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ABSTRACT

This article is dedicated to the study of the tectonic evolution of the Caucasus within the
context of the central segment of the Alpine-Himalayan orogenic belt, including the adjacent
territories of Turkey and Iran. Based on paleotectonic and geophysical data, including the
research of A.A.Belov (1986), R.Kolman (1974), N.Kelder (1975), N.Falcon (1977),
V.E.Khain (1990), F.Ahmedbeyli (2010), Cowgil (2016), Forte (2015), T.Kengerli (2018) and
others, the stages of regional formation from the Mesozoic to the present are analyzed. It is
established that the Caucasus, Turkey, and Iran initially constituted a single tectonic block
associated with Gondwana, the collapse of which during the Jurassic period and the subsequent
formation of the Red Sea Rift led to their tectonic differentiation. Special attention is given to
the role of Arabian Plate movement, the influence of compression, and autonomous
geodynamic processes in the development of structures such as the Greater and Lesser
Caucasus, Pontides, Taurides, Elburz, and Zagros, as well as differences in geological structure,
volcanic activity, and rock distribution. An analysis of GPS data (2018-2024) and Lode-Nadai
coefficient maps (2019-2024) reveals a shift in dominant stresses in the region—from
extension in 2019-2022 to compression in 2023-2024 linked to tectonic activity and
earthquakes. Linear seismic zones reflecting the region’s high seismicity are identified,
including events such as the Shamakhi (1902), Spitak (1988), and Racha (1991) earthquakes.
In conclusion, it is emphasized that the tectonic evolution of the region is driven by both
horizontal and vertical movements, and the Caucasus, Turkey, and Iran remain interconnected
without breaking into separate plates. This study is significant for assessing seismic hazards
and predicting geodynamic processes.

Keywords: Caucasus, Turkey, Iran, Alpine-Himalayan belt, tectonics, geodynamics,
Gondwana, Red Sea Rift, seismicity, GPS, Lode-Nadai coefficient.

B3ANMOCBA3b 'EOJUHAMNYECKHUX ITPOLHECCOB KABKA3A U
COCEJJHUX PEI'MOHOB (TYPLIUS, UPAH)

Kaszpimos U.9., KazsimoBa C.0.
AHHOTAIUA

CraTpsl MOCBsLIEHA UCCIIEOBAaHUIO TEKTOHMYECKON 3BoitonMu KaBkaza B KOHTEKcTe
LHEHTPAJILHOTO CErMeHTa AJIbIMUNCKO-I MMaaiickoro ropHO-CKJIaaI4aToro IMosca, BKIIIOYas
npwieraromue teppuropun Typumm u  Mpana. Ha ocCHOBE DancOTEeKTOHMYECKUX H
reou3NUECKNX JaHHBIX, BKIo4as uccienoBanuss A.A.benosa (1986), P.Konmana (1974),
H.Kenwsaepa (1975), H.®@onkona (1977), B.E. Xauna (1990), ®.Axmenbeiinu (2010), KoBruna
(2016) [3], ®opte (2015), T.Kenrepau (2018) u ap., aHATU3UPYIOTCA dTAbl POPMHUPOBAHUS
peruoHa ¢ Me3030s1 10 HACTOSLIET0 BpeMEHU. Y cTaHaBiuBaercs, 4yTo Kaskasz, Typuus u Upan
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U3HAYaJIbHO COCTABIISIIM €IMHBbIA TEeKTOHHYECKUH OJIOK, CBsI3aHHbINM ¢ ['oHJaBaHOM, pacman
KOTOpPOH B IOPCKOM Iepuojie M mnocienyoiiee ¢opmupoBanue KpacHomopckoro pudta
0o0yCIOBWIM HMX TEKTOHWYECKylo nuddepennuanno. Oco0oe BHUMAaHUE YJIEIEHO pPOJIU
JNBUKEHHUS] ApPaBUNCKON TIJIUTHI, BIMSHHUIO CXKAaTHUS M ABTOHOMHBIX T'€OJMHAMHYECKUX
nporieccoB Ha pazButue cTpykryp (bonbmoit u Maneriit Kaskas, [Tontuasl, TaBpunsl, 21e0ypce,
3arpocc), a Takke pa3iuudsM B T€0JOrHYEeCKOM CTPOEHHMH, BYJIKAHMUECKOH aKTUBHOCTU U
pacnpenenenuu nmopo. Ananu3s nanabix GPS (2018-2024) u kapt ko3 dunmenra Lode-Nadai
(2019-2024) neMOHCTpHpPYET CMEHY IOMUHHPYIOUIMX HAMPSODKEHUH B pPErHOHE — OT
pactspkenus B 2019-2022 rogax k cxxaruto B 2023—-2024 ronax, 4To ¢BsI3aHO C TEKTOHUYECKOU
AKTUBHOCTBIO U  3E€MIICTPSCEHHUSIMU. BBIACISAIOTCA JMHEHHBIE CEMCMUYECKHE 30HBI,
OTpa’karollye BHICOKYIO CEHCMUYHOCTh PETHOHA, BKIItOYast Takue coObITus, Kak lllemaxuHckoe
(1902), Churakckoe (1988) u Paumnckoe (1991) 3emnerpscenus. B 3akimouenue
NOTYEPKUBAETCA, YTO  TEKTOHMYECKas  DOBOJIIOLMS  pPErMOHa  ONpeAensercs  Kak
TOPU30HTAJIBHBIMHU, TaK ¥ BEPTUKANbHBIMH JBUXKeHUsMH, a KaBkas, Typuus u HWpan
COXPaHSIOT B3aUMOCBSI3b, HE Pa3/eNsisiCh HAa OT/AEIbHbIE IUINTHL. PaboTa nmeer 3HaueHue A
OLIEHKH CeCMUYECKUX PUCKOB M NMPOTHO3a T€0AMHAMUYECKUX MTPOLIECCOB.

Kurouessbie ciioBa: Kaskas, Typuus, Upan, Anbnuiicko-I umanaiickuii nosc,
TEeKTOHHKA, reoluHaMuKa, ['oniBana, KpacHomopckuii pudt, celicMuunocts, GPS,
koauument Jloge-Hanau.

QAFQAZ VO QONSU REGIONLARIN (TURKIYO, iRAN) GEODINAMIK
PROSESLORININ QARSILIQLI OLAQOSI

Kazimov I.E., Kazimova S.E.
XULASO

Moqals Tiirkiyo vo Iranin qonsu orazilori do daxil olmaqla, Alp-Himalay dag qirisig
qursagimin markazi seqmenti kontekstinds Qafqazin tektonik tokamiiliiniin 6yronilmasina hasr
edilmisdir. Paleotektonik vo geofiziki molumatlara, o ciimlodon A.A. Belov (1986), R.
Koulman (1974), N. Kelder (1975), N. Falkon (1977), V.E. Xain (1990), F. ©hmoadboyli (2010),
Kovgil (2016), Forte (2015), T. Kongorli(2018) vo basgalar1 bolgonin mezozoydan bu giino
gader formalagsma maorhalalari tohlil edilmisdir. Miioyyan olunmusdur ki, Qafqaz, Tiirkiys vo
fran ilkin olaraq Qondvana ilo olaqgoli vahid tektonik bloku toskil edirdi. Yura dovriindo
Qondvananin par¢alanmasi vo sonrasinda Qirmizi doniz riftinin formalagmasi bu regionlarin
tektonik diferensiasiyasina sobab olmusdur. Xiisusi diqgot, Orobistan plitosinin harokating,
sixilma proseslarinin tosirine vo avtonom geodinamik proseslorin Boyiik vo Kicik Qafqaz,
Pontidlor, Tavridlor, Elburs, Zaqros vo digor struktur vahidlorinin inkisafina tosirino
yonoldilmigdir. Eyni zamanda, geoloji qurulus, vulkanik aktivlik vo siixur paylanmasindaki
forqlor do arasdirilmisdir. 2018—-2024-cii illor tizro GPS molumatlarinin vo 2019-2024-cti illor
tizro Lode-Nadai omsal xaritolorinin tohlili gostorir ki, regionda 2019-2022-ci illords dominant
gorginlik rejimi dartilma (ekstensiya) olub, 2023-2024-cii illords iso sixilma (kompressiya)
stiinliik toskil edib. Bu doyisikliklor tektonik aktivlik vo zolzololorlo baglidir. Yiiksok
seysmikliyo malik xotlor boyunca yerloson seysmik zonalar miioyyan edilmisdir, o ciimlodon
1902-ci il Samaxi, 1988-ci il Spitak vo 1991-ci il Raga zolzololori kimi hadisolora digqgot
yetirilmigdir. Notico etibarilo vurgulanir ki, regionun tektonik tokamiilii hom {ifiiqi, hom do
saquli horokotlorlo miioyyon olunur vo Qafqaz, Tiirkiyo vo Iran vahid tektonik olaqosini
goruyaraq ayri-ayri plitoloro parcalanmir. Bu arasdirma seysmik risklorin qiymotlondirilmosi
va geodinamik proseslorin prognozlasdirilmasi baximindan shomiyyatlidir.
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Acar sozlor: Qafqaz, Tiirkiyo, iran, Alp-Himalay qursagi, tektonika, geodinamika,
Qondvana, Qirmizi doniz rift sistemi, seysmiklik, GPS, Lode-Nadai omsali.

Introduction

The Caucasus, along with key tectonic elements of Turkey, Iran, Russia, as well as the
Black Sea and Caspian basins, forms part of the central segment of the Alpine-Himalayan
orogenic belt. This belt has undergone a long and multi-stage process of geotectonic and
geodynamic development. According to paleotectonic studies conducted by A.A.Belov in 1986,
during the early stages of Alpine orogenesis, the present-day outlines of the belt were not yet
clearly defined. At that time, vast territories were occupied by the Meso-Tethys Ocean, as well
as large fragments of Gondwana and young epigeric platforms [6, 15].

An analysis of available data indicates that by the mid-Mesozoic period, around the
beginning of the Early Cretaceous, the contours of the Alpine belt started to become more
distinct, although major sections, such as the Arabian and Punjab segments, were not yet fully
formed. Different regions of the Alpine fold belt exhibit variations in the intensity and
frequency of tectonic movements, levels of volcanic activity, differences in the structure of
Mesozoic-Cenozoic deposits at various depths, the development of deep fault networks, as well
as lateral propagation of folding deformations and other processes [4, 15].

In the geophysical fields of the fold-block structure of the Greater Caucasus, a negative
gravity field is observed, with an intensity of up to -50 mGal on the outer periphery of the
structure and up to -130 mGal in areas associated with Neogene-Quaternary volcanic activity.
The magnetic field varies from -0.5 to +1.0 nT, while in certain areas it can reach -15.6 nT to
+3-5 nT, reflecting the geological characteristics of the pre-Jurassic basement [26].

The primary first-order Alpine structure within the fold-block system of the Greater
Caucasus is the fold-block uplift of the Main Ridge and the North Caucasian marginal massif.
The structural framework of the Main Ridge uplift is inherited from the Hercynian basement
structure, and its precise delineation is complicated by modern erosion of the sedimentary
cover.

The Caucasus within the Alpine-Himalayan Belt

The Caucasus, in combination with adjacent countries such as Turkey and Iran,
represents a significant geological entity with a highly complex tectonic organization.
Following the collapse of the Gondwana supercontinent, this territory fragmented into separate
large blocks (microplates or microcontinents), each possessing unique characteristics in terms
of internal structure, geotectonic evolution, fold structures, magmatism, and other features. By
the beginning of the neotectonic stage (approximately in the Oligocene), the main structural
elements of the region—the Caucasus, Pontides, Taurides, Elburz, Zagros, as well as the Black
Sea and Caspian basins—had acquired outlines close to their present-day configuration (Fig.1).
These structures are bounded to the north by the Scythian Plate, to the south by the Arabian
Plate, to the east by the Lut Block (Central Iran), and to the west by the Rhodope Massif (eastern
part) [4, 10].

After the collapse of Gondwana in the Jurassic period, this vast area separated from the
Afro-Arabian block, maintaining its integrity until the mid-neotectonic stage. During this
period, the formation of the Red Sea Rift began, leading to the north-eastward movement of the
Arabian Plate. As noted by R.Coleman [21] in 1974, the rift formed in post-Miocene time, at
the late stage of neotectonic development, and, according to GPS data, its expansion process
continues to this day.

Before their division into separate microplates, the Caucasus, Turkey and Iran developed
within a single geodynamic regime, experiencing horizontal compression between the Arabian
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Plate and the East European Platform. According to N.Kelder (1975) [20], the Iranian segment
also took an active part in this process from the beginning of the Miocene (about 17 million
years ago). However, each of these regions continued to evolve autonomously, especially at the
stage of neotectonic development, when the final tectonic differentiation of such structures as
the Greater and Lesser Caucasus, the Kura-Rion Depression, the Anatolides, the Taurides, the
Elburz and the Zagross occurred. Each of these large structures is distinguished by the types of
folding, their morphology (linear, arc, etc.), the time of formation, the relationship with volcanic
complexes and magmatic formations, as well as the degree of complexity of rupture
deformations and the location of faults [16].
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Geodynamic features of the region.

Within each region, zones with different characteristics, mentioned above, are
distinguished. In the South Caucasus, such zones include the southern slope of the Greater
Caucasus, its southeastern plunge, the northeastern, central, and southwestern parts of the
Lesser Caucasus, and the Talysh folded zone. In Iran, according to the classification of N.
Falcon (1977) [25], three main zones are distinguished: a region of complex structure with
metamorphic rocks, a zone of imbricated thrusts, and a zone of simple folds of the foothills.
These zones are parts of the large megastructure of Zagross and adjacent territories. For Turkey,
E.llkhan (1977) [19] described zones such as the Pontides, Taurides, areas of marginal folds
and depressions, including regions of Neogene and modern volcanism, distributed over these
four zones. The structural zone of the Pontides is elongated in the latitudinal direction, while in
the Taurides, arcuate folding forms are sometimes found. In this aspect, some similarities are
observed between the Caucasus and Turkey. The orientation of the structures of the Greater
Caucasus and the Pontides is very similar, while in the Lesser Caucasus and southwestern
Turkey, arcuate structures predominate. The general sizes of these regions are also similar: the
length of the Caucasus is about 1125 km, Turkey - 1300 km, and their transverse sizes vary
from 300-500 km for the Caucasus to 380-700 km for Turkey. Something in common can be
noted in geological characteristics, such as the distribution of sedimentary, volcanic and
metamorphic rocks and fault deformations. As can be seen, the fragments of Gondwana - the
Caucasus, Turkey, and Iran - developed under the influence of both regional compression and
partially autonomous geodynamic processes. This was reflected in differences in the deep
structure and surface structure, heterogeneity of the thickness of the sedimentary layer and the
earth's crust, and variations in the distribution of rocks on the surface. For example, in Turkey,
sedimentary rocks make up about 40%, volcanic rocks - 25%, metamorphic rocks - 10%, and
ultramafic rocks - 25%, intrusions are rare. In Iran, according to J. Stecklin (1979) [28],
sedimentary rocks occupy 50%, metamorphic rocks - 45%, and intrusive rocks - 5%. In the
South Caucasus, approximately: sedimentary rocks - 50%, volcanic rocks - up to 30%,
metamorphic rocks - 15%, intrusions - 5%.

GPS studies of the Caucasus, Turkey, and Iran

These differences indicate that deep processes in the lithosphere of these geostructures
developed under partially independent geodynamic regimes that varied in time and space. The
direction of compression associated with the movement of the Arabian Plate plays an important
role here (Fig. 2).

According to GPS measurements, the vectors of horizontal compression movements in
Iran and the Caucasus are predominantly oriented to the north, with minor deviations to the
northeast.

In the east of Turkey, the direction of modern movements gradually changes to the
northwest, then in the central part, to the latitudinal, and in the west of regions, to the southwest.
The boundary of these changes coincides with a significant tectonic element - the
Transcaucasian submerged uplift (north-south), which crosses the entire Caucasus and extends
to the border zones of Turkey and Iran.

The general picture of horizontal movements indicates a translational-rotational
movement of the Arabian Plate, probably caused by the uneven expansion of the Red Sea rift.
Its modern transverse dimensions are 175 km in the northern part, 265 km in the central part
and 375 km in the south. Thus, the speed of movement of the Arabian Plate is significantly
higher on its southern edge, and the direction of movement is northeast. The northern part of
the plate acts as a kind of support, where the speed of horizontal movements is lower.
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Figure 3. Distribution map of the Lode-Nadai stress coefficient for earthquakes that occurred in 2019-
2022 and 2023-2024

As already mentioned, the separation of the Arabian Plate from Africa began in the
Miocene, at the late neotectonic stage. The researchers suggest that GPS data on modern
velocities and directions of horizontal movements can be extrapolated to the entire late orogenic
stage, although taking into account periodic changes in these parameters. The presented maps
(Fig.3) show the distribution of the Lode-Nadai coefficient in the Middle East, Caucasus, and
Turkey region for two time periods: the left map is data for 2019-2022; the right map is data
for 2023-2024 yy. The maps demonstrate how the tectonic state of the region changes over
time, which is important for assessing seismic risks and forecasting geodynamic processes. The
color scale to the right of the maps reflects the values of the Lode-Nadai coefficient, which
characterizes the type of stress state in the earth's crust: red shades (positive values, up to 0.9,
o1> 62> 63) indicate dominant extension (rock separation), which is typical for areas where
normal faults occur; blue shades (negative values, up to -0.9, o1 < 62 < 03) — indicate the
predominance of compression, which is typical for areas where reverse faults or thrusts are
formed; neutral (white) areas are zones where the stress state is balanced [8, 12, 13]. During the
period 2019-2022yy, extensional stresses (red areas) prevailed, especially in: Iran — a wide
extension zone in the central and southern parts of the country (Tehran, Isfahan, Kerman); Saudi
Arabia — a significant area of positive values, indicating tectonic extension; Northwestern
Turkey — areas of positive values are also noticeable, which may be associated with the activity
of the North Anatolian Fault. Compressional areas (blue shades) were comparatively less
pronounced, but small areas of negative values were present in eastern Turkey and western Iran.
There are also signs of compressive stresses in the eastern Mediterranean and the Caucasus
regions. In 2023-2024, compared to the previous period, there was a noticeable redistribution
of stresses: an increase in compression (blue areas).

In the Caucasus region, especially in Azerbaijan and Georgia, a significant increase in
negative values of the Lode-Nadai coefficient is observed. This may be due to regional tectonic
activity and stress redistribution. In northern Turkey, compression areas have also increased,
consistent with the North Anatolian Fault activity. Pronounced compressive stresses have also
appeared in Egypt and the eastern Mediterranean. A decrease in extension is observed in several
regions. In Iran and Saudi Arabia, a weakening of extension is observed compared to the
previous period. In Turkey, the areas of positive values have decreased, which may indicate a
redistribution of stresses after earthquakes. In general, during the period under review, there
was a change in the dominant stress mechanism. If 2019-2022yy, extension stresses prevailed
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(especially in Iran and Saudi Arabia in 2023-2024yy, an increase in compression is observed,
especially in the Caucasus, northern Turkey, and the eastern Mediterranean. Such changes may
be associated with regional geodynamic processes, including: displacement and activation of
fault zones, consequences of recent earthquakes, deep processes in the lithosphere, reflecting
the redistribution of stresses.

Tectonic-geomorphological structure of the region

In the areas of the Greater and Lesser Caucasus, Pontides, Taurides, Elbrus, and Zagros,
sedimentary strata of varying thickness accumulated, represented by terrigenous, carbonate,
and, in places, flysch deposits. In the orogenic zones, Mesozoic-Paleogene deposits formed
regional thrusts large layers to the south, sometimes creating overturned folds [16]. In these
tectonic zones, volcanic activity manifested with varying intensity, sometimes covering
significant areas. An extensive strip of ophiolitic tectonomagmatic complex is associated with
the orogenic structures of Elbrus, Lesser Caucasus, and Pontides. In the Paleocene-Eocene

period, differentiated uplifts created a pronounced relief contrast (Fig. 4).
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Figure 4. Correlation map of the central tectonic units of the Caucasus and adjacent areas

Analysis of available data shows that at the beginning of the Mesozoic, the Caucasus

and adjacent regions of Turkey and Iran represented a single tectonic block associated with
Gondwana, whose disintegration, according to scientists, occurred in the Late Cretaceous. The
African continent, including the Arabian platform, remained intact until the formation of the
Red Sea rift.
After tectonics, and the development of the Caucasus, Turkey, and Iran was analyzed from the
standpoint of this theory. Such elements as the Rio-Shirvan, Middle Kura, Transcaucasian,
Turkish, and Lut plates, the Jeyranbatan-South Kura microplate, and the Iranian microcontinent
were identified. Their boundaries were determined by the linear concentrations of earthquake
epicenters, similar to the boundaries of global lithospheric plates. As noted by B.lIsaacs, J.Oliver
and L.Sykes in 1974 [14], "many of the key data obtained by seismology are so obvious that
they are often accepted without in-depth analysis of their nature; they are in good agreement
with the concept of a new global tectonics, including a system of seismically active zones
dividing the earth's surface into stable blocks."

Seismostatistical data show the presence of linear seismically active zones in the
Caucasus, Turkey, and Iran. Examples include the strip of the southern slope of the Greater
Caucasus, Pontides, Zagros (all sublatitudinal), as well as the East Azerbaijan (meridional) and
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Central Caucasian zones (along the Transcaucasian uplift). Clusters of epicenters often form
narrow but relatively short strips. Many authors who distinguished these plates, microplates,
and microcontinents sometimes did not take into account the depth and types of seismic sources,
the frequency of strong earthquakes, their intensity, the connection with different depth levels,
or lateral displacements of the plates. Also, insufficient attention was paid to the transregional
geodynamic regime. Today, it is known that the seismic activity of the lithosphere has changed
over time, which leads to more frequent strong earthquakes in Turkey and Iran to those in the
Caucasus (according to statistics). The features of the geomorphology of the orogenic structures
that form the extended mountain ranges in the region are also important. The ranges of Elbrus,
Talysh, Lesser Caucasus, and Pontides stretch for almost 2300 km, in places forming arcs with
bulges to the south (Elbrus, Eastern Pontides) or the north (Lesser Caucasus, Western Pontides).
The Greater Caucasus is a linear megastructure 1250-1300 km long. The Tauride Mountains
and the Zagros Range form a single strip about 3,000 km long, starting in southwestern Turkey
and extending to the Persian Gulf coast in a gently curved arc to the north.

There is no convincing evidence for stable plate or microplate boundaries in the modern
tectonic structure of the South Caucasus, Turkey, and Iran. Some scientists' attempts to interpret
suture zones such as the Anatolian-Middle Kura as plate boundaries are not supported by
specific data. Modern geophysical studies show that the Middle Kura zone is only a deep
regional fault that does not penetrate below the lower crustal boundary.

According to the authors presented in [16], the folded mountain systems of the region
cannot be explained solely by the collision of plates or microplates, although this process is
important. An essential role in the formation of orogens was played by vertical tectonic
movements, which, in combination with horizontal movements, determined the main features
of modern geology. Another feature of the tectonic-geomorphological structure of the region is
the relationship of the main tectonic elements of the Caucasus, Turkey, and Iran. Geological
and tectonic maps show that key folded and orogenic structures smoothly pass from one region
to another without abrupt changes. An example is the Elborz-Talysh-Lesser Caucasus-Pontides
and Zagross-Taurides chains.

According to the results of the study [16], it was established that after the separation of
the Arabian Plate from Africa in the Miocene, associated with the expansion of the Red Sea
rift, a vast territory including the Caucasus, Turkey and Iran was not divided into separate
plates, microplates or microcontinents, as some researchers assumed without sufficient
grounds. Proponents of the "plate” interpretation have often revised their conclusions based on
plate tectonics, but the area remained unified even after the breakup of Gondwana, when large
plates such as Africa, Australia, India, and Antarctica separated.

Seismicity

The Caucasus region, being part of the ongoing continental collision between the
Arabian and Eurasian plates, is characterized by moderate to high seismicity. Destructive
earthquakes in this area have repeatedly caused significant loss of life and property, including
the Shamakhi earthquake (Azerbaijan, 1902), the Spitak earthquake (Armenia, 1988), and the
Racha earthquake (Georgia, 1991). The eastern part of the North Caucasus (Dagestan,
Chechnya, Ingushetia, North Ossetia) is also subject to powerful seismic events, including
earthquakes in Dagestan (1830, 1970), Chechnya (1976), and Karachay-Cherkessia (Teberda,
1905).

Figure 5 presents a map of earthquake epicenters in the Caucasus and neighboring
regions with a magnitude of 4.5 and above. Earthquake data were taken from the catalogues of
the Republican Seismological Service Centre, as well as from the EMSC website. Below is a
brief overview of seismic activity within the Earth's crust in this area. Earthquake focal points
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are typically associated with tectonic faults of various orientations. However, of the East
Anatolian and North Anatolian Faults, as well as the Greater Caucasus Thrust Zone, there are
no clearly defined linear chains of seismic events on the map. Overall, earthquake epicenters
are unevenly distributed. The western part of the Caucasus Mountain belt is characterized by
relatively low seismic activity. However, significant historical earthquakes have occurred near
Novorossiysk, including the Lower Kuban events in 150 BCE (Ms=6.1) and 1879 (Ms=6.0).
East of this region, there is a noticeable decrease in the number of significant earthquakes.
However, further east, seismic activity increases again, with events of magnitude 6-7
concentrated along the southern slope and foothills of the Greater Caucasus Thrust.

The number of large earthquakes rises in the central part of the Greater Caucasus Thrust,
near the active Kazbek volcano. These events are distributed along the range's southern and
northern slopes. In the northeastern foothills, the epicenters of the strongest earthquakes are
located closer to the foreland zone. The eastern part of the Caucasus range exhibits the highest
seismic activity. This region has recorded the strongest earthquakes in the Caucasus, from 742
CE to 2012, with magnitudes ranging from 5.7 to 7.8. The Shamakhi region stands out in
particular, having experienced dozens of powerful earthquakes. This area's most recent strong
event occurred in February 2019, with Mw=5.5.

High seismic activity is also observed along the southern boundary of the Scythian Plate,
in the
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Figure 5. Map of earthquake epicenters in the ‘\Calj‘casus and adjégent territories with a maghitlj‘de of
4.5 or more for 1990-2024

Terek-Caspian Depression and Dagestan. In these areas, earthquakes with magnitudes
of 5.7-6.8 have been recorded between 650 and 1976 CE. Approximately 95% of all
earthquakes in the Greater Caucasus Thrust Zone and 85% within the Scythian Plate occur
within the upper 20 km of the Earth's crust. Most events are concentrated at depths of 5 and 10
km, while in the Scythian Plate, earthquakes also occur at depths of 15-25 km. In the Greater
Caucasus Thrust, about 4% of earthquakes occur at depths of 21-40 km, while 1% occur within
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the 41-80 km range. In the Scythian Plate, 12% of events have been recorded at depths of 21—
45 km, and 3% at depths exceeding 46 km, reaching as deep as 150 km.

Data analysis indicates that earthquakes with magnitudes below five predominantly
occur in sedimentary deposits, whereas events with M > 5 are associated with granitic rocks.

According to Akhmedbeyli [16], in the pre-neotectonic period, the Caucasus, Turkey,
and Iran constituted a single large tectonic block or terrane, which is confirmed by the following
facts. The central segment of the Alpine-Himalayan belt is characterized by high seismic
activity. According to B. Isaacs et al. (1974) [14], most earthquake epicenters are concentrated
along linear zones that form a trapezoidal configuration. The diagrams of V.E.Khain and
L.l.Lobkovsky (1990) [26] demonstrate not only crust-mantle, but also mantle earthquakes,
with linear seismic zones 1,750 km (southwestern boundary), 800 km (northwestern), 1,300 km
(northeastern), and 1,400 km (eastern) long. The territory's total area is 1,677,500 km?, and the
width of the linear seismic zones does not exceed 80—-110 km, indicating a high concentration
of epicenters.

These linear zones are reflected on the Earth's surface and in the deep layers of the
lithosphere as transregional deep faults penetrating the crust and upper mantle. Seismic activity
of linear seismic zones is associated with foci at different depths, but is manifested unevenly:
earthquakes occur fragmentarily, and the velocities and directions of horizontal movements
measured by GPS differ significantly. The modern tectonic structure and seismicity of linear
seismic zones are heterogeneous. For example, the zone passing near the eastern part of the
Black Sea Basin coincides with the convergence of Alpine and Cimmerian structures, where
many epicenters are concentrated. Here, the distances between the latitudinal Phanerozoic faults
coming from the Black Sea Basin also decrease, and the contours of the granite-free crust
narrow, as shown by N.A.Belyaevsky and A.E.Mikhailov (1980) [17]. Another linear seismic
zone runs through Iran from northeast to southwest to the Persian Gulf, crossing the eastern
part of the Elburz belt, the area of its junction with the Kopetdag, the southeastern part of the
Zagros, and intermediate structures. According to J.Stecklin [28, 29] and N. Falcon (1977) [25],
these structures are complex, with high tectonic activity in the Cenozoic. Orogenic processes
in the Elburz were accompanied by increased compression, which reduced the transverse
dimensions of the belt by about half. Most of the foci of crust-mantle earthquakes are
concentrated along this seismic zone, while mantle earthquakes are rare, except the area near
the coast of the Persian Gulf. Another linear seismic zone is characterized by seismically active
structures such as the "Dagestan wedge" and the Makhachkala-Krasnovodsk fault, associated
with earthquakes of 7-8 points, as well as the boundary between the Middle and South Caspian
basins. Of particular interest are seismic zones with of mantle foci, which coincide with the
folded structure of Zagros (e.g., Eppelbaum and Katz, 2017), then passes through the eastern
part of the Tauride Mountains and stretches along the Pontides. These linear seismic zones are
explained as the boundaries of the Caucasus-Turkey megablock, which underwent significant
changes in the neotectonic period. Their destruction did not begin immediately: at the end of
the Mesozoic, after the breakup of Gondwana, the African-Arabian continent, as a single plate,
began to move to the north-northeast. According to the paleotectonic reconstructions of
M.l.Rustamova (2001) [22], the Caucasus-Turkey-Iranian single microplate was located
between the northern and southern branches of the Mesotethys, which closed before the
beginning of the neotectonic stage. The geodynamic regime in this microplate was repeatedly
activated or weakened unevenly in time and space, which is confirmed by changes in the
intensity of tectonic movements, volcanism, metamorphism, geomorphological relief, large,
folded structures, depressions, ophiolite belts, and other features.
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Conclusions

The Caucasus occupies an important place in the Alpine-Himalayan belt; its tectonic
evolution is associated with the breakup of Gondwana, the movement of the Arabian Plate, and
complex geodynamic processes that formed the modern structure of the region under conditions
of compression and autonomous development. By the middle of the Mesozoic period (Early
Cretaceous), the outlines of the Alpine belt began to appear, although large segments such as
the Arabian and Punjab had not yet fully formed. Different parts of the belt differ in the intensity
of tectonic movements, volcanic activity, sediment structure, fault development and the nature
of folded deformations.

The Caucasus, Turkey, and Iran form a complex geological object. After the breakup of
Gondwana in the Jurassic period, the region was divided into large blocks (microplates), each
with unique structure, folding, and magmatism characteristics. By the beginning of the
neotectonic stage (Oligocene), the main structures had formed: the Caucasus, Pontides,
Taurides, Elborz, Zagross and adjacent basins, bounded by the Scythian Plate in the north and
the Arabian Plate in the south. The formation of the Red Sea rift in the post-Miocene period
caused the Arabian Plate to move to the northeast, affecting the region's geodynamics.

In the orogenic zones (Caucasus, Pontides, Elborz, Zagros), sedimentary strata
accumulated, thrusts and overturned folds formed. Volcanic activity was significant, with
ophiolite complexes in the Elborz, Lesser Caucasus, and Pontides. At the beginning of the
Mesozoic, the Caucasus, Tiirkiye, and Iran formed a single block associated with Gondwana,
the breakup of which occurred in the Late Cretaceous. Before the division into microplates, the
Caucasus, Turkey, and Iran developed in a single compression regime between the Arabian
Plate and the East European Platform. At the stage of neotectonic development, differentiation
of structures (Greater and Lesser Caucasus, Anatolides, Elborz, Zagros) occurred, differing in
folding types, volcanism, and faults. Zones with different characteristics are distinguished in
the region: in the Caucasus - the southern slope of the Greater Caucasus, Lesser Caucasus,
Talysh zone; in Iran - zones of metamorphic rocks, thrusts and folds; in Turkey - the Pontides,
Taurides and volcanic areas. The Greater Caucasus and Pontides (Turkey) have a latitudinal
orientation, while the Lesser Caucasus and southwest Turkey are arc structures. The length of
the Caucasus is about 1,125 km, Turkey — 1,300 km; transverse dimensions: 300-500 km
(Caucasus) and 380-700 km (Tirkiye). The distribution of rocks varies: Turkey has more
volcanic (25%) and ultramafic (25%) rocks, Iran has more metamorphic (45%) rocks, and the
Caucasus has more sedimentary (50%) and volcanic (30%) rocks. Deep processes in the region
developed partially autonomously, which is reflected in the differences in structure and rocks.
GPS data show compression to the north in Iran and the Caucasus, and from the northwest to
the southwest in Turkey, associated with the Transcaucasian uplift. The movement of the
Arabian Plate is due to the expansion of the Red Sea rift (175-375 km in diameter), which is
confirmed by GPS data.
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