (puc.1).

Mexny pa3ioMaMH 3aKJIIOYEHO BCE 30JI0TOC
OpylleHeHue, mnpeacTtaBieHHoe BoctouneiMm, [naB-
HbIM W 3amajHbiM PYyJHBIMH TEJAMH IUIACTOBOU
(hopMBI, B TIEJIOM COTTIACHBIMH CO CIIOMCTOCTHIO0. Ha
cTeike ['maBHOro m BoCTOYHOrO pyAHBIX TEN IUIa-
CTOBBIE 3aJIEKH Pa3MEIAIOTCs B JIBa sIpyca IPyT HaJ
JPYyTroM.

BhienstoTcst pa3HOBUIHOCTH 30JI0Ta:

— INUICHOYHBIC, Ha IIOBCPXHOCTU IIUPHUTA U
amop(HOTO yTIepoaa;

— 30JIOTOOPTAHUYECKUE COSTNHEHMUS;

— CaMOpOIHOE 30JI0TO;

— 30JI0TO B peaibrape u CaMOpOJIHOM MBIIIBSIKE.

OcHOBHasl Macca 30J10Ta TATOTEET K MUPHUTY U
KaK ObI MPOITUTHIBAET €TO.

Ha mecTopoxnenny BbIIENsSeTCs IBa TUIA PYA-
HBIX Tell:

— COTJIaCHBIE CO CIIOWICTOCTBIO TIACTOOOpa3HbIe
3aJIeXKH;

— 3aJIe)KH B COpocax M MPUIAKOBOM MPOCTPaH-
CTBEC, COIIPsLKCHHBLIC C INIACTOBBIMU TCJIaMM U yOa-
JICHHBIE OT HHX.

Pa3Benanubie 3amachel pyz, MPUTOAHBIE A OT-
KpBITOH pa3paboTKH, cocTaBisAtoT 10 MIH. TOHH TpU
CpelHeM cojepikanuu 3o0io0t1a 1.1 r/T.

Puc. 1. leonornueckas kapra mecropoxaeHus Kapmun (o matepuanam A.S.Radtke, (Radtke, 1985))
1 — KPEeMHHCTBIC U YIIUCTO-TIIHHKUCTBIE cnaHipl (O2); 2 — ruaucThie goaoMutsl (D-S); 3 — uzsecthsiku (D1); 4 — naiiku rpaHouo-
put-nopdupos (J3-K); 5 — npoTsuKeHHbIE, BO3MOXHO PYIOKOHTPOJUPYIOLIME PA3JIOMbI; 6 — HENMPOTSHKECHHBIC Pa3ioOMBbL: a) IpocJIe-
JKEHHbIC y4acTKH, 0) danrossle yqactky; 7 — B36poc Pobept MayHTHHE; 8 — 30J10TOpYIHBIC 3alIekKU
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Mecrtopoxaenue I'3T4en pacnoyioKeHO B CEBe-
po-BocTouHO# "acTu mtata Hesana (puc. 2). K 30me
npobneHust cOpoca mpuypoueHo 2200-meTpoBoe
JICHTOYHOE TEJIO0 CEBEepP-CEBEPO-3alaHOr0 HaIpaB-
JeHus ¢ anousamy, NPOHUKAOLUMMU B TPaHOINO-
pUTBl. MakcumainbHble MOIIHOCTH PYAHBIX TEN B
apriuUINTax U Ha KOHTAKTax 3THUX MOPOJ C U3BECT-
Hiakamu — 35 M. OTpadaTeIBaIMCh PyIbI ¢ comepKa-
HusMu Ooinee 3-5 r/T 30mota. B pyne yacth 30510TH-
HOK HMEeT pa3Mep A0 4 MKM.

MecTopoxaenne Kopren 3aneraetr B 10JI0MHU-
THU3UPOBAHHBIX U3BECTHIKAX, HACHIILIEHHBIX CUHIE-

HETUYECKUM IHUPUTOM. 30JI0TO€ OpYyIEHEHHUE MIpHU-
ypOUYHMBaeTCs K 30HAM PAa3IOMOB U T'OPU30HTAM
BhIlenadnBanusd. CyOMHKPOCKONUYECKOE 30J0TO
pasmepom ot 0.2 go 10 MHKpPOHOB yCTaHaBIHBa-
€TCs B XaJIL[eIOHE, KBap1le, JIMMOHUTU3UPOBAHHOM
MUPUTE U TUAPOCIIONAX.

B Anmansikckom pynHoM paiione (LleHTpanb-
HBIH OJIOK) B TeoJIOTO-CTPYKTYPHOM OTHOIICHHH W
[0 METaCOMAaTUYECKHM NIPeoOpa30BaHUsAM PyIOHIpPO-
sBJeHUE banaHrtene CXOIHO € MECTOPOXKICHUEM
Kopren (puc. 3, 4).
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Puc. 2. 'eonoruyeckas cxema mectopoxaenus ['eruen
(o marepuaiam E.M.Hekpacosa, (Hekpacos, 1988))
1 — aprusIMTOBBIC CNAHIBI, 2 — W3BECTHSKH, 3 — rPaHOAHOPHUTHI, 4 — aHIE3UTOBbIC MOPGUPEL, 5 —
PHOJIUTOBBIE TY(bI, 6 — pa3pbIBbI, 7 — 3aJIEKH MPOKHIKOBO-BKPAILICHHBIX PY/I
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Puc. 3. 'eonorudeckuii paspes uepes mecropoxenue Kopren
1 — geTBepTUUHBIEC OTIIOXKEHNUS; 2 — N3BECTHAKU (hopManny BenOaH; 3 — N3BECTHAKN U U3BECTKOBUCTHIE aJleBPOJIUTHI (hopmaryn
PoGept Maynrtun; 4 — GHOTHT-KBapIeBEIe TOPYUPEL; 5 — 30Ha H3MCHEHHBIX (OKPEMHEHHBIX, OCBETJICHHBIX OKPAIICHHBIX THIPO-
OKHCJIaMU JKeJIe3a B OypBIil CBET) U3BECTHSAKOB; 6 — 30JI0TOHOCHEIE TeJla
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Puc. 4. Cxema reolorHuecKoro CTpoeHus pyaonposisieHus bamantene
(o matepuanam M.A.MyHnay3oBoii, 2004)
1 — naHocsl; 2 — xap6oHats! J{3; 3 -— MOHOKBapIMThI; 4 — OPEKYHHU aH/IE3UTO-IALUTOBOIO COCTABA
C2; 5 — aHJE3MUTO-TaUTOBEIE MTOPGUPUTEL; 6 — 30HBI APOOIIEHHST; 7 — 30HBI OKBapLIEBaHHS

E.M.Hexkpacos KapnuHckuii THIT OTHOCUT K Me-
CTOPOXKICHHUSM YTIIEPOACOIEPIKAINX KapOOHATHBIX
U TEPPUTCHHBIX (BYJIKAHOTCHHBIX) KapOOHATHBIX
tom. OH TMOAYEPKUBAET, YTO reorpadudecku Me-
CTOPOXKAECHHUS 3TOTO THIIA Pa3MEIIAIOTCS B Mpeieax
3oi0TOpynHOTO Tosica mTara Hesaga. Ha mpyrumx
teppuropusix CLLIA pyzaHbie 00BeKTHl paccMaTprBa-
eMoro Tuna upesBbrdaitHo peaku (Hekpacos, 1988).

Crenuguka Mecropoxacnuii KapiuHuckoro Tu-
na, kak noauepkusaer A.M.KpuBuos, 3akitouaercs
B TOM, YTO OpyJI€HEHHE B OOJBIIMHCTBE CIIy4aeB
OKa3bIBaeTCs IPEICTaBICHHBIM ILIACTOBBIMH 3aJe-
JKaMH KBapIIEBbIX METACOMATHTOB J[KACIIEPOUTHOTO
THUTIA, TOHKO- U JIaXK€ CKPBITOKPHCTAILTUIECKOTO 00-
nmuka (Kpumos, 1988). 3anexu comepxkaT OOMIb-
HYIO BKPAIJICHHOCTh NMUPUTA U CyIb(HUI0B CYpbMBI,
MBILIbSIKA, PTYTH, IpeodIaalommx Hal cylbpuaa-
MU IIBETHBIX MeTayuioB. [louTu Bce mM3BeCTHBIE Me-
CTOPOXK/ICHNS BO3HUKAIOT B aKTHBHU3MPOBAHHBIX 30-
HaX NEePefOBBIX MPOTUOOB CKJIAAYATHIX CHCTEM HIIH
OKpauH KPaTOHOB, IIIATHOPM.

MecTtoposkieHusi 0071aJar0T CrenupUIeCKUMH
yepTamu:

— NPENCTaBISIIOT cO00H MUHEPAIOro-re0XUMHYe-
CKYIO aCCOIMAIIMIO NPY HaXOXIEHWM MBIIIbIKA TIpe-
VMMYIIECTBEHHO B BH/IE Peasibrapa U aypUIirMeHTa;

— XapaKTepU3YyIOTCsl TOHKOAUCIIEPCHON (OpMOit
HaX0XIEHUS 30JI0Ta B pyJax U €ro ImapareHe3ncoM ¢
KBapleM, TIIMHUCTO-TUAPOCITIOMUCTEIMH MHUHEpasa-
MU U «OUTyMaMm»;
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— BHE 3aBHCUMOCTH OT CTPYKTYPHO-MOP(}OJI0-
THYECKHUX TUIOB PYAHBIX TN, TPEIIUHHBIE MU IjIa-
CTOOOpa3HbIe, BCE OHU JIOKAIM3YIOTCS B TOPU30HTAX
OTIPEICJIEHHOTO JIUTOJIOTMYECKOr0 COCTABA.

MecTtopoxnaenus Tuna KapivH nokain3yorcs B
H3BECTHAKAX, TOJIOMUTAX, N3BECTKOBUCTHIX CIIAHLIAX
Pa3NIUYHOTO BO3pacTa: OPAOBUK (MECTOPOXKICHUE
xepput Kanbvon), aeson (Kapmun, I'atuen, [N'omn
Axkpecc, byrctpon, Maunxerren, Mepkyp u ap.),
tpuac (Penaiidp-KanboH), opmoBuk, cumyp, IEBOH,
tpuac (Marru Kpuk) (puc. 5).

OKCIUTyaTHpYIOIIUecs pyAbl UMEIOT MPEAETbHO
OexHble comeprkanus, uHorna Hwke 1r/T. [losTomy B
pa3BesiKy BOBJIEKAIOTCS TOJIBKO T€ OOBEKTHI, KOTOPHIE
MOTYT Pa3padaThIBaThCS OTKPBHITBIM CIIOCOOOM C TIPH-
MEHEHHEM Ky4YHOTro BblenadnBanus pya. A.S.Radtke
OoTHOCUT KapiauHCKUl TUIT MECTOPOXKAECHUHN K CTpa-
TU(POPMHBIM U JIOIYCKAET JUTUTEIBHOCTh (POPMHPO-
BaHHUS MECTOPOXKIIEHUI C BBIJIEICHHEM CHHI€HETHUY-
HOTO 3Tama pPYJOHAKOIUIEHUS M SMHUIE€HETHYHOIO
JTamna nepepacnpeneneHus pya. [ maBHbIM GakTopom
IIPOTHO3a MOMOOHBIX OOBEKTOB CIEAyeT CUUTATh JIU-
TOJIOTO-CTpaTUrpaUIECKuil KOHTPOJIb OpYyICHEHHS,
€ro IMpUYpPOUYEHHOCTh K OMNpeAeNeHHbIM (amusiM H
¢dopmarmsim. OCHOBHBIC TIPH3HAKH, KOHTPOJHMPYIO-
1K€ pa3MeNIeHue MeCTOPOXKIeHnH Tiuna KapiuH:

— JINTOJIOTUYECKUM MPU3HAK — pPa3MELCHUE Me-
CTOPOXKIEHUH B U3BECTHSKAX, OJIOMHUTAX, U3BECT-
KOBHCTBIX CJIAaHIIAX, KOHIJIOMEpaTax, 00OorameHHbIX
YTIEPOACOAEPIKAINM BEIIECTBOM;
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— T€OTEeKTOHWYECKHIA MPU3HAK — pa3MelleHne B
T€OCHHKIMHAIFHO-CKIIaIIaTol CHCTEME C HaJOXKeH-
HBIM KOHTUHCHTAIBHBIM pU(TOM;

— METAJUIOTeHUYECKUH MPU3HAK — pa3MelleHne
MECTOPOXKJAEHUNA B 30JIOTOHOCHOM MPOBUHIINH, TIE
Hapsily ¢ MECTOPOXJICHUSAMU 30Ji0Ta THrma Kapiux
HMMEIOTCS 30JI0TOCOJIEpKAIUE MECTOPOKICHUS APY-
rux (opmaruit (ckapHOBas, MemaHO-TIOp(HUpoOBasd,
MOJIMMETAIUIMYECKAs U METHO-KOJTYC/TaHHAas ),

— CTPYKTYPHBIH TNpPU3HAK — OpPYJCHECHUE KOH-
TPOIMUPYETCS KPYHMHBIMU PETHOHANBHBIME Hapyle-
HusMU. [IpakTudecku Bc€ opyneHEHHE JTOKAIN3YeT-
Csl B TIOJIPKPAHHBIX TO3MIUAX. Pa3MeleHne pyaHbIX
TeJ MPUYPOYEHO K CKOJIOBBIM HapyrieHusM. Hamm-
YHe ATUX MPU3HAKOB B JIPYTHX PETHMOHAX SBISETCS

JIOCTATOYHBIM JUIS ITOJIOKUTEIILHON OLIEHKH HX Me-
TAJJIOTEHUYECKOro noteHimana Ha KapinuHckuil Tun
MECTOPOXKACHUI 30J10Ta.

ITpu3Haku reo10rm4ecKoii 0OIIHOCTH TEPPUTOPHUIL
u Mectopoxaenmii Kapamackoro tmna m Anma-
JIBIKCKOT0 py/iHOro paiiona (LleHTpajabHbIii 010K)

ITo pe3ymbTaTam CONMOCTaBICHUS PETHOHATBHBIX
TCOJIOTMYECKUX W METAIJIOTeHUYECKUX O0COOEHHO-
CTeM 3amagHOW YacTh CeBEepOaMEPUKAHCKOTO KOH-
ThHeHTa ¢ Yatkano-KypaMuHCKMM permoHoM najst
OIIEHKH METAJUIOT€HHYECKOTO MOTEHITHANIA TEPPUTO-
puu Ha 3050TO€ OpyAeHeHue KapmuHckoro Tuma
MO>KHO 3aKJTFOYHTH CIIEAYIOIIEe.

| Tpvac

AEeBOH

| BepXHuiA
N
,°/j T 7\) :
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N EBOH

HWKHUN

HHHH

| cunyp

opaAoOBUK

AJTIOBHH

Kapaunckas ¢popmanus 550' BeIBeTpenbie Ty dbl,
03epHbIC BYJKaHOKIACTUUECKHE OCAJIKH, TPaBUH U
KOJUTIOBHUH1, KBapIIeBbIe MOHIIOHUTHI, MOHIIOHHTHI,
TanKH.

IMTauka Quarry 700'

[lepecnanBaHue apruyIIUTOB, KPEMHUCTBIX 00pa-
30B8.HPII>1, TJIMHUCTBIX CJIAHICB, HU3BCCTHAKOB U
MECUaHUKOB.

ITauka James Creek 200 -400'

IlepecnauBaHue YEpHBIX TOHKOCIOUCTBIX KPEMHU-
CTO-U3BCCTKOBHUCTBIX CJIaHIICB, AOJIOMHTOB H ap-
THUJIJINTOB.

JeBonckue u3ectHsiku 100 -400'
CpPE/IHE-TOHKOCTIOMCTHIE H3BECTHSIKH,
WINCTBIE ¥ TJIMHUCTBIE 00pa30BaHMs.

®opmanus Podepr Maynrune 1000'-1500'
Cpe/IHEe-TOHKOCIIONCTHIE Cephle N3BECTHSIKH U JI0-
JIOMHTBI, TJIMHHUCTHIE U JOJIOMUTHCTBIE aIEBPOIIU-
THI.

Dopmarmst Hanson Creek 600 -900
OxBapHoOBaHHBIEC YePHBIE ONTYMUHO3HBIE H3BECT-
KOBHUCTBIE CIAHIIBI, IEPEXOIAIINE B OUTYMUHO3-
HBIE M3BECTHSAKH.

Puc. 5. T'enepanbHas crpaturpaduyeckas kononka Marru Kpeex Subdistrict (mo mMatepuanam reoXuMu4eckoil KoH-

¢epenmuu o Kapmuackomy tpengy, 1991).
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Ha AmMepuxaHCKOM KOHTHHEHTE MECTOPOXKe-
Hus tuna Kapnun Haxondarcs B [Iposunuuu bacceii-
HOB U XpeOTOB, KOTOpasi B TEOTEKTOHNYECKOM ILIa-
HE TIPEICTaBIsAeT CO00H KOHTHHEHTAIBHBIA pUdT Ha
FeOCHUHKJIMHAIBHO-CKIaa4aTon cucteme Kopaumisep.

Teppuropust KypamuHCKOI MOA30HBI MpeacTaB-
JsieT co0OM TeOCHHKIIMHAIBHO-CKIIaAYaTylo 00JacTb,
MOZABEPTIIYIOCS KOHTHMHEHTAIBHOMY DPHUQTOreHe3y B
Mo3HEeM Majieo3oe. PynoBmernaromme Toamu Gopmu-
pOBaJIMCh B ONM3KHX Majeoreorpaduueckux yciIoBH-
sIX. DTO MOPCKHE MEKOBOIHBIE M JIaryHHbBIE OACCEHHBI,
rae (opMHUPOBAINCH TOJIIIH, COCTOSALIUE U3 PA3IMIHOTO
YeperioBaHNsl U3BECTHSKOB, JOJIOMHUTOB, IECUaHUKOB,
AJIEBPOJIMTOB C MPOCIOSIMUA TUIICOB, C PE3KOM CMEHOM
TUAPOJMHAMUYECKUX WU TUIPOXUMUYECKHX PEKUMOB.
Jlnst HUX XapakTepHa MHTEHCHBHAs HACBHIIIEHHOCTH OT-
JICTBHBIX PUTMOB OpTraHWYecKuM BerecTBOM. OcoOblit
MAJICOTEKTOHNYECKUH PEKUM, HAJIMYUE KPYMHBIX IOJI-
TOXKUBYIINX PA3IIOMOB OOYCIIOBIIIM OOOTaIieHne 0cal-
KOB, B TIEPBYIO O4Yepe/lb COAEp)KAIlMX OpPraHuYecKoe
BEIIECTBO, CHHICHETUYHBIMU KOHIIEHTPALMSMU 30J10Ta,
CBUHLIA, [IUHKA U APYTHX JICMEHTOB.

BemecTBeHHBI COCTaB U MUHEPAJIOTHYECKUE
0c0o0EHHOCTH py[, TUMWYHbIEe A KapnuHckoro TH-
Ma, MaJlo HU3y4YeHbl B AJIMaJbIKCKOM PYAHOM paii-
OHEe. XUMHKO-aHAIUTUYECKUMH HCCIIEJOBAHUAMU
TEePPUTeHHO-KapOOHATHBIX TOPOJ] AJMAaNBIKCKOTO
PYIOHOTO paiioHa YCTaHOBJICHO HaJIM4yHe PTYTH, Ba-
prupytomieit ot 0.09 mo 2.1 r/t. KoHtponbsHble aHa-
TU3bI KApOOHATHBIX OO/, IPOBEJICHHBIC B JIAbOpa-
topuu «Newmonty (1998), mokazanu TOT ke mopsi-
ok conepxkanuit pryta ot 0.8 mo 4.51/1. (Tabn. 1,
2). Huzkue conmepxaHust pTyTH B KapOOHATHBIX TO-
pomax ANMaNbIKCKOTO PYJTHOTO paiioHa, IO CpaBHE-
Huto ¢ KapnuHckuM THIOM, OOBSCHSIIOTCS METAIIO-
TeHUYEeCKUMH O0COOEHHOCTSIMHU HCCIIEyEeMOTO pPeru-
OHa, XapaKTepU3YIOIIEerocs aKkTUBHOW MarMaTude-
CKOM AEATEeNIbHOCTBIO B MAJICO30HCKOE BpEMSL.

PryTh sBNSieTCS 3IEMEHTOM IIMPOKOIO pacces-
HUS, IOSTOMY OHA JUIS pailOHOB C aKTUBHBIM Marma-

TU3MOM HE XapakTepHa. PTyTHBIE MecTOpOXaeHMUs,
KaK TPaBWIO, SBIAIOTCS TeNeTepPMaIbHBIMHU, YaAa-
JeHHBIMU OT MarmaTu3Ma (MyHy3oBa, 2020).

s Anmanbeikckoro pyaHoro paiiona u Kapmivs-
CKOTO THIIa XapaKTEePHBI: TIEpPBOE — CKBO3HOI XapaKTep
30JI0TOPYIHOM MUHEpaIHU3aliy, KOTopasi BCTpedaeTcs
KaK B CaMHX BBICOKOTEMIIEPATypHBIX (CKapHbI), TaK
cpenHe- (MOPQHUPOBBIE PY/IBI) K HU3KOTEMITEPATYPHBIX
(30HBI OKBapLIEBaHMS U I0JIOMUTH3ALNH) 00pa30BaHMU-
sIX. DTO — eMHOE «pyIHOE JiepeBo». Bropoe — yeTko
BBIp@KEHHAs] ~ CTPYKTYpPHO-TEHETHYECKas  TO3UIHS
OpYZAEHEHUsI, €r0 CBS3b B JAHHOM CiTydae ¢ 0ojiee BbI-
COKOTEMIIEpaTypHbIMH 00pa3oBaHHsIMH. B 3TOM Chy-
Yae, TMO-BUAMMOMY, MOXKHO BBICTPOWUTH E€IUHBIA PsIl
30JI0TOPYAHBIX (POpMaIUii — 3MUCKAPHOBEIA, MEIHO-
NOp(UPOBBIH, MOMUMETAUIMYCCKUA U, COOCTBEHHO
30JI0TOPY/HBIH, ¢ O0BEKTaMU HHU3KOTEMIIEPATYPHOTO
TOHKOJIFICTIEPCHOTO 30JI0Ta. TpeTse — CBsI3b 30JI0TOTO
OpyJEeHEHUsI AJIMaIbIKCKOTO PYAHOrO palioHa ¢ ompe-
JIeJICHHBIMH THIIAMH TIpeN- U BHYTPUPYAHBIX METaco-
MaTHUTOB: 30HAMH OKBapIIEBAHUS, Pa3BUBAIOIIAMICS
Ha (oHe OJOKOB TOPOJ, MOIBEPTIIAXCS MPEAPYIHON
JIOJIOMUTH3ALIH.

B AnmanbikckoM pyIHOM paiioHe NpOSBIECHUA
30II0Ta pa3MeIaroTcs B KapOOHATHBIX MOPOAAX BEPX-
Hero JieBoHa ((ppaHckuii U pameHckuit sipychl). O0s13a-
TENTbHBIMU 3JIEMEHTaMHU SIBIISIOTCS TIOJIOTHE CTPYKTY-
PpHI SKpaHupoBanus. B paiione KapnmHckoro trma 3to
nojjorue HagBuru (dopmarust Buaanan, damms lo-
MOBUY), B AJIMAJIBIKCKOM PYJTHOM paiOHe — MOOIIBa
BYJIKQHUTOB BEpPXHETO IMaleo30d. B AJMaibIkCKOM
PYIHOM paiioHe POIIb TIOJIOTUX SKPAHOB MOTYT UTPaTh
TMIOJIONIBBI TIOPOJ] C PA3IUYHBIMU (PU3UUECKUMHU CBOK-
CTBaMH: KOHTaKT KBapleBbiX mopdupoB D, u kapoo-
HatHbIX Toumy D3 (yuactok Kapacait), To sxe HaOmroma-
ercsi B parione Kapmunckoro tuma (Kopren-gamus
[onoswy, dhopmanus BunHuHM). AHaNOrHYHBIE TIPH-
Mepbl MO>KHO TIPUBECTH — 3TO MeECTOpOXKJeHne by-
nytkaH B KbBpuikymax, mectopoxnenust bypryHna,
Ckampaoe, [xamankynyk B Tamkukucrane (puc. 6.).

Tabnuuya 1
PesynbraThl HEHTPOHHO-aKTUBAIIMOHHOTO aHAIH3a KapOOHATHBIX MTOPO/T
o naHHbiM OAO «ANALIT — SERVISy, Ha 3051010 1 pTYTH, B I/T

NeNe i/mm Haspanue nopoast Au Hg
1 |APTHIIIIAT OKBapIIOBaHHBIN 0.4 0.4
2 /TotoMHUT OKBapIIOBaHHBII 2.5 2.1
3 [TecyaHrK OKBapLIOBAHHBIH 1.3 0.5
4 /ToToMHUT OKBapIIOBAHHBII 1.2 14
5 JlonoMuT oxese3HEeHHBIH, OKBApIIOBAHHBIH 11 14
6 M3BecTHIK OKBapIIOBaHHBIM 15 0.1
7 JoJIOMHT 0’KeNIe3HEHHBIN, OKBAPIIOBAHHBIH 2.0 0.5
8 JlonoMuT oxese3HEeHHbIH, OKBAPIIOBAHHBIH 14 0.4
21 ITecuyaHuK OKeJIC3HCHHBII 2.3 0.09
29 APTHILIAT OKEIIC3HCHHBIHN, OKBAPIIOBAHHBIN 0.05 0.09
29/1 M3BecTHIK 0KeJIe3HEHHBIN 0.3 0.05
32 JIOJIOMUT O’KEJIe3HECHHBIHN, OKBAPIIOBAHHBIM 0.3 0.1
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Tabauya 2

Bapuauuu coneprkaHus OCHOBHBIX 3JIEMEHTOB B KapOOHATHBIX ITOpoJax AJMANBIKCKOTO PyIHOTO paioHa,
10 JaHHBIM J1laboparopun «Newmonty, B 1/t

Hasarme | 7\ 'gh | As | Ba | cCa| Cr|cCul| Pb | Mn | Hg | Mo | Ag | zn
nopos

13
KapGonarsas 29- | 14- | 20- | 1> | 83- | 13- | 22- | 80> | 08- | 26 |0.12-| 16-
Hoporia 130 |1245| 37 | 15% | 566 | 171 | 4580 | 10000 | 45 | 27.6 | 22.2 | 4390
B o6oux pailioHax IPOCTPAHCTBEHHO U BO Bpe- — XapaKkTepPHU3YIOTCS  Te0JOro-CTPYKTYPHBIMH

MEHH MECTOPOKICHUS CBSI3aHbI C MPOSIBICHUAMU
MarMaTH4ecKoil JeSITenbHOCTH. B AJMalIBIKCKOM
PYAHOM paiifoHe 3TO KBapLeBble NOP(UPHI, TPAaHOAU-
OpUTHI, cueHUTO-1uopuThl C3, B Kapnuackom tumne —
TpPEeTHYHbIC CYOUHTPY3UBHBIE TIOPOJIBI, TIPECTaBIICH-
HbI€ KBapLIEBBIMU MOHIIOHUTAaMH, TPAHOIUOPUTAMH.

BemiecTBeHHBIH COCTaB pPyAHBIX TEI, MUHE-
paJIbHBIC acCOIUAIMK, TUITOMOP(HBIE 0COOCHHOCTH
ClIaralolliuX MX MHUHEpPAJIOB HMEIOT KaK CXOJCTBa,
TaK U OTIUYHSA:

— 001ajaT Hepacno3HaBaEMbIMHU NPU3HAKAMU
0CaJ0OYHOT0 30J10Ta, UMEHYEMBIMH «MHUKPOCKOIINYE-
CKHM 30JI0TOM» HIIM «HEBHJIUMBIM TOHKOJAWCIIEPC-
HBIM 30JI0TOMY;

YCIOBHSAMH Pa3MEIICHHUS OpYyICHCHHUS;

— HWMEeT MECTO LIMPOKOE Pa3BUTHE MPOILIECCOB
OKBapILIEBaHUS, JOJOMUTH3AINY, apTUILIHTH3ALUH,
HHU3KOTEMIIEpaTypHOTO KBapI-CEPUIIMTOBOTO MeTa-
cOMaTo3a;

— COCTaB BMEUIAWOIIECH cCpelpl — TEPPUTEHHO-
KapOOHATHBIE 00pa30BaHUS;

— o0yiagaroT OJM3KUM MHUHEPAIbHBIM COCTaBOM
PYId YMEPEHHO- U MAalocyJIb(UAHBIX MECTOPOXK/IC-
HUH AnManbeIkckoro pymHoro paiionHa (Kapararara,
Kapacaii, Cepas Ckama, byprynnma, FOxwusii-11) c
TUMUYHBIMA MECTOPOXKAeHUsIMA KapiuHckoro tumna
(I'»Tuen, OBpuka, batnm MayHTHH);

— BBISBJICH OJMHAKOBBIN JIMTOJOTO-CTpAaTUrpPa-
(udeckuit KOHTPOJIb OPYy/ICHEHUSI.

m

Puc.6. CTpykTypHO-MOP(DHOJIOrHYECKHEe OCOOSHHOCTH pa3MeEIleHUs] PyIHBIX Tel Ha mpuMmepe AjMainsika (a. 0, B),

Kapnuna (r,1,e), Tamkukucrana (k,3,1)

1 — nonomMuTHI; 2 — U3BECTHSIKH; 3 — IPaHOIUOPUTEL; 4 — aHIE3UTO-TALUTOBBIC MOPPUPHUTHL; 5 — KBapLeBbIe MOpQhH-
pol; 6 — Ty(dbI ¢ MOJYUHEHHBIMH KOHIJIOMEpaTaMH, eCUaHUKaMH, U3BECTHSIKAMH; 7 — pHOJHTHL; 8 — opmarus Po-
O0epT MayHTHHC; 9 — MIMHHCTBIE CinaHIbl; 10 — pyaHble Tena; 11 — 30Ha OKBapIeBaHHUs, IKACTICPOUIB
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IeHnit AnMaiblkckoro pyaHoro paiiona (Kapacaii,
Cepas Ckama, byprynna, Oxusriii-11) ¢ THmauasIMI
MectopokaeHusiMu  Kapnuackoro Tuma (I'aTyen,
batn Maynrun, Koprer);

— BBISIBJICH OJUHAKOBBIA JINTOJIOTO-CTPaTHIpa-
(hrgeckuii KOHTPOIIb Oy ICHEHHS,;

— ycTaHOBIIeHa ONM3Kas TeOXMMHUYECKasi Xapak-
TepucThKa py (3a uckirouennem Hg);

PazHoBo3pacTHBIE pyaHBIE 00pa3oBaHUS Ha
pasHBIX KOHTHHEHTaX BpsI JHU OYyAyT TMOJHOCTHIO
uneHTnYHbl. OHU CXOJHBI B TJIABHOM — B JIUTOJIOTO-
cTpaturpaduIeckoM KOHTPOJIE OpYyJEHEHHS, B T'e0-
TEKTOHHYECKOM pexuMe (GOPMHUPOBAHUSA Kak py-
JIOBMETIAIOIIVX TOJII, TaK U PyIHBIX TEN, a TAKXKE B
napareHesmce pyIHbIX GopMarui.
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CPABHUTEJILHASI XAPAKTEPUCTHKA 30JIOTOHOCHOCTH TEPPUTEHHO-KAPEOHATHEBIX OTJIOKEHUI
AJIMAJIBIKCKOT'O PYTHOI'O PAUOHA C MECTOPOXJIEHUSMMA KAPJIMHCKOI'O THIIA

Mynay3osa M.A.!, Caiiutor C.C.!, Hypxomxaes A.K.?
Tocyoapcmeennoe Yupeocoenue « Mncmumym MunepanoHulx pecypcosy, Ysbexucmarn
100164, Tawxenm, yr. Onumnap, 0. 64 mavlyuda.munduzoval956@gmail.com
2Tocyoapemeennoe Yupeocoenue « Mncmumym 2eonozuu u 2eogusuxuy umenu X.M.A60yanaeea, Yzbexucman
100164, Tawxenm, yn. Onumaap, 0. 64,

Pe3ztome. BriepBrle B Y30€KHCTaHe HCCIIETOBAHUS 10 30JI0TOHOCHOCTH B TEPPHT€HHO-KapOOHATHBIX OTJIOKEHHSIX AJIMAIBIKCKOTO
pyZzHoro paifona mpoBoauwan M.A.Mynnysosa, C.T. baganoB u np. beiia omnpenenena 3010TOHOCHOCTh KaK HEHNOCPEACTBEHHO IO-
PO, ClararoluX 3TH TOJILH, TaK U OTAENBHBIX MPOSBIEHUI B HUX. AKTyallbHOCTh 3TUX UCCIEAOBAHHN OyAeT B HaibHEHIIeM CIIo-
cOOCTBOBAaTh PACIIMPEHHIO MUHEPaJbHO-CHIPheBOM 0a3bl PecryOnuku Y30ekucrad. 30510Tasi MHHEpAIUM3als B TEPPUTCHHO-
KapOOHATHBIX TOJNIIAX MOXKET OBITH OJHUM M3 HETPAJUIHOHHBIX HCTOUYHHKOB 30JI0TOT0 opyAeHeHHs. CpaBHUTEIbHYIO XapaKTepH-
CTHKY 30JI0TOHOCHOCTH TEPPUTEHHO-KapOOHATHBIX IOPOA AJIMAIBIKCKOTO PYAHOTO paioHA C MPOSBICHUSAMH M MECTOPOXICHUSIMU
KaprmHckoro Tuma BriepBsIe 1ana aBTop cTaThd M.A. MyHy30Ba B CBOEH AnCCcepTalOHHON padoTe. OTOoOpaHHbIe POOBI U3 CEPhIX
U 9epHBIX OpraHOCOJep)KaINX (OMTYMHHO3HBIX) JOJOMHTOB IPOAHAIM3UPOBAHB Kak B JabopaTopusax PecnyOmmku Y3bekucraw,
Tak u B adboparopusix CIIA. [ToaTeepkaeHa CXO0UMOCTB HOJYYEHHBIX PE3yJIbTAaTOB I10 JIA00OPATOPUSM JBYX CTpaH. 30J0Tasi MUHe-
panu3amnys B TEPPUI€HHO-KapOOHATHBIX IOPOJAX B 00EHX MPOBHHIMSAX MMEET TOHKOAMCIICPCHBINA XapakTep BBIACICHUH, TPYIHO
JUAaTHOCTUPYETCS M CIOKHO U3BIeKaeTcs. IIpomomxaroTcs 1abopaTOpHO-TEXHOJIOTUYECKHE HCCIIEIOBAHUS [0 M3BICUECHHIO 30JI0Ta
13 TePPUTEHHO-KapOOHATHBIX MOPOJ, B TOM UHCIIE M HCCIIEIOBAHMUS M0 ONPENETICHHUIO CBA3M TOHKHX, PACCESHHBIX 30JI0THH C Opra-
HUYECKUM BEIECTBOM B YEPHBIX, OMTyMHHO3HBIX JOJIOMHUTaX. 30J0TO B OCAJOYHBIX TEPPUTECHHO-KapOOHATHBIX MOPOJAaX TOHKOB-
KpAaIUICHHOE C COJIep)KaHUEeM OPTaHWYECKOTO BEIeCcTBa. 30JI0ThIE 00BEKTHI THIIA KapiuH, pa3mereHbl B KapOOHATHBIX OTIOKECHHUIX
U TIPE/ICTaBICHBl TOHKO3EPHUCTOH CyNb(pUAHON MHHEpanu3alyeil. BriensroTcest pa3sHOBHIHOCTH 30J10Ta: IDICHOYHBIE HA OBEPXHO-
CTU IIUPUTA U aMOP(HOTO yrieposa, 30JI0TO-OPraHU4YeCKUe COCAUHEHHUS, CAMOPOJHOE 30JI0TO, 30JI0TO B Peajnbrape 1 caMOpOIHOM
Mblbsike. HanGomnee GyaronpusiTHRIME TIOMCKOBO-TIPOTHO3HBIMU ITPU3HAKaMU TOJOOHBIX opyneHeHnH B Yatkano-KypaMuHCKOM peru-
OHE SIBIISIFOTCS JIUTOJIOTO-CTPYKTYPHBIE (haKTOPHI, ONpENeTICHHBIE CBHTHI M YYaCTKH COIPSDKEHUS pa3HOHAIPABICHHBIX Pa3phIBHBIX
HapyIIeHnH 1 MeX(pOPMAIMOHHBIE TIO3UIMH B BUJIE CKAHUPOBAHHS, 0XKEJIE3HEHNS, APOOIICHHS U IPyTHe BTOPUIHbIC H3MEHEHNS.

Kniouesvie cnosa: 3onomonocnocms, meppuceHno-kapbonammuvle OM0diCeHUs, Oonromumul, cpaghenue, Aimanvix, Kapmum,
nposABeHUs, MECIOPOANCOCHUS]

KARLIN TiPLi YATAQLARA MALIK ALMALIK FiLiZ RAYONUNUN TERRIGEN-KARBONAT
COKUNTULORININ QIZILLILIGININ MUQAYIiSOLi SOCiYYOSi

Munduzova M.A.%, Sayitov S.S.}, Nurhocayev A.K.?
L“Mineral ehtiyatlar Institutu” Déviat miiasissasi, Ozbakistan
Daskand, Olimlar kiig., 64, 100164: mavlyuda.munduzoval956@gmail.com
2“Geologiya va Geofizika Institutu” Déviat miississasi, Ozbakistan
100164, Daskond, Olimlar kii¢., 64

Xiilasa. Munduzova M.A., Badolov S.T. vo basqalari ilk dofo Ozbokistanda Almalik filiz sahosinin terrigen-karbonat ¢okiintiilo-
rinin qizihliginin todgigatlarmi aparmiglar. Hom birbaga bu qatlar togkil edon siixurlarin, hom do onlarin ayri-ayri tozahiirlorinin
qzihhgr toyin edilmisdir. Bu todgiqatlar aktualligi golocokda Ozbokistan Respublikasinin mineral-xammal bazasmi genislon-
dirmoys imkan veracokdir. Terrigen-karbonat qgatlarinda qizil minerallagsmast qizil filizlosmosi manbayinin geyri-snsnavi ndvii ola
bilor. Magals misllifi M.A.Munduzova ilk dsfs 6z dissertasiya isindo Karlin tipli yataq ve tozahiirlors malik Almalik filiz rayonunun
terrigen-karbonat ¢okiintiilorinin qizillihgmm miqayisali saciyyssini aparmisdir. Organik torkibli (bitumlu) boz vo gara dolomit-
lordon gotiiriilmiis sinaglar hom Ozbokistan Respublikasinin, hom do ABS-nin laboratoriyalarinda tohlil edilmisdir. iki dovlatin
laboratoriya nsticalorinin uygunlugu tosdiglonmisdir. Terrigen-karbonat qatlarinda qizil minerallagmast hor iki oyalotds incodispers
sociyya dasiyir, ¢otin diagnozlagdirilir vo ¢ixarilmasi miirokkobdir. Miiollif terrigen-karbonat siixurlardan qizilin ¢ixarilmasi iiglin
laborator-texnoloji todqiqatlari, homginin orqanik maddoys malik gara, bitumlu dolomitlords inco, Sopinti qizilin toyini {izro
arasdirmalar1 davam etdirir. Dvvallor aparilmis islorlo Ozbokistanda Bukantau, Cakilkalyan, Catkal-Kuram daglarinda karbonat
¢okiintiilorinds yerlogmis vo incadonali sulfid minerallagmasi ilo togdim olunmus Karlin tipli qizil obyektlori ayrilmigdir. Qizilin pirit
Vo amorf karbon tizerinda pords soklindo miixtalifliklori, tizvi maddslar, sarbast qizil, realqar vo Sorbost margiimiisdo qizil ayrilir.
Catkal-Kurama regionunda bels filizlosmoanin an slverisli axtarig-prognoz olamatlori — litoloji-struktur amillor, miixtslif istigamotli
qirilma pozulmalariin qovusma montagslari Vo miisyyan lay dostolori, skarnlagma, domirlosmo, dogranma vo basqa doyismolor
soklinds formasiyalararast movgelordon ibarotdir.

Acar sézlar: Qizil torkibli, terrigen-karbonat ¢okiintiilori, dolomitlor, miiqayisa, Almalik, Karlin, tozahiir, yataglar
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Summary. Geoelectric and microtremor are geophysical methods that can be used to determine
subsurface conditions, especially in determining the presence of aquifer zones. This study aims to
determine the potential and presence of aquifer rocks in the Grabag District area through micro-
tremor and geoelectric methods and to compare the results of the two methods. The area of the
Grabag District is very limited in conducting geoelectrical research because it is related to narrow
topographical contours, so a microtremor method is needed to determine the condition of the aqui-
fer below the ground surface. Measurements in this study resulted in 3 geoelectric trajectories and
20 microtremor measurement stations. The results of microtremor and geoelectric measurements
have a good correlation between the two. The geoelectrical method uses resistivity parameters
while the HVSR method uses vs and Poisson’s ratio parameters. There are several anomalies that
can be suspected as the presence of aquifer zones such as surface water found at station 2, unpres-
sured aquifers at stations 16 and 19, depressed aquifers at stations 1, 10 and 20 and water loss
zones at stations 4, 2 and 13. Based on the advantages of the two methods in collecting data in the
field, microtremor is more flexible and better used in narrower conditions like in this study and the

depth of microtremor does not depend on how long the stretch is like geoelectric.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Groundwater is very necessary and increasing
population will lead to a reduction in available
groundwater reserves. The increasing number of
people requires a sufficient amount of water. An ar-
ea that has limited water is difficult to meet the
needs of a high population, especially during the dry
season. According to Sadjab et al. (2012) groundwa-
ter is stored in an aquifer, which is a water-saturated
geological formation that has the ability to store and
release water economically and in sufficient quanti-
ties. Investigation of water catchment areas in an
area is inseparable from its geological conditions,
which include rock composition, rock properties and
geological structure. The subsurface geological con-
ditions of an area can be determined through geo-
physical measurements.

Geophysics is a branch of geology that applies
physical principles in understanding and finding so-
lutions to geological problems (Alile, Amadasun,
2008). Some examples of methods from geophysics
that can be used for groundwater exploration are
electrical resistivity, seismic refraction and electro-
magnetic methods. The resistivity method is carried
out using an artificial current source, which is
transmitted below the ground surface (Sheriff, Gel-

dart, 1995). Geoelectricity can provide information
about the structure of groundwater and can deter-
mine vertical variations in subsurface electrical
properties that can be related to the geology of the
area (Omada, Obayomi, 2012). Based on research by
Kasidi (2017), the geoelectric method can be used to
determine groundwater potential, namely by using
the VES method, so that groundwater potential is
obtained which includes VES 1, 5, 7, 9, 11, 12, 16,
17, and 18 at depths ranging from 40 — 80 m.

The microtremor method is used to support the
analysis of groundwater aquifers, which is carried
out using the geoelectric method. The 1D profile
from the geoelectric method will be correlated with
the 2D profile from the microtremor method on the
same line. Yuliyanto and Nurwidyanto (2021) intro-
duced a geophysical method that can be used to
identify potential groundwater aquifers by utilizing
microwaves using the microtremor method. The pa-
rameters used to determine the existence of an aqui-
fer are vs and Poisson’s ratio. Based on his research,
the potential for subsurface water sources is below
microtremor point 9 with a vs value of 840 m/s with
a Poisson's ratio value > 0.3 at a depth of 70 m.

This research will provide an overview of the po-
tential and existence of aquifer rocks in the Grabag
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District area using geophysical methods, namely mi-
crotremors using vs parameters and Poisson's ratio.
Apart from that, this research will also provide a
comparison of the results of microtremor and geoe-
lectric survey methods to determine the aquifer.

Theory

Geological structure

Based on the Magelang-Semarang geological
map sheet (Thanden et al., 1996) it can be explained
that Grabag's geological conditions are composed of
Merbabu volcanic rock (Qme) composed of igneous
rock composed of olivine and andesite augite, An-
dong and Kendil (Qak) volcanic rock composed of
hornblende-augit andesite breccias and Gilipetung
volcanic rocks (Qg) which are composed of hollow
lava flows, the three rock units are the result of vol-
canic activity while the sedimentary rocks that com-
pose this area are the Kaligetas Formation (Qpkg)
which is composed of volcanic breccias, lava flows,
tuff, tuffaceous sandstone and claystone.

Groundwater can be found in permeable soil
known as aquifers which are water-binding for-
mations that allow large enough amounts of water to
move through them. Glacial sand and gravel depos-
its, floodplain alluvial fans and sand delta deposits
are all excellent water sources. The aquifer system is
controlled by several aspects which can be lithology,
stratigraphy, and geological structure of geological
sedimentary materials and formations (Kodoatie,
1996). These hydrogeological boundaries determine
three important elements in the anatomy of a hydro-
geological basin, namely recharge area, flowing ar-
ea, and discharge area. The various types of aquifers
that will determine the distribution of groundwater
in hydrogeological mapping can be divided into 4
parts, namely:

1. Unconfined aquifer

2. Confined Aquifer

3. Semi Confined Aquifer

4. Semi Unconfined Aquifer

Microtremor

Microtremor is a low amplitude vibration of
around 0.1-1 microns and a speed amplitude of
0.0001-0.01 cm/second at the ground surface caused
by various natural factors such as wind, sea waves,
vehicle noise, and others (Mirzaoglu, Dykmen,
2003). Microtremor, also called background seismic
(ambient vibration), is a ground vibration caused by
natural or artificial events that has relatively low
energy and low amplitude which is always present in
every seismic recording and can describe geological
conditions near the surface (Tokimatsu, 1995). In the
study of seismic engineering, softer lithology has a
higher risk of being shaken by earthquake waves, this
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is because it experiences greater wave amplification
compared to more compact rocks (Kanai, 1983).

The HVSR (Horizontal to vertical spectrum ra-
tio) transfer function of microtremors introduced by
Nakamura (1989) can be expressed by equation 1.

HS (w)

SE (@) = g o @

where Hs) is the horizontal component microtremor
spectrum on the surface while Hg) is the horizontal
component microtremor spectrum found in the bed-
rock. The wave amplification contained in the verti-
cal component can be referred to as the spectrum
ratio of the vertical component at the surface and in
the bedrock which can be written in equation 2.

\'A)
AS (@) =02 2

where VS () is the vertical component microtremor
spectrum on the surface, and VB () is the vertical
component microtremor spectrum in the bedrock.
Normalization is carried out to reduce the source ef-
fect contained in the horizontal gain spectrum SE (w)
on the source spectrum As (w) to obtain equation 3.
SM (o) is the transfer function for the soil layer.

SE (w)
AS (w) (3)

SM (w) =

Poisson's ratio (c) can be interpreted as a ratio
of transverse strain or contraction to longitudinal
strain or extension due to changes in normal stress
due to compression or dilation. The form of compar-
ison related to the propagation speed of the longitu-
dinal wave v, to the shear wave vs can be written as
(Lay, Wallace, 1995).

_ v,z,—va

e ®

Geoelectric

Geoelectric is one of the geophysical methods
to determine the resistivity value of the rock layers
below the soil surface. Measurements are made by
flowing an electric current into the ground using 2
metal electrodes (current electrodes) commonly
known as current electrodes A and B. If the ground
is dry, water should be sprinkled around the elec-
trodes to improve the current relationship. The elec-
tric voltage that occurs between the two electrodes is
also measured with 2 metal electrodes (potential
electrodes) known as potential electrodes M and N.
The value of rock resistivity is a representation of
variations in the physical and chemical characteris-
tics of the rock.
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Apparent resistivity can be interpreted as the re-
sistivity measured over a layered medium which has
a difference in resistivity and layer thickness which
is considered to be isotropically homogeneous. The
earth consists of layers with different p at each
depth, so that the measured potential is the influence
of these depth layers. This will mean that the meas-
ured resistivity is not the resistivity value for just
one layer. This apparent resistivity is formulated by
equation 5 (Sharma, 1997; Telford et.al., 1990):

AV
P =K+ (5)

P(a) 1s the apparent resistivity with units of Qm

(ohmmeter), K is the geometry factor of the electrode
configuration, AV is the measured potential between
potential electrodes with units of V (volts), and I is
the measured electric current between current elec-
trodes with units of A (amperage). Geometry factors
vary depending on the type of configuration used dur-
ing the data collection process in the field. For the
resistivity geoelectric method used, the Schlumberger
configuration aims to identify vertical resistivity con-
tinuity (Telford et.al., 1990). The geometric factor of
the Schlumberger configuration is shown by equation
6 (Sharma, 1997; Telford et.al., 1990):

K==

(AB)?- (MN)Z]
4

I (6)
where K is the configuration geometric factor, 7 is a
constant (3.14), AB is the distance from current
source A to current source B (m), and MN is the dis-
tance from potential source M to potential source N
(m). The inversion method is a method that can ob-
tain actual resistivity values where the earth has
heterogeneous resistivity. According to Jupp and
Vozoff (1976), inversion is generally described by a
model or point with a layered earth structure.

Research methods

Research on estimating the aquifer zone at the
study site was carried out using several tools. Micro-
tremor data collection uses 3 sets of data loggers, 3-
component digital seismograph VHL PS 2B, global
positioning system (GPS), and compass to determine
the North - South direction from data collection.
Software that can be used later for data processing in
microtremor (HVSR) method is Microsoft Excel,
Notepad, Notepad++, Geopsy, and Dinver (Irham et
al., 2021) (Arintalofa et al., 2022). Raw microtremor
data will be obtained in the form of a file in CSV
format which can be opened in Microsoft Excel.
This data shows the response of microtremors in
showing subsurface images with several compo-

nents, namely horizontal East-West component, hor-
izontal North-South component, and then vertical
component. These three components will then be
processed using Geopsy software to produce an HV
curve, dominant frequency and amplification factor
(Yuliyanto, Yulianto, 2023). These results can be
processed again using dinver software to produce vy,
Vs, density and depth values (Yulianto, Yuliyanto,
2023). The results of vp and vs will later be used in
determining the Poisson’s ratio value.

Table 1

2D trajectories of microtremor measurements

Trajectory Microtremor measurement station
A-A 4,8,3,92,1
B-B 5,16, 17,18, 13
cC-C 6, 20, 19, 14,12
D-D’ 7,15, 10,11
E-F 7,6,5,4
F-F 7,20, 16,8
G-G 15,19, 17,3
H-H 10, 14, 18,9
I-T 11,12,13,2

Table 1 explains the 2D trajectories used in mi-
crotremor data analysis. The microtremor measure-
ment stations in Table 1 show the name and se-
quence of the track used, while the trajectory shows
the name of the track. Data modeling uses Golden
Software: Surfer which is used for 2D modeling.

Retrieving geoelectrical data using Naniura
NRD-300. Software that can be used to process geoe-
lectrical data is Res1DInv. The configuration method
used in this research uses the Schlumberger configu-
ration. In this study, the path length AB/2m from each
line 1, 2, and 3 from geoelectric measurements is 250
m, 180 m, and 180 m. Figure 1(a): 3 geoelectrical
path measurements were carried out together with (b)
20 microtremor measurement stations due to the limi-
tations of the field area (length and width) of the
study location on the length of the geoelectric cable
stretch at the site location. Both locations use a geo-
graphic coordinate system (decimal degree system)
with S 7.405560° to S 7.400735° and E 110.40247° to
E 110.407774°. The microtremor method uses 3 sets
of tools, each microtremor requiring 10 minutes of
recording at each station location. Meanwhile, the
geoelectric method uses 1 set of tools and takes
around 90 minutes for a path length (AB/2) 80 m (de-
pending on the length of the track).
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Fig. 1. Measurement trajectory for (a) Geoelectric, (b) Microtremor

Results and discussion

2D modeling was carried out by adjusting the
straight trajectory of each microtremor station ac-
cording to Figure 1 (b) and Table 1. The results of
1D microtremor data processing (Vp, Vs, and density)
will be imaged in 2D using modeling with kriging as
a geostatistical analysis. The concept of kriging it-
self is estimating a value at a point that is not sam-
pled based on surrounding sample points by paying
attention to spatial correlation using spatial
weighting whose correlation is shown through a
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variogram (Bahtiyar et al., 2014). The results of
modeling using kriging are in the form of 2D images
on each trajectory in Figure 1 (b), which is explained
in detail in Table 1, imaged as in Figures 4 and 5.
These images show that the modeling was carried
out using kriging so that 2D contours were obtained
from cross-correlation data in the research area.

The results of the field data processing that has
been carried out and the cross-sectional resistivity
obtained can then be correlated with local geolo-
gical conditions. Figure 2 is the result of geoelectric
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processing with the x-axis as AB/2 and the y-axis as
the apparent resistivity and actual resistivity values.
Figure 2 (a) shows the measurement results on Line 1,
Figure 2 (b) shows the measurement results on Line 2
and Figure 2 (c) shows the measurement results on
Line 3. Figure 3 is a cross-section of the 3 lines with
the x-axis as the distance between them, line and y-
axis as depth based on geoelectrical measurements.

Interpretation of aquifer potential is obtained
through the presence of a value in Geoelectric meas-
urements (Yuliyanto, Nurwidyanto, 2021). Referring
to Wahyono et al. (2023) and Telford et al. (1990)
research, water soil has a resistivity of around 0.5-300
Qm, clay has a resistivity range of 10-45 Qm, and
sandstone has a resistivity of 45-333 Qm. The results
are in Figure 2 (a). There is an aquifer potential at a
depth of 38 to 81 m from the ground surface with re-
sistivity values of 53 and 71.5 Qm (Sandstone lithol-
ogy). Figure 2 (b) shows the potential for an aquifer at
a depth of 24 to 44 m from the ground surface for
geoelectric measurements with a resistivity value of
78.6 Qm (Sandstone lithology). Figure 2 (c) shows
that there is an aquifer potential at a depth of 40 m
below the ground surface for geoelectric measure-
ments with a resistivity value of 2.78 Qm. This can be
influenced by the surrounding geological conditions,
namely the presence of several rocks that have good
porosity and permeability as water carriers.

Based on Figure 4 and Figure 5 the results of mi-
crotremor modeling and processing obtained 20 meas-
urement stations and from these 20 stations, there can
be 9 microtremor modeling paths. One indication of
the presence of water can be known by using the Pois-
son’s ratio parameter (Equation 4.). The Poisson’s ratio
used in determining groundwater has a value of > 2.5
(Yuliyanto, Nurwidyanto, 2021). Track 1 in Figures 4
(a) and 5 (a) shows a Poisson’s ratio contour with a
value of 0.3 below station 2 in the form of surface wa-
ter and confined aquifers at station 1 at a depth of 40-
120 m below the ground surface. Track 2 in Figures 4
(b) and 5 (b) has a Poisson’s ratio contour of 0.3 below
station 16 with a depth of 70 m in the form of an un-
confined aquifer. Track 3 in Figures 4 (c) and 5 (c)
shows a Poisson’s ratio contour of 0.3 below station 20
with a depth of 105-190 m in the form of a confined
aquifer and below station 19 in the form of an uncon-
fined aquifer to a depth of 90 m. Track 4 in Figures 4
(d) and 5 (d) has an anomaly in the form of a water loss
zone at a depth of 90-140 m at station 4. Track 5 in
Figures 4 (e) and 5 (e) at station 10 has an aquifer po-
tential at a depth of 60-125 m with a Poisson’s ratio >
0.25. Track 6 in Figures 4 (f) and 5 (f) found a Pois-
son’s ratio contour with a value of 0.3 below station 20
with a depth of 105-190 m in the form of a confined
aquifer and below station 16 in the form of an aquifer
that is not depressed to depth 70 m.
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Track 7 in Figures 4 (g) and 5 (g) found a Pois-
son’s contour ratio of 0.3 below station 19 in the form
of an unconfined aquifer to a depth of 80 m. On track
8 in Figures 4 (h) and 5 (h), there is station 10 which
has an aquifer potential at a depth of 60-125 m with a
Poisson’s ratio value > 0.25. Track 9 in Figures 4 (i)
and 5 (i) has an anomaly in the form of a water loss
zone at a depth of 180-230 m at stations 2 and 13.

Figure 6 (a) is a correlation between micro-
tremor measurements at station 20 and geoelectricity
at line 1, while Figure 6 (b) is a correlation between
microtremor measurements at station 10 and geoe-
lectricity at line 2. The imaged correlation is the cor-
relation of the hv curve of the microtremor which
has frequency value as the x-axis and the average
value of the horizontal to vertical mean values which
are weighted as the y-axis. The correlation of geoe-

lectricity in images (a) and (b) has depth values as
the x-axis and weighted resistivity values as the y-
axis. Weighting is carried out to obtain a correlation
regarding the response of microtremor values from
the HV curve and geoelectricity form resistivity.
According to Yuliyanto et al. (2017) one of the
methods to determine the condition and physical
properties of the soil using a geophysical approach is
the microtremor method which has a fairly good cor-
relation between data and measurement data using
the geoelectric resistivity method. Based on the two
analyzes regarding the search for aquifer zones, the
two methods (microtremor and resistivity) provide a
compatible solution (Yulianto et al., 2021) and
shows a suitable response in showing the response
of subsurface imagery to search for groundwater by
using corelation hv curve and resistivity (Figure 6).
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The geoelectrical resistivity and the Poisson’s ra-
tio on microtremor indicate an accuracy in knowing the
aquifer zone. However, when viewed from the amount
of data obtained and the flexibility in data collection,
microtremor has more advantages than geoelectric.
Retrieval of data on the Geoelectric method requires a
long enough path length to determine subsurface con-
ditions that are deep enough, while data collection on
microtremor can easily be used in narrower conditions
and the depth of microtremor does not depend on how
long the stretch is like geoelectric.

Conclusion
The results of research that has been carried out
using geoelectric and microtremor with the HVSR
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BBIJEJEHUE 30H BOJOHOCHBIX I'OPU30HTOB C HCIIOJIb30BAHUEM KOPPEJIALIMOHHOI'O AHAJIM3A
PE3YJbTATOB MUKPOTPEMOPHOI'O U TEOQJIEKTPHYECKOI'O METOJOB

KOuausuro I'., Hypsuasaaro M.U.H., Xapmoko Y., FOnnanrto T., ®epuanno I'.A.
Kageopa gusuxu, @axynemem ecmecmeeHHbiX HAYK u Mamemamuxy, Yuusepcumem Junonezopo, Hnoonesus
Cemapane 50275, Hnoonesus: gatoty@fisika.fsm.undip.ac.id

Pe3rome. T'eorneKTpuaecKiii 1 MUKPOTPEMOPHBIH METOIBI — 3TO Te0(pH3UMIECKHE METOMABI, KOTOPBIE MOXHO HCIIOIB30BaTh IS
OIIPENENICHUS TOJ3EMHBIX YCIIOBHI, OCOOCHHO NHPH ONpPEACICHWH HAIM4Ms 30H BOJOHOCHBIX TOPH30HTOB. DJTO HCCIEIOBAaHHE
HAIpaBJICHO Ha OIpEAeNeHNe MOTSHIMAIa ¥ HAINYUs BOJOHOCHBIX MOPOX B paiioHe ['pabarckoro paiioHa ¢ IIOMOLIBI0 MHKPOTpe-
MOPHOT'O U T€03JIEKTPUUECKOT0 METO/IOB, a TAKKe Ha CPaBHEHHE Pe3yJIbTATOB ATUX ABYX MeTonoB. Tepputopus I'padbarckoro paiiona
OYCHb OTPaHUYCHA IS IPOBEICHHS TCOTEKTPHUCCKUX UCCIICMOBAHMM, TaK KaK CBI3aHa ¢ Y3KHMH TOMOTpadUuecKUMH KOHTYPaMH,
MOATOMY TS OTIPEIICHHsI COCTOSIHHSI BOJOHOCHOTO TOPU30HTA MO/ OBEPXHOCTHIO 3eMIId HEOOXOAUMO HCIOJIB30BAHUE MUKPOTpE-
MOpPHOTO MeTofa. B paMKax JaHHOTO HCCIEAOBaHMs OBUTH OMPEIeTeHbI TPH Te0dIEKTPHUSCKUX MPOMUIIS M BHITOIHEHBI H3MEPEHHS
Ha 20 CTaHIMAX MHUKPOTPEMOpPHBIX HAOMIOAEHHH. Pe3ynbpTaThl MUKPOTPEMOPHBIX HCCIEIOBAHMH U T€OAIEKTPUYECKUX M3MEpPEHUM
MOKA3bIBAIOT WX XOPOIIYIO COTJIACOBAaHHOCTh MEXAY co00il. B reosnekrpnueckoM MeToJie HCIOJB3YIOTCS MapaMeTphl YACIEHOTO
CONPOTHBIICHHS, B TO BpeMs Kak B MeToe HVSR (ropu3oHTansHO-BepTHKAIBHbIE CIIEKTPAIbHBIC OTHOLICHHS) HCHOJIB3YIOTCS Hapa-
MeTpbl Vs U Kodddumument [Tyaccona. EcTe HecKoIbKO aHOMaNHWii, B KOTOPBIX MOXXHO IIPEIIOJIOKHUTh HAaJW4He 30H BOJOHOCHBIX
TOPU30HTOB, TAKMX KaK MOBEPXHOCTHBIC BOABI, OOHAPYKEHHBIC Ha CTAHIMHU 2, Ge3HAIOPHBIC BOIOHOCHBIC TOPH30HTHI HA CTAHIIUSIX
16 u 19, nenpeccuBHBIE BOJOHOCHBIC TOPU30HTHI Ha cTaHIUAX 1, 10 1 20 1 30HBI MOTEpH BOABI HA CTaHIMAX 4, 2 1 13. OCHOBBIBAsCh
Ha MPEUMYIIECTBaX JBYX METOI0B cOOpa JAaHHBIX B MOJIEBBIX YCIOBUSX, MUKPOTPEMOPHBIH MeTo] 001aaeT Goublieii THOKOCTHIO U
JIyHIIe MOAXOAUT AJsi pabOTHI B CIOKHBIX YCIOBHUSIX, KaK U MOKA3aHO B JaHHOM HCCJIEAOBAaHHWU. B OTIHYHE OT Te03IeKTPHIECKOTO
MeTo/1a, ITyOHHa MUKPOTPEMOPHBIX HCCIICIOBAHUI HE 3aBUCHT OT JJTHHBI IPOdHIIS.

Knrouesvie crosa: muxpompemop, ceosnekmpuieckuti, yoenvhoe conpomusnerue, HVSR, éodonocuwiii 2opuzonm, koagguyuenm
Ilyaccona, Grabang Magelang

MIiKROTREMOR VO GEOELEKTRIK USULLARDAN 9LDO EDIiLON NOTiCOLORIN
KORRELYASIYA ANALIZi iSTIFADO EDILMOKLO SUSAXLAYAN
HORIZONTLARIN AYRILMASI

Yuliyanto G., Nurwidyanto M.i.N., Harmoko U., Yulianto T., Fernando G.A.
Diponegoro Universiteti, EIm vo Riyaziyyat Fakiiltasi, Fizika kafedras
Semarang 50275, Indoneziya: gatoty@fisika.fsm.undip.ac.id

Xiilasa. Mikrotremor vo geoelektrik, yeraltt goraiti miioyyon etmok {iglin, xiisuson do sulu teboge zonalarinin mévcudlugunu
milayyon etmok tigiin istifado edilo bilon geofiziki tisullardir. Bu todgigat mikrotremor vo geoelektrik iisullarla Qrabaq rayonu
orazisinds sulu tobage siixurlarmin potensialint vo movcudlugunu miiayyan etmok vo iki metodun naticalorini miiqayiso etmoak
moqsadi dastyir. Qrabaq rayonunun orazisi geoelektrik todgiqatlarin aparilmasinda ¢ox mohduddur, ¢iinki o, dar topoqrafik
konturlarla baglidir, ona gérs do yer sothinin altindaki su gatinin voziyyotini miioyyan etmak {iciin mikrotremor metoduna ehtiyac
var. Bu todgigatda Slgmolor 3 geoelektrik trayektoriya vo 20 mikrotremor 6lgmo stansiyasi ilo noticelondi. Mikrotremor vo
geoelektrik 6lgmalarin naticaleri ikisi arasinda yaxs1 korrelyasiyaya malikdir. Geoelektrik isul miiqavimat parametrlorindsn istifads
edir, HVSR metodu iso VS vo Poisson nishati parametrlorindon istifads edir. 2-ci stansiyada agkar edilmis soth sulari, 16 vo 19-cu
stansiyalarda tozyigsiz sulu laylar, 1, 10 va 20-ci stansiyalarda ¢okok sulu laylar vo 4, 2 vo stansiyalarda su itkisi zonalar1 kimi sulu
tobogo zonalarinin olmasi kimi bir ne¢o anomaliyadan siibhalonmok olar. 13-cii sahods molumatlarin toplanmasinda iki metodun
ustiinliiklarine asaslanarag, mikrotremor daha cevikdir vo bu todqgiqatda oldugu kimi daha dar goraitds daha yaxsi istifade olunur va
mikrotremorun dorinliyi uzanmanin geoelektrik kimi na godar uzun olmasindan asil deyil.

Acar sézlar: Mikrotremor, Geoelektrik, Rezistivlik, HVSR, Aquifer zonasi, Puasson nisbati, Grabang Magelang
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Summary. The study area is geographically situated within the Southern Nations, Nationalities,
and Peoples' Region (SNNPR), specifically encompassing portions of the Segen Zone and the South
Omo Zone. It lies within the Benetsemay Woreda, in close proximity to the established urban center
of Weyto Town. The terrain of the study area presents a topographically rugged landscape. Notably,
this region forms an integral segment of the extensive Southern Main Ethiopian Rift System, a signif-
icant geological feature marked by considerable tectonic activity. To gain a comprehensive under-
standing of the subsurface characteristics at the proposed Weyto Dam construction site, a series of
seismic refraction surveys were meticulously conducted. The geophysical survey was executed utiliz-
ing a sophisticated 24-channel refraction wave instrument, the Seis-24, a tool specifically designed to
generate detailed velocity sections of the subsurface at the prospective dam construction location. The
study area is distinguished by a multifaceted geological setting, exhibiting a diverse array of intricate
tectonic structures and a variety of distinct geological formations. These formations include fine-
grained aphanitic basalt, various clastic sediments, metamorphic gneiss, porphyritic basalt and accu-
mulations of pyroclastic deposits. The application of the seismic refraction survey proved instrumen-
tal in effectively identifying the different subsurface units based on the analysis of their compressional
wave velocity values and the determined thicknesses of these layers. The acquired data revealed that
the seismic refraction survey successfully achieved a maximum depth of investigation reaching ap-
proximately 100 meters within the defined study area, providing valuable insights into the subsurface
architecture relevant to the proposed dam project.

Keywords: Dam, geophysical
survey, subsurface, compres-
sional wave, foundation

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

The main purpose of constructing a dam is to im-
pound water for several reasons, such as flood control,
human water supply, irrigation, livestock water supply,
and energy generation. They also provide an enhanced
environment and recreation purpose (Long term bene-
fits ..., 2004). In most parts of the country, Ethiopian
people faced a strong moisture shortage. To increase
crop production, the residents were forced to use irriga-
tion. To overcome the aim of irrigation, the govern-
ments of Ethiopia proposed and constructed dams at
different times (Bihon, 2015). Preliminary insufficient
investigation of geological structures, lithological
types, soil strengths and seismic zones leads to a short
lifespan of dam sites (Ivan, Samuel, 1987).

Dam failures are usually caused by inadequate de-
sign, improper construction, or inadequate maintenance.

Failure of the dam can cause considerable loss of capital
investment, income, possible property damage, and loss
of life. Loss of the reservoir can cause severe hardship
for those dependent on it for their livelihood and can
upset the ecological balance of the area; therefore, it re-
quires the detailed investigation of the foundation for the
construction of safe and sustainable dam structures.

Geophysical methods are extensively used in
dam investigations, both on dam construction projects
and in the assessment of the condition of existing dam
structures. These methods help in identifying local
areas of concern that have no surface expression.
Moreover, the methods help to delineate boundaries
between residual soils, weathered rocks and fresh
rock. It is also possible to locate anomalous founda-
tion features such as dykes, cavities, fault zones and
buried river channels (Fell et al., 2005).
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Geophysics has many disciplines, of which seis-
mology being the largest, especially in exploration
geophysics. Refraction seismology measures arrival
time of seismic waves at fixed positions on the
ground after their generation at the focus. A small
explosive charge or sledgehammer can be used for
shallow seismic refraction investigations to generate
seismic energy, which moves through the subsurface
at a velocity depending on the subsurface material.
Some of waves that travel through the subsurface are
refracted at the interface between two layers back to
the surface, where they are detected by geophones at
fixed locations. These signals then are sent to a seis-
mograph, which records the arrival time for signals.
The arrival time depends on the velocity of waves in
the layer it travels through, so knowing the time of
arrival and the distance from the focus to the geo-
phone, the velocity of the wave can be determined.
The velocity of a particular earth material can vary
over a wide range as a function of its age, depth of
burial, degree of fracturing or porosity, and whether
water or air fills the voids (Telford et al., 1976).

The velocity variation can also aid in determin-
ing the number of layers the wave has travelled
through and their elastic properties, thus informing
the engineer or geologist on the kind of material to
expect at different depths within the subsurface. This
research seeks to use the seismic refraction survey
method to obtain the subsurface condition of the
dam site. Boreholes, trenches and other invasive
methods are conventionally used to investigate the
subsurface, but they are discrete and may cause se-
rious omissions in an attempt to delineate the

boundaries of geological structures and the nature of
the subsurface. This is a major issue in engineering
site investigations that seismic refraction surveys
address by providing more continuous data on the
subsurface based on which engineering decisions
can be made with some degree of certainty. A seis-
mic refraction survey also gives the various layers in
the subsurface by using the velocities of the seismic
waves in the subsurface, thereby helping to reduce
the number of boreholes that are required for subsur-
face investigation at a site. This reduces the cost in-
volved in subsurface investigation. Seismic refraction
is nondiagnostic like all geophysical methods, and a
specific conclusion of the material making up the
subsurface cannot be drawn from the results of seis-
mic refraction survey alone. Therefore, it is very im-
portant that the investigation be supplemented with
some boreholes and knowledge of the geology of the
area so that the possible material makeup of the sub-
surface can readily be inferred (Bawuah et al., 2018).

2. Location and accessibility of the study area

The Weyto proposed dam is located in the
SNNPR, which is specifically between Benetsemay
Woreda and Ale Special Woreda near Weyto town. It
is approximately 580 km Southwest of Addis Ababa.
Geographically, the study area is bounded by the coor-
dinates of 280589-288230 m E and 605700-613890 m
N and covers an area of 76 square km (Fig. 1). The
study area is accessible through the Addis Ababa-
Araba Minch-Jinka main road and newly constructed
dry weather road that branches from the Addis Ababa-
Weyto asphalt road (25 km from Weyto Bridge).
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Fig. 1. Location map of the study area
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The geophysical survey area is located between
UTM (Adindan, Zone 37N) coordinates 281000 to
286500 m E and 604500 to 610500 m N. The loca-
tions of the proposed geophysical survey lines in the
study area are shown in Fig. 2. The study area is lo-
cated approximately 25 km upstream of the Weyto
River Bridge and can be reached by 4 WD vehicles
using dry weather roads that branch from the main
high way connecting Arba Minch and Jinka Towns.

3. Geology of the study area

The geology of the study area belongs to the
southern Ethiopian rift system, which is character-
ized by rift basins with fully defined margins and
300 km wide broad rifted zones characterized by
half grabens and basin range-type tectonic features
(Levitte et al., 1974). Precambrian basement rocks,
Tertiary volcanic successions, Tertiary sediment de-
posits and Quaternary superficial deposits are major
stratigraphic successions in the study area.

The crystalline basement rocks are overlaid by
red sandstone, which is overlaid by volcanic flows.
The detailed mapping of the area outlined lithologic
units comprising superficial deposits, siliciclastic sed-
iments, porphyritic basalt, felsites, pyroclastic depos-
its, aphanitic basalt and gneissic rock units. The crys-
talline basement rocks are part of the gneissic com-
plexes consisting of quartzo feldspatic and biotite lay-
ered quartzo feldspatic gneiss. They outcrop in the
central-eastern mapped area, and the left margin of
the Weyto River is mainly uplifted by a series of
faults with several orientations. The average foliation
trend of this rock unit is 45-55/270-300 degrees in the
eastern part of the map and 50/070 in the western
part. The aphanitic basalt unit is described as dark
gray to black in its fresh state and a brownish gray to
greenish gray color on its weathered surfaces. It has a
fine-grained texture, and its minerals are hardly seen
in field lenses. It is highly and spherically weathered
and at places completely decomposed to soil with
only remnants of some core stones. Pyroclastic depos-
its are described as pinkish gray to brownish red and
yellowish brown, fine grained, massive to layered,
reworked, felsic volcano-sediments interlayered by
ignimbrite layers. Felsites are mapped as light color
(greenish gray, light gray to pinkish gray colored rock
unit in its fresh state), fine grained in texture; and at
places it is vesicular, intermediate composition. It is a
volcanic flow unit consisting of intermediate to felsic
lava flows and centers with localized lava flows form-
ing NS-trending scarped plugs mainly following
riverbanks of the Weyto River. Porphyritic basalt
with well-developed olivine crystals within fine
ground mass is mapped capping felsites and pyroclas-
tic sediments in the central part of the project area
found in the eastern portion of the Weyto River. It has

dark grey weathered and black fresh surfaces. It is
fine grained with phenocrysts in it. Generally, it is
massive and has a thickness of 3 to 13 meters at the
top of small hill topographies. Siliciclastic sediment
deposits which thickness is in the range of tens of me-
ters cover the majority of the project area, particularly
the map peripheries of both the northern and southern
maps. Most of the mapped outcrops of this unit show
alternating layers of coarser and finer clastic beds.
They are found as hybrid beds of clast-supported sed-
iments with disturbed grading, possibly because they
are continuously reworked materials. The unit in gen-
eral is light brown, medium to coarse grained, mas-
sive to bedded, slightly consolidated, compositionally
matured and unsorted and consists of sand and minor
silt supported by pebble gravel.

4. Field procedure

The geophysical observations were made along
survey lines, which had been laid out at the preselected
sites. In the surveying work, the direction and layout of
seismic lines and locations of seismic shot points and
geophones were determined. The distance between
geophones was 10 m, whereas the shot point intervals
were 25 m, 50 m, 55 m, 100 m and 110 m. Survey
work was planned and conducted at 2 sites, dam site
option 1 and dam site option 2 along 20 lines. The lay-
outs of these profiles are shown in Fig. 2. All seismic
refraction lines were laid down on the ground.

5. Instrumentation and spread layout

The instrument used for the seismic refraction
survey was the specialized engineering seismic wave-
prospecting instrument known as the Seis-24 channel
seismograph. The instrument accessories used during
the fieldwork include a multichannel cable, trigger ge-
ophone cable and 25 pieces of geophones. Twenty-four
pieces of geophones were set (Fig.3), each geophone at
equal intervals driven into the ground so, that it would
be in a straight line and connected with a multichannel
cable to the main instrument. A trigger geophone was
set at an approximately 2-4 m distance from a shot
point. The interval between measuring geophones and
shot points was more than 5 m. Explosives were used
as a source of seismic energy and deployed with differ-
ent weight ranges from 200 gm to 2000 gm depending
on the position of the shot point. The stations of opti-
mal offset shot points and weights of the optimal ex-
plosive were determined after field testing progressed
enough. The methods of nine shots/spread (-95, 5, 30,
55, 80, 105, 130, 155, 180, 205, 305) and seven
shots/spread (-105, 5, 60, 115, 170, 225, 335) were
applied in the area of investigations and were found to
be adequate. During the survey work, two to four geo-
phone stations overlapped for every line; that is, an
inline-profiling survey technique was conducted.
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6. Field parameters, data processing and rameters enabled the acquisition of good-quality da-

data quality ta (Table 1). Moreover, at some places, the repeated

The refraction seismic data were acquired using  measurements were made to refine the data quality
field parameters selected on site (Fig.4). These pa-  after correcting envisaged problems.
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Table 1

Parameters of seismic refraction used

Energy source Explosive
Geophone distance 10m
Length of spread 230m

Shot position

-105, 5, 60, 115, 170, 225, 330

-95, 5, 30, 55, 80, 105, 130, 155, 180, 205, 305

Recoding time

1500 microseconds(ms)

Sampling

0.5

Filter

Open

The acquired seismic wave field can be described
in two parts: travel times and amplitudes. Seismic
amplitudes are more prone to the detrimental effects
of noise compared to travel times. As such, travel
time inversion is a very robust and accurate method to
estimate the P-wave velocity-depth model of geologi-
cal columns. Therefore, noise is filtered out from the
wave signal until a high signal-to-noise ratio is ob-
tained, and first arrivals are selected to produce the
tomography section. The accuracy of interpretation
depends on several factors, such as the scale of inves-

tigation, topography, geology and surrounding noise.
All the above mentioned factors are possible contribu-
tors, as deeper depth was investigated with wide geo-
phone spacing in topographically widely varying ter-
rain and complex geologic conditions. The correlation
of available borehole logs with seismic results indi-
cates very good data for the upper, medium and bot-
tom units. A comparison of seismic interpretation
results and borehole logs shows that the difference
between depths obtained from interpretation and
borehole logs is less than 10%.

Step 1: Partial Data Processing within the Seismic Unit
o Display distance-time curve and check signal-to-noise ratio

e Ifitis low, reshoot and gather a new distance-time curve

4y

Step 2: Initial data processing and data arrangement

e Incorporate topography data

e Editing source/receiver locations

e Saving waveform data file

e  Picking first arrival travel time

e Saving g first arrival data for refraction analysis

Step 3: Tomographic analysis
e Initial velocity model
e Input inversion parameters
e Inversion for smooth velocity model

]

Step 4: Final Interpretation and Analysis of 2D P-wave Tomography

Fig. 4. Summary of data processing steps
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7. Interpretation of seismic refraction data

Ten survey lines (Fig. 5) with a total length of
10512 m were conducted to characterize the geolog-
ical features of foundations at the Dam Site.

Spread line-1

This line (Fig. 6) is acquired on the right side of
the proposed dam with a survey direction NE-SW
orientation with a turning point at SP-6. There are 20
shot points with 55 m source intervals along the line
and two offset shots with 100 m distances from two
ends of the line. The line extends from the UTM ge-
ographic coordinate of 284578E, 606022N (SP-1) to
the SW direction and turns at SP-8 (284485E,
60519N) almost to the south direction and ends at
284606E, 605176N (SP-20). Topographically, the
line is along a very ragged and sloppy surface, and it
crosses the river between SP-15 and SP-16. This line
is traversed by lines 10, 9, 8, 7, and 6 on the left and
right sides of the Weyto River. The first layer is
mapped with a wide range of thicknesses throughout
the section. The thickest part of this layer is detected
at the plateau between SP-3 and SP-11, where there
is the minimum degree of erosion. The maximum
thickness is measured to be approximately 40 m at
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and around SP-7. This weak material with P-wave
velocity of < 1500 m/s could be related to the clastic
sediments, which comprise fine sandy silt. The un-
derlying layer with P-wave velocity measured in the
range of 1500 m/s to 2500 m/s could correspond to
highly weathered gneiss or clastic with consolidated
gravels. This layer is either left with minimum
thickness or totally eroded along the fault plane.
Similar to the overlaying formation, this layer reach-
es its maximum thickness of approximately 20-25 m
in the elevated part of the section.

The third layer, which looks at a constant thick-
ness in the entire section with velocity values rang-
ing between 2500 m /s and 4000 m /s, is correlated
to highly or moderately weathered gneiss or frac-
tured basalt. The bottom layer, which has a P-wave
velocity value greater than 4000 m/s could be related
to the slightly weathered basalt, and the slightly
weathered gneiss is 114 m deep at SP 9 and 41 m
just beneath the river channel. Successive normal
faults that mimic the regional normal faults of the
region are selected in the middle of the section. The
other major structure identified from this section is
two normal faults that created uplift from SP-3 to
SP-14.

Fig. 5. Seismic Refraction Surveyed lines on Option-1
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600

Spread line-2

This line is located on the right bank of the dam
site acquired in the N-S direction. There are 19 shot
points with 55 m intervals except the two offset
shots, which are located 100 m away from two ends
of the line. The line extends from UTM coordinates
of 284583E, 605981N (SP-1) to 284669E, 605204N
(SP-17). This line intersected all the dip lines (6, 7,
8, 9 and 10) and WBH1-3 between SP-7 and SP-8.
Log data of WBH1-3 were used as priori data in data
interpretation, and the interpreted parameters are
comparable with the log data around the borehole.
The section (Fig.7) revealed a layer with low p-wave
velocity (> 1500 m/sec having a constant thickness

of 6-10 m almost throughout the section. This low-
velocity layer could be related to clastic sediments
that comprise fine sandy silt.

The second layer with p-wave velocities be-
tween 1500 m/sec and 2500 m/sec is associated with
highly weathered gneiss or clastic with consolidated
gravels. This layer has a maximum thickness of 30
m around SP-7 and almost vanishes along slant sur-
faces, which could be the fault plane (between SP-11
and SP-12). This layer is relatively thick to the south
part of the river. The third layer, which could slight-
ly be related to moderately weathered gneiss filled
by quartz or pegmatite veins with P-wave velocity
range between 2500 and 4000 m/sec., is detected at
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different depths in the section. In areas such as fault
planes, the third layer is either underlain by the thin
portion of clastic sediments or exposed to the sur-
face without the above mentioned two layers. Its
maximum thickness is identified in the northern part
of the section, which is measured to be approximate-
ly 60 m, while the eastern side of the river is rela-
tively thin with a thickness of only 30 m. The bot-
tom layer that has P-wave velocity greater than 4000
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m/s has been detected at a shallow depth of 45 m at
the river channel and gets down deep to 100 m depth
at the WBHL1-3 location. This layer could corre-
spond to slightly weathered gneiss or fractured bas-
alt. Weak zones are identified around SP-5 and SP-8
bounded by the low velocity layer within these in-
ferred fractured zones. The other possible structure
picked in this section is a fault which is located be-
tween SP-11 and SP-12.
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Spread Line-3

Line-3 is surveyed in the N-S orientation, and it
crosses the river at two places (SP-6 and SP-12).
There are 18 shot points with 55 m intervals except
the two offset shots, which are located 100 m away
from two ends of the line. The line extends from
UTM coordinates of 284836E, 605958N (SP-1) to
284845E, 605229N (SP-18) with a total ground sur-
vey length of 910 m. This line (Fig.8) is traversed by
lines 4, 10, 9, 8, 7, and 6 from the upstream to down-
stream direction. Topographically, the central part of
the line is situated in a flat surface following the river
channel. Apart from the central part, the other portion

[m) Line WSRI-J
125

of the line is located on a hilly and ragged surface.
Since the central part of the line is acquired along the
river channel where there is high energy attenuation
because of thick alluvial sand, it was difficult to ob-
tain deeper data. To solve this problem, a large
amount of explosive was deployed in a deep shot
hole. The top layer with a P-wave velocity value
greater than 1500 m/sec has almost a constant 6 m
thickness in the central part of the section and reaches
its maximum thickness of 20 m at SP-15. This low-
velocity layer is related to colluvium sediments,
which are composed of fine sand, silt and clay ac-
cording to borehole data and field observations.
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The second layer with P-wave velocities ranging
from 1500 m/s to 2500 m/s, which could be related
to the highly weathered and fractured basaltic rock,
is spotted only in a few parts of the section. This
formation is missing in the slope areas and some
points, such as SP-3, SP-4, SP-6 and SP-7. At the hill
tops (SP-1, between SP-4 & SP-5 and SP-15), this
formation reaches its maximum thickness of 20 m.
The third layer has P-wave velocity ranging from
2500 m/s to 4000 m/s, which could be related to the
slightly weathered basaltic rock identified at various
depths. It is detected at a shallow depth at SP-6 with a
thickness of less than 10 m, gets deep towards the
south side of the section and measures approximately
50 m in thickness on both ends of the section. The
bottom layer with P-wave velocity value of more than
4000 m/s may be correlated to basalt rock or quartzo-
feldspathic gneiss with pegmatite or quartz vein intru-
sions. At the river crossing between SP-7 and SP-6,
this layer could be exposed or detected at shallow
depths similar to the overlain formation. The mini-
mum depth to its top surface is 20 m along the river
channel, whereas the maximum depth is located at
SP-15, which is measured more than 90 m.

Spread line-4

Due to the design of this line, it can be divided
into four segments based on the orientation of the
line. The first and fourth segments are surveyed
along almost the E-W direction. The second and
third segments extending from SP-10 to SP-19 are
surveyed in the N-S and NW-SE orientations, re-
spectively. All segments of the line are surveyed on
the left side of Option-1 with a total length of 920 m.
There are 23 shot points with 55 m intervals for the
central segments (Segments 3 and 4) and 25 m inter-
vals for segments 1 and 4. This line is traversed by
lines 10, 9, 8, 7, and 6 on the left side of the Weyto
River. The line (Fig. 9) extends from UTM geo-
graphic coordinates of 284754E, 605910N (SP-1) to
284904E, 605482N (SP-23). The interpretation for
this line is controlled by WBH1-1, which is situated
between SP-14 and SP-13 of this line.

The top layer with P-wave velocity value of less
than 1500 m/s is identified only in some parts of the
section corresponding to clastic sediments, which
comprise sand, clay and silt. This layer is missed
almost in parts between SP-8 and SP-11 of the sec-
tion; however, it is identified from SP-1 to SP-8 and
around the borehole location, which has a thickness
of approximately 10 m. At the north end of the sec-
tion, this layer measured 20 m in thickness, while
the maximum thickness of approximately 45 m was
noticed around SP-18. There are clear structures
picked at two different places, SP-16 and SP-5,
which could be faults and that is the reason to dis-
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cover a wide variation in thickness of this layer
within a few meter intervals. Most structures can
manifest on the surface, such as the above men-
tioned two faults, while few cannot have surface
signatures and die in the ground. The underlying
layer where its occurrence is more or less similar to
the top low velocity layer is mapped at different por-
tions with a very wide range of thicknesses. Its ve-
locity is demarcating between 1500 m/s and 4000
m/s, which corresponds to highly or moderately
weathered and fragmented volcanic rocks. Even if
its degree of weathering decreases with depth, this
layer goes to a depth of 75 m around the borehole
location with poor rock quality. It could be exposed
to the surface in the portion between SP-7 and SP-
11. The bottom layer, which is related to slightly
weathered basalt rocks that have P-wave velocity of
more than 4000 m/s is placed at a depth of between
75 m and 105 m from the surface.

Spread Line-5

This line is surveyed along the N-S direction
parallel to the Weyto River extending from UTM
coordinates of 285022E, 605918N (SP-1) to
285032E 605225N (SP-32). There are 32 energy
source points with 25 m intervals that are acquired to
the left side of the river. All the dip lines (parallel to
the dam axis) are traversed by this line. Successive
valleys and hills are encountered across the 830 m
length. Topographically, the line (Fig.10) is situated
on the elevation variation from 723 m to 685 m
above mean sea level. WBH1-1 is located just 40 m
to the west side of SP-9, and it is conceivable to
constrain the interpretation of this line by the bore-
hole data based on the 2D P-wave velocity tomogra-
phy section of Line 5. Four layers have been identi-
fied. The first top layer having P-wave velocity val-
ue of less than 1500 m/s is interpreted as either clas-
tic sediments comprising sand, silt and clay or high-
ly weathered trachyte basalt, or it could be both for-
mations. This layer is identified at the south end of
the line with a maximum thickness of 41 m for a
length of approximately 180 m. Its thickness de-
creases when it goes towards the center of the sec-
tion and is almost lost at SP-14. Near the WBH1-1
location, an average thickness of 20 m is measured
on the northern part of the line. The underlying layer
characterized by P-wave velocity ranging from 1500
m/s to 2500 m/s possibly represents highly weath-
ered or fractured and decomposed basaltic rock.
From SP-4 to SP-24, except of the intrusion of the
high velocity layer in the central part, the thickness
of the second layer somehow ranges from 20 to 30
m. On the south side underneath the thick top layer,
the second layer has a constant thickness of approx-
imately 14 m.
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The third velocity layer has compressional wave ve-
locities between 2500 m/s and 4000 m/s, which
could be related to the slightly weathered aphanitic
basalt intercalated with a highly weathered rock ma-
trix. It is mapped near or exposed to the surface
around SP-14, although it is found deep down to 55 m
in the southern part of the line. It is unconformably
underlain by the above layer. Regarding its thickness
distribution, apart from the north end and SP-16 of
the line where it has a maximum thickness of 46 m
thickness, it has a constant thickness of 15-20 m

throughout the section. The bottom layer that has
P-wave velocity value of more than 4000 m/s is
detected at a depth of 55 m to 85 m from the sur-
face. This layer could be similar to the overlaying
layer with only varying degrees of weathering of
the basalt rock and/or the rock matrix, or it could
be related to slightly weathered gneiss. According
to the borehole data, the formation encountered
from 26 m to the final depth of the borehole is
mafic volcanic rock.
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Spread Line-6

Line WSR1-6 is surveyed parallel to the dam
axis along the E-W direction, which intersects the
river at SP-13. This line extends from UTM coor-
dinates of 284296E, 605476N (SP-1) to 285321E
605648N (SP-32) situated to the downstream side
of the proposed dam axis. There were two setups
for explosive shot point intervals; the whole right
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side of the section and the sloppy part of the left
part were surveyed with 55 m source interval,
while the other part of the line was surveyed with
25 m source interval. Line 6 is intersected by lines
1, 2 and 3 to the west side of the river and lines 4
and 5 to the left side. Four seismic layers have been
identified that correspond to different geological
layers. As always, the first layer that has P-wave
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velocity below 1500 m/s is identified at different
parts of the line with a wide range of thicknesses.
The section (Fig.11) of the first 200 m length from
the right side has predominantly composed of clas-
tic sediment or highly weathered and fractured
rock, which could be denoted by this low velocity
layer. Around this part of the section, the top layer
has a maximum thickness of 33 m; however, at
slant areas, just at both sides of the river channel
has no chance to preserve these weathered and
loose clastic sediments. This layer has a constant
thickness of approximately 8 m on the plateau area
to the eastern part of the river. The underlying layer
that has relatively higher P-wave velocity is repre-

sented by compressional wave velocities on the or-
der of 1500 m/s-2500 m/s, which are associated with
highly weathered and fractured basaltic rock. Its
thickness varies from very thin or possibly vanishes
at the slant surface to 33 m at the plateau areas.
There is a thin squashed layer mapped with high ve-
locity from SP-5 to SP-10, which could be due to a
volcanic layer overlay on palaeosoils or volcanic clas-
tic. The third layer, which is characterized by a com-
pressional velocity ranging from 2500 m/s to 4000 m/s
is exposed to the surface at the river valley or identified
profoundly when it goes away from the river channel.
This layer is related to slightly or moderately
weathered basalt or moderately weathered gneiss.
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Its thickness varies from its least thickness of 20 m
at SP-12 to maximum value of 62 m thickness at SP-
16. The isolated spot with an inverted velocity dis-
tribution mapped beneath SP-10 to SP-14 could be
related to the existence of water in the fractured bas-
alt rock. It can be observed from 2D P-wave velocity
tomography section of Line WSR1-6 that the bottom
layer is generally represented by over 4000 m/s ve-
locity. The depth to basement is near the river chan-
nel, which is only 30 m deep; however, it is traced
between 80 and 96 m depth around the elevated are-
as. This layer could be related to fractured, weath-
ered basalt or slightly weathered gneiss.

Spread Line-7

Line 7 is surveyed along the E-W orientation
and crosses the river between SP-13 and SP-14.
There are 23 shot points with 55 m intervals except
two offset shots, which are located 100 m away from
two ends of the line. The line extends from UTM
geographic coordinates of 284310E, 605552N (SP-
1) to 285307E, 605719N (SP-23) with a total ground
survey length of 1190 m. This line (Fig.12) is trav-
ersed by lines 5 and 4 to the left side, while lines 3, 2
and 1 cross the right side of the river.

Line WSR1-7

fm)
152

Left

23

N :o‘w'm‘ ‘I"'N'
.l

nr
e
677
652

627

Cepth

602

51

552

5271

0.30

502

] 50

Laver Boundary  1:2.3......:Shotpoints (SP)

Elevation in meters

e -

Legend

- Clastic sediments

et Tk T T Tk Tk T ke ! i

100 150 200 250 300 350 400 450 500 S50 600 650 700 750 600 850 900 950 1000 fmys)

Distance

River Y ‘\\ \lnfen'ed fractures and faults

\
\

800 1100

Distance in meters

* . Intensively to moderately weathered/fractured basait

<17 Sughtly to moderately weathered basalt moderately weathered gneiss

- slightly weathered basalV shghtly weathered gneiss

Fig. 12. Geo-seismic section, Line WSR1-7

102



A.Mulualem et al. /| ANAS Transactions, Earth Sciences 1 /2025, 89-106; DOI: 10.33677/ggianas20250100144

The top layer outlined by P-wave velocity value of
less than 1500 m/s is identified throughout the section
except the slope surface to the left side of the river.
This seismic layer corresponds to clastic sediments
that comprise sand, clay and silt. The thickest part of
this layer is found to the right end of the section with
a thickness of 40 m. This layer has almost a constant
thickness between 5-10 m from SP-5 to the river
channel and from SP-17 to the left end of the section.
Since highly weathered rocks and loose sediments
could not exist on a highly inclined surface, this top
clastic sediment was missed in parts between SP-14
and SP-17. In some parts, the underlying layer is
squeezed within this layer (see SP-4 to SP-9). The
underlying layer characterized by P-wave velocity
between 1500 m/s and 2500 m/s is traced in almost all
parts of the section. This layer is attributed to inten-
sively or moderately weathered/fractured basalt hav-
ing very poor rock mass quality or highly weathered
gneiss. Relatively, it is very thick to the left side of
the section than to the right side. The thickness varies
from 50 m at SP-18 to very thin or completely absent
along the slant surface of the left side of the river. The
third layer characterized by a compressional velocity
ranging from 2500 m/s to 4000 m/s is exposed to the
surface at the river valley or detected profoundly
when it goes away from the river channel. This layer
corresponds to slightly or moderately weathered bas-
alt or moderately weathered gneiss. Its thickness var-
ies from its least thickness of 7 m at the river channel
to maximum thickness of 50 m at SP-10. The bottom
layer that has P-wave velocity value of more than
4000 m/s is detected at a depth of 17 m beneath the
river channel to 102 m at SP-18 from the surface.
This layer could be similar to the overlaying layer
with only varying degrees of weathering of the basalt
rock, or it could be related to slightly weathered
gneiss. There are inferred structures at various depths
of the section that could be faults or fracture zones.
Based on the 2D P-wave tomography section and
field observations, these structures are not manifested
on the surface. The two inferred faults are picked in-
side the third and bottom layers, while the fractures
are displayed in the first two layers.

Spread Line-9

This line (Fig.13) extends from W (SP-1) to E
(SP-21) marked by UTM geographic coordinates of
284314E and 605683 N and 285280 E and 605869 N,
respectively. It is surveyed parallel to the dam axis,
which crosses lines 1 and 2 to the right and Lines 3, 4
and 5 to the left side of the river. There are 21 shot
points with 55 m intervals and offset shots placed 100
m away from the first and last geophone locations.
One borehole (WBH1-2) is located between SP-10

and Sp-11 of this line. The interpretation of this line is
well constrained by these core drilling data. The top
layer, which is characterized by a compressional P-
wave velocity value of less than 1500 m/s is identified
all over the section with various thicknesses. The left
part of the section has constant thickness of approxi-
mately 7 m, while the right part shows from 45 m
around SP-3 to 10 m towards the valley. This velocity
layer could be related to clastic sediments and highly
weathered and fractured basalt or gneiss along the
slant surface. The underlying unit is characterized by
P-wave velocities varying between 1500 m/s and
2500 m/s, which could be associated with intensively
fractured and weathered gneiss or highly fractured
basalt. This layer could be missed around SP-11 and
become thick at two specific points; in the right part,
35 m thickness is identified for more than 100 m lat-
eral distance, and to the left side, it has similar thick-
ness but has small area coverage. The third velocity
unit covers the entire section and is clearly indicated
by 2500 m/s to 4000 m/sec velocity related to slightly
or moderately weathered basalt with poor rock mass
quality or weakly to moderately weathered gneiss.
The thickness varies from 20 m at SP-7 to 70 m
around SP-15. This layer could be exposed at an in-
clined surface and identified at depth of approximate-
ly 75 m to the right end of the section. In some areas,
slightly weathered and fractured basalt rock is found
between low-velocity layers. This could be due to
volcanic layer overlay on paleosoils or ground water
being detected. According to the 2D P-wave velocity
tomography section of line WSR1-9, the fourth layer
is represented by velocity value greater than 4000
m/s, which is attributed to slightly weathered gneiss
or slightly to moderately weathered basalt. The depth
of the bedrock surface varies between 40 m at the
central part and 100 m to the right end. The inferred
structures that could be fractured or fault zones have
been identified on both sides of the river around SP-7
and SP-18.

8. Discussion

Refraction seismic investigations were carried
out with objective of the determining the thickness
of the overburden materials, identifying the subsur-
face layers, and estimating the depth to the bed-
rock, presence of geologic structures and ground-
water conditions. It is well understood that types of
rocks, degree of weathering and geological struc-
tures are the main controlling factors for dam site
selection. To address these controlling factors, seis-
mic refraction investigation is the primary choice over
other geophysical investigation methods. Therefore,
the results from such seismic measurements may as-
sist in dam site selection and rock engineering.
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Practically, if any dam site shows any occurrence of
active faulting irrespective of its attitude (i.e., dip &
strike) under no circumstances, dam construction
should not be undertaken. The Weyto dam sites are
geologically and tectonically complex and character-
ized by faults and fracture zones that are identified in
almost all seismic sections. Furthermore, the project
is located in the southwestern part of the Main Ethio-
pian Rift, which is tectonically an active area. It has
been recognized that most of the seismic sections and
the borehole data except WBH1-2 do not show
groundwater, at least up to the drilling depth. There-
fore, the absence of groundwater in most parts of the
project site will minimize the risk of dam failure.
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The most identified faults from seismic tomog-
raphy sections exist on both upstream and down-
stream sides and frequently dip towards the down-
stream side, which will decrease the suitability of
sites for dam construction. The foundation rock or
rock mass under the dam axis and reservoir area has
to provide stable support with little or no defor-
mation and avoid settlement under all conditions of
saturation and loading. Igneous and metamorphic
rocks are the most desirable rocks at the dam site.
These are strong and durable due to their dense
character, interlocking texture, hard silicate mineral
composition, occurrence of negligible porosity and
permeability, absence of any inherent weak planes,



A.Mulualem et al. /| ANAS Transactions, Earth Sciences 1 /2025, 89-106; DOI: 10.33677/ggianas20250100144

resistance to weathering and tendency to occur over
wide areas. However, it should be checked that the
selected rocks are not affected by weathering or
fracturing or dykes or any geological structures such
as shearing, faulting and jointing. Thus, all plutonic
rocks, such as granites, syenites, diorites and gabbro,
are very competent and desirable rocks for the foun-
dation at the dam site. However, another considera-
tion should be taken into account; volcanic rocks,
which are generally vesicular or amygdaloidal, are
not desirable since they will be permeable and con-
tribute to porosity and hollowness, in turn contrib-
uting to the weakness of rocks. Massive basalts,
which are very fine grained, are one of the toughest
rocks in nature. However, they can be adversely af-
fected when they are vesicular and permeable. The
seismic section revealed thick loose sediments in
most parts of the dam sites apart from the central

part along the river channel and the slope areas.
From the core drilling data and geological mapping,
the types of rocks dominating the dam sites are frac-
tured and weathered gneiss and igneous rocks.

10. Conclusion

The seismic refraction investigations were car-
ried out along topographically surveyed lines. The
interpreted results satisfactorily met the objectives
and depths of investigations (over 100 m) despite the
complexity of the study area. Accordingly, maxi-
mum depth of approximately 110 m is attained by
the refraction seismic survey in the right and left
parts of dam site. Based on the results of the refrac-
tion, seismic investigation in conjunction with the
available borehole logging data, the seismic layers
and their respective geological layers are summa-
rized below.

Table 2
Seismic layers with corresponding geological layers
Seismic P-wave velocity Geoloaical lavers
Layers (m/sec) g Y
Layer-1 <1500 Clastic sediment consists of gravels, boulder size of rock fragments and fines,
fluvial deposit, sandy silt gravely sandy silt
Layer-2 1500-3000 Intensively to moderately weathered and fractured basalt and gneiss, having
very poor rock mass quality
Layer-3 2500-4000 Moderately to slightly weathered and fractured basalt and gneiss, having poor
rock mass quality
Layer-4 >4000 Moderately to slightly weathered and slightly fractured and fragmented to fresh
basalt and slightly weathered gneiss
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Pe3ztome. BrineneHHbBIH palioH MCCIIeIOBAHMS, SIBISIONIMICS [EHTPOM BaKHEHIIINX I'eOJIOTHYECKHX HCCIIeJOBaHMUM, reorpadude-
CKHU PAcIoIokeH B PernoHe 10’KHBIX HaIMi, HaunoHankHOCTe! U HapoaoB (SNNPR), B wacTHOCTH, 0XBaThIBas 4acTu 30HBI CereH u
30HBI HOxHbIT OMo0. ToyHee, OH HaXOIUTCA HA TEPPUTOPHU Bopena beHercemail B HEMOCPEACTBEHHOH OJIM30CTH OT TOPOJCKOTO
uentpa Beiito Tayn. Pacnonarasce B mpezenax CKpOMHOH JOJMHBI, MECTHOCTh pailOHa MCCIIEOBAaHUS MPEACTaBiIseT co0oi Tomo-
rpaduuecku nepecedeHHbIi tanamadt. [IpumeyarensHo, YTO 3TOT PETHOH SBISETCA COCTaBHOM YacThio oOmupHoi HOxHoi ['maB-
HOHM Dduornckoil pudToBOl CHCTEMBI, XapaKTepHU3yIONIeHCs 3HAaUNTebHONH TEKTOHMYECKOH aKTUBHOCTBIO. UTOOBI MOTYYHTH ITOJTHOE
MIPE/ICTABICHHE O XapaKTePHCTHKaX I'PYHTa Ha IPEIIojaraéMoM MECTe CTPOHMTENbCTBA IUIOTHHEI BeliTo, Oblma mpoBeneHa cepus
celicMopa3BeIOYHbIX HccaenoBaHNH. OCHOBHBIMH LEJSIMH 3THX Te0(M3MUecKHX HCCIeNOBAHMH OBUIM JOCTH)KEHHE TOCTaTOYHOM
ITyOVHBI TPOHNKHOBEHHS U TOYHOE OIpe/ieieHHe TTyOMHBI 3alleraHusl KOpeHHBIX nopoa. Kpome Toro, ncenexoBanus ObUIH HampaB-
JIEHBI Ha OIIEHKY KauecTBa HEJP U BBIABICHHE HAIMYMS U PacHpeIeNeH s Te0JOTHUECKUX TPEIINH — BOKHEHIINX MapaMeTpoB, Ompe-
JIETSTIOMINX CTPYKTYPHYIO LEIOCTHOCTD IUIOTHHBI. BBIIO BBISIBIEHO, 9TO OOBEKTHI INIOTHHBI BEHTO HMEIOT CIOKHYIO T€0I0THIECKYI0
U TEKTOHHYECKYIO CTPYKTYpY U XapaKTepU3yIOTCsl HAIMYUEM Pa3IOMOB M 30H TPEIIUH, KOTOPbIE BBIIBICHBI IOYTH HAa BCEX CEHCMU-
YecKuX paspesax. ['eopusuueckue uccnenoBaHus MPOBOAMINCH ¢ TOMOIIBIO BEICOKOTOYHOTO 24-KaHaJIBHOTO MPUOOpa IpETOMIISIO-
muxcst BOJH Seis-24, pa3paboTaHHOTO C LENIBI0 MOTYyYeHHUs] CKOPOCTHBIX Pa3pe3oB Ha ydacTKe CTPOHUTEIbCTBA IUIOTHHEIL. Teppuropus
HCCIIEeI0BaHMs OTIINYACTCS MHOTOTPAaHHOM Ie0JIOTHYECKOi 00CTaHOBKOM, IEMOHCTPUPYIOIIEH pasHOOOpa3HbIe CII0KHBIE TEKTOHUYE-
CKH€ CTPYKTYPBI 1 MHOXKECTBO Pa3JIMYHbBIX T€ONIOTHYECKHX (opmaruii. DTH 00pa3oBaHUs BKIIOYAIOT MEIKO3EPHUCTHIN a)aHNTOBBIH
0azaibT, pa3IM4HbIE 00JIOMOYHBIE OCAJIKH, METaMOP(QHUIECKHI THelC, MOPGUPOBBI 6a3aibT M CKOIUICHUS ITUPOKIACTHIECKUX OTIIO-
JKEHHH, 00pa30BaBIINXCS B Pe3yJIbTaTe BYJIKAHHIECKON eITEIbHOCTH.

Knrouesvie cnoga: nnomuna, 2eopusuieckue uccie008anus, Heopd, G0IHbL CoHCAmusl, Gynoamenm

VEYTO BONDININ TiKINTi SAHOSIND® MUHONDISLIK XUSUSIY YOTLORININ MUOYYONLOSDIRILMOSI
UCUN 9KS OLUNAN DALGALARIN USULU 9SASINDA SEYSMiK TODQIQATIN TOTBiQi, CONUBI EFiOPiYA

Mulualem A.!, Demsi T.2, Sano L2, Getahun EZ2., Solomon H.?
!Geologiya kafedrasi, Tabiat EImlari Kolleci, Debre Markos Universiteti, Debre Markos, Efiopiya: muluabr4114@gmail.com
2Geologiya kafedrasi, Tobiat Elmlori Kolleci, Incibara Universiteti, Incibara, Efiopiya
SLayiha-tikinti islori biirosu, Addis-Abeba, Efiopiya

Xiilasa. Aragdirma tigiin se¢ilmis orazi mithiim geoloji todqiqatlarin markazi olmagqla, cografi baximdan Canubi Millstlor, Milliy-
yatlor vo Xalglar Regionunda (SNNPR), xiisusilo Seqen zonasi ilo Conubi Omo zonasinin bazi hissalarini shate edir. Daha dagiq
desok, bu saha Benetsemay Voreda orazisindo, artiq formalagmig sohar morkozi olan Veyto gosobasinin birbasa yaxinliginda yerlosir.
Orazi nisbaton dorin vadido yerlogmokls, miirokkob vo dagliq relyefo malikdir. Qeyd olunmalidir ki, bu region yiiksok tektonik
aktivliklo sociyyolonon genis Osas Efiopiya Rift Sisteminin torkib hissesini togkil edir. Veyto bandinin nazords tutulan tikinti
sahasinds yeralt1 qatlarin xiisusiyyatlorini 6yronmok mogsadilo seysmik todgiqatlar aparilmigdir. Bu geofiziki todgiqatlarin baglica
moqsadi stixur qatlarina kifayst gadar dorin niifuz etmoklos, osas (bork) stixurlarin yerlosmo dorinliyinin doqiq miisyyan edilmasindan
ibarot olmusdur. Eyni zamanda, aparilan todgigatlar yerin dorinliklorindoki miihondis-geoloji xiisusiyyatlorin giymotlondirilmasi,
geoloji ¢atlarin movcudlugu vo onlarin arazi {izra paylanmasinin miisyyonlosdirilmosi mogsadi dastyirdi. Bu amillor boandin struktur
dayanigligin1 miioyyan edan asas geoloji gostaricilor hesab olunur. Tadgigat noticolori gostormisdir ki, Veyto bandi tiglin nazords
tutulan orazi miirakkab geoloji va tektonik qurulusa malikdir. Demok olar ki, biitiin seysmik profillords qirllma va ¢at zonalari
miigsahido olunmugdur. Bondin tikinti sahoasinds siirat kesimlorinin qurulmasi mogsadilo geofiziki 6lgmolor Seis-24 markali 24-kanalli
refraksiya cihazi vasitaSilo hoyata kegirilmisdir. Todgigat sahasi miixtolif miirokkob tektonik strukturlart va zongin litoloji torkibi ilo
saciyyalonan goxsaxoali geoloji mithito malikdir. Buraya inco donsli bazaltlar, miixtslif mansali ¢okiintii vo dagmti materiallart,
metamorfik gneyslor, porfirli bazaltlar va vulkanik faaliyyat naticasinds formalasmis piroklastik yigmtilar daxildir.

Acar sézlar: band, geofiziki todgigatlar, yerin toki, sixilma dalgalari, tamal
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Summary. The eastern part of Central Gondwana and Eurasia is a tectonically complex region
where several large tectonic plates interact — Eurasian, African, Arabian, Aegean-Anatolian, Iranian,
and Sinai. However, consideration of only these plate interactions is insufficient. In addition to this
interface, other regional geodynamic factors exist: the mantle rotating counterclockwise structure
(MRCS), the Ural-African geoid anomaly, and the critical Earth latitude 35°. The Eurasia-Gondwana
boundary divides the western part — the Aegean-Anatolian Plate and Mesozoic Terrane Belt (MTB)
associated with the comparatively young Neoproterozoic Belt — and the eastern part, the Iranian Plate,
whose terranes are fragments of the Archean-Early Proterozoic Arabian craton. The Iranian litho-
spheric plate, a key player at the boundary between Eurasia and Gondwana, holds significant implica-
tions in the tectonic-geodynamic context. It tectonically influenced the South Caspian Basin (SCB)
and recently revealed MTB. Novel tectonic, satellite-derived gravity, and magnetic maps of the Irani-
an Plate have been developed. Geodynamically, the considered tectonic units are located above the
central and eastern parts of the MRCS. The Iranian Plate is above the eastern (periclinal) zone of the
MRCS and, under its influence, moves northward. The movement of the western part and complex
form of the Iranian Plate force the clockwise rotation of the SCB. A complex geodynamic-
geophysical interaction of the central tectonic-geodynamic units in the region is shown. The influence
of the recent geodynamic event — Akchagylian hydrospheric maximum on the ancient hominin dis-
persal in the region is exhibited. The carried analysis is essential to understand the role of the complex
geodynamic interface in a transition zone between Eurasia and Gondwana.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

in the plate tectonics and geodynamics of the transi-

The status and history of the formation of the tion zone between Eurasia and Gondwana. Based on
Iranian lithospheric plate have been considered these positions, we propose analyzing the available
mainly at a narrow regional level. Therefore, its data on plate tectonics of this large region, deep ge-
classification validity (legitimacy) as a supra- ophysics, and geodynamics; as indicated in Figure 1.
regional structure is not a generally accepted factor

107


http://www.journalesgia.com/

L.Eppelbaum et al. | ANAS Transactions, Earth Sciences 1 /2025, 107-133; DOI: 10.33677/ggianas20250100145

Figure 1 clearly shows that the vast Eurasian
plate to the south relates to a complex of different-
sized, differentially elongated lithospheric plates of
Gondwana, oriented in either the latitudinal or me-
ridional direction: Anatolian (Aegean-Anatolian),
Iranian, Sinai, Nubian, Victorian, Somalian, Arabi-
an, and Indian. The boundaries between the litho-
spheric plates belong to geodynamically heterogene-
ous zones and correspond to manifestations of colli-
sion, spreading, transform shears, and rotation. GPS
data, paleomagnetic patterns, and geodynamic re-
constructions reflect the latter phenomena. However,
consideration of only these plate interfaces is insuf-
ficient. In this region there are other significant re-
gional geodynamic factors: the mantle rotating coun-
terclockwise structure (MRCS), the Ural-African
geoid anomaly, and the critical Earth latitude 35°.

The discovery of a mantle rotating counter-
clockwise structure (MRCS) (Eppelbaum et al., 2021)
based on multifactor geophysical data (GPS, gravity,
magnetic, paleomagnetic, seismotomographic, etc.)
caused the need to reconsider geodynamic evolution
of this region. It is necessary to underline that earlier,
Le Pichon and Gauler (1988) distinguished the rota-
tion of Arabia and the Levant fault system only based
on the tectonic-structural data.

Geodynamically, the Iranian Plate (Motaghi et
al., 2015) is considered to occur above the eastern
part of the MRCS (Eppelbaum et al., 2021). The
lithosphere blocks above the MRCS eastern branch
rotation initiate northern displacement of the Iranian
Plate. The maps and schemes are based on the pre-
vious comprehensive regional geophysical, geody-
namic, and paleobiogeographic studies (Alizadeh et
al., 2016; Eppelbaum et al., 2018, 2021; 2024a,
2024b; Kadirov et al., 2024).

It is seen that the high magnitude seismogenic
zone (Figure 1) is under the MRCS influence (the
structure long-term rotation initiates a stress in the
above lithosphere) and is nearly such geodynamic
factors as the Eastern Anatolian Fault (EAF), distal
part of the Mesozoic Terrane Belt (MTB), Ural-
African tectonic step, Earth’s critical latitude, and
the western ending of the Iranian Plate. Besides this,
the seismogenic zone is at the boundary between the
MTB and Alpine-Himalayan tectonic belt (Ep-
pelbaum et al., 2024a).

The regional scheme presented in Figure 1 allows
considering combination of geodynamic elements of
Gondwana several larger radial zones in this complex
associated with the features of the historical develop-
ment of this supercontinent: (1) Western Gondwana,
located to the rear of the spreading zone of the Red Sea
and East Africa, (2) Central Gondwana — lying on the
eastern side of the East African — the Red Sea spread-
ing zone, and (3) Eastern Gondwana; articulated with
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the Central Gondwana by a deep shear zone and repre-
sented in the extreme east of the region as a fragment
of the Indian lithospheric plate.

The given tectonic-geophysical analysis is es-
sential for assessing and understanding the role of
the sublatitudinal lithospheric plates — the Iranian
and Aegean-Anatolian—as transition zones between
Eurasia and Gondwana. The complex tectonic-
geodynamic and geophysical peculiarities of the re-
gion under study required the examination of works
by numerous authors (see Section 2 below). A com-
bined examination of literature sources and analyses
of developed gravity, magnetic, tectonic-geodyna-
mic, and topography/bathymetry maps allowed ex-
tending our geodynamic knowledge of the region.

For example, the multidimensional statistical
analysis applied to the satellite-derived gravity data
(Figure 2) (after Eppelbaum et al., 2018) indicates
two significant anomalies (in arbitrary units): to the
west of the Afar triangle and inside the central part
of the Iranian Plate. This fact indicates the plate’s
geodynamic significance of the plate.

2. Materials and Methods

Such an investigation requires the acquisition of
various geophysical and geological data. The satellite-
derived gravity and topographic (bathymetry) data for
this study were acquired from the World Gravity Data-
base as retracked from the Geosat and European Re-
mote Sensing (ERS) missions (Sandwell and Smith,
2009). Initial AZ magnetic data recalculated to one or-
dinary level of 2.5 km above the mean sea level (msl)
were acquired from https://geomag.colorado.edu/
magnetic-field-model-mf7.htm. Several independent
works were examined for the GPS data analysis (e.g.,
Reilinger et al., 2006; Khorrami et al., 2019; Kadirov
et al., 2015; 2024). In addition, various seismic (e.g.,
Ben-Avraham, 2002; Abdullayev et al., 2017; Teknik
et al., 2019; Mousavi and Fullea, 2020; Alizadeh et
al., 2024; Teknik, 2024; Corchete, 2025), thermal
(e.g., Eppelbaum and Pilchin, 2006; Goutorbe et al.,
2011; Mukhtarov, 2018; Mousavi and Andestani,
2023; Teknik, 2024), gravity (Kadirov, 2000; Ben-
Avraham et al., 2002; Kadirov and Gadirov, 2014;
Eppelbaum et al., 2018, 2021; Kadirov et al., 2023;
Teknik, 2024), paleomagnetic (Issayeva and Khalafli,
2006; Mattei et al., 2019; Eppelbaum et al., 2021;
Mousavi and Andestani, 2023), and magnetic (Ep-
pelbaum and Katz, 2015; Eppelbaum et al., 2023,
2024a; Eppelbaum, 2024) data sources were ana-
lyzed. The following works were examined in the
paleobiogeographical studies: Arkell, 1956; James
and Wynd, 1965; Makridin et al., 1968; Ammuzane,
1972; Ammzane u gp., 1983; Feldman, 1987; Hirsch,
1988; Hirsch and Picard, 1988; Cooper, 1989;
Kazmer, 1993; Hall et al., 2005; Alizadeh et al., 2016.


https://geomag.colorado.edu/%20magnetic-field-model-mf7.htm
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Fig. 1. Geophysical-geodynamic map of the area under study.
(1) isolines of the residual satellite-derived gravity field, (2) main interplate faults, (3) main intraplate faults,
(4) GPS vector behavior (mainly after Reilinger et al., 2006; Khorrami et al., 2019; Kadirov et al., 2024), (5)
a distal part of the Mesozoic Terrane Belt, (6) averaged position of the Ural-African tectonic step, (7) high-
magnitude seismogenic zone in Eastern Turkey (February 06, 2023). SF, Sinai Fault; DST, Dead Sea Trans-
form; MEEF, Main Eastern European Fault; EMNB, Eastern Mediterranean Nubian Belt; OF, Owen Fault

Among the analyzed tectonic-geodynamic sources, 2003; Hall et al., 2005; Xaun, 2005; Sengor et al.,
we can mention the following works: Le Pichon and  2005; Jimenez-Munt et al., 2006; Artyushkov, 2007;
Gauler, 1988; Tselentis and Drakopoulos, 1990; Zakariadze et al., 2007; I'ynues u mp., 2009; Jleonos
Ben-Avraham and Ginzburg, 1990; Scotese, 1991; wu ap., 2010; Goutorbe et al., 2011; Kaz’min and
Alavi, 1994; Ismail-Zade, 1996; Mangino and Verzhbitskii, 2011; Vergés et al., 2011; Eppelbaum
Priestley, 1998; Ben-Avraham et al., 2002; Nalbant and Katz, 2012; Eppelbaum et al., 2014; Moghadam
et al., 2002; Stampfli and Borel, 2002; Brunet et al., and Stern, 2014; Kadirov et al., 2015; Motaghi et al.,
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2015; Alizadeh et al., 2016; Abdullayev et al., 2017,  Ardestani, 2023; Alizadeh et al., 2024; Koshnaw et
2024; Eppelbaum and Katz, 2017; Mattei et al.,, al., 2024; Nouri et al., 2024; Teknik, 2024; Ep-
2017, 2019; Eppelbaum et al., 2018; Malekzade, pelbaum etal., 2025.

2018; Le Pichon et al., 2019; Tugend et al., 2019; The investigation methods are based on integ-
Bagheri and Gol, 2020; Trifonov et al., 2020; Ep- ration of geophysical, tectonic-structural, and
pelbaum and Katz, 2021; Eppelbaum et al., 2021, paleobiogeographical data (including anthropolo-
20243, 2024b; Rashidi et al., 2022; Mousavi and gical materials).
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3. Geodynamic Interaction:
A Brief Description

3.1. The Eastern Mediterranean giant mantle
rotating structure

The first evidence of a giant mantle rotating
counterclockwise structure (MRCS) in the Eastern
Mediterranean was provided by Eppelbaum et al.
(2021). The center of this structure is located under
the island of Cyprus, at the Earth’s critical latitude
of 35° The identification of this structure was
demonstrated based on: (1) GPS data, (2) satellite
gravity data recalculated to the sea/land surface
(Figure 1), (3) Bouguer gravity anomalies were ob-
served in the region, (4) geoid anomalies mostly co-

inciding with the GPS (Figure 3) and gravity ano-
malies, (5) numerous paleomagnetic data showing
mostly counterclockwise rotation of tectonic blocks
within the projection of the deep structure onto the
surface, (6) primary analysis of paleobiogeographic
data, (7) initial analysis of seismotomographic data,
(8) tectonic-structural analysis, (9) petrological and
mineralogical analysis. In the present paper, the re-
sults of the quantitative analysis of the residual satel-
lite gravity anomaly are reinterpreted. Additional
essential confirmation is provided by the circular
pattern of anomalies of the regional magnetic field
AZ recalculated to 2.5 km above the sea level (Ep-
pelbaum et al., 2024a).
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Fig. 3. Geoid map of the African-Arabian-Eurasian region with the tectonic-geodynamic features.
(1) GPS vector distribution, (2) faults, (3) block of oceanic crust relating to the Kiama paleomagnetic hyperzone, (4) geoid’s isolines,
(5) South Caspian Basin, (6) average position of the Ural-African tectonic step. SF, Sinai Fault, DST, Dead Sea Transform, OF, Ow-

en Fault, LB, Levant Basin, SCB, South Caspian Basin.
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The synthesis of seismic tomography profiles
enabled the construction of a seismic tomographic
scheme for locating the deep structure, which aligns
well with the results of other geophysical methods.
The integrative combination of all these factors
makes it unambiguously proven to detect an anoma-
lous deep structure under the Eastern Mediterranean
and surrounding regions. The first constructed
paleobiogeographic map (Figure 4) clearly shows
the displacement of the typical Ethiopian fauna to

the northwest counterclockwise. The relationship
between the rotating deep structure and the occur-
rence of rock stress before the catastrophic Turkish
earthquakes (M = 7.9 and 7.8) that occurred on
06.02.2023 (the seismogenic zone, as shown in Fig-
ure 1, is at the crossing and nearly several significant
tectonic and geodynamic features) (Eppelbaum et
al., 2024a). Thus, MRCS is the leading profound
geodynamic factor in the region under study.

Fig. 4. The schematic Late Jurassic paleobiogeographical map of the transitional region between Eurasia and Gondwana with ele-
ments of the subsequent Early Cretaceous geodynamics in the MTB. The blue lines show boundaries between the seas and land. For
construction of this map paleobiogeographic data were used from (Arkell, 1956; James and Wynd, 1965; Makpuauu u ap., 1968;
Feldman, 1987; Hirsch, 1988; Hirsch and Picard, 1988; Cooper, 1989; Alizadeh et al., 2016; Eppelbaum et al., 2024b) and tectonic-
geodynamic data from (Scotese, 1991; Hall et al., 2005; Stampfli and Kozur, 2006; Eppelbaum et al., 2021).

(1) land, (2) continental shields and arcs, (3) oceanic plateaus and rifts, (4) Boreal paleobiogeographic province, (5) Mediterranean
paleobiogeographic province, (6) Ethiopian paleobiogeographic province, (7) points with the Ethiopian brachiopods Septirhynchia-
Somalirhynchia, (8) location points with the Mediterranean brachiopods Pygope, (9) tectonic lines of the discordant paleobiogeo-
graphic replacements, (10) block of the oceanic crust with the Kiama hyperzone, (11) counterclockwise rotated tectonic blocks.
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3.2. The Iranian lithospheric plate

A new generalized tectonic map of the Iranian
lithospheric plate and surrounding regions has been
developed (Figure 5). This map reflects the tectonic
position of the Central Gondwana and the southern
Eurasian plates. The most crucial element here is the
boundary between the Iranian and Arabian lithospher-
ic plates, as this collision zone corresponds to the
once vast expanse of the Neotethys Ocean that existed
in this region. This essential structural element has
long been referred to as the Zagros zone. Our regional
tectonic studies (Eppelbaum and Katz, 2017) have
shown that the Zagros uplift (e.g., Alavi, 1994) is
merely the easternmost block of the vast MTB.

The younger Alpine-Himalayan folded-block
belt of the transition zone between Gondwana and
Eurasia lies to the north of the MTB (formed in the
middle of the Early Cretaceous), composed of a

complex of continental and oceanic crust with the
ancient Kiama paleomagnetic zone (Eppelbaum et
al., 2014). The Iranian lithospheric plate is part of
this extensive belt and occupies its southern and
eastern parts on the map (Figure 5). The structure
of this plate is asymmetric. To the southeast of the
Caspian Basin meridian, submeridional block struc-
tures and belts are developed: Yazd, Tabas, Lut,
and Afghanistan blocks. On the border with Kopet
Dagh, sublatitudinal structures are concentrated
north of these structures: the Central Iranian Massif
and the Ala-Dagh and Binalud folded belts (Mattei
et al., 2017). Elongated narrow sublatitudinal struc-
tures are developed in the south of the Iranian
Plate, directly near the border with the Arabian
Plate (Figure 5). Here, the plateau of Southern Iran
stands out (Motaghi et al., 2015), composed of the
Sanandaj-Sirjan zone (SS).
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Fig. 5. The tectonic-geodynamic map of the region under study (based on Alavi, 1994; Zakariadze et al., 2007; Moghadam and Stern,
2014; Motaghi et al., 2015; Mattei et al., 2017; Eppelbaum et al., 2018; Malekzade, 2018; Bagheri and Gol, 2020; Trifonov et al.,
2020; Eppelbaum et al., 2021, 2024b).

(1) Archean cratons, (2-4) folded belts: (2) Paleo-Mesoproterozoic, (3) Neoproterozoic, (4) Late Paleozoic (Hercynian), (5) Mesozoic
Terrane Belt, (6) Alpine-Himalayan orogenic belt, (7) lithospheric plates boundaries, (8) folded belts and massifs boundaries, (9)
boundary of the South Caspian Basin. Indexes of the structural zones: AD, Ala Dagh, Af, Afghanistan block, Al, Alborz Mts., BN,
Binalud Mts., CI, Central Iran massif, EAC, Eastern Arabian craton, El, Eastern Iranian orogen, EP-AT, Eastern Pontides-Adjaro-
Trialet zone, G, Ga’ara belt, GC, Greater Caucasian belt, HR, Hall-Rutbah massif, KD, Kopet-Dagh Mts., L, Lut block, LC, Lesser
Caucasus, Ma, Makran accretional zone, SCB, South Caspian Basin, SS, Sanandaj-Sirjan zone, T, Tabas block, TCM, Transcauca-
sian Massif, TI, Talysh zone, UD, Urumieh-Dochtar Magmatic Arc, W, Widyah belt, Y, Yazd belt, Zg, Zagros Folded zone
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To the east of this subduction zone, the Macran
accretionary obduction zone, composed of the Mes-
ozoic ophiolites, is developed. Geotectonically,
these elongated belts mark the most intense zone,
corresponding to the once vast absorbed space of the
Neotethys Ocean. The northern boundary of the Ira-
nian lithospheric plate is less contrasting. It reflects
the process of less significant phenomena associated
with tectonic collision, an important characteristic of
terrane tectonics. In the west of the Iranian Plate, its
elongated belts discordantly touch the structures of
the Caucasian belt (Figure 5). According to the satel-
lite-derived gravity map (Figure 6), the Eurasian
Plate is sharply separated from the Iranian Plate by
increased values of the gravity field within a vast
belt stretching from the Lesser Caucasus to the Ko-
pet-Dagh. In the western part, between the Black
Sea and Caspian basins to the north of the Lesser
Caucasus back island arc, the submerged belt of the
Transcaucasian massif is developed with marks with
reduced field values, and to the north of it — the
folded structure of the Greater Caucasus with sharp-
ly increased marks of the gravity field values. Thus,

40"

30"

140" 45" 30"

the Eurasian Plate in the study area is characterized
by sharp indicators of changes in gravity compared
to the adjacent lithospheric plates.

The AZ magnetic map (Figure 7) clearly shows
the dominant striped nature of the magnetic zones
distribution, which partially levels out the structural
plan of the region (Figure 5). Nevertheless, each of
the three lithospheric plates (Eurasian, Iranian, and
Arabian) has a specific distribution of magnetization
indices in the form (topology) and the AZ ampli-
tudes.

The Eurasian Plate differs sharply from the
Iranian and Arabian plates in its striped spatial na-
ture and in the contrast and intensity of the magnetic
amplitudes. Unlike the gravity distribution stripes,
the magnetic field stripes are not directly associated
with the structural belts or stable zones that pass near
them. Nevertheless, it should be noted that the AZ
amplitudes differ within the western part of the
Eurasian Plate, where the folded belts of the Cauca-
sus are developed, from the eastern — Transcaspian
part of the plate, where the epi-Hercynian stable
plateau of the Turanian belt dominates.
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Fig. 6. Gravity satellite-derived map with the main tectonic elements. The bold red lines designate the plates” bound-
aries (based on Alavi, 1994; Zakariadze et al., 2007; Moghadam and Stern, 2014; Motaghi et al., 2015; Mattei et al.,
2017; Eppelbaum et al., 2018; Malekzade, 2018; Bagheri and Gol, 2020; Trifonov et al., 2020; Eppelbaum et al.,

2021, 2024b), and the white lines — the land-sea boundaries.
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Fig. 7. AZ magnetic map (recalculated to 2.5 km above the Earth’s surface) with the main tectonic elements. The bold
red lines designate the plates’ boundaries (based on Alavi, 1994; Zakariadze et al., 2007; Moghadam and Stern, 2014;
Motaghi et al., 2015; Mattei et al., 2017; Eppelbaum et al., 2018; Malekzade, 2018; Bagheri and Gol, 2020; Trifonov
et al., 2020; Eppelbaum et al., 2021, 2024b), and the blue lines — the land-sea boundaries

The Iranian lithospheric plate is characterized
by a strident discordance of the junction of magneti-
zation zones in the northern boundary (with the Eur-
asian Plate) and in the south (with the Arabian Plate)
regarding the magnetic pattern. This peculiarity is of
fundamental importance since both boundaries under
consideration are zones of absorption for the Neo-
tethys oceanic structures between Eurasia and
Gondwana. On the other hand, the western part of
the Iranian Plate differs from its eastern part by the
AZ pattern due to tectonic and geodynamic differ-
ences in the region and the lithospheric plate itself.

The Arabian lithospheric plate differs signifi-
cantly from the Eurasian and Iranian plates in terms
of its high homogeneity and stability. The banded
nature of the distribution of magnetic field zones is
practically not manifested here, and the AZ ampli-
tude fluctuates near the zero line.

Regional topography data also proved highly in-
formative and productive in structural and geodynam-
ic terms (Figure 8). A clear contrast was revealed at
the boundary of the Arabian and Iranian lithospheric

plates — the central subduction zone of the Neotethys
Ocean. In addition, the topography map indicates the
boundary of the northern Iranian Plate.

3.3. South Caspian Basin

The comprehensive seismic data suggest a fun-
damental compositional difference between the crust
of the South Caspian Basin (SCB) and the surround-
ing region (Mangino and Priestley, 1998). The SCB
has been sufficiently studied structurally and geody-
namically based on drilling data, seismic profiling,
gravity, thermal, magnetic, and paleomagnetic data,
and remote sensing (['ynueB u ap., 2009; Kadirov et
al., 2015, 2024; Abdullayev et al., 2017, 2024,
Alizadeh et al., 2024).

As a result, a structural-tectonic map was com-
piled (Artyushkov, 2007; Abdullayev et al., 2017),
where the age and geodynamic type of various SCB
zones were clearly defined. In this paper, this map
was generally used as a basis (Figure 9) but slightly
modified by incorporating data from adjacent areas
of Turkmenistan and the eastern SCB area (JIconoB
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u ap., 2010; Nouri et al., 2024) and the latest geody-
namic data based on GPS analysis (Kadirov et al.,
2024). The presented structural-tectonic map (Figure
9) effectively reflects the deep structure of the SCB
and its adjacent areas. According to the distribution
of the thickness of the sedimentary cover, the differ-
ence between the SCB and the North Caspian Basin,
which belong to tectonic zones of different ages, is
sharply manifested. The first is part of the Alpine-
Himalayan belt, and the second is the epi-Hercynian
Scythian-Turanian belt. The SCB basin is sharply
separated from the Hercynides and the adjacent Al-
pine structures by a system of deep faults. All this is
emphasized by the anomalously high thickness of
the SCB sedimentary layer, reaching a maximum
(28.5 km) near the Absheron ridge. It is the bounda-
ry structure between the Hercynides and the Alpines
(Xawmn, 2005). The structural map indicates that the
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arcuately curved zone of high sedimentary rock
thicknesses suggests a thrust of the space of its high-
est thicknesses under the Absheron Ridge fault sys-
tem. The fault-displaced Jurassic trough system
(Artyushkov, 2007; Abdullayev et al., 2017) con-
firms this tectonic-geodynamic model. The dis-
placed southeastern part of the trough is not so con-
trasting geodynamically, and the thickness of the
sedimentary layer here is 8-10 km less than in the
north.

The eastern part of the SCB is characterized by
sharply reduced sedimentary layer thicknesses, up to
8 km near the Caspian coastline. According to the
distribution of isopachs, the basin itself forms a plat-
eau, which is why it was called TST—Turkmenian
Structural Terrace. Near the coastline (Figure 9), this
terrace gives way to the GOS—Gorgan' dag—
Okarem Step scarp (JIeoHoB u ap., 2010).
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Fig. 8. Topography-bathymetric map with the main tectonic elements. The bold red lines designate the plates’ boundaries (based on
Alavi, 1994; Zakariadze et al., 2007; Moghadam and Stern, 2014; Motaghi et al., 2015; Mattei et al., 2017; Eppelbaum et al., 2018;
Malekzade, 2018; Bagheri and Gol, 2020; Trifonov et al., 2020; Eppelbaum et al., 2021, 2024b), and the white lines — the land-sea

boundaries
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Fig. 9. Structural-geodynamic map of the SCB (after Jleonos u ap., 2010; Abdullayev et al., 2017; Trifonov et al.,
2020; Abdullayev et al., 2024; Kadirov et al., 2024; Nouri et al., 2024).

(1) shear zones, (2) Jurassic rift zone, (3) thrust and underthrust zones, (4) direction of strike-slip displacement, (5)

clockwise rotation of blocks.

Al, Alborz Mts, GC, Greater Caucasian belt, GOS, Gorgan’dag — Okerem Step, KD, Kopet-Dagh Mts, LC, Lesser
Caucasus, TCM, Transcaucasian Massif, TI, Talysh zone, TST, Turkmenian Structural Terrace. The black lines show

boundaries between the land and sea

The distribution of the thickness of the sedimen-
tary cover and fault systems indicates the geodynam-
ic nature that created the complex structure of the
SCB. The data suggests a clockwise rotation of the
western part of this sedimentary basin. A more de-
tailed analysis of this cartographically recorded phe-
nomenon requires geophysical materials since seis-
mic profiling and GPS analyses have been well-
studied in this area (Kadirov et al., 2024).

The data from the gravity anomaly studies were
used for the structural-geodynamic analysis of the
SCB. First, the Bouguer gravity anomaly map is
considered (Figure 10). It indicates the difference
between the SCB and the adjacent structures of the
Alpine-Himalayan belt and the epi-Hercynian Tura-
nian belt. The Bouguer anomalies within the Alpine

belt are characterized mainly by negative values
(Kadirov and Gadirov, 2014; Kadirov et al., 2023).

At the same time, shallow values from -120 to -
200 mGal are concentrated on the boundary of the
Eurasian and Iranian lithospheric plates. Somewhat
less extreme (from -100 to -120) are the negative
Bouguer anomalies on the boundary between the Al-
pines of the Absheron Ridge and the Hercynides of
the Turanian belt. The maximum values of the
Bouguer anomalies (from about +40 to values over
+60 mGal) are widely developed in the Kara-Bugaz
arch of the Hercynides. In the Alpines, anomalies of
this kind are created only to the west of the SCB —
near the fault zone on the border with the Talysh up-
lift (e.g., Kagupos, 2000).
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Fig. 10. A generalized Bouguer gravity map for the SCB and surrounding regions with the tectonic features (supple-
mented after Kagupos, 2000; Kadirov et al., 2023). (1) interplate faults, (2) intraplate faults, (3) SCB contour. Al, Al-

borz Mts, GC, Greater Caucasian belt, GOS, Gorgan’da,

g — Okerem Step, KD, Kopet-Dagh Mts, LC, Lesser Cauca-

sus, TCM, Transcaucasian Massif, Tl, Talysh zone, TST, Turkmenian Structural Terrace. The black lines show the

boundaries between the land and sea

The SCB differs from the adjacent Alpines by
transitional values of the Bouguer anomalies, about
-50 to +20 mGal. At the same time, the eastern sec-
tion with reduced thicknesses of the sedimentary
layer — TST (Turkmenian Structural Terrace) — is
generally characterized by the most stable regime of
Bouguer anomalies with values near the zero line.
To the east of the transition of the Caspian Sea to the
Kopet-Dag Alpine system, the Bouguer anomalies
record the GOS tectonic scarp (Figure 10).

The calculated AZ magnetic map on 2.5 km
above the sea level implies an expressed correlation
between the significant negative magnetic anomaly
and the location of most mud volcanoes in the South
Caspian Basin (Eppelbaum, 2024). A preliminary
analysis of this anomaly reveals its profound nature
(extending dozens of kilometers). This indicates that
mud volcanism is associated with the deep processes
in the Earth’s crust and lithosphere (possibly with
the Iranian Plate pressure).
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Notably, the geodynamic clockwise rotation of
the SCB can be detected in the bathymetry map
(Figure 11) and the map of the strike angles (Figure
12) calculated from the satellite-derived gravity data
using the methodology presented in Kloko¢nik et al.
(2014).

3.4. Geodynamic aspects of the ancient hom-
inin dispersal from Eastern Africa to the Levant
and South Caspian Basin boundaries

The modern geodynamics of the Middle East
and the Caucasus (within the region under study) is
significantly influenced by various processes from
past geological periods. In the late Cenozoic era,
they determined the settlement process of the most
ancient hominids (Figure 13). The presence of the
Caucasian and Levant areas isolated from each oth-
er, along with the remote East African region,
clearly links the confinement of the habitats of the
most ancient hominids with the basin factor and
with active geodynamics, which influenced the de-
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velopment of optimal landscapes and ecosystems in
these areas (Eppelbaum and Katz, 2021). The
paleogeographic map indicates that the Levant and
Caucasian regions, where the most ancient homi-
nids are found, are closely associated with the vast
Neotethys-Mediterranean and Paratethys basins.

The advance of ancient hominids from the distant
East African range mostly coincided with the com-
pletion of the Akchagylian hydrospheric maximum
(Eppelbaum and Katz, 2021, 2024), which mani-
fested itself to the greatest extent in both the Levant
and Caspian basins.
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Fig. 12. Map of the strike angles (the main direction of the tensor I" (Kloko¢nik et al., 2014)) (revised

after Kadirov et al., 2023)
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Fig. 13. Paleogeographic-anthropological map of the ancient man dispersal (based on the modern topography map) from
Eastern Africa to the Levantine Corridor and the South Caspian Basin and Caucasus.

(1) ancient hominin sites of 3.3 — 1.85 Ma, (2) reconstructed ancient hominin’s way from Africa to Eurasia (revised and sup-
plemented after Eppelbaum and Katz, 2024).

The age (in Ma) of anthropological sites is taken from: Nyayanga (3.03-2.58, Plummer et al., 2023), Lomekwi (3.3, Harmand
et al., 2015), Koobi Fora (2.1-1.6, Grine et al., 2019), Omo (2.4-2.3, McDougall et al., 2008), Hadar (2.4-2.3, Johanson,
2017), Kada Gona (2.6-2.0, Semaw et al., 2005), Mille-Logia (2.42-2.1, Alemseged et al., 2020), Zihor (1.95-1.78, Larrasoa-
fia et al., 2020), Zarqa (2.5-1.95, Scardia et al., 2019), ‘Ubeidiya (1.6-2.6, Eppelbaum and Katz, 2024), Kovandzhilar (2.0-
1.7, Oxepenses u map., 2020), Azykh (2.1-1.9, Veliyev et al., 2010), Karahach (1.85-1.78, Bensiea, 2020), Dmanisi (1.85-
1.77, Lordkipanidze et al., 2007), Rubas-1 (2.2-2.3, Jlepessiako u ap., 2015), Mukhkai (2.1-1.77, Amupxanos, 2020), Ker-
mek (2.1-1.95, IlenuHckwuid, 2021).
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The hydrospheric phenomena of these two basins
were associated with their location near the Earth’s
critical latitude of 35°, which separated the zones of
conjugate deformation of the ellipsoid of rotation and
the development of the extended estuaries of the Volga
and Nile rivers. On the other hand, the South Caspian
and Levant basins (as shown in Figure 1) were located
near different zones of the deep mantle rotating struc-
ture, whose active geodynamics influenced the troughs
of the South Caspian, Levant, and related structures.

4. Discussion

The simplified geodynamic scheme (Figure 14)
indicates the complex interaction of the MRCS, Irani-
an Plate, and SCB. The essence of this scheme is to
display that the counterclockwise MRCS rotation
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caused a northward displacement of the complex-
constructed western part of the Iranian Plate, which,
in turn, caused the SCB clockwise rotation. An essen-
tial factor is the decrease of the corresponding rota-
tion and displacement velocities. In the MRCS con-
tour and its interaction with the Iranian Plate, the GPS
velocity consists of 10-20 mm/year (Figure 1), in the
western part of the Iranian Plate, this northward ve-
locity consists of 8-14 mm/year, and finally, SCB
clockwise rotation is about 3-5 mm/year (Figure 1). It
can be explained by the simple physical law of de-
creasing movement impulse by transferring from one
target to another. This ensemble interaction includes
an influence of the Earth’s critical northern latitude of
35° and the Ural-African tectonic step (zone between
the positive and negative geoid anomalies) (Figure 3).
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Fig. 14. Simplified geodynamic scheme of the area under study.
(1) main interplate faults, (2) main intraplate faults, (3) a distal part of the Mesozoic Terrane Belt, (4)
averaged position of the Ural-African tectonic step, (5) high-magnitude seismogenic zone in Eastern
Turkey (February 06, 2023), (6) average projection of the mantle rotating counterclockwise structure,
(7) tectonic movements: (a) rotation, (b) north and north-northeast displacement. Numbers in circles:
1 — mantle rotating counterclockwise structure, 2 — Iranian Plate, 3 — South Caspian Basin. SCB,
South Caspian Basin, SF, Sinai Fault; DST, Dead Sea Transform; OF, Owen Fault
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The geophysical evidence to discover the oce-
anic crust in the Easternmost Mediterranean is
based on a comprehensive analysis of seismic,
gravitational, magnetic, and thermal data (Ben-
Avraham et al., 2002). The most significant evi-
dence was the absence of a granite crustal layer in
the Easternmost Mediterranean (approximately 40-
80 km from the Israeli coast), a very low thermal
regime (15-30 mW/m?), and crustal (basaltic)
blocks with reverse magnetization. It should be
noted that seismic, magnetic, and gravity data anal-
ysis and advanced 3D magnetic-gravity modeling
were carried out simultaneously on three intersect-
ing profiles. This work laid the foundations for the
later discovery of the oldest block of oceanic crust
(see Kiama block location in Figures 1 and 2).

From the conventional point of view, the age of
oceanic crust blocks should not exceed 160-180 mil-
lion years (Wilson, 1966). Constant subduction ex-
plained this regularity, lowering oceanic crust blocks
into the upper mantle with subsequent absorption of
these blocks by the hot mantle. However, this gen-
eral pattern, given the complexity of the structure of
the Earth’s crust, is not always observed. Several
authors (e.g., Stampfli and Borel, 2002; Le Pichon et
al., 2019; Tugend et al., 2019) earlier postulated the
Permian age of the Eastern Mediterranean oceanic
crust (one of the most significant factors is the very
low heat flow in the region under study). A compre-
hensive geological-geophysical analysis conducted
by Eppelbaum et al. (2014); Eppelbaum and Katz,
2015) showed that the identified block of oceanic
crust (Figure 1) corresponds to the Kiama paleo-
magnetic hyperzone (~255-308 Ma, Upper-Lower
Permian and Upper Carboniferous). We believe this
oceanic block formed no more than 285 million
years ago (Permian) north of the modern Persian
Gulf. The depth of this block is 10-11 km, and its
total volume is about 120,000 km® (Eppelbaum et
al., 2023). It was then displaced along the transform
faults to its current position, which has remained in
place for more than 120 million years. Even the ge-
ometric location of this block within the Easternmost
Mediterranean indicates its discordant position with
the surrounding structures — the Anatolian Plate and
the Mesozoic Terrane Belt. However, why was this
block of oceanic crust not subducted? We proposed
that the subduction is disallowed by the MRCS in-
fluence, whose counterclockwise rotation prevented
this block from sinking into the upper mantle and
preserved it until today.

Special attention is drawn to the anomalous bi-
ogeographic indicators (e.g., Arkell, 1956; James
and Wynd, 1965; Makpuauun u ap., 1968; Anuzane,
1972; Anmuzane u np., 1983; Feldman, 1987; Hirsch,
1988; Cooper, 1989; Kazmer, 1993; Hall et al.,
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2005); particularly shell remains of giant brachio-
pods Septirhynchia—Somalirhynchia (see review
in Eppelbaum et al., 2021) and Mediterranean bra-
chiopods Pygope (see review in Eppelbaum et al.,
2024b). Based on the analysis of numerous sources,
three paleobiogeographical provinces were selected
(Figure 4): (1) Boreal (Eurasian shelf), (2) Mediter-
ranean (Mediterranean Basin), and (3) Ethiopian
(Eastern Africa and Southern Arabia). The con-
structed paleobiogeographical map (Figure 4) shows
the phenomenon (indicated by the red arrow rotating
counterclockwise) of the geodynamic transfer of
tectonic blocks with the remains of the Ethiopian
fauna from the present position of the Persian Gulf
to the Levant up to the Egyptian Eastern Desert.
This fact demonstrates the counterclockwise move-
ment of the eastern and central parts of near-surface
projections of the anomalous deep structure in the
Jurassic and Early Cretaceous periods.

Thus, the foreland sediments of Northern Ara-
bia and Eastern Nubia are tectonically discordantly
connected to the allochthonous Mesozoic Terrane
Belt, which rotated counterclockwise in the direction
of the paleocontinent Gondwana. This geodynamic
feature makes it possible for the first time to explain
the uniqueness of the biogeographically anomalous
zone of terrane block attachment to the Gondwana
paleocontinent in the Levantine phase of tectonic
activity (Eppelbaum and Katz, 2015). To the north
of this belt, within the marginal oceanic zone (along
transform arc faults), an allochthonous block with
the Kiama paleomagnetic hyperzone moved west to
the current Levantine basin (Figure 4).

The multistatistical map transformed from the
satellite-derived gravity field (Figure 2) highlights
the critical role of the applied methodology for iden-
tifying the critical properties of deep regional geo-
dynamics. The marginal plates of the northern part
of Central Gondwana — Iranian, Sinai, and Aegean-
Anatolian — are associated with collisional geody-
namics. Here, a thick eastern (Arabian-lIranian) sec-
tor is developed with a complete absorption of the
Neotethys oceanic crust with thickening of the crust
and mantle lithosphere in the subduction zone (Ver-
gés et al., 2011; Teknik et al., 2019; Corchete,
2025). In the western (Aegean-Anatolian-Sinai) sec-
tor, there is a zone of incomplete subduction with
anomalously low values of the crustal and mantle
lithosphere thicknesses, which is demonstrated both
by the drop in the values in Figure 2 and by seismic
data (e.g., Ben Avraham et al., 2002; Jimenes-Munt
et al., 2006). Between these two zones, there is a
protrusion of the Mesozoic Terrane Belt, penetrating
the zone of wedging out of the Alpine associations
of the Anatolian-Aegean and Iranian plates and man-
ifesting itself in anomalously high seismicity caused
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by the rotational geodynamics of the MRCS (Ep-
pelbaum et al., 2024a). A completely different type
of geodynamics is developed within Central Gond-
wana and its eastern segment on the boundary with
the Indian Plate. Here, according to the multistatisti-
cal analysis (Figure 2), the classical structures of
spreading geodynamics are recorded — a triple junc-
tion with the formation of the Arabian, Nubian, and
Somalian plates with an increase in the thickness of
the mantle lithosphere (Eppelbaum and Katz, 2017,
Eppelbaum et al., 2018, 2021) in the zones of ascend-
ing deep thermal inflow. The rift zones of the Red Sea
and the Gulf of Aden themselves are characterized by
reduced values of both the scale indicators in Figure 2
and the thickness of the crust and mantle lithosphere,
which is due to the rotational processes of deep geo-
dynamics (Eppelbaum et al., 2021).

Geophysical and hypsometric data (Figures 6-8)
supported the analysis of tectonic-structural features
of the studied region (see tectonic map in Figure 5).
First, it is necessary to consider the satellite-derived
gravity map recalculated to the Earth’s surface (Fig-
ure 6). According to the presented data, we have re-
vealed that the Iranian lithospheric plate manifests
itself as an independent, geodynamically most
stressed structure. This fact is prominently visible
along the southern and northern borders of this plate.

The developed maps (Figures 6-8) are structur-
ally consistent with the data of regional-tectonic
zoning (Zakariadze et al., 2007; Trifonov et al.,
2020; Malekzade, 2018; Eppelbaum et al., 2018) and
elements of geodynamics (Eppelbaum and Katz,
2017; Rashidi et al., 2022), partially shown in Fig-
ures 1-3. The last-mentioned figures are compared
with the satellite-derived gravity map (Figure 6),
indicating that between the continental platforms of
Eurasia and Gondwana, there is a tectonically unsta-
ble younger Alpine-Himalayan belt with increased
values of the gravity field indicators. At the same
time, each of the three lithospheric plates typologi-
cally differs in the gravity-structural characteristics
of the latitudinal belts. On the other hand, within the
lithospheric plates, the latitudinal indicators of gravi-
ty field changes are accompanied by the presence of
submeridional heterogeneities. They are manifested
in the meridian area of 50° eastern longitude, passing
through the Caspian and Persian Gulf basins. Here,
troughs are developed, marked by the reduced gravi-
tational anomaly values. Earlier, Eppelbaum and
Katz (2017) discovered this phenomenon in the sat-
ellite-derived gravity field of larger areas (long-pass
Gaussian-filtered gravity map). In subsequent work
(Eppelbaum et al., 2018), this zone with lowered
gravity field anomalies was compared with the geoid
map of the African-Arabian region (the geoid map
with the central tectonic units is shown in Figure 3).

It should be noted that the Ural-African geoid step
(Figures 1 and 3) is tectonically very active, and sys-
tems of deep faults are associated with it, producing
numerous graben-like structures (Eppelbaum et al.,
2024b) with the largest hydrocarbon deposits.

Regional geodynamic analysis, based on Fig-
ures 1-4 and examination of Alavi (1994), Ben-
Avraham et al. (2002), Zakariadze et al. (2007),
Moghadam and Stern (2014), Motaghi et al. (2015),
Eppelbaum et al. (2018), Khorrami et al. (2019),
Eppelbaum et al. (2021, 2024b), Mattei et al. (2017),
Malekzade (2018), Bagheri and Gol (2020), Tri-
fonov et al. (2020), indicates the intricate interaction
of the lithospheric slabs in the region. The MRCS’
eastern branch slab rotation initiates a northward
movement of the Iranian Plate. On the other hand,
the north (north-north-east) displacement of the Ira-
nian Plate caused a clockwise rotation of the South
Caspian Basin (Eppelbaum et al., 2025). The rota-
tion and displacement of the lithospheric blocks
caused by the above factors are (along with other
geodynamic causes) sources of the seismological
hazard in the region under consideration. Particular-
ly illustrative are the two recent catastrophic earth-
guakes in eastern Turkey on 06.02.2023, where the
long-term accumulated stress (e.g., Tselentis and
Drakopoulos, 1990; Nalbant et al., 2002; Sengor et
al., 2005) from a rotating deep structure (Eppelbaum
et al., 2024a), along with other tectonic factors, re-
sulted in a strong seismological shock.

The Iranian lithospheric plate is discordantly at-
tached to the Eurasian Plate. Its narrowed western part
is composed of the Sanandaj-Sirjan magmatic belt,
marking a collisional suture in the absorption zone of
the once-vast Neotethys Ocean. The extended eastern
part of the Iranian Plate is characterized by significant-
ly lower values of the gravity field indicators since vast
massifs and blocks of continental crust dominate it.

The Arabian lithospheric plate is quite sharply
delimited from the Iranian Plate, since elevated gravi-
ty field values characterize the Mesozoic Terrane
Belt. To the south of this belt is a zone of decreasing
gravity field marks (Figure 6). To the southwest, there
is a stable zone of the Arabian Craton and Neoprote-
rozoic Belt characterized by gravity field anomalies
with average values. The increase in gravity field val-
ues in the extreme southwestern outskirts of the re-
gion is due to its proximity to the tectonically active
rift zone of the Red Sea. The gravity map (Figure 6)
coincides with the gravity transformation anomaly
(Figure 2) and the recent publication of Teknik
(2024), where the Iranian Plate is distinguished by
thickening of the Earth’s crust and lithosphere.

Analysis of the magnetic field (AZ) indicators
(Figure 7) shows a less contrasting but distinct pic-
ture of the differences between the identified litho-

123



L.Eppelbaum et al. | ANAS Transactions, Earth Sciences 1 /2025, 107-133; DOI: 10.33677/ggianas20250100145

spheric plates. At the same time, the most significant
structural contrast is manifested with the Eurasian
lithospheric plate.

The topography data (Figure 8) and the gravity
field (Figure 6) contrast the structures of the Iranian
and Eurasian lithospheric plates. The topography map
(reflecting important geodynamic features) is unique to
study the relationships between the Arabian and Indian
plates. It demonstrates a significant geodynamic con-
trast in the Gulf of Oman zone (Figure 8). Above and
beyond, an analysis of numerous publications indicated
an increase in the Earth’s crust thickness (e.g., Teknik
et al., 2019; Mousavi and Fullea, 2020; Teknik, 2024),
and heightened thermal flow data (e.g., Goutorbe et al.,
2011; Mousavi and Fullea, 2020; Mousavi and Ar-
destani, 2023) within the Iranian Plate.

Our previous investigations (Eppelbaum and
Katz, 2017) indicate that in the post-Carboniferous,
an uplift of the Zagros zone as an isolated tectonic
feature of the Neotethys Ocean began to form. Geo-
dynamic indicators reflect the isolation of the Zagros
zone and suggest that it may have been a fragment of
the MTB in the southern segment of the Neotethys
Ocean (Vergés et al., 2011; Koshnaw et al., 2024).

The paper presents a historical-geodynamic analy-
sis of Gondwana, demonstrating that its differentiation
is linked to a submeridional fault system. Thus, the
disintegration of the supercontinent was accompanied
in parallel by an uneven process of closure (collision)
of the Neotethys Ocean. We distinguish the Western
Gondwana, where the remains of the oceanic crust —
the Mediterranean — have been preserved (partially

shown in Eppelbaum et al. (2014), Eppelbaum and
Katz (2017), and Eppelbaum et al. (2024a). To the east,
in Central Gondwana, on the boundary of the Arabian
and Iranian lithospheric plates, the oceanic crust of the
Neotethys was subducted. A narrow linear zone of the
South Iranian Plateau, a belt of magmatic and meta-
morphic rocks of the marginal subduction zone, has
remained from this process.

It was revealed that the bending arc of the Mes-
ozoic Terrane Belt, which deviates sharply after the
distal western end of the Iranian Plate to the south-
west up to the south of the Sinai Plate, is associated
with more ancient rotational movements along the
forming deep mantle structure (Eppelbaum et al.,
2021; 2024a). The collision of the Neotethys Ocean
in Central Gondwana occurred later, in the middle of
the Cenozoic, near the eastern branch of the deep
mantle structure projection, outside the zone of in-
fluence of its rotational movements.

A general distribution of paleomagnetic vectors
within the MRCS contour (mainly counterclockwise
rotation) and without it (clockwise and alternating
rotation) is shown in Eppelbaum et al. (2021,
20243a). A paleomagnetic direction map compiled for
Azerbaijan and some surrounding areas (Figure 15)
clearly shows the role of the MRCS, the Ural-
African step, and the western part of the Iranian
Plate in a complex form. The MRCS influence de-
clines paleomagnetic directions counterclockwise,
the African-Arabian step is an average boundary
line, and the Iranian Plate impact declines paleo-
magnetic vector clockwise.
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Fig. 15. Paleomagnetic-geodynamic scheme of the region at the boundary of the Iranian Plate and South Caspian Basin.
(1) lithospheric plate boundaries, (2) Ural-African step, (3) Earth’s critical latitude 35°, (4-10) paleomagnetic-geodynamical data: (4)
for Neogene, (5) for Paleogene, (6) for Upper Cretaceous, (7) for Lower Cretaceous, (8) for Jurassic, (9) supplemented after Issayeva

and Khalafli (2006), (10) modified after Mattei et al. (2019)
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The geodynamic clockwise rotation over a long
time must be reflected in the development of the
SCB’s bottom relief (see, for instance, Figure 11).
This map displays the SCB’s bottom relief rotation
clockwise. Interestingly, the map of strike angles
calculated by a complex transformation of the satel-
lite-derived gravity data also demonstrates a circular
vortex in the central part of the SCB (Figure 12). We
must note that the present rapid decrease of the Cas-
pian Sea’s level can be associated not only with
global warming and the diminution in the volume of
the Volga runoff but also with the active near-
surface tectonics in the sea caused by the instability
of the regional geodynamic interaction.

The region under study (the eastern part of Cen-
tral Gondwana and Eurasia) played an essential role
in ancient hominin dispersal (e.g., Lordkipanidze et
al., 2007; Veliyev et al., 2010; Scardia et al., 2019;
Plummer et al., 2023). The examination of the recent
geodynamics in the region indicates that the dissec-
tion of the coastal high plateau of the Eastern Medi-
terranean with the formation of optimal land land-
scapes for the habitation of ancient hominins began
after regression at the end of the Middle Gelasian
when the sea level dropped by more than 150 m
(Eppelbaum and Katz, 2024). This paleogeographic
effect had not previously been considered, which
prevented its use in developing an archaeological
research strategy. However, considering the diverse
and complex aspects of hominin dispersal from Af-
rica to Eurasia in this multifaceted region, the range
must be broader. The comprehensive study of the
Carmel area (northern coastal plain of Israel), dis-
placed in the main direction of the Levantine Corri-
dor (Figure 13) during the Pleistocene time, showed
that this area was flooded during the early dispersal
of hominins from Africa (Eppelbaum and Katz,
2021). We propose that the Levantine Corridor
emerged after the end of the Akchagylian transgres-
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AHAJIM3 CJOKHBIX TEOMAHAMMYECKHAX B3AUMOJIEVCTBHAM
B BOCTOYHOM YACTH LIEHTPAJILHOM T'OHJIBAHBI U EBPA3HN

Suneantaym JL.12, Kan 10.%, Kagupos ®*5, I'yaues .5, Ben-Appaxam I1.!
Kagpeopa 2eopusuxu, gpaxynomem mounvix nayx, Tenv-Aeusckuii YVuueepcumem, Hspauno
Pamam Asus 6997801 :levap@tauex.tau.ac.il
2A3epbatiodcanckuil 20cy0apcmeeHHblll yHugepcumem neghpmu u npomwiuinennocmu, Azepbaiioscan
AZ1010, baxy, npocn. Azadnvie,20
3Mys3eii ecmecmeennoii ucmopuu um. Ilmeitineapoa u Hayuonansuwiii uccnedoeamensckutl yenmp,
Daxyremem ecmecmeenHwvlx Hayk, Tenv-Asueckuii Yuusepcumem, Uspauns
Tenv-Aeus, 6997801
‘Munucmepcmeo nayxu u obpasoeanus Pecnybnuxu Asepbaiioscan, Hncmumym negpmu u 2aza, Asepbatioscan
AZ1000, baky, np. ®.Amuposa, 9
SMunucmepcmeso nayku u obpasosanus Asepbaiioxcanckoti Pecnybnuxu, Hncmumym 2eonozuu u 2eogusuxu Asepbaiioscan
AZ1073, baky, npocn. I /[»casuoa, 119
8TIpesuouym Hayuonanvnoii akademuu nayx Azepbaiioscana, Azepbaiiocan
Va. Ucmuenanuiiam, 30, baxy, AZ1001

Pe3rome. Bocrounast yacts LlentpansHoii 'onaBansl 1 EBpa3un npeactanser co00l TEKTOHUYECKH CIIOXKHBIH PErHoH, TAe B3an-
MOJICHCTBYET HECKOJBKO KPYIHBIX TEKTOHHYECKHX IUUT — EBpaswmiickas, AdpukaHckas, ApaBuiickas, OTeHcKo-AHATONHHCKAs,
Wpanckas u Cunaiickas. OZHAKO HEOCTATOYHO M3YYEHHS 3(PPEKTOB B3aMMOACHCTBHI TOJIBKO 3THX IUIHT. B IOTONHEHHE K 3TOMY
uHTepQeNCy 3/1ech BO3ACHCTBYIOT TaKkKe CIIELYIOMNe PerHOHAIbHbBIE TeOMHAMUYECKHe (paKTOPhl: MaHTHIHAS CTPYKTYpa, Bpala-
FOIIasACs MPOTHB YACOBOU CTpENKH, Ypano-AdpuKaHCKas aHOMAaIHsS Teouia U KpuTHieckas mupota 3emmn 35°. ['panuna EBpazus-
l'onnBana paszmensger 3anagHyro 4acTb — Orelcko-AHaTouicKyto UTy U Mesosoiickuit TeppeitnoBssiii [Tosc (MTII), cBsi3anHbIH
€O cpaBHUTENBHO MoJoabM Heonporeposolickum [ToscoMm, — 1 BocTouHyt0 yacTh — MpaHCKy!O IUTUTY, TeppEeHHBI KOTOPOIl SIBIISIOT-
cs1 pparMeHTaMu apxeicKo-paHHEPOTePO30HCKOro ApaBuiickoro kparona. Mpanckas murocdepHas IumTa, KIlo4eBas CTpPyKTypa Ha
rpanuie Mexay EBpasueil m ['oHnBaHOMN, HMeeT cylecTBEHHOE TEKTOHO-TeoAMHaMudeckoe BosaelcTsue Ha lOxHo-Kacnuiickuit
bacceitn (IOKB) u Ha BocTouHyro yacth MTII. Pa3zpaGoTaHbl HOBBIE TEKTOHMYECKAs, MarHUTHAs, CIIyTHHKOBAs TI'DaBHTAIMOHHAS
kapThl Mpanckoi mimTel. B reoguHaMndeckoM OTHOIIEHWM paccMaTpUBaeMble TEKTOHHYECKHE OOBEKTHI PACHOJIONKEHBI Hal IICH-
TPaJIbHOM M BOCTOYHON YACTSIMH BpallAIOMIENHCsl SJUIMITHUECKON MaHTHUIHOMN CTpyKTyphl. MpaHckas miauTa HaXOIUTCS HajJ BOCTOY-
HOMW TOTPaHNYHO-KPaeBO 30HOH BpalIaromIeiicss MAaHTHIHOW CTPYKTYPHI M TIOZ €€ BIMSHHUEM IepeMenIaeTcst Ha ceBep. DTO JBUKE-
HUE U CJIOKHas (Gopma 3amaaHoi yactu WpaHckoit mmmthl oOycnasnuBatoT Bpamienne KOKB mo gacosoii ctpenke. [IpeacraieH
KOMIIJIEKCHBIH FeO)lPIHaMI/I‘IeCKO-FeO(bPBH'—leCKHﬁ AHAJIN3 OCHOBHBIX TEKTOHUYECKUX CTPYKTYp pEruoHa U ux B3aHMOﬂel>’ICTBPIe MEX-
ny co06oit. OTIenbHO MOKa3aHO BIMSHHE HEJABHETO FEOJIUHAMHUYECKOTO COOBITHS — AKYarbUIbCKOTO THAPOC(HEPHOro MaKCUMyMa —
Ha MUT'palyio JPEBHUX J'IPO)ICI‘/’I. npOBe}IeHHblﬁ aHaJin3 UMECT BAXXHOC 3HAYCHUE U1 TIOHMUMaHUs POJIM CJIOKHOTO r€OAUMHAMHUYCCKOTI'0O
B3aMMOJICHCTBUS B IepexoaHOM 30He Mexxay EBpasueit u ['ongBaHoi.

Kntoueevie cnoea: manmuiinas cmpykmypa Bocmounozo Cpeduszemmomopes, Hpanckas aumocgepnas nauma, FOoicho-
Kacnutickuii 6acceiin, epanuya Egpazuu u I'ondeanvl, ceo0unamuyeckue spaujerue u cmeweHue
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MORKOZI QONDVANANIN SORQINDO VO AVRASIYADA
MUROKKOB GEODINAMIK QARSILIQLI TOSIRLORIN TOHLILi

Eppelbaum L.1?*, Katz Y.3, Qadirov F. 5, Quliyev i.°, Zvi Ben-Avraham'
1Tol-Oviv Universiteti, Doaqiq Elmlor Fakiiltasi, Geofizika Departamenti, Tal-Oviv, Israil
Ramat oviv, 6997801 : levap@tauex.tau.ac.il
2 Azarbaycan Doviat Neft va Sanaye Universiteti, Baki, Azarbaycan
AZ1010, Baki, Azadhq prosp., 20
3 Steinhardt adina Tabiat Tarixi Muzeyi va Milli Tadqiqat Markazi,
Tobiat Elmlori Fakiiltasi, Tal-Bviv Universiteti, Tal-Oviv, Israil
6997801, Tal Oviv
YAzarbaycan Elm va Tohsil Nazirliyinin Neft va Qaz Institutu, Baki, Azarbaycan
AZ1000, Balka, Fikrat ©Omirov prosp. 119
SAzarbaycan Respublikasinin EIm va Tahsil Nazirliyi, Geologiya va geofizika Institutu, Azarbaycan
AZ1073, Baki sah., H.Cavid pr., 119
Azarbaycan Milli Elmlor Akademiyasinin Rayasat Heyati, Azarbaycan
Istiglaliyyat kii¢, 30, Baki, AZ1001

Xiilasa. Morkozi Qondvana vo Avrasiyanin sorq hissasi bir ne¢o bdyiik tektonik plitolorin - Avrasiya, Afrika, Orabistan, Egey-
Anadolu, Iran va Sinay plitolorinin qarsiligh slageda oldugu, tektonik cohotdon miirakkob bir bolgadir. Qeyd edok ki, yalniz bu
plitolor arasindaki qarsiligh tesirlorin effektini dyronmok kifayot deyil. Bu interfeyso olavo olaraq, asagidaki regional geodinamik
amillor do movcuddur: saat oqrabinin oksi istigamotinds firlanan mantiya strukturu, Ural-Afrika geoid anomaliyas1 vo Yerin 35°
kritik eni dairasi. Avrasiya-Qondvana sorhadi, Egey-Anadolu plitasinin qorb hissasini, nisboton gonc Neoproterozoy qursagi ila
slagali Mezozoy Terreyn qursagini (MTB) va terreynlari, Arxey-Erken Proterozoya aid olan Orab kratonunun fragmentini ehtiva
edon Iran plitosinin serq hissesinden ayirir. Avrasiya ilo Qondvana arasindaki sorhodds esas struktur olan Iran litosfer plitesi Conubi
Xozor hovzosi (SCB) va Mezozoy Terreyn qursagmin (MTB) sorq hissosine ohomiyyoetli tektonik-geodinamik tosir gostorir. Iran
plitasinin yeni tektonik, maqnit vo peyk qravitasiya xaritalori hazirlanmigdir. Geodinamik baximdan nazarden kecirilon tektonik
obyektlor mantiya strukturunun markazi vo sorq hissasindon yuxarida yerlosir. iran plitosi firlanan mantiya strukturunun sorq sorhad-
marjinal zonasindan yuxarida yerlosir vo onun tosiri altinda simala dogru horoket edir. Bu horoket va Iran plitesinin qorb hissesinin
miirokkob formasi Conubi Xozor hovzosinin (SCB-nin) saat oqrabi istiqgamatindo donmaesino sobab olur. Moqalods bdlgonin osas
tektonik strukturlar1 vo onlarin qarsiliql olagolerinin hortorafli geodinamik-geofiziki tohlili toqdim olunur. Xiisusils, son geodinamik
hadisalorden biri olan Aggaqil hidrosferik maksimumunun qadim insan miqrasiyalarina tesiri ayrica arasdirilir. Apartlmis tohlillar,
Avrasiya ilo Qondvana arasinda yerloson kegid zonasinda bas veran miirakkab geodinamik qarsiliqh tesirleri anlamaq baximindan
miithiim shomiyyat dasty1r.

Acar sozlar: Sorqi Arahq donizinin mantiya qurulusu, Iran litosfer plitasi, Conubi Xozar hévzasi, Avrasiya-Qondvana sorhadi,
geodinamik firlanma va yerdayisma
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CALCULATION ALGORITHM AND DIGITAL MODELING
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Summary. The paper is devoted to the problem of constructing an algorithm for computing and
digital modeling of the full normalized gradient of the gravity anomaly, the solution of which plays
an important role in gravity exploration for the geological interpretation of the observed anomalies.
To identify density inhomogeneities of rocks, which may be associated with structural features as
well as hydrocarbon deposits in the section, methods for calculating gradients and higher deriva-
tives of gravity anomalies are widely used. The paper describes an algorithm developed at the De-
partment of Geophysics of Azerbaijan State Oil an Industry University (ASOIU) for calculating the
full normalized gradient of gravity anomalies, used to identify and localize areas of density hetero-
geneities along the studied section. This algorithm and the corresponding FORSE-FORTRAN pro-
gram allow the calculation of the values of the full normalized gradient of the gravity anomaly by
analytical continuation into the lower half-space. Muradkhanli field was selected as the studied
model, in the context of which volcanic-sedimentary sediments of the Mesozoic take part, that are
well displayed in the gravitational field. Using modern graphical programs and developed applied
algorithms, the profile values of the full normalized gradient of the gravity anomaly of the gravita-
tional field of the Muradkhanli rising are calculated. Using the SURFER program, digital modeling
of the full normalized gradient of the gravity anomaly is performed, which gives the most complete

and a visual representation of the location of anomalous geological objects and oil and gas fields.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

In the search, exploration and study of the geo-
logical structure of promising oil, gas and ore bear-
ing areas, the gravimetric exploration method is of
great importance, which is based on studying the
distribution pattern of gravitational fields created by
individual structural uplifts that have an excess den-
sity of rocks composing it. At the stage of quantita-
tive interpretation of gravimetric data, a very im-
portant problem is also solved — modeling of gravi-
tational anomalies, which is of great significance in
the geological interpretation. Currently, this problem
is being solved in the form of digital modeling using
modern graphic programs in two-dimensional and
three-dimensional versions based on the results of
computer calculations of the observed and theoreti-
cal gravitational fields using developed algorithms
and programs, which provides the most complete
picture of the shape, depth and size of the desired
geological objects and oil and gas fields.

A direct search for oil and gas deposits in Azerbai-
jan is currently becoming particularly relevant in con-
nection with the use of Canadian-made CG5 high-
precision digital gravimeters in gravity practice, the
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accuracy of which reaches 0.001 mGal, which fully
provides the possibility of identifying weak local
anomalies associated with oil and gas deposits. In the
literature, these anomalies are also called “Reservoir
Type Anomalies” (RTA). Quite a few studies have
been devoted to the study of weak local gravitational
anomalies associated with hydrocarbon deposits
(mmens3oH u np., 1984). Various methods have been
developed for transforming high-precision gravity data,
among which the Berezkin method of full normalized
gradient of gravity is especially popular (bepeskun,
1988). The full normalized gradient method and its
modifications are currently widely used (Aydin, 2007,
Aydin and Kadirov, 2023). Of great interest are the
works of Fedi and Florio (2001), devoted to identifying
source boundaries using horizontal gradients, Sarsar
Naouali et al. (2011), devoted to searching for diapiric
structures based on gravity survey data and Kadirov et
al. (2023), which proposes the idea of using the gravity
gradient tensor based on satellite gravimetric survey
data together with ground-based data in solving geo-
dynamic problems and detecting oil and gas deposits.
This explains the relevance of scientific research con-
ducted in this direction.
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The purpose of this research is to describe an algo-
rithm for calculating the full normalized gradient of the
gravity anomaly and digital modeling of the profile
values of the full normalized gradient of the gravity
anomaly of the gravitational field of the Muradkhanli
rising in the eastern part of the Middle Kura depression
known in Azerbaijan in the oil and gas ratio.

Means and methods: For many years, the De-
partment of Geophysics has been developing algo-
rithms, programs and the corresponding methodology
for processing profile and areal data of high-precision
gravimetric prospecting in order to isolate RTA (Is-
gandarov, 2023a,b; HUckennepos, 2005, 2011, 2018,
2019). We propose a graph for processing both ana-
log and digital gravimetric data using developed algo-
rithms and programs. The basis of these algorithms
includes various methods for transforming gravimet-
ric data with increased sensitivity: methods of higher
derivatives of the potential of gravity, calculation of
dispersion, and the full normalized gradient of gravity
of Berezkin. The results of processing model and ac-
tual gravimetric data are presented in a modern graph-
ical interface. Below there is the block diagram of an

algorithm for calculating the full normalized gradient
of the gravity anomaly developed at the department
(Fig. 1). According to this algorithm, the following
data is first entered:

NP, M are the profile number and the number of
nodal points; DX, DDX are the step between points
along the profile and the step of outputting values to
the printing device, in km;

XN, XZL are the beginning and end of the inte-
gration base on the profile, in km;

ZH, ZMAX, DZ are the initial, maximum depth
of the analytic continuation and their step.

FOR is the format ratio;

NH, NMAX, ND are the initial, maximum
number of harmonics and their step of change.

After entering the data, the base is calculated and a
linear regional background is removed. Then, in three
cycles, according to the change in the number of har-
monics, the integration base, and the depth of the ana-
Iytic continuation, the values of the full normalized
gradient of gravity into the lower half-space are calcu-
lated by the Berezkin method. The results are printed
out as node points of the map along the section.

BEGINNING

INPUT:NP,M_FOR NH
NMAX,ND,DX,DDX,
XN XZL.ZH ZMAX DZ

 — N PRINT X.Z,
X=X +DDX
Gy
OUTPUT OF
DATA

!

~3g.1: -\D.'_
_Agy—AZy o
M -1
' 1&
I Gel2)==- 2 GX.Z 0
L=(M-1)DX;
N =NH |
G (XK. Z)=
=G(X.2Z)/G(2); END
— Z=Z+DZ
e,
¥ = |
Ag( - -Ax)sin ZH .
* A
X = X T = ZH ®

—~

Fig. 1. Block-diagram of the algorithm GNORM
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The Muradkhanli rising in the eastern part of
the Middle Kura Depression (Fig. 2.), which is as-
sociated with an industrial oil and gas field, was
chosen as a model. The structure itself is distin-
guished by its large size (6.5 x 8.7 km) and is tec-
tonically represented by a dome-shaped fold along
the Upper Cretaceous, the structure of which is
complicated by discontinuous disturbances of vari-
ous lengths and amplitudes (Canmanos, FOcudos,
2013). In the section of the Muradkhanli rising,
Mesozoic volcanogenic sedimentary deposits are
involved, which have an excess density of about
0.2 g/cm®. It should be noted that the rise of Mu-
radkhanli was first noted on maps of local gravity
anomalies, constructed according to the data of
gravity exploration.
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Fig. 2. The rise of Muradhanli
Conv. Designator: 1 — structures prepared by seismic explora-
tion; 2 — contours along the surface of the Upper Cretaceous; 3 —
zone complex seismic information, associated with violations
according to drilling; 4 — violations according to drilling

Results

Based on seismic data, we first performed a dig-
ital simulation of the Muradkhanli structure and
compiled a structural model of the Muradkhanli ris-
ing in simplified form using the SURFER graphics
program (Fig. 3). Then, according to detailed field
gravimetric work data at the Geophysics Depart-
ment, various transformations of the gravitational
field were performed using a computer, including
the method of averaging with a radius of 20 km
(Ag2o local gravity anomalies, Mckenmepos, 2018).
As you can see, the rise of Muradkhanli is displayed
by the local maximum of gravity with the amplitude
of about 4.5 mGal (Fig. 4). Based on the profile data
of gravity exploration (the values of the gravity
anomaly in the Bouguer reduction), we prepared the
initial data in accordance with the algorithm, and
then these data were processed using the appropriate
GNORM program to calculate the values of the full
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normalized gradient of the gravity anomaly (Gng,
dimensionless quantity). Then, using the SURFER
program (Cuikun, 2008), Gmg Values were digitized
according to the profile section and a map of the full
normalized gradient of the gravity anomaly was con-
structed using the resulting grid file. In the begin-
ning, it was necessary to calculate the optimal num-
ber of harmonics in the Fourier expansion. For this
purpose, a priori drilling data on the location of a
known oil reservoir were used. The results of calcu-
lation and digital modeling of the values of the full
normalized gradient of the gravity anomaly for se-
lection of the optimal number of harmonics are
shown below (Fig. 5). The optimal number of har-
monics in accordance with the drilling data turned
out to be 17. After that, the values of the full normal-
ized gradient of the gravity anomaly with the opti-
mal number of harmonics were calculated and digi-
tal modeling of the Gfng section was performed. The
section map of the full normalized gradient and the
model of gravity anomaly curve are shown below
(Fig. 6-7). As you can see, the deposit of oil lying at
a depth of about 3 km (horizontal coordinate about
7.5 km) is characterized by a minimum of the full
normalized gradient of gravity (Berezkin, 1988),
outlined by two maxima on the left and right (hori-
zontal coordinate about 6.5 and 8.5 km). To the left
of this minimum (horizontal coordinate about 5.5
km) is clearly fixed another minimum gravity that
may be associated with another oil and gas field.

Fig. 3. Digital model of Muradhanli structure (in the contours of
depths on the surface of the Cretaceous deposits)
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Fig. 6. The model curve of Bouguer gravity anomaly (Muradhanli maximum)
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Fig. 7. Digital model of the map of the full normalized gradient of gravity field (Muradhanli maximum)

Conclusions

1. The block diagram of GNORM algorithm for
calculating the full normalized gradient of the gravity
anomaly in the profile version is presented. The
GNORM program is implemented in the WINDOWS
system using the FORCE FORTRAN compiler.

2. In the light of new geological and geophysi-
cal data, seismic, drilling, and gravity exploration
data on the structure of the Mesozoic deposits of the
Muradkhanli deposit are analyzed. According to the
GNORM program software, the gravitational field
was transformed by the method of the full normal-
ized gradient of gravity along the profile crossing
the Muradkhanli rise.
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3. A digital simulation of the gravitational field
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AJI'OPUTM BBIYUCJIEHUSA U HUDPPOBOE MOJEJINMPOBAHUE
INOJHOI'O HOPMUPOBAHHOI'O 'PAJJMEHTA CHWJIbI TAKECTH

HUckannapos J.I'.
Asepbaiioscanckuil 20cyOapcmeenublil yHugepcumem negpmu u npomvluiienHocmu, Azepbatioxcan
AZ1010 Baxy, npocn. Azaonwie, 34: elton_iskender@mail.ru

Pe3ztome. CtaThst IOCBSIIEHA IPOOIEMe TOCTPOCHNUS aITOPUTMA BBIYHCICHHS M IH(POBOTO MOACIUPOBAHNUS TTOITHOTO HOPMHPO-
BaHHOT'O I'PAaJMEHTa aHOMAJIMU CHJIBI TSDKECTH, PELeHHe KOTOPOM MIpaeT Ba)XKHYIO POJb B I'paBUpa3BelKe Ul I€0JIOTHUECKON MH-
TeprpeTanuy HabIroaeMbIX aHoManuil. B HacTosIee BpeMs 1 BBISABIECHUS IUIOTHOCTHBIX HEOJHOPOAHOCTEH TOPHBIX MOPOJ, KO-
TOpBIE MOTYT OBITH CBSI3aHBI CO CTPYKTYPHBIMU HEOIHOPOJHOCTSIMH, a TAaKXKe C 3aJIe)KaMHU YIJIEBOIOPOIOB B paspese, IIHPOKO HC-
HOJIB3YIOTCS METO/IbI pacyeTa rpaJIeHTOB U BHICIINX MPOU3BOAHBIX IPABUTALMOHHBIX aHOMaJMi. B cTaThe onucaH pa3paboTaHHbIH
Ha kadenpe reopmsnuku AI'YHII anroput™ pacdera IMOJHOTO HOPMHPOBAHHOTO I'PAJHUEHTA CHIIBI TSHKECTH, KOTOPBIH MCIONB3yeTCs
JUISL BBUSIBIICHHS W JIOKQJIM3AIMM 00JacTell MIIOTHOCTHBIX HEOTHOPOJHOCTEH MO M3ydYaeMOMy pa3pesy. DTOT aJTOpPHTM M COOTBET-
creyronfass FORSE-FORTRAN nporpamMma Mmo3BOJSIOT ITyTeM aHATUTHIECKOTO IPOAODKEHUS B HIDKHEE ITOJIYIPOCTPAHCTBO Pac-
CUNTHIBATh 3HAYEHHs ITOJTHOTO HOPMHUPOBAHHOTO IpajiieHTa. B kauecTBe m3ydaemoi Mojenn ObUIO BHIOpaHO MecTopokaeHne My-
palxaHibl, B pa3pe3e KOTOPOTO MPHHHMAIOT Yy4acTHE BYJIKAaHOT'€HHO-OCA/IOYHbIE OTIOKEHUS MEe30305, XOpOIIO OTOoOpakaeMble B
rpaBUTalMOHHOM MoJjie. C HCIOIb30BaHUEM COBPEMEHHBIX IpadUuecKuX NpOrpaMM M NPUKIAJHBIX alrOPUTMOB, pa3paboTaHHbBIX Ha
kadenpe reopU3NKH, pacCUNTaHbl 3HAYCHHS OJTHOIO HOPMUPOBAHHOTO TPaAMeHTa BIOJIb npoduist noxHstis Mypanxauibl. Taxxke
¢ nomouibto nporpammel SURFER BeInonHeHO 1ngppoBoe MoIenMpoBaHie TOJIHOTO HOPMHUPOBAHHOTO TPAANCHTA CHJIa TSXKECTH, YTO
JaeT HauboJiee TOJHOE M HATIAAHOE NPEACTABICHHE O MECTOIOI0KEHHH aHOMAIIbHBIX TE0JIOTHYECKUX 0OBEKTOB M MECTOPOXKACHHUN
HedtH u rasa. [IpencTaBieHHBIE aITOPUTMBI M IPOTPAMMBI MOTY OBITH MCIOJIB30BaHEI AT 00pabOTKH M MHTEPHPETAIMH BEICOKO-
TOYHBIX NPOQUIBHBIX TPaBUMETPUYECKUX HAONIOAEHMI JUIs JIOKAIW3aldH MECTOMOJIOKEHHS CTPYKTYPHBIX HEOJHOPORHOCTEH, a
TaKOKe CKOIUICHHH He()TH U ra3a B pa3pese H3ydJaeMoil IUIOIMaAN HCCIIeT0BaHMS.

Kntoueewie cnosa: arzopumm, 610K-cxema, GHOMAUS CUTLL MANHCECMU, NOJHBIL HOPMUPOBAHHYIN 2PAOUEH, PABUMAYUOHHAS
MOOenb, Yupposoe Mooeruposanue, AHOMAIUS MUNA 3a1excu
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AGIRLIQ QUVVASININ TAM NORMALLASDIRILMIS QRADIENTININ HESABLAMASI ALQORITMi Vo
ROQOMSAL MODELLOSDIRILMOSI

isgandarov E.H.
Azarbaycan Dévlat Neft va Sanaye Universiteti (ADNSU), Azarbaycan
AZ1010, Baki, Azadliq prosp., 34: elton_iskender@mail.ru

Xiilasa. Magals agirliq qiivvasinin miisahids olunan anomaliyalarin geoloji sorhi tigiin qravikasfiyyatda halli mithiim rol oynayan
gravitasiya anomaliyasinin tam normallagdirilmis qradientinin hesablanmast vo ragamsal modellosdirilmasi alqoritminin qurulmasi
problemina hosr edilmisdir. Hal-hazirda, strukturlarin qeyribircinsliyi ilo, elaca do kasilisdoki karbohidrogen yataqlari ilo olagoli ola
stixurlarin sixliq geyribircinsliyini miisyyan etmok ti¢iin gradiyentin va agirliq qiivvasinin anomaliyalarinin daha yiiksok téromolorin-
in hesablanmas: tisullarindan genis istifado olunur. Moagalodo ADNSU-nun Geofizika kafedrasinda iglonmis tam normallagdirilmig
agirhq qiivvesinin gradiyentinin hesablanmasi alqoritmi tosvir olunur ki, bu algoritm todgiq olunan kssilis boyunca sixlig gey-
ribircinslik saholarini miioyyan etmok va lokallagdirmagq tigiin istifado olunur. Bu algoritm vo miivafig FORSE-FORTRAN proqrami
asag1 yarim fozaya analitik davam etdirorok tam normallasdirilmig qradientin qiymatlorini hesablamaga imkan verir. Todgiq olunan
model kimi Muradxanli yatag: se¢ilmisdir ki, onun kasilisinds gravitasiya sahasinds yaxs1 oks olunan mezozoy vulkanogen-¢ékma
¢okiintiilori istirak edir. Geofizika kafedrasinda hazirlanmig miiasir qrafik proqramlar vo totbigi algoritmlordon istifads etmoklo Mu-
radxanl qalximinin profili tizro tam normallagdirilmis qradiyentin giymatlori hesablanmigdir. Homginin, SURFER proqramindan
istifado etmoklo, anomal geoloji obyektlorin vo neft-qaz yataqlarinin yerlosmosi hagqinda an dolgun vo aydin monzaroni veron tam
normallagdirilmig qradiyentinin rogemsal modellogdirilmasi aparilmigdir. Togdim olunan alqoritmlor vo programlar todgigat sa-
hasinin kesiliginds struktur sixlig geyribircinsliklarin, eloca do neft vo qaz yigilmalarinin yerini lokallagdirmagq tigiin profil boyunca
yiiksok doqiqlikli qravimetrik miigsahidslorini emal vo interpretasiya etmok {igiin istifads edils bilor.

Agar sozlar: alqoritm, blok-sxem, agirliq giivvasinin anomaliyasi, tam normallasdirilmis qradiyent, gravitasiya modeli, raqamsal
modellasdirma, yataq tipli anomaliyast
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OCOBEHHOCTU PACITPEAEAEHMSI 30 A0TOHOCHBIX POCCHITIEN U NX
KOPEHHBIX UICTOUHVKOB HA TEPPUTOPUI HAXULIBAHCKOW AP

Taxmasosa T.I.
Baxunckuii zocydapcmeentiviil ynusepcumem, AsepOaiidxan
AZ1148, Baxy, ya.3.Xaaurosa, 23: ttahmazova@yahoo.com

FEATURES OF THE DISTRIBUTION OF GOLD PLACERS AND THEIR PRIMARY SOURCES
IN THE TERRITORY OF THE NAKHCHIVAN AR

Tahmazova T.H.
Baku State University, Azerbaijan
23, Z.Khalilov str., Baku, AZ1148: ttahmazova@yahoo.com

Summary. Numerous research works have been carried out in the study area for decades. The
article is devoted to a detailed analysis and assessment of placer gold content in the main river ba-
sins of the Nakhchivan Autonomous Republic, their primary sources, typomorphic features of
placers, etc. This investigated the relationship of gold placers with their primary sources. The
Bashkendchay and Alidzhachay river basins with tributaries for placer gold have been explored,
promising areas have been identified. As a result of the research, it has been shown that these zones
are highly promising. In the course of the studies, the typomorphic features of placer gold were re-
vealed: detrital, oblate-detrital, porous, isometric, dendritic, elongated dendritic, etc., the chemical
composition of gold was determined by local micro-X-ray spectral analysis. According to the re-
sults of spectral analysis, copper, mercury, lead, antimony, etc. were identified as impurity ele-
ments in the composition of gold. Bi, Cu, Fe, Hg, Mn, Rb, Sh, Te are the impurity elements in the
composition of gold according to quantitative spectral analysis. The studies led to the conclusion
that the location of primary deposits and manifestations of the study area close to each other deter-
mines the close location of placer gold accumulations. The considered typomorphic features, size
classes, high fineness, limited fineness, a small amount of impurity elements, monogranular inter-
nal structure of alluvial gold also indicate a connection with nearby primary sources. Placer gold

Keywords: placer gold
content, river basins, primary
sources, alluvial deposits,
volcano-dome structures

with high prospects is concentrated mainly in alluvial, alluvial-proluvial deposits.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenune

Peunas cucrema AsepOaiipkaHa O4eHb TyCTas U
MMEET OIPOMHOE 3HAYE€HUE B OTHOLIECHUM POCCHIIN-
HOM 30;m0TOHOCHOCTH. OCHOBHAs 4acTh 3THX PEK
otHOcuTCcs K pp. Kypa u Apas. Hexkortopwie pekw,
Bxozsmue B Kypa-Apasckylo peuHyro cucremy, Oe-
PyT CBOE€ Hayalo C TOpHBIX cucteM bompmoro u
Mamnoro KaBkaza, Boctounoit Anaronnu B Hampas-
nennn Kacnmiickoro mMops, ¢ rop Casanan, ['apanar,
Mumynar, l'otypmar (teppuropusi Upana). Otu
TOpPHBIE CHUCTEMBI SIBIAIOTCA BOAOPA3AETaMH MEXKIY
KacnuiickuMm u YepHbIM MOpsSIMH, O3€pamMu Y pmus,
Ban. Pexn Asepbaiimkana B OONbIIMHCTBE IpUHAI-
nexar K Tuiy ropHbix pek (bamaxenwaii, ['apauaii,
Kumuaii, Hlunyaii, [Jamupanapanuaii, ToBy3uaii,
3aitsamuaii, [llamxupuaii, Komkapuaid, Acpukuyaii,
Axpiamkavait, ['samxavait, XauslHuall, Apnadaif,

Anunmkadad, Bunsmuait u t.1.). Bee onn Oepyt
Hayajo B BRICOKOT'OPHBIX 30Hax Ha Bbicote 2500 M u
Oojee u mpope3aroT Tiy0okue ymenbs. B Hanbonee
ITOJIHATHIX YaCTAX FOPHBIX XpeOTOB OTMEYAETCS HH-
BaJIbHO-JIETHUKOBBIHN TOSIC, COCTOSIIUN U3 CHEXHU-
KOB, a Takke (PMPHOB M JICIHUKOB, KOTOPBIC SBIIS-
FOTCSI OJTHUM U3 UCTOYHHUKOB ITUTAHUS PEK.

HaxusiBaHCcKas METAIUIOTCHHYECKAsT 30HA UMEET
oco0oe 3Ha4YeHHe CpeAr BBIOCICHHBIX B AsepOaii-
JOKaHE METaJUIOTeHUYEeCKUX TMPOBUHIMKA CO CBOEOO-
Pa3HBIM TEOJIOTHISCKUM CTPOCHHUEM, MarMaTHIeCKU-
MH W METaJUIOTCHUIECCKIMH O0COOCHHOCTSIMH, TOJIE3-
HBIMU HCKOIAEMBIMH, PEYHOU CEThIO, B T.4. U POC-
CBIITHOM 30JI0TOHOCHOCTBHIO (MuUHEepalbHO-CHIPhEBBIC
pecypesl AzepOaiimkana, 2005; Asanmanuen, Kepu-
MoB, 2006; Nagiyev, Mommadov, 2010; Azananues u
ap., 2012) (puc.1).
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Puc. 1. Kapra nepCrekTUBHBIX YYaCTKOB Ha N3ydaeMoi TeppuTopuu (Ha ocHOBe 0a3el kapT GoogleMap)

3nech W3BECTHBI MHOTOYHMCIICHHBIE KOPEHHBIC U
POCCHINHBIE MECTOPOKACHUSI TIPOMBIIIICHHOTO 3HAYe-
uust. Onu Beigenensl Ha OpayOanckom, Illapypckom,
Ieiimarckom, [IxynduHCKOM pyAHBIX padOHaX — 3TO
MecTopoxeHus U npossienus 1bs30amm, MuyHnapa,
[lakapmgapa, Artopr-Mucpar, [I'eiimar, Armapa,
JIsksrar, Cannapa, ['tomymoyr, Herpam, Apmyty 30-
JIOTO-CYNB(UIHOH, 30JI0TO-MEIHO-KOTYeJaHHOH, 30510~
TO-MEJTHO-TIOPHUPOBOH,  30JI0TO-MEAHO-MOIMMETA-
Jdeckoi (opmaimii 1 cyodopmarmii, a Takke poc-
ChIHbIE MecTopoxaeHus [ unanyaii-Keramyuaii, Kensa-
vaif, Kunnraaii, Apnavaii, Camapak-Herpamckuii otpe-
30k Apasa, [Ixyndauaii, Benanauaii, [Jroxmynuaii, Op-
nyOamuait, AnmHmKadai u ap. (tadbnma 1).

C MenHO-MONMOJCHOBBIMU U HOJIMMETaIINYe-
CKUMH MECTOPOXKICHUSMHU paiioHa CBSI3aHBI PEIKHe
KOHLCHTpaluu PACCCAHHBIX 3JICMCHTOB, TaKHUX KaK
Se, Te, Tl, In, Ga. OT™MeTHM, YTO peYHBIE CUCTEMBI
HaxypiBana Oepyr cBoe Hawano c¢ Konryp-
Anaresckoro xpedrta Merpu-Opay0azckoro rpaHu-
TOMIHOTO MHTpY3uBa (A3aganueB u nap., 2002; I'eo-
morust AsepOaiimkana, 2003; Ilateik-Kapa, 1997;
IMareik-Kapa, 2008; Becker, Batt, 2016; baba-3aae u
ap., 2003; Babazadeh et al., 2024 a,b).

OpayOanckasi 30Ha pa3ioOMOB CEBEpO-3amlaj-
HOTO TPOCTHUpPAHUS, KaK KpyMHEWIIas TEeKTOHHYe-
CKasg CTPYKTypa pernoHa, KOHTPOJIHPYET pa3Melle-
HUE KOPEHHBIX MECTOPOXKICHHUN U MPOSIBICHUH pyI-
HBIX 3JeMeHToB, BKrodas Cu, Mo, Au, W u ap.

Opynenenne [1ps30alIMHCKOTO  MECTOPOXKIICHHS
NPEACTABICHO T'PAaHOCHEHUTOBBHIM HWHTPY3HBOM, TI7IE
npeoONagaroT MeiAb U MONMOJAEH TpPH MOAYMHEHHOH
oI CBHHIIA, IIMHKA, 30JI0Ta, cepedpa U Ap. DHIOKOH-
TaKT TPAHOCHEHHUTOBOTO HWHTPY3WBA SIBISIETCA 30HOM
(hopMHpPOBaHMs IITOKBEPKOBBIX M KHJIBHBIX MEIHO- H
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Moo eH-nopdupoBeix MectopokaeHuit (Ilaparayai,
I'exrronmyp, Artopt, Kamkapan, Arapak, Jacrakepr u
Ip.), B TO BpeMsl KaK B 9K30KOHTaKTHOW 30HE Pa3BHUTHI
30JI10TO-KBapL-Cy/Ib(UAHbIE KWIbHBIE 00pa30BaHUs
(IIbs30amm, Ilakspmapa u ap.). B ceBepHO#l wactu
PYZIHOTO TIONSL TIOJIOXKEHHE 30JI0TO-KBAPI-IMPUTOBBIX
YKHJT KOHTPOJIUPYETCS IPEUMYILIECTBEHHO YIOMSHYTBIM
pasiomom (Ieonorust Azep6aiimkana, 2003).
leiimarckoe MeaHO-TIOPPUPOBOEC MECTOPONK/IC-
HUE PaclojoKeHO Ha mpaBoMm Oepery p. bamkenn-
Yaii, B F€0JIOTHYECKOM CTPOSHHH KOTOPOro MPUCYT-
CTBYIOT BYJIKAHOT'€HHBIE, BYJIKAHOTCHHO-OCAJOYHbIE
MOPOJIBl CPEAHET0 M BEPXHETO 0IIeHA, HHTPY3HUBHI U
pa3IUYHbIE JaKN HIDKHETO MUOTIeHa (puc. 2).

ITo T'efimarckoMy MeCTOPOXACHUIO 1O OTHENb-
HBIM 6.IIOKaM IIOACYHNTAHBbI 3a11aCbl ME€AU I10 KAaTCro-
pusim Cz u Py — 361.05 ThIC. TOHH, MONHOACHA —
1.205 ToHH, B OTHENBHBIX MPOOAX 30JI0TO COCTAB-
nser ot 0.2-0.6 r/t 1o 5.4-6 1/1, cepedbpo — ot 1.0-
16 r/t mo 18-20 r/r. B nopomax MeaHO-MOJIHOICHO-
BOI'O PYJHOTO NPOSIBICHUs [ BIIBIHIKIOP, coAepiKa-
Hue 3010ta cocrasuseT 0.2-0.6 r/T, cepedpa 2.0-6.6
r/T. Touka mMuHepanu3anuu bedpexnar pacrosoxe-
Ha B 30HE KOHTAKTa MOPO/I C CyOBYJIKaHAMH JOLIEHO-
BOro Bo3pacta. Ha 3Toii 30He pa3BUTHI aHAE3UTOAA-
LUTHI U U3BECTKOBblE NecyaHuku. CoxpepxkaHue 30-
nota cocrasisieT 0.4-2.8 /1, cepedbpa 1.0-7.9 r/t. Ha
METHO-TIOPHUPOBOM TIPOSIBJICHMM XaHara IIMPOKO
pa3BUTHl  JIMMOHUTH3MPOBAHHBIE, OKBapLOBAHHBIE,
XJIOPUTU3UPOBAHHbBIE MHTPY3UBHBIE MOPOJBI JHOPUT-
MOpGHUPOBOro  COCTaBa. 30JIOTO-MOTUMETATIIMIECKOE
MposiBIICHWEe XaHarajar OXBaThlBacT 00€ CTOPOHBI
p-bamkennuaii. PyaHeiMu MUHEpanaMu sIBISFOTCS M-
T, TaJleHUT, XajbkomupuT, canepur (Luno, 2000;
[Iymunos, 1970; Aichler et al., 2008).
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Tabnuya 1

OCHOBHEIE KOPCHHBIC UCTOYHUKU TCPPUTOPUU, UX q)OpMaHI/IOHHaH MPUHAAJICI)KHOCTD U MTOJIE3HBIC KOMIIOHCHTBI Py

Pynuere popmannn

NeNe Kopennoii ucrounuk MECTOPOAICHIA\IPOSIBCHH [Tose3HbIE KOMIIOHEHTHI Py

1. [Tps36ammm 30710TO-CyIbPHUI-KaBpIICBas Au, Ag, Cu

2. MuyHnzmapa

3. Kenaku

4. [akapaapa 3070TO-MeTHO-TIOPPHUPOBas Au, Cu, Ag, , Co, Sn

5. Armapa 30J10TO-MEAHO-TTOIMMETAII- Cu, Pb, Zn, Ag, Au, Mo, Ni (Pt)
nopdupoBast

6. ATiOpT 30510TO-MeTHO-TIOpHHPOBast Cu, Mo, Au, Ag (Pt)

7. Iaparayait MenHo-nopduposast Cu, Mo, Au, Ag (Co, Ni, Sn,

8. I"anbL KT Bi, PY)

9. Ieiirens

10. Teiimar

11. Jnaxuait

12. Mucpar

13. Hacwupgras IMonaumerammyeckas (Zn-Pb) Pb, Zn, Ag, Au, (Mo, Bi)

14. Tomymmmyr TTonmuMeTammnueckas Pb, Zn, Ag, Au

15. Yuaypnar 30110TO Au, Ag, Cu

16. Komnansicy

17. AUIBIPBIM 30510TO-MeTHO-IOPPHUPOBast Cu, Mo, Au, Ag

18. Atipugar

19. Canmapa

20. Ypmyc (Ypymity)

21. SAnpakisl 3070TO-NOJUMETATUTHYECKAS Au, Ag, Pb, Zn

22. XasuHanmapa

23. Kunur MenHo-ko6ansToBas Au, Ag, Pb, Zn, Co, W (Pt)

24, Keram

25. daxagapa MenHo-mophupoBast

26. [eiitormyp

27. JlsaxsTar

28. Keuenpmar

29. Xan-xan Menp Cu (Au)

30. T'oBypmanapa MenHo-nouMeTalITHIecKast Cu, Pb, Zn. Au, Ag

31. T'ensa

32. ITapara

33. Maspa

34. Jan3uk

35. I BI3BLTYBIHTBLIT Bonbsdpam-monudaeHoBas W, Mo, Cu, Co, Zn, Sn, (Au,
(kuITbHAS) Pt)

36. Krokro Cu, Mo, Au, Hg

37. Keuennar

38. 3apHaTOH
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Puc. 2. Texronundeckas GIS-cxema I'eiinarckoro pyasoro moust (Macmrad 1:50 000) (Mycaes u ap., 2004)

CrnemxyeT paccMOTpeTh CIEAYIOUIYIO TaOIuILy,
I/Ie TIOKa3aHbl OCHOBHBIE PEYHBIE CHCTEMBI C POC-
CBIITHOM 30JI0TOHOCHOCTBIO M CBSI3aHHBIE C HHUMHU
KOpPEHHBIE MECTOPOXKACHISI (Tabimia 2).

Pexa Anunmxavail umeeT niauHy 64 KM, IUIO-
maas Bogocoopa 592 kM? U HauUMHAETCS HA CKIIO-
Hax BepuinHbI I. Jlamypnbigar Ha Bbicote 2800 kM.
Hwuxe ona npope3zaet JIaksaTarckuii MOHIIOHUTOBBIN
WHTPY3HB, B MpeAeliax KOTOPOro Te4eT Mo y3KOU U
rIIyOOKOW JOMMHE C OTHOCHTEIBHBIMH TPEBBIIIC-
Husimu BojopazaeioB 700-800 metpos. Ha yuactke
OT BEpXOBBEB A0 c.JIsAKATar monwHa MpUypoYeHa K
30HE MapajuieIbHBIX Pa3jIOMOB, OPHUEHTHPOBAHHBIX
B IIMPOTHOM HampaBieHuu (AsaganveB ©u Jp.,
2012; Tohmozova, 2017). Ha Hmxecnemyromem
PUCYHKE TIOKa3aHa pelbedHas KapTa H3y4aeMoro
paiiona (puc. 3).

3/1ech aJUTIOBUAJIBHBIE OTJIOKEHHUS PACHOIOKECHBI
Ha MEXTOpHOW paBHUMHE U COCTOAT U3 ABYX Teppac.
[IporHozHbIe pecypchl POCCHITHOTO 30JI0Ta IO KaTero-
pruu P1 cocraBmsror 1576.1 kr, mo xateropum P, —
190.3 kr. Beero mo Gacceliny p.AnuHmIKavai reoso-
THYECKHE MPOTHO3HBIE 3aIachl COCTaBIsIOT 20 TOHH
30JI0Ta, BKJIIOYas BalIKeHJICKUI y4acToK, 3amachl KO-
Toporo 1o kareropuu C>+P1 cocrasmsror 3387. 2 kr, B
T.4. TI0 Y4aCTKaM, KOTOpbIC TIOKa3aHbl Ha TabuIle 3.

PocceimHoe 30m0T0 bamkenayatickoro Oaccelina
OTMEYEHO C BEPXHETO TEUEHUsI PEKH /10 ycThs. B necs-
TH KWIOMETPOBOM HHTEPBAJIC MOIIHOCTh CKOIJICHUN
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pocceirHOTO 3010Ta coctapiser 450-500 M, camo me-
CTOPO’KJIEHHE OXBAThIBAET 1.5 kM2 mtomau (puc. 4).

Pexa Banikenuaii 6epéT Ha4aslo B OBpaXKHOMU ce-
TH, cOPMHUPOBAaHHON B TIpenenax Hauboee BO3BBI-
[IEHHBIX YYaCTKOB OJTHOMMEHHOM BYJIKAHO-KYTTOJIBHON
CTPYKTYphl B paiioHe rop I'buibiHKIOPT U ['eiinar, u
TEUYET C CEBEepPO-BOCTOKa Ha roro-zaman (puc.5). B
HIDKHEM T€UEHUH PEKH BBISBIICHBI 30JI0TO-TIOTMMETA-
JMYEeCKUEe MAaJOMOIIHBIE JKUIIBL, TIE B Mpodax coaep-
JKaHWe 30J10Ta cocramisieT 2.8 /1, cepedbpa — 1.27 1/,
caunna — 0.07%-12.5%. Haubosee 3HaUMMBIE TUIOIIA-
I C TIPOMBIIIJICHHBIMY KOHIIEHTPAITUSIMA POCCHITTHO-
ro 30JI0Ta BBLIENICHBl B PYCJIOBBIX, TEPPACOBBIX H
NOMMEHHBIX AUTIOBUANIBHBIX OTAOKeHusx (Carling,
Breakspear, 2006; Goldfarb et al., 2015).

JlonnHa pekH XapakTeph3yeTcsl TOCTETICHHBIM
yBeJIMYEHHEM TIIyOMHBI OT BEPXOBBEB K HH30BBSIM,
IIPUYEM 3Ta OCOOEHHOCTh YCHIIMBAETCS 3aMETHBIM
yBEJIMYEHHEM KPYTU3HBI NIaJICHUS] peKH IPUMEPHO Ha
CepellMHe ee JIOJNMHBI, BBI3BAHHBIM HAJIMIHEM Ha
9TOM Y4acTKe dPO3MOHHO-YCTOHUMBLIX MHTPY3HBHBIX
nopoa. MMeHHO 371ech cocpeloTOYEHBI OCHOBHBIC
PYAONpPOsIBIICHHsT OacceliHa peKu, COMPOBOXKIaeMbIe
MOIIHBIMU 30HaMH THIPOTEPMATIbHO HW3MEHEHHBIX
Cynb(OUAN3UPOBAHHBIX TOPOJ. MIHTEeHCHBHAs pedHast
9po3wus B Ipeaeniax KOPEeHHBIX HICTOYHUKOB U UX IIPHU-
TOKOB 00YyCJIOBHJIA HAKOIUIEHHE 3HAYMTEILHBIX Macc
PBIXJIO00JIOMOYHBIX OTJIOXKEHHH, Py IHBIX MUHEPAIOB
1 30JI0Ta B PyCJIOBOM aJTIOBHH.
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Tabnuua 2
KopeHHble HCTOUHUKH POCCHIITHBIX CKOIUIeHNH B pekax HAP
Pexu, umeromue (npeamno-
NolNo JTaraeMbic) CKOTICHHUS VlcTOuHMKH POCCHIITHOTO 30J10Ta U UX WHIUKATOPHI,
poCeHmei 300T MOpP(OTreHeTHYECKHE TUIIBI

1. Kunuryaii Kumurckoe mnposienenne wmemu (Ni, Co, Cu); 30Ha MUHEpaTU3aIUH
BKPAIUICHO-TIPO’KMJIKOBOTO THIIA
3onoto-rpaBuit W-Mo-(Cu); MonubaeHuT, BOIb)PaMHT, LICCITHUTOBBIC KBap-
LIEBBIE YKUIIBI

2. Keramuait Keramckoe xobamsToBoe mposisienue (Pb-Zn-Cu) cynsdpunaas
MHUHEPAIN30BaHHAS 30Ha BKPAIICHO-MIPOKMIIKOBOTO THIIA

3. Kenzauaii IMonumeramnueckoe nposisienne Kensa (Pb-Zn-Cu)

4, Opny6amuaii Junsaqaiickuii MeqHO-TIOp(UPOBEINA PYyIHUK
Pynnoe nposisienue ®axnagapa (MeIHO-TOPGUPOBLIiA)

5. Bananmuaii Pynnoe nposisienue Hlanana (MenHo-MoaubaeH-0pGUPOBOE)
Y4ypaarckoe IposBIEHHE 3010Ta
Mucaarckuii MeHO-TIOp(UPOBBIN Py THHUK
KenakuHckuii py1HUK 30510Ta
MenHo-niopdupoBoe nposiBieHue JJanakeHn
Arroprckoe (Amdabix) 30J0TO-MEIHO-TOPHUPOBOE MPOSIBICHHE
[Tps30amHCKHA PyAHAK 30710TA

6. JroxnyHuaii [akapaapuHCKHil pyIHUK 3070Ta (MEAHO-MOP(UPOBBIiT)

7. [Mnanvait EmakmMeiiianckoe 30J10TO-MeHO-OP(HUPOBOE MPOSIBIICHUE
Afipuniarckoe MeHO-1Iop(pHUpoOBOE MPOSIBICHHE
Ieiirenbckuii (I'a3anrens) Me1HO-TIOP(GUPOBBIN Py THHUK
[eiinarckuit MeTHO-TIOPGUPOBBIN Py THHUK
CanyapuHCKOE 30JI0TO-MEIHO-TIOP(GHUPOBOE MPOSIBICHNE
HacupBaszckuil pyjHO-IOTUMETATUIMUECKUN PYTHUK
ATIaprHCKUI 30710TO-MEJHO-TTOIMMETAIITYECKO-TTIOP(PHUPOBBIN PYIHUK
[Monmmmeramyeckoe nposiieHue [lapara
IMonumeranmmueckoe nposisieHne Maspa
3onotoit pynark Muyraapa (Ilaparagait)
[Maparagaiickuii MeTHO-TIOP(QHUPOBEIA PYIHUK
Ypmycckoe (Mananaapa) Au-Cu-mophupoBoe nposiBicHue
ToBypManapuHckoe pyaHoe nposisienue (Cu-Pb-Zn)

8. AnuHmxadai Spnarmunackoe (bamkena-OprakeH ) 3070TO-TTOIMMETAIITHYECKOE
MIPOSIBIICHHE
Xa3uHaJapuHCKOE PYAHOE MPOSBICHHUE (307I0TO TOTHUMETAILTHYECKOE)
IIpossnenue 3010ta Konaneicy
JIaTsaTarckoe pyIHOe POSBICHNE
TazakeHICKOE MBIIIbSIKOBO-PTYTHOE IPOSIBIICHUE
Japppliarckuii MblIbSIKOBO-CYPbMSIHON PYAHUK

9. HaxubsiBaHuai Xanxajuckoe NposiBIIEHHE MEJIU
IIposiBnenue CypbManbik
Mbe1ubskoBoe nposisiaenue Komrop
Pynnoe nposisnenue Kroxto

10. Apmnayvaii IMomumerannuueckoe npossiaeHue JaH3uk
[Momumeramnuueckuit pyqauk ['romynutyr
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Puc. 3. Penbednast kapra AnuHmpkavaiickoro yuyactka (Ha 6ase kapt Google Map)
IMpumedanwue: B IIaHE BBICOTHBIE OTMETKH: 1, 2 — nanbHue, 3,4 —OnmmKHIe

Taonuua 3
[TapameTpbl 30J0TOHOCHBIX YYaCTKOB M3y4aeMOW TEPPUTOPUHU

O06beM poc- Coemee 3anacsl Au

Ne Hmuna, | upuna, | MomHOCTb, CBIITHOM 30J10- pea 10 KaTero-
YuacTku N cojiep KaHue
Ne M M M TOHOCHOH Mac- 3 pun Co+Py,
3 Au, Mr\m
ChI, M KT

1. | JIarsaTarckuit 1200 60 15 1080000 248.4 268.3
2. | bamkenackuii 2000 20 2 8000 1530.0 122.4
3. | bunanspckuit 7000 150 2 2100000 300.6 631.4
4. | JxaMamuIuHCKUA 8000 150 2 2400000 401.3 963.1
5. | Apa3ckwuii 13000 180 2 4680000 299.6 1402.1
Bcero: 3387. 2
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Puc. 4. CxemaTryeckuil TU1aH pa3MeIIeHHs 30JI0TOHOCHBIX POCCHINEl HIKHEro TedeHns p.bamkenmuait (MacmTab 1:2000, cocras-
ned o Marepuainam AzeriGold)

Venoenvie o6o3nauenus: 1-nousenno-pacmumensvHulil cioil, 2-0enio8uaibHble OMaoxceHus,; 3-pycio peku, 4-nadpyciosas meppaca
nepeo2o nopsaoKa, 5-Haopycioedas meppaca emopo2o nopaoka,; 6-ouopum-nopoupumsl; 7-necuano-2IuHUCHble NOPOObl, 30HbL POC-
coinnplx ckonnenuii: 8-6onee 1000 ma\w; 9-400-600 m2\n; 100-400 m\v®
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Puc. 5. Cxema pacnonoskeHust bamkeHackoi ByJIkaHO-KyTIOIbHOH cTpyKTypsI (Macttad 1:100000) (Mycaes u ap., 2004)

VYcTaHoBIEHA 30I0TOHOCHOCTH AJUTIOBHAJBHBIX — YKIIOHOM XapaKTepU3yeTCs BBIHOCOM H JIOKAIBHBIM
OTJIOXKEHUH PEKU MOYTH Ha BCEM €€ NPOTSHKEHUH, O00OralleHHeM 30J0Ta Ha NPOTSLKEHHOCTH OKoJo 1.5
HayuHas OT yCThbs A0 paiioHa c.bamkenn. IleH- KM OT ycThsd y cena XOMIKEIIMH OO0 BOAOOTBOJHOM
TPaJIbHBIM y4yacTOK peku bamkenauall ¢ KpyTeIM  KaHaBbl Ha ckioHe 1426.0 M. Ha sToMm yuacTke nmo-
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JIUHA PEeKH, BBIXOMA M3 IEHTPaJbHOW YacTH BYJIKa-
HO-KYIIOJIFHOW CTPYKTYPHI Ha TPEATOPHYIO PaBHH-
HY, 3aMETHO pacCIIUpsIETCs, KPYThle CKIOHBI CMEHSI-
toTcsa Oonee momoruMu. lIpakTHdecku 3TOT OTpe3oK
SIBIISIETCS. CBOCOOPA3HBIM KOHYCOM BBIHOCA PBIXJIO-
00JJOMOYHBIX OTJIOKEHUH NOJIMHBI PEKH, MPEICTaB-
JICHHBIM LIEMOYKOOOPa3HO PpaCIONIOKEHHBIMU MOK-
MEHHBIMA ¥ HaAINOWMEHHBIMH TeppacaMd MOIIIHO-
cteio oT 0.5 10 1.0 M, unoraa 1.5-2.0 M u Oomslie.
Kpome Toro, BeLAEHSIOTCS ele ABe HaAMOWMEHHbIE
Teppackl Ha BHICOTE 3-8 M COOTBETCTBEHHO HaJ CO-
BPEMEHHBIM pyciioM MOIIHOCTEIO 110 3.0-3.5 M. Co-
nep:xanue 30510Ta koneodnercs ot 200 1o 5000 mrim®
u B cpenHeM coctapisieT 1530.0 mr/me.

Mexny yctbeM JXKamKaxIMHCKOTO MPUTOKA U
ceBepHO# YacThio OpTaKeHICKOro y4yacTKa B HHTEp-
Baje 3.5 kM pacnonoxeH bamkenmuadickuil ydva-
CTOK. DTOT y4acTOK COCTOUT B OCHOBHOM H3 Ilecya-
HO-TJIMHUCTBIX KOPEHHBIX IOPOJ 0LIEHOBOTO BO3-
pacta. MHTpy3uBHI TIIacTo0Opa3Hble, HakIoHHBIE. 1
AUTIOBHAJIbHBIE, M JEIIOBHAIBHO-TPOIIOBHAIbHbIC
OTJIOXKEHHUSI 30JI0TOHOCHBL. TpaHcmopTupyemoe 30-
JIOTO C KPYTHIX BEPUIMH K MOJIOTHM y4YacTKaM aKKy-
MYJIUPYETCSl HIMEHHO Ha 3TOM OTpe3ke pekH (puc. 6).

30510TO B HCCIEIyeMbIX NUIMXaX BBIBICHO B
26% o0pasmoB. Pa3mep gacTum BappupyeTcs B Ipe-
nenax ot 0.2 mo 0.7 mm. ITo dpopme 3epHa nmpencras-
JICHBl MPEUMYIIECTBEHHO ICHIPUTOBBIMH U 00J0-
MOYHBIMH THUIIAMH, IIPU 3TOM B €IMHUYHBIX CIydasx
HabmromatoTcst uriosaTeie Gopmel. IlepBast Teppaca
0oJsiee Gorara pOCCHIMHBIM 30JI0TOM, U 3TO OOBSICHS-
eTcsl TeM, YTO BTOpasi Teppaca SIBISETCS IOTOJIHH-
TENbHBIM KOJUIEKTOPOM. B MPOMBITBIX HUIHXax
(94%) oOHapyxeHa 3HAYUTENIbHAS KOHIICHTPALIUS
3omota. OTMEYEHO, YTO 1O BceMy Hpodmimo pekn
KOJIMYECTBO 30JI0Ta B IUIMXAaX pacTeT, HO CTEICHb
OKaTaHHOCTH OCTAaeTCs] HEU3MEHHOM.

Ha cnenyromem otpe3ke bamkenagaiickoro
y4acTKa BBIAEISETCS yyacToK XaHaraaar. OTOT y4a-
CTOK COCTOMT B OCHOBHOM W3 JICJUTIOBHAIIBHBIX OT-
JIOKEHUH, ¥ 30JI0TO B HUTU(ax BCTpeYaeTcs B KOJIHU-
yectBe 62%. Jlamee oTmeuaeTcst y4acTokK XOIIKe-
LIMH. DTOT yYaCTOK OXBaThIBAET KOHYC BBIHOCA PEKH
U TIPOJIOJDKAETCA A0 YCThsl. Bce 9TH ydacTKu Bblze-
JIeHbl Kak enuHas bamikeHackas 30Ha POCCBHITHOTIO
3os0Ta. Ha Hmkecnenyromei auarpaMMe IOKa3aHa
CBSI3b MEXIy MOIIHOCTBIO M JJIMHOW 30JI0TOPOC-
CBINHBIX CKOTUICHUH balkeHackoii 30HbI (puc. 7).

Puc. 6. Yuactok pocchlHOro 30j0T1a B 6acceiine p.bamkenauaii (Ha 6a3e kapt Google Map)
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Puc.7. ITapamerps! ckomneHuil banikeHCKOH 30HBI pOCCBHITHOTO 30J10Ta:
10 BEPTUKAIA MOIITHOCTH (M), ITO TOPU30OHTAIH JUTHHA 30JI0TOPOCCHIMHBIX CKOIIICHUH (KM)

31ech ke M3Y4YeHBI U OLICHEHBI TaKue IeoJIOTH-
yeckne 00beKkThl Kak Jxamkaxibl, Oprakenn, ['vl-
3pULKA, Xanaraaar, Jukopa, MypanxaHisl,
IN'omympapa, I's3eulpkaropT ¥ T.0. B nmonnze
JxamKkaxiapl B HWKHEM TCUEHHH PEKH B TMOJIHMe-
TAJUIMYECKUX MPOXKHUIKAX 30JI0TO coctapiseT 0.4-
2.0 /T, cepebpo — 3-20 r/1. DTOT PaKT yKa3pIBaeT HA
MEPCHEKTHBHOCTh TAHHOTO yYacTKa.

OpTakeHACKUI y4acTOK PeKd MPOTSKEHHOCTHIO
3.5 kM, umeer V-00pazHyto (HopMy, HAKIOH JOJIUHBI
nocturaer 8-10° (59 wm/kM). B IpOMBITBIX HIIHMXax
b B 16% oTMedeHO 30510T0. 30JI0THHBI UMEIOT 00-
JIOMOYHYTO (hopmy, a pasmep ux gocruraet 0.2-0.8 Mm.
Ha yuactkax [[xamkarnel, bamkena, Oprakenn pe-
CyPCBHI POCCHIITHOTO 30JI0Ta OIICHUBAIOTCS B 581 KT.

VYuactok I'bBBUIKA B CpPEJHETOPHOH 0O0JaCTH
3aHMMaeT 14-16 KM JUIMHY M CUMTAETCsl BBICOKOIEpC-

HeKTUBHBIM Ha 30110T0. Komuuectso 30mota B 1 M3
coctaBisier 50-1840 ycnoBHbIX enuuuil. Jlsksarar-
CKA{ yYacTOK B CpPEIHErOpHON 00JacTh 3aHWMaeT
15-18 kM B IIMHY W CUMTAETCSl BTOPHIM IEPCIEK-
TUBHBIM yYaCTKOM Ha POCCBIITHOE 30JI0TO. Apa3ckas
30Ha B HU3KOTOpHOU oOmact 3anumMaetr 10-15 kM B
JUIMHY W CYUTAETCS TPEThbEH IO TMEepPCIEeKTUBHOCTU
Ha POCCHIITHOE 30JI0TO. B oTmenbHBIX mpobax Kou-
4yecTBO CcBOOOMHOro 30j0Ta cocrasimsier 200-400
yclnoBHBIX emuuun Ha Im3. KopeHHblE MOpOmbI
y4yacTka XaHarajar, TOABEpPITIIHECs THIPOTEPMab-
HOMY M3MEHEHHIO, PACTIONaraloTcsl B 30Hax Iepece-
YeHWs Pa3pBIBHBIX HAPYIICHWH, OPUEHTHPOBAHHBIX
Ha CEeBEpO-BOCTOK M CEBEpo-3amai. AJIIOBHAJIbHbIE
OTJIOXKEHHS CJIararoT JIHIb pycio peku. O00O0IIeH-
Hele npodumm [efimar-Oprakenn-Xanara (BIOJb
p.bamkennuait) mokazansl Ha puc. 8 u 9.
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Puc. 8. IIpononbuseiit GIS-npoduis I'eiinar-Oprakena-Xanara (Bnouss p.bamkenauaii, maciurab 1:35 000) (Mycaes u ap., 2004)
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Mecsaso-rniesc

& OTNOWEHAA (B3PXHLIA 30UEH)

3014 AP b 1M

REpREHAS CROBOM

J0NGTH B WIMKOBEX PoBEK

Humas NP 4acToTe acTpedaomocTy or § no 26%

MOBGIHIBHHER NN HACTOTE BOTREHAINOGT

SbiCOKAA NP HACTOTE BETPENALMOCTA 0T 94%

WA HCULINECTH ANICEHANEHELY PE\EX OTICHENUH NOLESSHEL BHE MECLITalE

Puc. 9. GIS-mipodus 11 1o p.bammkenauaii (Macmtadbr: ropusoHTanbheiii 1:50000, BepTukansueiii 1:25000) (Mycaes u ap., 2004)

B 62% nuinxoB 0OHapyXEHO 30JI0TO pa3Mepa-
mu 0.2-2.4 mm. @opma 30I0THH 0OJIOMOYHAsI, 00-
JIOMOYHO-TIOpdUpoBasi, JeHIPUTOBHIHAA. B oT-
JENBHBIX CIYYasiX 30JI0TO MOKPBITO THAPOKCHIAOM
xKeJe3a KpacHOBaTO-CEpPOro LBeTa. 3amachl 30J710Ta
noncuntanbl Kareropusimu Ci, Cz. B pesynbrare
MIPOBEJICHHBIX aHAIM30B B 3585 mumMxax B cOCTaBe
TSDKEJION (PpaKIMy KpoMe 30J10Ta BBIJIEJICHBI MarHe-
THUT, TEMaTHT, TUPHUT, TUMOHHT, TaJICHUT, B PEAKHX
cirydasix chanepur, XaJbKOMUPUT, MaJIaxuT, a3ypuT
u cepebpo.

[TapameTpsl GIOKOB, BBIAEICHHBIX MO MPOQU-
mo II (puc.9), mokazansr B Tabmuiie 4.

MuHepanbHbIid COCTaB NPEACTABIECH MAarHeTH-
toM (31-49%) u rematurom (13-51%), KoTOpHIE
SBJSIFOTCS HanOoJiee PaclpoCTpaHEHHBIMU MUHEPaA-
namu. [Tuput coctaBuser 1-26%, nHOrIa B HEKOTO-
pBIX IUIMXax He BbIBIEH. OcTallbHbIE MUHEPAJBI
0oOHapyXeHbl B €IMHUYHBIX NUIMXaX (rayeHuT 1-6,
KkuHOBaphb 1-3 3epen). CoctaB 1o GpakLusaM 3TUX
JIPYTUX MHUHEPAJIOB TOKa3aH Ha HWKECIEAyIomIeH
Tabuie (Tadyuna 5).

Tabauua 4
CpenHee 3HaYCHHE 30J10TA 10 TapaMeTpaM 010koB npodus 11-11

Homep | Mougnocts, | Hlupuna, Tlnnsa, m OBben, m® Bec ropusix Cpennee 3HaueHUE
Ostoka m M opoJ, T 30J10Ta 0 OJIOKY

1 2.05 80.0 825 135300 1.8 110.8

2 1.85 80.0 400 54200 1.8 98.93

3 2.10 80.0 420 70560 1.8 93.9

4 2.75 80.0 445 275900 1.8 130.4

5 2.80 80.0 315 70560 1.56 80.6

6 4.3 80.0 425 146200 1.80 116.4
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Tabnuua 5
MuHepanoruueckuii coctas 1o (GpakiysM (COCTaBIeHa HA OCHOBAHUH MaTepUalloB
Oxcneaunuu OneparuBHoit Pa3senku [Tonesnsix Mckonaemsix)
Krnaccel Munepanos
Camopoansie | OKCUAbI U TUI- ®ocdarsl,
Cynbdupt Cynbdatst
SJIEMEHTHI POOKCHIBI KapOOHAaTEI
®pakuun
MarnuTHas MarueTtur lanenut
I'emaTut
Tspkenas 3IeKTpoMarHUTHAs
Jlumonut
[Mupur
3onoto Coanepur
Tsokenass HEMarHATHas (anrep Manaxut A3zyput
Cepebpo XanpKOTTHUPUT
KunoBaps

HecmoTpst Ha TO, YTO HIMPOKOE pacHpocTpaHe-
HUE MarHeTUTa XapakTepHO Ul BCEX PEYHBIX CeTel
HaxusiBanckoit ABroHOMHOH PecnyOmmku, Ha Me-
CTOPOXKJIEHUHM POCCBHITHOTO 30J0Ta bamkena4ai
OTMEYaeTcs OYeHb HHU3KOE COAEpIKaHHE HTOr0 MH-
Hepana. M3BecTHO, 9yTO B OacceifHe ATOW peKu IIu-
POKO pa3BUTHI THAPOTEPMAIILHO U3MEHEHHBIE MTOPO-
Abl, a MAPpUTU3allUA OYCHb MHTCHCHBHA. KpOMe TO-
ro, B 30HaX TUAPOTEPMAIBHBIX U3MEHCHHM MarHe-
THUT XapaKTEPU3YeTCs MOHUKEHHOW yCTOMUMUBOCTBIO
Y, KaK IpaBUiIO, MOJBEPraeTcsl 3aMEIIeHUI0 MHPH-
toMm (Aicher et al, 2008; bepxoBud u map., 2015).
BonBIIMHCTBO MeTacOMAaTHYECKUX IPOLECCOB CO-
MPOBOXKAAETCS HAPYILIEHHEM B KOPEHHBIX IMOpOAax
MarHeTuTa U ocjabeBaHHEeM HaMarHW4YE€HHOCTH IO-
pol. B cBA3M C 3TUM NOJUMETAIUINYECKUE, METHO-
KOJTYEeJIaHHbIE, MEIHO-IOPGUPOBBIE MECTOPOXKIe-

HHSI, MECTOPOXKIICHHSI 30J0Ta THIPOTEPMATBHOTO
MPOUCXOXKICHHS  XAPaKTEPU3YIOTCS  JIOKAIBHBIMHU
aHOMaJIMSIMH MAarHUTHOTO TOJs. B pesynbrare sTHX
IIPOLIECCOB B IUIMXaX OOHAPYKUBAIOTCS KPUCTAILIBI
nuputa pazmepom 0.4-0.5 cm.
Pa3mepsI 3070THH B CKOIUICHHSIX POCCHITHOTO 30-
JI0Ta BapbHUPYIOT B IIUPOKUX JHarazoHax (Tabmuma 6).
Kaxk BumHO u3 Tabaunp! 6, OONBITHHCTBO 3€-
PEH uUMeroT pa3mepsl Boie 1+0.5 MM. 3010TO B OC-
HOBHOM MMEET MOPHUCTYIO MOBEPXHOCTh, COCTOUT U3
COCIMHEHHI CPEHUX U KPYIHBIX KPUCTAIOB B BU-
Jie JeHAPHUTOB, APY3. 3epHa HEOONBIINX pa3MepOB
COCTOSIT U3 COENUHEHHI M30METPHYECKUX KPHUCTAI-
noB (Aszananues, Kepumos, 2005; Bogatirev, 2009).
ITo aTHM ke KJlaccaM KpPYITHOCTH BBISBIICHBI THIIO-
MOp(]HBIE O0COOEHHOCTH POCCHIITHOTO 30J10Ta (Taod-
mura 7).

Taonuua 6

Kraccel kpynmHOCTH 3€peH 30J10Ta
(coctaBnena o marepuaigaMm Dxcrneannuu OnepatuBHoi Pa3senxu ITone3nsix VickomaeMbIx)

OO0mwmii Bec Pa3meps! 3epeH, MM
LTHXOB +2 2+1 1405 -0.5+0.25 2025401
mr % mr % mr % mr % Mr %
400 mr 8294 10631.3 126 30.1 69 22.6 1766

[Ipumedanue: ananu3sl BeinoiaHeHsl B LlentpansHom Hayuno-UccnenoBatensckom 'eonoro-Pazsenounom UucTuTyTe,

r.Mocksa (Bemonusuia C.B.S16mokoBa)

Taonuua 7

TumomopdHbIe 0COOEHHOCTH POCCHIITHOTO 30JI0TA
(cocraByieHa o Matepuanam MasokaBkasckoi ['PO)

Knaccer KonuuectBo CoeauHeHHUs Ha
Tunomopdpuzm
KPYIHOCTH 3epeH TIOBEPXHOCTH
OOJIOMOYHEBIH, CILTIOIIEHHO-00JIOMOYHBIH, TOPUCTHINA, W30- | TJIMHHCTHIC
+2 9 METPUYHBIH, ICHAPUTOBUIHBINA, YUIMHECHHO JCHIPUTOBUIHBIA | MUHEPAIBI
1 9 [opucro-kucreBumnas, remuguomopdHas ¢opma. COCTOUT | TIIMHHCTHIC
13 JIE€HAPUTOB, OBAJbHBIX KPUCTAIIOB MUHEPaJIBI
+05 27 MAaCCUBHBIE, IPY3E€BUIHBIC JCHAPUTONIBI JKEJITBIH, nfenxo-

3epHUCTHIN

+0,25 45 YVAJIMHEHHBIE JCHIPUTOUIBI, HEMTPABUIIbHBIE CPOCTKH U30MET- | JKEITHIH, §

PUYECKHUX KPUCTAIUIOB, €IMHUYHBIC TOHKOIIOPHUCTHIC YACTHIIBI | MEJIKO-3€PHUCTHIN
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30J0TO COXpaHsAeT TMEepPBUYHYIO MOpdororuio,
MPU3HAKK OKATBIBAHUS MOYTH HE OTMevaroTcs. [Ipu
aHAJIM3€ 30JIOTUHOK OBLJIO yCTaHOBIIEHO, 4TO 89.5
%-TIOBEpXHOCTH COCTOWUT W3 3050Ta, 10.5 % — u3
cepebpa (Tabmmma 8).

Ilo pe3ynbraTtaM CHEKTPAILHOTO aHAIN3a B CO-
CTaBe 30JI0Ta B KAYECTBE JICMEHTOB-TIpUMECEH BBI-
nemsrores 0.02 mace % memn, 0.5 macc % pryTH,
0.002 macc % cBunna, 0.001 macc % cypbMBI U Jp.
(Tabnwuma 9).

AHanmm3 TOBEPXHOCTH 30ji0Ta MeTomoM Oke-
CTIIEKTPOCKOIMK TOKa3al, YTO TOBEPXHOCTh MO/-
BEpIriach TUIEPICHHBIM W3MEHEHUSIM. B OTIenbHbIX
ClIydasix BCTpEYaroTcsi cepedpo, UMeromiee IiacTo-
o0pasHyto (GopMy, U IUICHKA PTYTH Ha TTOBEPXHOCTH
3os0ta (Pamasanos u np., 2009).

B Tabmune 10 mpencraBiieHbl IPOTHO3HBIC Ta-
pameTpbl 30JI0TOHOCHBIX POCCHITTHBIX CKOTUICHUH 110
OTJICNIBHBIM PEKaM HU3y4aecMOl TePPUTOPHUH.

Tabnuua 8
XUMHUYECKUH COCTaB 30JI0Ta 10 JIOKaJIbHOMY MUKPOPEHTIE€H-CIEKTPAIbHOMY aHAIU3Y
Xummnaeckuii cocras (Macc %)

Ne mpo6s1 AU Ag Hg Sb Cu S, IIpumeuanue
1 91.2 5.55 0.16 0 0 98.91 LEHTPATLHBIN
2. 98.21 0.77 0.15 0 0 99.23 TOBEPXHOCTH
3. 84.06 13.99 0.02 0 0 98.07
4. 84.06 14.00 0.27 0.03 0 98.36
5. 94.50 3.42 0.01 0 0 97.97
6. 94.50 3.42 0.18 0 0 98.10
7. 95.67 2.97 0.02 0.01 0 98.67
8. 93.97 4.09 0.07 0 0 98.13
9. 90.86 7.61 0.21 0.05 0 98.68
10. 94.39 5.05 0.10 0 0 99.54
11. 93.18 4.73 0.17 0 0 98.08
12. 86.18 10.67 0.22 0 0 97.07 LEHTpabHBIl
13. 90.51 8.16 0.25 0.25 0 98.92

Tabauua 9

9HCMGHTLI-HpI/IMeCH B COCTaBEC 30J10Ta IO KOJIMYECTBEHHOMY CIICKTPaJIbHOMY aHAJIN3y

NeNe O1eMeHTHI KpymHsie 3epHa
kmacc + 0.5 kimacc + 0.25

1. Bi - 0.0004
2. Cu 0.025 0.02
3. Fe - 0.05
4. Hg 0.5 0.5
5. Mn - 0.0003
6. Rb 0.002 -
£ sb 0.001 -
8. Te - -
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Tabauua 10

30JI0THOCHBIE POCCBHITNTHBIC CKOIUICHUA aJUIFOBHUAJIBHBIX U aJUTFOBUAJIBHO-TIPOJIIOBHUAJIBHBIX OTJIOKECHUM

[IporHo3Hble napaMeTpbl POCCHITHBIX CKOIJIEHUH
NoNe Pexu Ha3Banue 30JI0TOHOCHBIX Obnen Kareropus OxumaeMeie
POCCHIITHBIX CKOTUICHHHA 3 pecypcbl 3051012
(v M3) pecypcoB (xr)
1. Kunuruait HIDKHUN 0.2 Ps3 40
BEPXHUH 0.12 P3 30
2. Keramuaii Keramuait 0.35 Ps3 105
3. Tenzauaii I'en3auaii 0.55 P 135
4., Opnybamyaii Opnay6amuait 7.35 P, 700
5. Atinucyaait BEPXHUU 21 Py 2100
HIDKHAN 0.35 Py 105
6. Benenguaii Benenguaii-1 6 P, 600
Benenguaii-2 9 P 900
7. JroxmyHuait Jroxisynyaii-1 9 Py 900
HroxmyHuaii-2 0.42 P 120
8. T'unanyvait Iunanyaii-1 2.5 P, 250
I'unanyaii-2 1.6 P 320
I'mnanyaii-3 0.3 P 60
9. AnuHmxadain Amamxaygaii-1 3 P> 300
AnuHKavaii-2 2.4 P, 240
AnuHmxavait-3 0.6 P, 60
Anunmxavaii-4 1.8 Py 180
10. | HaxubiBa"uaii HaxusiBanyaii-1 0.7 Ps3 700
HaxusiBanyaii-2 1.35 Ps3 135
HaxuriBanuyaii-3 0.4 Ps3 40
11. | Apnayvaii Aprnauvaii-1 3 P3 300
Apnauaii-2 1.6 P3 160
Hroro 8480
Pe3yabTarbl Husx. OHAKO Takas 3aKOHOMEPHOCTh HaOIoaeTcs

B pesynprate mNpoBENEHHBIX HCCIETOBaHUH
YCTaHOBJIEHO, YTO POCCHIMTHAS 30JI0TOHOCHOCTH Xa-
pakTepHa TaKkKe I pedyHbIX cucteM Kumuryai,
Keramuaii, OpnyOanuaii, [lazmapauaii, Ilaparauai,
Tusnuaii, 'unanuaii, HaxusiBan4yaii u ap. u 310 Ja-
€T OCHOBaHHME Ha MpPOBEACHHE Oojiee IeTaNbHBIX
re0JIOro-pa3BeJOYHbIX padoT. 30J10TO KOHIEHTPH-
pyeTcsi B OCHOBHOM B HauOoJjiee yriyOJeHHOW 4acTi
pycna, a Ha KpPYTBIX CKJIOHaX TaKHe JIOBYIIKH
HaOJIONAIOTCSI B OTHOCHTENBHO HE3HAYMTEIBHBIX
konunyectBax. Ho Hambonee OnaronpusTHOM st
MIPOHUKHOBEHUSI M YJABIMBAHHUA 30JI0TA SBISIETCS
BEpPTHKAIbHAS TPEIIMHOBATOCTh CIOWCTHIX TJIMH U
[IECYAHNKOB, OCJIO)KHEHHBIX OTHOCHUTEIBHO MEJIKH-
MU HEPOBHOCTSIMH TIOBEPXHOCTH.

B memom mouTtH Bce MIOTHKH 30J0TOHOCHBIX
Teppac OTIMYAIOTCS CIOXKHBIM CTPOCHHEM, HaJH-
YHEM MHOTOYMCIIEHHBIX BIAJUH, YEPEIYIOIUXCS C
BBICTYIIaMH, YTO WMEET OOJIbIIOe 3HAYEHHWE JUIs
KOHIIEHTpanuu 3o70Ta. [lo Mepe npuOMKeHHs K
IJIOTUKAaM IPOUCXOANUT 3aKOHOMEPHOE YBEJINYEHHE
COZIEPKAaHUs 30JI0TA B PHIXJIOO0JIOMOYHBIX OTIIOKE-

HE BO BCEX CIIy4asx, YTO 3aBUCHT OT OOIMIEH 3apa-
J)KEHHOCTH 30JIOTOM TEPpPAachl U IEMEHTOB 3ajera-
HUS TUTOTHKA.

30710T0 (PUKCHPYETCS B PHIXJIOOOJIOMOYHBIX OT-
JIOKEHHUSAX BCEX Teppac, HO HauOONbIINE KOHIICH-
TpallMy TPUCYTCTBYIOT B TpeAesiax MOWMEHHBIX U
HaJTMONMEHHBIX TEPpPAC MEPBOrO YPOBHSL.

BoiBoabI

Pacnionoxxenne BOMM3M Ipyr-apyra KOpEHHBIX
MECTOPOXKACHUN U TPOSIBICHUN H3y4yaeMoOW TeppH-
TOpUU 00ycCIaBIMBaeT OJIM3KOE PACIONIOKEHHE POC-
CBIMTHBIX CKOIUIEHWH 3050Ta. Tunomopdubeie oco-
OCHHOCTH, KPYNHOCTHas Kiaccu]uKanus, BBICOKas
MPOOHOCTh, OTpPaHWYEHHAsl JUCIIEPCHOCTh, MAaJoe
KOJIMYECTBO NMPUMECHBIX 3JIEMEHTOB M MOHO3EpPHH-
CTOE€ CTPOEHUE 30JIOTHIX 3€PEH OTPaXKaroT FeHEeTHYe-
CKYIO CBSI3b C KOPEHHBIMH MCTOYHHMKAaMHM, PacIojo-
JKEHHBIMHU Ha pacctosiHum 2-3 kM. PoccrimHoe 301m0-
TO C BBICOKOM MEPCIEKTUBHOCTHIO CKOHIIEHTPHUPO-
BaHO B OCHOBHOM B aJUTFOBHAJIBHBIX, AJUTIOBHAJIBHO-
IIPOJIIOBUANIBHBIX OTJIOKEHUAX
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OCOBEHHOCTH PACIIPEJEJEHUA 30JI0TOHOCHBIX POCCHIIIEA
M MX KOPEHHBIX HCTOYHUKOB HA TEPPUTOPUU HAXYBIBAHCKOM AP

Taxmazosa T.TI'.
baxunckuii cocydapcmeennwiii yrugepcumem, Azepbaiiodican
AZ1148, Baxy, ya.3 Xanunosa, 23: ttahmazova@yahoo.com

Pestome. B TeueHHME HECKONBKHX JAECATHICTHH HAa M3ydaeMOH TEPPUTOPUH IIPOBOAMINCH MHOTOYHCICHHBIE HAydHO-
HCCIIe0BaTEIbCKIE PAOOTHI, HAIPABIEHHBIE HA BBIIBICHHE 30J0TOHOCHBIX Y4acTKOB. HacTosmas cTaThsl MOCBSINEHA ACTANBHOMY
aHaNMM3y U KOMIUIEKCHOH OIIEHKe, IPOCTPAHCTBEHHO-TEHETHYECKUM (haKTOPaM pa3MEIIEHNUs] POCCHITHOM 30JI0TOHOCHOCTH OCHOBHBIX
peunbix OacceliHoB HaxupiBaHCKONH ABTOHOMHOW PecmyOnmuku, MX B3aHMMOCBS3H M KOPPELUH C MOTEHIHAIFHBIMH KOPECHHBIMU
HCTOYHUKAMH 30JI0Ta, THIIOMOP(GHBIM OCOOCHHOCTSIM POCCHINEH, a TakKe JPYyTrHM Ba)KHBIM T'€OJIOTMYECKMM acreKTaM. B pamkax
HCCleIoBaHusl OBUTM MOJAPOOHO M3yuUeHBI peuHble OaccelHbl bamkenmuaid v AJMHIDKauail ¢ MX NPUTOKaMH, HPEICTaBISIONINMHU
HHTEpEC C TOYKH 3PEHUs POCCHITHOM 30JI0TOHOCHOCTH, a TaK)Ke BBIJIEICHBI HanboJee MepCreKTUBHBIe PailOHbI C BBICOKMM MOTEHIIU-
anoM. B Xozme wuccnenoBaHWil BBISBIEHBI THUIOMOP(HBIE OCOOSHHOCTH 30J10Ta, BKIIOYAIOIINE OOJOMOYHBIE, CIUTIOLIEHHO-
00JIOMOYHBIE, MOPHUCTHIE, W30METPUIHBIC, NECHAPUTOBHIHBIC, yIITMHEHHO-ICHAPUTOBUIHbEIE, a TaKKe APYTHe PacIpOCTpaHEHHBIE
Mopdoornaeckne pazHOBUIHOCTH. 30J0TO COXPAHSIET NMEPBHUHYI0 MOP(OIOTHIO, IPU 3TOM HMPU3HAKH OKATAHHOCTH HMPAKTHUECKH
He HaOIrogaroTcs. XUMUYECKHI COCTaB 30JI0Ta OMPEENSIICS ¢ TOMOIIBIO JTOKATbHOTO MHKPOPEHTI€H-CIIEKTPAIbHOTO aHaIN3a, KO-
TOPBIH BBISIBIJ HAJIMIHE TAKUX JIEMEHTOB-TIPIMECeH, Kak MeJlb, PTyTbh, CBUHEII, CypbMa H ApyTHe. [1o pe3yapraraM KOIHIeCTBEHHO-
ro CIEKTPaIbHOTO aHAJIN3a B COCTaBe 30510Ta 00HapyxeHsl Bi, Cu, Fe, Hg, Mn, Rb, Sb u Te. [lonyueHHbIe qaHHBIC CBUICTEIBCTBY-
10T O TOM, 4TO OJIM3KOE NMPOCTPAHCTBEHHOE PACIOJIOKEHHE KOPEHHBIX HCTOYHHUKOB SIBIISIETCS OJHUM M3 KIIFOUEBHIX (aKTOPOB, OIpe-
JeTomuX GOPMUPOBAHHE M KOHIEHTPAIMIO POCCHITHOTO 30JI0Ta B NMPHIETAIONIMX 30HaX. THIOMOP(HBIE 0COOEHHOCTH, KIIACcCHI
KPYIIHOCTH, OTpaHUYEHHas JUCIEPCHOCTb, HU3KOE COJEPXKAHUE 3IEMEHTOB-IIpUMecell 1 MOHO3EPHHCTOE CTPOEHHE 30JI0THIX 3€peH
MOATBEP)KAAIOT MX T€HETHUECKYIO CBSA3b C KOPEHHBIMH MCTOYHHKAMM, PACIIONOKEHHBIMH B HEIIOCPEACTBEHHON Onm3ocTH. Pocchm-
HOE 30JI0TO BBICOKOH IT€PCHEKTHBHOCTH COCPEIOTOUCHO IMPEHMYIIECTBEHHO B AJTIOBHAIBHBIX W AJUTIOBHAIBHO-TIPOIIIOBHAIBHBIX
OTJIOKCHUSIX. Pe3ynpTaTl HCCIEeOBAHUS MOTYT OBITh MCIONB30BAHEI ISl COBEPIICHCTBOBAHNS MIOMCKOBO-OIICHOYHBIX PaboT U pas-
pabOTKH MPOTHO3HBIX MOJENeH POCCHITHOTO M KOPEHHOTO 30J0TOPYIAHOTO OPYJICHEHHUS B MCCIETyeMOM PETHOHE, a TAKXKE HMETh
MIPAaKTHYECKOe 3HAYCHHE MPH H3YUSHUH aHATOTHYHBIX 00JlacTel.

Kniouesvie cnoga: poccoinnas 3010monocnocms, peunsle baccetinbl, KOpeHHble UCTOYHUKY, ATIOBUATbHbLE OMIL0JICEHUS, BYIIKA-
HO-KYNOIbHbIE CIPYKMYPbL

NAXCIVAN MR 9RAZIiSINDO SOPINTI QIZIL VO ONLARIN KOKLU
MONBOLORININ PAYLANMA XUSUSIYYOTLORI

Tohmazova T.H.
Bak: Dovlat Universiteti, Azarbaycan
AZ1148, Baki, Z. Xalilov kii¢., 23: ttahmazova@yahoo.com

Xiilasa. Bir ne¢o onillikdo todgiq olunan orazido gizil dasiyan sahslorin miisyyan edilmosi mogsadilo ¢oxsayli elmi-todgigat islori
aparilmigdir. Magalo Naxgivan Muxtar Respublikasinin asas ¢ay hovzalorinds sopinti qizilin yerlosmasinin mokan-genetik amillori,
onlarin potensial koklii gizil manbslori ilo garsiligli genetik olagssi vo korrelyasiyasi, sopintilorin tipomorf xiisusiyyatlori, elaco do
diger mithiim geoloji aspektlorin otrafli tohlili vo kompleks giymotlondirilmasina hasr olunmusdur. Bu todgigat ¢orgivesinda
Baskondcay vo Olincacay ¢ay hovzalari, o ciimlodon onlarin sapinti gizilinin yayilmas: vo konsentrasiyas: baximindan shamiyyatli
olan qgollar1 genis vo otrafli sokildo tohlil edilmisdir. Yiiksok sopinti quzil potensialina malik on perspektivli sahslor miisyyan
edilmisdir. Todgigat zamani qizilin tipomorf xiisusiyyatlori — qirinti, moasamsli, izometrik, dendrit, uzunsov dendrit vo digor genis
yayilmig morfoloji novlor agkar edilmigdir. Qizil ilkin morfologiyasini saxlayir, yuvarlanma slamotlori iso demok olar ki, miisahido
olunmur. Qizilin kimyovi torkibi lokal mikrorentgen spektral analizi vasitasilo miioyyon edilmis vo mis, cive, qurgusun, siirmo va S.
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kimi element-qarisiglar askar olunmusdur. Komiyyat spektral analiz naticalorine osasen qizilda Bi, Cu, Fe, Hg, Mn, Rb, Sb vo Te
elementlori miisyyon edilmisdir. Alinan malumatlar vo aparilan analitik todqiqatlarin naticalori goti gokildo gostorir ki, kokli qizil
monbalorinin mokan baximindan yaxin yerlogsmasi ¢ay hovzolorinds sopinti qizilin formalagmasi vo sonraki konsentrasiyasinda 2sas
vo miloyyonedici amillordon biridir. Tipomorf xiisusiyyatlor, 6l¢t siniflori, monodoanalilik, az miqdarda element-qarigiglar onlarin
yaxinliqdaki koklii monbalorlo genetik slagasini tosdigloyir. Yiiksok perspektivli sopinti qizil asasen alliivial vo alliivial-proliivial
¢okiintiilordo  comlonmigdir. Alinan naticolor todgigat sahesinds sopinti vo koklii qizil yataglarinin prognozlagdirilmasi vo
giymatlondirilmasi islorinin tokmillogdirilmasi tigiin istifade oluna vo analoji geoloji soraitdos totbiq edilo bilar.
Agar sézlor: sapinti qizil, ¢cay hovzalari, koklii manbalar, alliivial ¢okiintiilor, vulkan-giinbaz strukturlart
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