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Abstract: The relevance of the work is due to the fact that the studied territory is located in the collision
zone of the Eurasian and Arabian lithospheric plates, where complex structures are formed that have a direct
impact on fluid migration, trap formation and seismic activity. Considering that the main hydrocarbon reserves
are concentrated at the intersection of tectonically active zones, it is important to identify geodynamic patterns in
the Bulla-Deniz field zone, which is one of the largest in the region. This is of key importance both for assessing
seismic risks and for planning rational resource extraction. Aim. This paper considers the geological and tectonic
settings of the Bulla-Deniz structure, as well as the results of seismic studies that are of critical importance for
the development of the country’s oil and gas industry. Methods. The article uses a comprehensive application of
geophysical, seismological, seismic tomographic, geodynamic methods, GPS monitoring and drilling to form a
holistic view of the geological structure and geodynamic processes of the Bulla-Deniz field. Geophysical studies
revealed key anomalies, seismology and seismic tomography clarified deep processes, GPS data described the
kinematics of plates, and drilling provided direct data on productive layers. These methods provide a scientific
basis for seismic risk assessment, geodynamic situation and efficient development of the field, emphasizing
its strategic importance for the oil and gas industry of Azerbaijan. Results. Gravity studies have revealed the
presence of both regional and local anomalies (Dibrar and East Dibrar maxima) associated with the deep structure
and faults. These zones may play an important role in the formation of structures favorable for hydrocarbon
accumulation. Seismological data indicate stable activity in the region, especially at depths greater than 35
km. The main types of movements are extension and subsidence, indicating complex earthquake generation
mechanisms and potential seismic hazard. Comparison of earthquake focal mechanisms with GPS observations
confirms the predominance of extension and strike-slip faults characteristic of the plate collision zone in the
Central Gaspian Basin. The deep structure of the region includes thin oceanic crust covered by thick sedimentary
strata, which creates favorable conditions for the formation of oil and gas systems in depression and fault zones.
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Pe3tome: AKTyanbHOCTb paboTbl 06YCIOBNIEHA TEM, YTO UCCNedyemMast TEpPUTOPMS PACMoNOXeHa B 30He
CTONIKHOBEHUA EBpa3niickoi n ApaBniickon NUTOCHEPHbIX NANT, rae (hOPMUPYIOTCS CIIOXHbIE CTPYKTYPbI, OKa-
3bIBAKOLLME NPAMOE BIIMSHUE HA MUTpaLWo (hIIlonZ0B, (hOPMUPOBAHIE NOBYLLEK 11 CEACMINYECKYH0 aKTUBHOCTb.
YunTbIBas, 4T0 UMEHHO Ha NMEpPeceyeHn TEKTOHMYECKN aKTUBHBIX 30H COCPEAOTOYEHbI OCHOBHbIE 3anachl yre-
BOJIOPO/I0B, BbISIBNEHUE re0jHaMU4eCKMX 3aKOHOMEPHOCTEN B 30HE MeCTOpOXAeHUs bynna-LleHus, sapnstoLe-
rocs OfHUM U3 KPYMHENLINX B PErMOHE, UMEET KN0YEBOE 3HAYEHNE, KaK [ OLEHKIN CeliCMUYECKNX PUCKOB, TaK
1 Ans NNaHMPOBaHMS paLmMoHanbHoi fJo6bl4K pecypcos. Lienb uccneposanus. B faHHoM paboTe paccmarpusa-
tOTCA re0norn4eckne U TEKTOHNYECKNE YCIIOBUSA CTPYKTYPbI bynna-fleHns, a Takxe pesynsratbl CECMUYECKUX
ncenefoBaHui, MMerLLMe peLatoLlee 3HavYeHne AN passuTus HedpTera3oBoii otpacnu cTpaHsl. MeTopbl uc-
cnepoBaHua. B ctatbe 1Cnonb30BaHO KOMMEKCHOE NPUMEHEHIE reodu3nyeckux, CeNCMONOrnyeckmx, Cencmo-
TOMOrpauyecknx, reoauHaMu4eckux MeTooB, GPS-MoHUTOpUHIa 1 6YpeHus, 4TO NO3BONSIO CHOPMUPOBATD
LLeNN0CTHOE NPeACTaB/eHMe 0 re0sIormYeckomn CTPYKTYpe 1 reofMHaMUYecKux npoLeccax Mectopoxaesus Bulla-
Deniz. Teotusnyeckne 1ccnesoBaHns BbIBUIN KIHOYEBbIE aHOMANMK, CEMCMONOTUA U CemcMoToMOorpadus
YTOYHWUAN TNY6UHHbIE npoLecchl, GPS-AaHHble onucanyu KUHeMaTuky niuT, a 6ypeHue npefocTaBuio npsMble
JaHHble 0 NPOJYKTUBHBIX CIIOSAX. ATU METOLbI 06ECMEYNBAIOT HAYYHYHD OCHOBY ANS OLEHKU CENCMUYECKUX pi-
CKOB, re0fNHAMWUYECKO cuUTyauun u 3cheKTUBHON PaspaboTkn MEeCTOPOXAEHUS, NOLYepKUBas ero crpare-
rMYECKY0 BaXKHOCTb A1 HedhTera3oBoi NpPoMbILUNeHHOCTN AsepbaikaHa. Pe3ynbTatbl. [paBuMeTpUHeckue
CCNeA0BaHNSA NOKA3AIN HaNNYNe KaK PernoHabHbIX, Tak 1 NOKaSIbHbIX aHOManuii (Makcumymsl nbpap u Boc-
TOYHbIA [ubpap), CBA3AHHbLIX C FMYyOMHHLIM CTPOEHWEM U PA3ioMamMu. 3TW 30HbI MOTYT UrpaTb BXHYH POSib B
tbopmmupoBaHUK CTPYKTYP, 611aronpusaTHLIX 4Ns HAKOMIEHWUs YrneBoLopOA0B. CencMOonornyeckne aaHHble yka-
3bIBAOT HA YCTONYMBYIO aKTUBHOCTb B PErMOHE, 0COBEHHO Ha rny6uHax 6omnee 35 KM. OCHOBHbIE TUMbl ABVXEHUI
— PacTsXXeHWe 1 NOrpyXXeHue, YTO0 TOBOPUT O CNOXKHbLIX MEXaHW3Max reHepauni 3eMIeTPSCEHNA N NOTEHLM-
aIbHOI CeicMUYeckoli onacHoCT. COnoCcTaBneHNe MexaH3MOB 04aroB 3eMNeTpsiceHnii ¢ GPS-HabntogeHnaImMm
NOATBEPXKAAET NpeobniafiaHne PacTsKeHUs U CABUIOB, XapakTePHbIX A4S 30HbI CTOSIKHOBEHUA NuT B LieHTpanb-
HOW Kacnuiickor BnaguHe. [My6uUHHOE CTPOEHIE PErnoHa BKITHOHYAET TOHKYIO OKEaHUYECKYH KOpY, NepeKpbITYIo
MOLLHBIMMW 0Ca[04HbIMI TOMLAMM, YTO CO3aET 6/1aronpuATHbIE YCII0BUA ANg ()OPMUPOBaHMS HeDTEra3aoHoc-
HbIX CUCTEM B 30HAX NpOruéaHns 1 pasnomos.

KnioueBbie cnosa: HedhTerazoBoe MectopoxfaeHue bynna-[enus, HxHo-Kacnuiickaa snaguHa (HOKB),
reoauHaM1M4eckoe CTPOeHIe, FPaBUTALIMOHHOE MOJIE, CEICMOMOrnYecKne NPOLIECChl, He(OTera3oBbli NOTEHL AN,
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Infroduction

The territory of Azerbaijan was assessed by seismic intensity at 8—9 points. The zone
is located in the seismic Alpine-Himalayan fold belt and covers its seismically active
part. In recent years, the interest of international companies in the Caspian sector of
Azerbaijan has increased further, and more in-depth research has been carried out using
various techniques. Accordingly, a deeper study of the zone has begun and more accurate
information about the geological and geophysical structure of the area has been obtained.
The basis of the formed database is two-dimensional and three-dimensional seismic data.
As aresult of all this extensive database, it has become possible to assess the hydrocarbon
potential of the zone.

The Bulla Deniz oil and gas field, which is the basis of the study, covers the southwestern
part of the Caspian Sea, is located 80 km south of Baku and 35-40 km southeast of the
Oil Rocks. In this regard, the study of the field is of great importance, and as a result
of the 6.8-magnitude earthquake that occurred in Azerbaijan in 2000, the installation of
US-made “Kinemetrics” type equipment in the country created conditions for a more in-
depth study of both the seismological-geological and geological-tectonic properties of the
Bulla-Deniz structure [Aliyev et al., 2010; Guliyev et al., 2015a; Mammadov, Guliyev,
2008; Guliyev et al., 2015b; Guliyev et al., 2012].

Bulla-Deniz oil and gas field

The Bulla-Deniz oil and gas field was first discovered in 1973, and exploitation began
in 1975. Their location at such a depth, as well as the presence of layers with complex
geological structures, sometimes causes serious difficulties [Guliyev etal.,2016]. However,
the geophysical studies conducted have made it possible to more accurately study the
geological structure of the productive layer. This has ensured more efficient extraction of
hydrocarbons in the research area, as well as in the fields adjacent to it [Kadirov, 2006].
In a result of geological studies, it was determined and revealed that it is distinguished
by high anomalous reservoir pressures. In recent years, scientific research conducted on
this structure has been aimed at a detailed study of the geological properties of the layers,
their petrophysical indicators and production capabilities. [Guliyev, Alizadeh, 2020;
Abuzarova, 2024; Ahmadov, 2020; Yusifov et al., 2015]. The field is considered more
relevant than other fields in terms of hydrocarbon production. An example of this is the
well No. 123 drilled in the field with a depth of 6,132 meters. This well was drilled in
2017, produced 104,000 tons of condensate and 472 million cubic meters of gas in 2017
alone. In total, 69.9 billion cubic meters of gas and 12.4 million tons of oil and condensate
were produced until last year [Guliyev, Alizadeh, 2020; Abbasov, Guliyev, 2019]. Based
on all these indicators, it can be said how important the field is in the country’s energy
security and the international energy market. Also, the Bulla Deniz oil and gas field plays
an important role in further strengthening the role of Azerbaijan in the international arena
from an economic perspective [Guliyev et al., 2016; Feyzullayev, Mammadova, 2022;
Yusubov, Shikhmammadova, 2022].
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Research methods

The Bulla-Deniz field is located in the South Caspian basin within the shelf zone of the
Caspian Sea and complex research methods were used to assess the geological-structural
features, tectonic structure and seismic activity of this field. This includes geophysical,
seismological, seismic tomographic and geodynamic approaches, as well as analysis of
GPS monitoring data and data obtained as a result of drilling operations. Each method
provides an indepth analysis of geodynamic processes and productive layers through
specific tools and procedures [Sikorskaya, 2025; Serikova, Allanazarova, 2023].

The Bulla-Deniz field is an area with a complex geological structure. For the first time,
gravimetric studies were carried out here in 1952 with high-precision instruments. As a
result of these studies, anomalously high reservoir pressures were detected and it was
determined that these reservoir pressures can cause various technical and safety problems
during the exploitation or drilling process. As a result of the conducted research, an upper
pressure zone (600—-1200 m) and a deep pressure zone (approximately 5 km or deeper)
were discovered here [Feyzullayev, Lerche, 2009; Mammadov, 2022; Mirzayev et al.,
2019].

Earthquake monitoring was carried out through the network of stations of the
Seismological Survey Center of the Republic of Azerbaijan. Through this network,
earthquakes with a magnitude of M > 5.0 that occurred in Baku and in the Caspian Sea
were recorded. Then, data were collected based on the fund data received from the digital
stations of the Seismological Survey Center of the Republic of Azerbaijan for 2003-2024
and seismicity analysis was conducted using this data. Also, the depth of earthquake
occurrence during these years was found and a seismicity map of earthquakes with
magnitudes ml > 0.1 and ml > 3.0 was compiled. The results of all these analyses made it
possible to build a diagram reflecting the relationship between the number of earthquakes
that occurred and the energy released at that moment. Thus, 192 earthquakes were detected
in 2023, and peaks of activity were also detected in 2011, 2020 and 2023. The obtained
data were collected in a database up to a depth of 70 km and two-stage (2D) seismic
tomographic sections were prepared using the ArcGIS program. Analysis of geodynamic
processes and GPS observations played a key role in determining the focal mechanisms
of tectonic movements and earthquakes. The analysis of focal mechanisms conducted
using the “MomentTensor” program showed that during 2003-2024, extensional and
subduction-type movements predominated in the Central Caspian basin, while uplifts
accompanied by faults were observed in the North Caspian zone. GPS monitoring was
carried out using the GAMIT software and the directions and speeds of tectonic plate
movements were determined with high accuracy. For this purpose, the Regional
Seismic Stations Network was used.

Characteristics of the Gravity Field
of the South Caspian Basin

One of the indicators reflecting the complex geodynamic and tectonic structure of
the South Caspian Basin is the gravity field of the zone. Since the South Caspian Basin
is promising in terms of oil and gas, the gravity anomalies observed in the area have
aroused interest by a number of researchers. The cause of the —193 mGal gravity anomaly
observed in the center of the Caspian Basin was determined to be the subsidence of the
continental plates. It was also found that the reason for the existence of the gravity model
1s related to the location of the basin in an active tectonic zone [Kadirov, 2006].
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In the Caspian Sea, the gravity anomaly is mainly estimated higher in the Middle
Caspian, with more anomalous areas collected in the western part of the basin. Here, the
highest gravity anomaly value was determined to be 60 mGal, and the lowest anomaly
value was —130 mGal. In the study area, the thin consolidated crust and the gravity mini-
mum coincide. As a result of the studies, it is assumed that a Benioff zone existed between
the Lesser Caucasus and South Caucasus massifs [Guliyev et al., 2012]. The Bulla Deniz
oil and gas field area of the South Caspian Basin is characterized by a relatively weak-
medium gravity anomaly value. It varies between approximately —80 mGal and —10 mGal

(fig. 1).
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Fig. 1. South Caspian Gravity Anomalies / I pasumayuonnvie anomanuu FOsxcnoeo Kacnus

Seismological investigation

Since ancient times, the region is considered to be seismically active and has
experienced major earthquakes. They include the 957 Caspian earthquake, which resulted
in coastal alterations and the formation of new islands, the 1990 magnitude 7.4 Caspian
earthquake in Iran, which resulted in fatalities, the 2000 magnitude 6.8 Caspian earthquake
in Azerbaijan, which resulted in migration of seismic activity and stress variations, and so
on. An example can be given [ Yetirmishli et al., 2022].

Earthquake data of the “Bureau of Earthquake Research” of the Republic Seismological
Service Center of the National Academy of Sciences of Azerbaijan were analyzed during
the years 2003-2024, and using the fund data, earthquakes that occurred in the research
area during those years were selected and a graph reflecting the statistics of earthquakes
with the seismic energy released at the time of occurrence of those earthquakes was
created. (Graph 2). The established graph shows the dependence between the number of
earthquakes and the energy released at the moment of their occurrence. Here, the number
of earthquakes is shown as red columns, and the amount of released energy is shown as
blue lines. During the analysis of the visual image, it was observed that the number of
earthquakes in the study area was the highest in 2011 (157 earthquakes) and 2023 (192
earthquakes), but the number of earthquakes between 2003—2024 reached its highest level
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in 2023. However, weak seismic activity was observed in 2003—2009. Moderate seismic
activity was observed in 2010, 2024 and 2012-2022.

The graph (fig. 2) reflecting the statistics of earthquakes in the Caspian Sea during
2003-2024 shows the changes between the number of seismic events by year (red columns)
and the seismic energy released during that period (blue line). Visual analysis shows that
the number of earthquakes has increased significantly since 2010 and this increase has
continued in the following years, reaching a peak in 2023 with 192 earthquakes. The
years 2020 and 2022 were also seismically active periods — in 2020, both the number of
earthquakes and the amount of energy released increased dramatically. If we look at the
amount of allocated energy, although the amount of allocated energy in 2011 is consistent
with the number of earthquakes, it seems that in 2023 this agreement is not observed. At
the same time, high seismic energy was released in the years when little seismic activity
was observed. As a result of all this, there was no regular increase or decrease in the
energy released by the number of earthquakes during these years. This can be directly
based on the distribution characteristics of the cells as well as the mechanisms of their
formation.
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Fig. 2. Graph showing the relationship between the number of earthquakes and seismic energy released
in the Caspian Sea from 2003 to 2024 / [ paghuk, noxazvieaiowjuii 3a8UcumMoCms Mexcoy KOIUYECmEoM
3emaempsiceHull u eblopocamu ceticmuyeckoll snepeuu 6 Kacnuiickom mope ¢ 2003 no 2024 200

Distribution of earthquake hypocenters by depth and
distribution by region

Based on the number of earthquakes that occurred in the study area, their depths were
selected by us and a diagram reflecting the relationship between them was constructed.
(fig. 3). Based on the constructed diagram, the distribution of earthquakes by region was
assessed. As a result of the comparative analysis, it was found that a large part of the
earthquakes occurred in layers 30 km and deeper. Thus, it is possible to make a conclusion
about the distribution of the earthquakes that occurred according to the tectonic structure.
Unlike the relationship between the number of earthquakes and the energy released, a
certain regularity was found between the number of earthquakes and the depth at which
they occurred. That is, the geodynamic activity formed in deeper layers causes the
occurrence of seismic events.

In figure 4, using the data of the Seismological Service Center of the Republic of
Azerbaijan, earthquakes recorded in the Caspian Sea area during 2003-2024 were
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selected according to their intensity and maps were drawn up accordingly. On the left
side, a map of the epicenters of earthquakes that occurred during the years 2003-2024
is compiled, and it is shown that low-magnitude earthquakes occurred in the central and
southeastern part of the Caspian Sea. On the right side, the distribution of earthquakes
with a magnitude of ml > 3.0 is reflected. Thus, it can be seen that strong earthquakes in
the zone have spread from the northeast to the southwest during these years. Thus, it can
be said about the uneven distribution of seismic activity in the area.

Depth(km)

0 500 1000 1500 2000 N

Fig. 3. Graph showing relationship between number of earthquakes and depth / I pagux, noxkasvisarouyuii
3ABUCUMOCTIL MENHCAY KOTULECTNBOM 3eMLEMPACEHULL U 2IYOUHOU 3a71e2aHUs

Fig. 4. Map of earthquake epicenters in Bulla-Deniz for 2003—2024 / Kapma snuyenmpos
semnempsicenuti ¢ bynna-/lenus na 2003-2024 ze.

In the South Caspian Basin, the majority of hydrocarbons are found in fault zones and
their contact zones. For example, Bulla-Deniz, Gunashli, Neft-Dashlari, etc., which are
located at the intersection of active tectonic zones or near them, constitute the basis of
hydrocarbon production in the basin [Reynolds, Simmons, 2007].

In general, researchers have determined that the transition zones between the
Karabogaz Uplift and the South Caspian Depression had a fragmented block-structural
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model due to these tectonic activities [Ghassemi, Garzanti, 2019].

The map reflecting the distribution of seismic activity covers the period from 2003
until 2023.The right part of the constructed maps shows the level of seismic activity,
expressed in different colors, increasing from minimum to maximum. Seismic activity
in the Bulla-Deniz oil and gas field in 2003-2013 was estimated to be moderate at SSA
0.4-1.2, and in 2014-2023 at SSA 0.3—1.1 (fig. 5).
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Fig. 5. Map of Seismic Activity on the Southern Caspian for the Periods 2003-2013 and 2014-2023 /
Kapma ceticmuuecroii akmuenocmu na FOscnom Kacnuu 3a nepuoovt 2003—-2013 u 2014—2023 ze.
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When analyzing the areas with high seismic activity in the region from 2003 to 2013,
it can be seen that high activity is mainly concentrated in the central and NW parts of the
study area. The total activity was determined to be about 1.5. However, when looking at
the seismic activity in the study area during 2014 and 2023, it can be seen that the increase
in activity occurred mainly in the central and SW parts. Based on all this, seismic activity
has also increased in the Bulla-Deniz area and the seismic activity in the area was above
1.5. As can be seen from the maps, a decrease and redistribution of seismic activity has
been observed in the area over the past 20 years. Even in the southern expanse of the area,
where seismic activity was identified relatively little or not at all before the indicated
period, newer active zones were created during this period. If we look at the northern part
of the region, compared to the southern zone, it was observed that the seismic activity
decreased relatively during 2003 and 2013. From 2013 to the present, seismicity in the
region has expanded in the east and south directions. Thus, when looking at the research
area, it was observed that the seismic activity remained stable, and even increased slightly.
The maps show long-term changes in seismic activity, which are important for earthquake
prediction and geodynamic assessment of the region. Figure 6 shows two seismic profiles.
These seismic profiles reflect the distribution of earthquake epicenters based on depths.
In the left part a map of seismic events is presented with earthquake epicenters classified
in different colors according to their strength. The black lines numbered 1 and 2 reflect
the profiles and directions of their intersections. In the upper right part, the distribution
of earthquake depths in the Bulla-Deniz area is shown. The image shown is set in a
southwest (SW) direction. In the lower left part, 3.0 magnitude earthquakes are shown as
small circles, and 4.0 to 5.0 magnitude earthquakes are shown as red circles. Looking at
figure 6, it can be seen that high-magnitude earthquakes occur in the depth range between
0 and 50 kilometers. However, a small number of seismic activity occurs at greater depths.
Looking at the distance axis, it is observed that stronger earthquakes occur in the interval
from 150 to 400 kilometers.
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The profile shows a similar distribution of seismic activity, with a slightly different
location. Here, however, the main seismic activity occurred in the interval from 10 to 50
kilometers.

Seismic activity in this area is of great importance for the efficiency of hydrocarbon
production. Therefore, when looking at the range of earthquake occurrence, it is
possible to observe that they occur at depths of 0-50 km. The active fault zones here are
mainly associated with areas of increasing earthquake concentration. Earthquakes with
a magnitude of 4.0-5.0, shown as large circles occur more frequently at shallow and
intermediate depths and are distributed throughout the profile.

SW —— Bulla-Deniz
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Fig. 6. Map of Caspian earthquake epicenters, along with two seismic profiles showing earthquake
distribution by depth / Kapma snuyenmpoe KacnuiiCKux 3emiempsaceHutl, a maxce 08a ceticMuyeckux
nPogUIA, NOKAZBIBAIOWUX PACTPEOeeHUe 3eMIeMPACEHUIL NO 21yOuHe

Earthquake focal mechanisms

The formation of earthquake focal mechanisms was also analyzed by us. Seismological
studies were conducted in the research area, and a number of conclusions were drawn based
on the analysis of the focal mechanisms of the earthquakes that occurred. The analysis
was carried out comprehensively, taking into account tectonic elements, seismic faults,
etc. As a result of the analysis, it was determined that in general, expansion-deepening
movements prevail in the region, which is characteristic of expansion geodynamic
conditions.

Deep structure of the studied region

The South Caspian Depression has a deep structural structure and is a tectonic depression
consisting of sedimentary rocks. The study area in the current structural map, the Caspian
region is characterized by a heterogeneous and diverse thickness of sedimentary rocks
of more than 10 km belonging to the last quaternary period and is characterized by high
activity both in terms of sedimentary dynamics and tectonic dynamics. The thickness
of sedimentary rocks formed as a result of the sedimentary accumulation process in the
region is estimated to be 25 km or more. The South Caspian megadepression is located
on the oceanic crust and is characterized by a high rate of sedimentation. In addition, the
zone has a complex tectonic structure as a result of the analysis of the above-mentioned
depth characteristics. The sedimentary complexes located here have created a favorable
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environment for the generation of hydrocarbons. Also, the earthquakes that occurred in
the zone are associated with the subduction process [Abdullayev et al., 2023; Jackson et
al., 2002].

Based on the background data of the Azerbaijan Republic Seismological Service
Center, the depth, strength and other parameters of the earthquakes were analyzed, and
the seismotomographic structure was studied based on all these data. That is, based on the
seismic waves occurring in the study area, a three-dimensional model of the zone was built.
Through seismography, the opaque properties of various geological structures, that is, the
characteristics of anomalies, are studied. As a result of seismographic analyses conducted
in the zone, it was determined that most of the earthquake foci that occurred were formed
mainly at a depth of 50—70 km. Also, the presence of coke-like geological structures in the
zone and the presence of a tectonic structure were proven. Also, a deep subduction zone
was observed in the study area. Here, the transition zone and the Mokhorovicic boundary,
unlike other geological zones, is located at a depth of 50-55 km [Abdullayev et al., 2023;
Jackson et al., 2002; Kazimova et al., 2024; Kerimova, Samadli, 2024; Huseynov et al.,
2019]. Thus, the deep structures of the Absheron-Balakany system can be shown. Here,
the crust belonging to both the Mesozoic and Cenozoic eras was formed. However, the
general nature of the formation is associated with a thin oceanic crust. Here, the thickness
of the oceanic crust is estimated to be approximately 35 km. Deeper horizons consist of
sediments covered with a basalt layer. The thickness of the layer here is estimated to be
less than 22 km. These sediments were formed mainly in the modern period.

Fig. 7. 3D model of earthquake hypocenters occurring in the Caspian Sea in 2017-2024 /
3D-mo0ensv cunoyenmpos 3emaempaceHui, npouzoweouwiux 8 Kacnuiickom mope 6 2017-2024 ee.

kil

Fig. 8. 2D seismic tomography section in the SW to NE direction / 2D ceilicmomomozcpaghuuecxuii paspes
6 Hanpagnenuu SW-NE
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Discussion of results

Based on the above data, it can be said that the geodynamic activity of the study area
is formed as a result of the interaction of tectonic plates as well as geological processes
taking place in deep layers. The distribution of earthquake focal points in the Southern
Caspian Basin with respect to depth and the distribution of tectonic stresses both near the
surface and on deep faults have an impact on the assessment of seismic risk.

Therefore, additional studies are needed on fault mechanisms and stress transfer re-
sulting from the discrepancy between the frequency of earthquakes and the amount of
energy released to the region during earthquakes. The role of the collision zone is very
important in the tectonic model of the area, additional forces within the basin (from the
Arabian plate) and geodynamic processes create a complex stress field. This regime is
directly responsible for creating favorable conditions for oil and gas accumulation. A thin
crust and a thick sedimentary cover have been identified in the zone by seismic tomogra-
phy, and it has been observed that the thick sedimentary cover increases the hydrocarbon
potential.

Results

Comprehensive analysis of geophysical, seismological and tectonic data for the
Southern Caspian Basin region, including the Bulla-Deniz region, allows us to identify a
number of stable patterns that characterize the geodynamic development and oil and gas
potential of the study area.

The results of gravimetric studies revealed the presence of regional and local anomalies,
in particular the Dibrar and East Dibrar maxima, which reflect the features of the deep
structure and interaction of tectonic blocks. The structure of the gravity field is closely
associated with active uplift faults and zones, which confirms their role in the formation
of tectonic relief and potential traps for hydrocarbons.

Seismological analysis showed stable seismic activity in the region over the last two
decades with a marked concentration of epicenters at depths of more than 35 km. The
high density of hypocenters in the subduction zone is particularly significant and may
indicate the presence of active deep processes and possible seismic hazard. Data on
the distribution pattern of earthquake foci and the released energy allow us to conclude
that the mechanisms of seismic event formation are heterogeneous, with expansion and
subsidence predominating.

Analysis of earthquake focal mechanisms in comparison with modern GPS
observational data confirms the predominance of extensional and shear movements in the
Central Caspian Depression. This is consistent with the model of tectonic interaction of
lithospheric plates in the region, where the Eurasian and Arabian plate converge.

Conclusions

The South Caspian Basin is a geologically dynamic region characterized by significant
gravity and magnetic anomalies, intense seismic activity and complex plate interactions.
Integrated analysis of geophysical and seismic data reveals a basin shaped by extensional
tectonics, deep fault systems and compressional forces from converging plates. Persistent
seismic activity, particularly in the Bulla-Deniz area, highlights the need for ongoing
hazard monitoring and assessment. The basin’s thin crust and thick sedimentary sequences,
along with fault-controlled structures, make it a key target for hydrocarbon exploration.
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Future research should focus on refining fault models, improving earthquake prediction
and understanding deeper crustal dynamics to enhance seismic risk management and
resource development in this critical region.
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