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Annotation

The territory of Azerbaijan is characterized by high seismic activity and complex geodynamic
features. In 2025, horizontal movements of the Earth's crust were assessed using data from 22 GPS
stations. The analysis revealed that the average velocities were 6.13 mm/yr in the Greater Caucasus,
8.00 mm/yr in the Lesser Caucasus, 11.0 mm/yr in the Kura depression, 13.52 mm/yr in the Talysh
region, and 5.34 mm/yr on the Absheron Peninsula. Maximum velocities were observed in Lankaran
(13.83 mml/yr), Lerik (13.55 mm/yr), Jalilabad (13.21 mm/yr), and Saatli (13.35 mm/yr).

During the same period, focal mechanisms of 72 earthquakes (ml > 3.0) were analyzed, showing
the predominance of compressional and right-lateral strike-slip motions. Most earthquakes occurred
at depths of 3—74 km, reflecting local geodynamic activity, particularly in the Talysh zone with higher
seismic velocities and earthquake intensity. In total, 22 earthquakes occurred in the Caspian Sea
sector, 13 in the Kura depression, 22 in the Greater Caucasus, 9 in the Lankaran area, and 3 in the
Lesser Caucasus.

Integrated seismic and GPS data indicate that the average horizontal crustal movement across
Azerbaijan is approximately 8.04 mm/yr toward the northeast. Results show that increased velocities
in the Talysh, Kura depression, and Greater Caucasus zones correspond to enhanced geodynamic
stress and seismic activity, while buffer structures in the Absheron Peninsula and southern slopes of
the Greater Caucasus reduce horizontal displacement. This provide a detailed characterization of
Azerbaijan’s geodynamic and seismic environment and form a scientific basis for assessing potential
seismic hazards.

Keywords:Azerbaijan, seismic activity, geodynamic zones, GPS measurements, horizontal
velocity, earthquake focal mechanism, Lode-Nadai coefficient

2025-CI ILDO AZORBAYCAN 9RAZISINDO GPS VASITOSILO YER QABIGININ
UFUQI HOROKOTLORI VO SEYSMIK AKTIVLIYIN MONITORINQI

Kazimov 1.E., Kazimova S.E.

Annotasiya.

Azorbaycan orazisi yiliksok seysmik aktivliys malik vo miirokkob geodinamik xiisusiyyatlor
gostoran regiondur. 2025-ci ildo aparilmis todqgiqat ¢orgivasinds 22 GPS stansiyasinin molumatlari
osasinda Yer gabiginin horizontal horakatlori qiymotlondirilmisdir. ©1ds olunan naticalar gostarir ki,
Boyiik Qafqazda orta siirat 6,13 mm/il, Kicik Qafgazda 8,00 mm/il, Kiir ¢okokliyinds 11,0 mm/il,
Talis bolgosinds 13,52 mm/il, Abseron yarimadasinda isa 5,34 mm/il togkil edir. Maksimal siiratlor
Lonkoran (13,83 mm/il), Lerik (13,55 mm/il), Calilabad (13,21 mm/il) vo Saath (13,35 mm/il)
stansiyalarinda miisahido olunmusdur.

Eyni dovrds 72 zolzolonin (ml > 3.0) ocaq mexanizmlori tohlil edilmis vo sixilma, sag torofli
qurilib-qalxma tipli harokatlorin iistiinliik toskil etdiyi miioyyon edilmisdir. Zalzalalorin oksariyyati
3-74 km dorinlikdo bas vermis vo lokal geodinamik aktivliyi, xiisusilo Talis zonasinda yiiksok
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seysmik siirat vo zolzolo intensivliyi ilo uzlasmisdir. Xozor donizi sektorunda 22, Kiir ¢okokliyindo
13, Boylik Qafqazda 22, Lonkaran orazisinds 9 vo Kigik Qafqazda 3 zolzolo qeyds alinmisdir.

Inteqrasiya olunmus seysmoloji vo GPS molumatlar asasinda Azarbaycan orazisi {izro orta iifiiqi
horokot siiroti toxminon 8,04 mm/il vo simal-sorq istigamotindo miioyyon edilmisdir. Noticolor
gostarir ki, Talis, Kiir ¢okokliyi vo Boylik Qafqaz zonalarinda siirotlorin artmasi ilo geodinamik
gaorginliklor va seysmik aktivlik artir, Abseron yarimadasi vo Boylik Qafqazin conub yamacinda isa
“buffer” strukturlar horokotin otiirtilmasini azaldir. Bu noticolor regionun geodinamik vo seysmik
monzarasini doqiqliklo ortaya qoyur vo potensial seysmik tohliikonin qiymatlondirilmasi ii¢lin elmi
osas yaradir.

Acar sozlor: Azorbaycan, seysmik aktivlik, geodinamik zonalar, GPS miisahidslori, horizontal
slirat, zolzalonin ocaq mexanizmi, Lode-Nadai amsali

MOHHWUTOPHUHI TOPU30OHTAJIBHBIX JIBUKEHWI 3EMHOM KOPBI 1
CECMHUYECKOW AKTUBHOCTHU HA TEPPUTOPUM ASEPBAMJIKAHA C
HNCITIOJIb3OBAHUEM GPS B 2025 T0Y

Ksa3zeimoB U.J., KazsimoBa C. J.

AHHOTANUA

Tepputopus AzepOaiikaHa OTHOCUTCS K PETHOHAM C BBICOKOM CEHCMUYECKON aKTHUBHOCTHIO
U CJIOKHBIM T€OJIMHAMUYECKUM CTpoeHueM. B pamkax uccnenoBanuii, npoBeAEHHbIX B 2025 roxy,
Ha ocHOBe JaHHbIX 22 GPS-cranmii Oblia OleHEHA BEIMYMHA TOPU30HTAIBHBIX IBUKEHUN 3eMHON
Kopbl. IlosydeHHBIE pe3ysbTaThl MOKa3bIBAIOT, YTO CPEIHUE CKOPOCTH COCTAaBIISIOT: B IIpeneax
bonsmoro Kaskaza — 6,13 mm/roa, Manoro Kaskaza — 8,00 mm/ron, Kypunckoit Bnaguasr — 11,0
mMm/rof, Tanbimckoro pernoHa — 13,52 mm/ron, AOGIIepoHCKOro moayocTpoBa — 5,34 mMm/ron.
MaxkcruMaibHble 3Ha4eHUsI CKOpOcTell 3adukcupoBaHbl Ha cTaHuMsx Jlenkopans (13,83 mm/ron),
Jlepuxk (13,55 mm/ron), Jxanunaban (13,21 mm/rox) u Caatnel (13,35 mm/rox). B ToT e nepuon
OBLJT BBITIOJTHEH aHAIU3 MEXaHU3MOB 04aroB 72 3emueTpsicenuii (ml > 3,0), mo pe3ynbprataM KOTOPOTO
YCTQHOBJICHO NpeolafaHue peXHUMOB CXKaTHs M TMPABOCTOPOHHUX CIBUTOBO-B30pPOCOBBIX
JBIDKEHUH. BOJIBIIMHCTBO 3eMJIETPSICeHMH NpOM30IUIO0 Ha IiryouHax 3—-74 KM M OTpaxaer
JIOKAJIbHYI0 T€0JAMHAMMYECKYI0 aKTHBHOCTb, B YAaCTHOCTU COTIJIACOBAHHOCTH BBICOKMX CKOpOCTE
negopmanuii 1 MHTEHCUBHOM ceiicMuyHocT B Tambliickoit 30He. B cexrope Kacnuiickoro mops
3aperucTpupoBaHo 22 3emuerpsicenus, B Kypannckoi Bnagune — 13, B bonsmom Kaskaze — 22, B
Jlenkopanckom permoHe — 9 m B Manom KaBkaze — 3 coOwitmsi. Ha ocHoBe wuHTErpammu
ceiicmosnorndeckux u GPS-naHHBIX CpeHss CKOPOCTh TOPU30HTANIBHBIX IBUKEHUH 10 TEPPUTOPUU
AzepOaiipkana oreHuBaeTcsi nmpuMepHo B 8,04 MM/Toll W OpUEHTHPOBAaHA B CEBEPO-BOCTOYHOM
HanpasiieHuu. [loydeHHBIE pe3yabTaThl CBHIETENBCTBYIOT O TOM, 4YTO B 30HaxX Tanbla,
Kypaunckoii Bnagunsl U bonpmioro KaBkasza yBennueHHE CKOpPOCTEH COINPOBOXKAAETCS POCTOM
reoJJMHAMUYECKUX HaNpsDKEHUH U CeMCMHUYECKOM aKTUBHOCTH, TOrjJa Kak Ha AOIIepOHCKOM
MOJIyOCTpPOBE U 10KHOM ckiloHe bonbmoro Kapkaza Hamuuue «O0y(depHbIX» CTPYKTYp HNPUBOJIUT K
ociabieHuto nepenavyn aeopmartuii.

KiroueBbie caoBa:  Tepputopus  AsepOaiijpkaHa,  celiCMUYECKas  aKTUBHOCTD,
reoguHamuueckue 30Hbl, GPS-HaOmroneHus, TOpPU3OHTAIBHBIE CKOPOCTH, MEXaHU3M ouyara
3emuieTpsicenus, kodpduiueHt Jlone—Hanan.
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Introduction

The territory of Azerbaijan is one of the geodynamically complex regions with high seismic
activity. The interaction of the Eurasian, Arabian, and Iranian plates has resulted in the formation of
tectonic blocks and fault systems of varying scales. The velocities and directions of movement of
these blocks are key indicators that control crustal deformation processes, earthquake intensity, and
propagation characteristics. In particular, the Greater Caucasus, Lesser Caucasus, Talysh zone, Kura
Depression, and Absheron Peninsula are distinguished by their distinct geodynamic and seismic
characteristics [3, 4, 5, 20].

In recent decades, GPS observations have enabled precise monitoring of crustal movements
across Azerbaijan. Measurements conducted in 2025 at 22 GPS stations allowed for the assessment
of horizontal displacement rates and directions in different parts of the region, taking into account
errors related to station topography, ionospheric effects, and signal modulation. The aim of these
studies was not only to determine velocities but also to produce accurate geodynamic mapping of the
country and identify areas of potential seismic hazard [6, 14, 15].

Analysis for 2025 indicates that horizontal velocities average 6.13 mm/yr in the Greater
Caucasus, 8.00 mm/yr in the Lesser Caucasus, 11 mm/yr in the Kura Depression, 13.52 mm/yr in the
Talysh zone, and 5.34 mm/yr on the Absheron Peninsula. Maximum velocities were observed in the
Talysh region (Lankaran, Lerik, Jalilabad) and at the Saatly station, confirming the high
seismogeodynamic activity of these zones. The mean velocity in the northeast direction was 8.04
mm/yr, with increasing trends observed on the Absheron Peninsula, Kura Depression, and Greater
Caucasus.

Additionally, the focal mechanisms of 72 earthquakes (ml > 3.0) that occurred in Azerbaijan in
2025 were studied, and their geodynamic characteristics were analyzed. The majority of these
earthquakes originated in granite and basalt layers of the crust, with dominating compressional and
right-lateral reverse faulting. The Caspian Sea, Talysh, and Kura Depression regions exhibited high
seismic activity, and GPS observations confirmed correlations between earthquake foci. Based on
earthquake distribution and mechanisms, the regional distribution of the Lode-Nadai stress ratio and
compression-tension axes was determined, highlighting the complexity of geodynamic and seismic
conditions across Azerbaijan and the distinct characteristics of different zones.

Integrated seismological and geodynamic analyses allow for the localization of stress fields
resulting from plate collisions, as well as the evaluation of block movement directions and velocity
dynamics. These data provide a crucial scientific basis for assessing seismogeodynamic activity,
predicting risks, and evaluating earthquake occurrence probabilities in the region.

Thus, this study systematically presents the results of GPS and seismological observations
conducted in Azerbaijan in 2025, including horizontal movements of crustal blocks, regional
distribution of velocities, and earthquake focal mechanisms. The research contributes both to
understanding regional geodynamic processes and to assessing potential seismic risks.

Geodynamics of Azerbaijan in 2025

To determine the velocities and directions of horizontal movements of individual tectonic
blocks of the Earth's crust in Azerbaijan, 22 GPS stations were connected to the network, and the
positions of globally tracked satellites were refined via the internet. Over the past 13 years, a
comprehensive data archive has been accumulated. In 2025, the collected data were analyzed using
the GAMIT/GLOBK (v5.76) software package at the University of Massachusetts to evaluate both
the quality of the station conditions and the reliability of the measurements (Fig. 1).
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Figure 1. Network map of 22 GPS stations

During the analysis, the modulation errors of GPS signals due to local topography and
deviations caused by the ionosphere were calculated on a daily basis for each station. Based on the
obtained results, the horizontal displacements and their directions in 2025 were determined (Fig. 1),
and velocities were computed individually for each station. In 2025, the average horizontal velocities
were found to be 6.13 mm/yr in the Greater Caucasus, 8.00 mm/yr in the Lesser Caucasus, 11 mm/yr
in the Kura Depression, 13.52 mm/yr in the Talysh region, and 5.34 mm/yr on the Absheron
Peninsula.

The highest velocities were observed at the Lankaran (13.83 mm/yr), Lerik (13.55 mm/yr), and
Jalilabad (13.21 mm/yr) stations in the Talysh region, as well as at the Saatly station (13.35 mm/yr).
At these stations, the velocities remained consistently high compared to previous years, confirming
the intense seismogeodynamic activity in the Talysh zone.

Overall, the 2025 data indicate average northeast-directed horizontal movements of
approximately 8.04 mm/yr across Azerbaijan. The table below presents a comparative analysis of
average velocities by region, showing an increasing trend, particularly on the Absheron Peninsula,
Kura Depression, and Greater Caucasus zones.
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Figure 2. Comparative graph of velocities calculated from GPS stations in 2025
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Figure 2 shows the horizontal displacement velocities for the 22 GPS stations. Overall, the lines
are closely grouped, indicating the stability of the results. Some variations are observed, but they
remain within the range of 0.3-0.8 mm/yr. The minimum velocities (~5 mm/yr) were recorded at the
JLVG, NRDG, GOBG, QSRG, and QBLG stations. The maximum velocities (13—14 mm/yr) were
observed at the SATG, GLBG, LRKG, and LKRG stations. Thus, over nine months, velocities across
the 22 stations ranged from 5 to 14 mm/yr.

The most notable changes were observed at the ALIG and SATG stations. Comparison of six-
month data (12.46-12.7 mm/yr) with nine-month data (11.8-13.35 mm/yr) indicates that the velocity
at the ALIG station decreased by approximately 0.66 mm/yr, while at the SATG station it increased
by approximately 0.65 mm/yr. These trends remained consistent over both periods.

Stations located on the Absheron Peninsula (JLVG, GALG, NRDG, GOBG) showed relatively
low velocities, ranging from 5 to 6 mm/yr. In contrast, the southern stations of Azerbaijan (GLBG,
LRKG, LKRG) recorded the highest velocities (13-14 mm/yr). The nine-month data indicate that the
horizontal movement vectors remained largely stable across almost all stations, with variations within
+0.1-0.2 mm/yr. Only the ALIG station experienced a slight decrease (~0.66 mm/yr), while the
SATG station showed a slight increase (~0.65 mm/yr), likely reflecting local geodynamic processes.

Overall, the horizontal velocities of the Earth’s crust in Azerbaijan remained predominantly
stable throughout 2025. Distribution maps of horizontal velocities and vectors for GPS stations in
2025 were constructed (Figs. 2 and 3).
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Figure 3. Map of azimuth directions of horizontal velocities obtained from GPS stations in
2025
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Figure 4. Distribution of horizontal velocities at GPS stations and earthquakes (ml > 3.0) in
2025
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Figure 5. Horizontal velocity directions at GPS stations, histogram of horizontal
displacements along the profile, and earthquake depth distribution in 2025

To monitor variations in horizontal velocities across different regions, a profile was
constructed along the 1-1 SW-NE direction. The spatial distribution of GPS-derived velocity fields
indicates that, overall, the territory of Azerbaijan is moving northeast relative to the Eurasian plate.
Notably, a twofold decrease in velocities is observed between GPS stations located west of the
Caspian Fault in the Kura depression and Talysh region, and those situated on the Absheron Peninsula
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east of the Caspian Fault. This pattern highlights regional differences in crustal motion and confirms
the influence of local tectonic structures on horizontal displacement rates.

The observed decrease in velocities between the Talysh region and the Greater Caucasus has
several causes. Tectonically, the region between Talysh and the Greater Caucasus consists of small-
scale blocks moving in different directions, compensating for deformation through internal slip and
rotation. Approaching the Greater Caucasus, resistance to motion increases due to the presence of
developed uplifted structures and anticlines that act as buffers, slowing horizontal displacement. In
the central Kura depression and the southern slopes of the Greater Caucasus, major tectonic barriers
such as the Adijay-Alyat uplift and the Arpa-Samur fault absorb part of the compressional energy,
leading to reduced horizontal velocities. Additionally, the regional plate tectonics must be considered:
in the Talysh region, the Iranian block approaches nearly perpendicular to the deformation front,
while the influence of the Arabian plate in the Greater Caucasus is more oblique. Consequently, a
portion of the motion in the Kura depression and the Greater Caucasus is accommodated by slip or
block rotation rather than pure forward displacement, explaining the observed velocity decrease.

Sharp variations in mean horizontal velocities and azimuthal directions along the SW-NE
profile indicate stress accumulation between these regions, which is reflected in seismic activity.
Results from GPS and seismological studies in 2025 complement each other, providing a
comprehensive geodynamic picture of processes in different tectonic zones of Azerbaijan. Out of 70
recorded earthquakes, 68 occurred within Azerbaijan: 21 in the Caspian Sea, 13 in the Kura
depression, 22 in the Greater Caucasus, 9 in the Lankaran region, and 3 in the Lesser Caucasus.
Seismological data indicate that most events were characterized by thrusting and strike-slip
mechanisms, reflecting stress accumulation and release at the intersection of differently oriented
tectonic faults. GPS observations corroborate these findings.
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Figure 6. Focal mechanisms of earthquakes with ml 2 3.0 in 2025
(Fault map compiled by: Kengerli, Shikhalibeyli)[5]

1 — Dashgil-Mudrasa, 2 — Vandam, 3 — Gokchay, 4 — Siyazan, 5 — Zangi-Kozluchay, 6 — Germian, 7
— Adjichay-Alet, 8 — Western Caspian, 9 — Arpu-Samur, 10 — Gandjachay-Alazan, 11 — Gazakh-
Signakh, 12 — Northern Adjinour, 13 — lori, 14 — Kura, 15 — Mingachevir-Saatly, 16 — Bashlibel, 17
— Palmir-Absheron, 18 — Akhti-Nugedi-Kiliziali, 19 — Talysh, 20 — Yardimli, 21 — Front-Talysh, 22
— Central Caspian, 23 — Absheron-Pribalkan, 24 — Sangachal-Ogurchi, 25 — Chikishler, 26 —
Yashma flexure, 26a — Gizilagach, 27 — Shakhov-Azizbeyov, 28 — Qarabogaz-Safidrud
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The highest velocities (13-14 mm/yr) were observed at the Lankaran, Lerik, and Jalilabad
stations in the Talysh zone, consistent with the region’s high seismogeodynamic activity and higher
earthquake occurrence. Earthquakes in the Kura depression (e.g., a magnitude mi=4.0 event in the
Goychay district) were associated with right-lateral thrusting, consistent with GPS-derived average
velocities of ~11 mm/yr. In the Greater Caucasus, earthquakes in the Ismayilli-Shamakhi area
(ml=3.6-3.8) occurred in zones with slower GPS velocities (~6.21 mm/yr), but corresponded to areas
of locally elevated stress accumulation.

Analysis of Earthquake Focal Mechanisms in the Caspian Sea and Greater Caucasus in
2025

Studying the focal mechanisms of strong earthquakes allows for the identification of
characteristic tectonic motion types in different seismically active regions of the crust and enables the
estimation of the maximum ground acceleration values associated with these motion types [18, 19].
Accordingly, in 2025, to investigate stress and deformation fields in the crust, the focal mechanisms
and dynamic parameters of earthquakes were analyzed, along with their formation conditions,
including compressional and extensional stress regions [17]. As a result, the focal mechanisms of 72
earthquakes with magnitudes ml > 3.0 were determined and analyzed (Fig. 6).

Of the 72 recorded earthquakes, 70 occurred within the territory of Azerbaijan. Among these
70 earthquakes, 22 were in the Caspian Sea, 13 in the Kura depression, 22 in the Greater Caucasus,
9 in the Lankaran region, and 3 in the Lesser Caucasus (Fig. 7).

Talish 9 AU Cau
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Figure 7. Histogram showing the distribution of focal mechanisms for 68 earthquakes (ml >
3.0) recorded over the course of 2025

In 2025, the focal mechanisms of 22 earthquakes in the Caspian Sea were analyzed. The
strongest earthquake of the year (ml=4.0) occurred on March 7 at 08:22:58 local time in the Caspian
Sea. The earthquake’s depth was determined to be H = 45 km. The compression axis (P) (PL = 9)
was oriented vertically, while the tension axis (T) (PL = 78) was oriented near-horizontal. For the
first nodal plane, a steep dip angle (DP1 = 54°) was determined, and for the second nodal plane, a
shallow dip angle (DP2 = 37°) was obtained. The displacement at the focus indicates that the
movement was predominantly of a reverse-fault type.

On April 27, 2025, a magnitude ml= 3.6 earthquake occurred near the Absheron Peninsula at
18:13:14 local time. Its depth was H = 58 km. The compression axis (P) (PL = 13) was vertically
oriented, while the tension axis (T) (PL = 46) was near-horizontal. Both nodal planes showed steep
dip angles (DP1 = 70° and DP2 = 48°). The displacement at the focus was primarily reverse-fault,
consistent with the Central Caspian fault system.
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In 2025, 22 earthquakes occurred in the Greater Caucasus region. In the early months, the
strongest earthquakes occurred in the Ismayilli (ml= 3.6) and Shamakhi (ML = 3.7) districts. On
February 19, at 15:11:42 local time, an earthquake was recorded in Ismayilli. The epicentral intensity
was 4, and nearby settlements—Lahij, Zarat, Julian, Burovdal, and Mudri villages—experienced
intensity 3. The earthquake depth was H = 11 km. The orientations of the compression (P) and tension
(T) axes were both near-vertical (PL = 4-7). For the first and second nodal planes, steep dip angles
were determined (DP1 = 88° and DP2 = 82°). The focal displacement indicates a dominant right-
lateral strike-slip movement, consistent with the Vondam fault.

Another earthquake occurred in the Sheki district on April 21 (ml=4.0), 5 km east of the Sheki
station. The epicentral intensity was 4, with nearby settlements experiencing intensity 3. The
earthquake occurred at 08:31:09 local time, with a depth of H = 17 km. The compression axis (P) (PL
= 0-0) was oriented horizontally, and both nodal planes exhibited steep dip angles (DP1 = 90° and
DP2 = 90°). The focal displacement was primarily strike-slip, consistent with the Dashgil-Mudrese
fault.
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Figure 8. Distribution of Coulomb stresses and depth profiles for the earthquakes that
occurred in Shamakhi district on June 5-6, 2025

The Shamakhi district also showed increased activity. The strongest earthquake occurred on
June 5, 14 km northeast of the Pirqulu station, with a magnitude of ml= 3.7. The epicentral intensity
was 4, with surrounding settlements in Shamakhi and Khizi experiencing 3-4 intensity. The
earthquake occurred at 16:02:43 local time, with a depth of H =7 km. The compression axis (P) (PL
= 8-2) was near-horizontal, and the nodal planes had steep dip angles (DP1 = 86° and DP2 = 83°).
The displacement at the focus was predominantly right-lateral, consistent with the Dashgil-Mudrese
fault.

Additional earthquakes occurred on June 5-6: ML = 3.2 at 12:04:59 (05.06.2025), ml= 3.2 at
02:40:34 (06.06.2025), and ml= 3.6 at 06:18:36 (06.06.2025). The displacements at these foci
exhibited the same characteristics as the main events, indicating consistent strike-slip motion. All
events, including aftershocks, were shallow, occurring at depths of 2-10 km. Coulomb stress
distribution for these earthquakes was mapped, with stress release indicated in blue [8]. Profiles show
that four areas within the focal zones maintained residual stress, highlighting continued
seismotectonic activity in these regions.

On July 12, 2025, an earthquake of magnitude ML = 3.8 occurred in the Ismayilli district, 10
km west of the Pirqulu station. The epicentral intensity was 4, with nearby settlements in Shamakhi
district experiencing intensity 3—4. The earthquake occurred at 07:18:58 local time at a depth of H =
9 km. The compression axis (P) (PL = 4-23) was oriented near-horizontal, and the dip angles for the
first and second nodal planes were steep (DP1 =77° and DP2 = 72°). The focal displacement indicates
a dominant left-lateral strike-slip motion, consistent with the Dashgil-Mudrese fault.

On August 21, 2025, an earthquake of ml = 3.6 occurred in Siyazan district, 10 km south of
the Siyazan station. The event was not felt in settlements farther from the epicenter; nearby
settlements experienced intensity up to 3. The earthquake occurred at 17:17:58 local time at a depth
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of H =49 km. The compression axis (P) (PL = 68) was oriented vertically, while the tension axis (T)
(PL = 8) was near-horizontal. The first nodal plane showed a steep dip (DP1 = 57°) and the second a
shallow dip (DP2 =41°). The focal displacement was dominated by right-lateral reverse-fault motion,
consistent with the Siyazan fault.

In the Kura depression, focal mechanisms were determined for 13 earthquakes over the past
year. On March 26, 2025, a magnitude ml = 3.6 earthquake occurred in Samukh district, 46 km
northwest of the Mingachevir station near the Mingachevir reservoir. The epicentral intensity reached
3 in nearby settlements. The earthquake occurred at 17:09:31 local time at a depth of H = 11 km. The
compression axis (P) (PL = 5-7) was near-horizontal, and both nodal planes exhibited steep dips
(DP1 = 89° and DP2 = 82°). The focal displacement indicates a dominant left-lateral strike-slip
motion, consistent with the Gandja-Chay fault.

The strongest earthquake in the Kura depression occurred on August 9 in Goychay district (ml
= 4.0) at 11:03:35 local time. Recorded 35 km southwest of Ismayilli station, the earthquake had an
epicentral intensity of 4 in Goychay and 3 in surrounding settlements including Gabala, Ismayilli,
and Agdash. The depth was H = 16 km. The compression axis (P) (PL = 16) was vertical, the tension
axis (T) (PL = 60) near-horizontal; the first and second nodal planes had dip angles DP1 = 66° and
DP2 = 36°, respectively. The focal displacement was dominated by right-lateral reverse-fault motion,
consistent with the Khachinchay fault.
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Figure 9. Distribution map of the Lode-Nadai ratio calculated based on the mechanisms of
earthquakes that occurred in 2025
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In the Lankaran region, focal mechanisms were determined for 9 earthquakes. The strongest
event occurred on March 9 in Lerik district (ml = 4.0) at 07:49:54 local time, with a depth of H = 15
km. The P and T axes were near-horizontal (PL = 24-17), and the nodal planes exhibited steep dips
(DP1 = 86° and DP2 = 61°). The focal displacement indicates right-lateral strike-slip motion,
consistent with the Talish fault. On June 2, a second earthquake occurred at 07:51:15 local time at a
depth of H = 15 km. The compression axis (P) (PL = 90) was horizontal, the tension axis (T) (PL =
0) near-vertical, and the nodal planes had dip angles DP1 = DP2 = 45°. The focal displacement was
dominated by left-lateral strike-slip motion, consistent with the Pre-Talish fault.
In the Lesser Caucasus, 3 earthquakes were recorded, with focal mechanisms determined. The
strongest was in Kalbajar district (ml = 3.7) on April 7 at 00:35:55 local time, 50 km southwest of the
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Agdam station. The earthquake occurred at H = 15 km, with P and T axes oriented horizontally (PL
= 0-0). Both nodal planes showed steep dips (DP1 = DP2 = 90°). The focal displacement indicates
dominant strike-slip motion, consistent with the Arpa-Samur fault.
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Figure 10. Distribution map of the compression-tension axes calculated based on the
mechanisms of earthquakes in 2025

One of the strongest earthquakes of 2025 occurred in Dagestan. According to the
Seismological Service Center, the earthquake’s hypocenter was near Izberbash, at a depth of 14 km.
Seismic waves were recorded at 00:33 Baku time, 28 km east of I1zberbash and 51 km north-northwest
of Derbent, with a magnitude of ml=5.3. The focal displacement was predominantly reverse-fault.

Based on the calculated focal mechanisms, a map of the Lode-Nadai stress ratio was
constructed [1]. The map shows compressional stress dominating in the Lesser Caucasus,
northeastern Talish, and the Central Caspian Sea, while extensional stress characterizes the Greater
Caucasus, Lower Kura depression, Nakhchivan, Lankaran, and the southern Caspian region (Fig. 9).
The geodynamics of crustal blocks in the eastern part of Azerbaijan is primarily influenced by the
right-lateral faulting of the Western Caspian, with predominantly right-lateral reverse-fault motion
observed in this area.

The orientation of the compression and tension axes shows that in several earthquakes in the
Central Caspian and Greater Caucasus regions, they are directed NE-SW, whereas in the Talysh
region, the tension axes are oriented NW-SE (Fig. 10).

Almost all earthquakes with magnitudes ml > 3.0 occurred at depths ranging from 3 to 74 km.
The majority of seismic activity is observed within the granite and basalt layers of the crust. This
suggests that the seismicity of the junction between the Scythian-Turanian platform and the Alpine
orogen is associated with the intersection of tectonic faults of various orientations (seismogenic
nodes) [9, 11, 12].

Uneven stress distribution over tectonic blocks is observed in areas of thin crust, brittle
lithofacies, and specific petro-physical compositions. Such zones facilitate the accumulation of
potential stress energy, and as stress increases, fractured structural zones form. For the Central



36 Kazimov LE and Kazimova S.E.: GPS-BASED MONITORING OF HORIZONTAL CRUSTAL MOVEMENTS..

Caspian basin, the small angles of the tension axes indicate that thrust-faulting dominates in this
region.

Results and discussion

Integrated analysis of seismological data (number, magnitude, depth, and distribution of
earthquakes), geodynamic observations (GPS-measured velocities of lithospheric blocks, stress fields
generated by plate convergence), focal mechanisms, orientation of compression/tension axes, and
Lode-Nadai ratios has allowed for the synthesis of generalized results.

In 2025, 5216 local earthquakes were recorded, of which 71 had ml > 3.0, and 19 were felt,
corresponding to an approximate intensity of 5.4. Overall seismic activity is moderate but increased
in zones of higher GPS-measured velocities (Ismayilli, Talysh, and the Caspian Sea). Correlation
shows that increased velocities in the northwest of the republic and accumulated stress released in the
Caspian Sea correspond to higher seismicity compared to 2024. This aligns with studies from 2023—
2024 showing transitions from extension to compression and increased tectonic activity.
Approximately 60% of earthquakes at depths < 20 km reflect deformation in the sedimentary layers
caused by plate motions. The primary causes of seismicity are collisions between the Arabian, Iranian,
and Eurasian plates, resulting in compression, local extension, stress accumulation along faults, and
energy release in brittle crustal layers. GPS data indicate that the mean horizontal velocity of
continental movement in the northeast is ~8.1 mm/year.

Caspian Sea (Azerbaijan sector). A detailed analysis of the Caspian Sea reveals high
seismicity in the central and northern parts under compression (28 events with ml > 3, depths 2074
km, focal depths for strong shocks 66-74 km). Strike-slip and thrust mechanisms dominate.
Geodynamically, this is associated with the general compression of the Skif-Turan and South Caspian
plates, activating faults such as Agrakhan-Krasnovodsk, Sangachal-Ogurchi, Shakhov-Azizbeyov,
Mil-Chikishlyar, and Yashma-Byandov. In the central part, compression (axes-oriented NW-SE) and
extension in the south promote lithospheric subsidence or rupture at depth. The strongest earthquake
(ml 5.4, depth 74 km) occurred on 26 August 2025 off the Dagestan coast, associated with the Terek
fault. Caspian Sea activity increased relative to 2024 due to enhanced compression in the transition
from continental collision to oceanic deformation, increasing the risk of strong deep shocks. Low
velocities on the Absheron Peninsula explain the weak seismicity—buffer zones absorb deformation
without generating strong shocks.

Greater Caucasus (Shamakhi-Ismayilli, Balakan-Gabala, Quba-Qusar, Siyazan zones).
The most active part of the Greater Caucasus recorded 22 events with ml > 3.0, focal depths mainly
2-49 km (shallow 2—15 km). Seismicity is driven by compression from the Arabian plate (mean GPS
velocity ~6.1 mm/year from 2024 to 2025) and primarily right-lateral strike-slip mechanisms with
steep dip angles (DP 72-90). Block geodynamics enhance meridional migration of epicenters,
activating the Western Caspian, Dashgil-Mudrasa, Vandam, and Siyazan faults. In some areas,
extension (NW-SE) dominates, promoting brittle deformation in the thin crust and aftershocks
(Ismayilli). Analysis of earthquakes from Shamakhi-Ismayilli revealed residual Coulomb stresses
caused by uneven energy release due to local obstacles at the collision front, increasing the risk of
sequential events in populated areas. Deep foci (up to 45 km) reflect stress accumulation in lower
layers consistent with plate collision models. This aligns with the general pattern in the Caucasus,
where compressional stresses from the Arabian Plate induce earthquakes along fold and thrust belts

[2].

Kura Depression (Central and Lower Kura, Samukh, Goychay). Seismicity is weak (13
events with ml > 3, depths 2-30 km). Strike-slip mechanisms dominate, related to compression in
sedimentary basins, activating Gandjachay, Khachinchay, and Alazan-Ayrichay faults. Extension
moderates activity through creep. Moderate activity results from the balance between plate
compression and basin extension, causing moderate shaking at fault intersections; the risk increases
with faster movements, affecting hydraulic structures.
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Talysh Zone (Lankaran, including the Iranian border). High seismicity is observed,
though lower than in 2024 (nine events with ml > 3 at 11-19 km depth in the granite layer).
Geodynamics is driven by strong compression from the Iranian plate (reverse-slip mechanisms, max
velocities ~13-14 mm/year), enhancing deformation in mountainous areas and activating Talysh and
Pre-Talysh faults. SW Talysh exhibits extension, NE compression. High velocities are directly related
to seismicity: compression from the near-perpendicular approach of the Iranian plate strengthens fault
activity, generating earthquakes at 11-19 km depth. Historical data show this zone as an intense
deformation area with frequent moderate shocks. The reduction compared to 2024 (ml 5.3) may
indicate partial stress release, but ongoing high ratios maintain risk.

Lesser Caucasus (including Samukh and Kalbajar). Low seismicity is observed (3 events
with ml > 3, depths 11-14 km), primarily from horizontal strike-slip and moderate-velocity (~8
mm/year) mixed deformation. Geodynamics relate to lateral movements in the plate junction
activating Arpa-Samur, Lachin-Bashlibel, and Gandjachay faults. Minimal activity reflects relatively
stable tectonics compared to the Greater Caucasus, with strike-slip faults predominating due to
regional compression.

Nakhchivan Autonomous Republic. Minimal seismicity (33 shocks with 0.5-2.5 ml, no
significant events) reflects stable geodynamics (~8 mm/year), isolated zones, and infrequent weak
surface mechanisms due to the lack of active faults and buffering by surrounding plates.

Conclusions

In 2025, Azerbaijan continued to experience deformation under NE-directed compression due
to the collision of the Arabian and Eurasian plates and the active role of the Iranian block. Compared
to 2024, horizontal velocities increased in almost all major geotectonic zones. Overall, seismicity
reflects the dynamics of plate collisions: compression dominates in the Caspian Sea and southern
regions (Talysh), strike-slip faults predominate in the Greater Caucasus, and extension is moderate in
the Kura and Nakhchivan regions. Variations in geodynamic conditions arise from uneven stress
accumulation along faults and energy release in brittle crustal layers. Moderate-magnitude
earthquakes (ml 3-5) were observed in 2025, with no catastrophic events.
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