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Abstract: Relevance. This paper examines the seismic and tectonic characteristics of Azerbaijan, with em-
phasis on the Karabakh and Eastern Zangezur regions. The study is relevant because the absence of seismic sta-
tions in these areas has led to a prolonged lack of systematic observations. Aim. The main objective is to analyze
the seismicity of the Karabakh and Eastern Zangezur zones in greater detail and to identify their specific features.
Methods. The research considers the spatial and temporal distribution of earthquakes and their relationship
with regional tectonics. Azerbaijan is a seismically active territory where both strong and moderate earthquakes
have occurred. The epicenters of major events are concentrated mainly along the southern slope of the Greater
Caucasus. In the Lesser Caucasus, large earthquakes are less frequent but have been recorded in Ganja, Kalbajar,
and Agdam, as well as in the Lerik and Masalli districts. In the Kura depression, earthquake foci are observed
but less densely distributed. A significant clustering of strong earthquake epicenters is also noted in the Caspian
Sea — 60-70 km north, 100-120 km east, and about 50 km south of the Absheron Peninsula. Weak tremors are
unevenly distributed, mainly in the eastern Greater Caucasus, often coinciding with strong earthquake zones.
Results. Unlike many seismically active regions of Azerbaijan, the Karabakh and Eastern Zangezur zones (except
the Kalbajar district and its eastern part) are considered aseismic, owing to the absence of active faults. However,
seismic hazard may still arise from neighboring, more active regions.
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Pestome: AKTyanbHOCTb pa6oTbl. B gaHHOI paboTe paccmaTpuBaloTCs CEICMUYECKUe M TEKTOHUYeCcKue
0co6eHHOCTU A3epbaikaHa, ¢ akLeHToM Ha Kapabaxckuit  BocTo4HO-3aHre3ypekuid pernoHbl. AKTyanbHOCTb
OnpefenseTcs 0TCYTCTBUEM CEMCMUYECKNX CTaHLWIA B 3TUX paloHax, YTo NPUBESO K ASIUTENIbHOMY OTCYTCTBUIO
cucTemaTtuyeckux HabnoaeHuni. Lienb nceneposanna. OCHOBHAA Lie/b 3aKII04aeTCs B 60s1ee AeTailbHOM aHanuae
cecMmyHocT Kapabaxckoi 1 BocTo4HO-3aHre3ypeKoi 30H 1 BbISBAEHUI UX CNELNdUYECKNX 0COOEHHOCTEN.
Metopabl. B paboTte paccmatpuBatoTCs NPOCTPAHCTBEHHO-BPEMEHHbIE 0COOEHHOCTU pacnpeaesieHns 3eMneTps-
CEHUM N NX CBA3b C PErNOHANbHOI TEKTOHMKON. A3epbaiiKaH ABNSETCA CECMUYECKN aKTUBHOW TEPPUTOPUEN,
rAe NPOMCXOANN KaK CUMbHbIE, TaK 11 YMePEHHbIe 3eMNETPACEHNS. ANULEHTPbI KPYMHbIX COObITUI COCPEAO0TOo-
YeHbl rMaBHbIM 06pa30M Ha HXXHOM ckfoHe bonblioro Kaekasa. B npegenax Manoro Kakasa cuibHble 3eM-
NETPACEHNA HAGNIAAIOTCA PexKe, OAHAKO OHU 3adonKCMpOBaHbI B paioHax MHmka, Kenbbamkap u Argam, a
TaKkxe B Jlepukckom n MacannuHckom paiioHax. B Kiopckoi BnaguHe ovarn 3eMneTpsiCeHnii BCTPeYarTes, HO
pacnpefenieHbl MeHee NNOTHO. 3HaYNTeNbHOE CKOMMeHe SNULIEHTPOB CUMTbHBIX 3eMIIETPACEHNA OTMEYaeTCs 1
B Kacnuiickom mope — B 60-70 km K cesepy, 100-120 KM K BOCTOKY 1 0k0no 50 KM K tory OT AnLLEPOHCKOro
nonyoctposa. Crabble TONYKKU pacnpefesieHbl KpailHe HepaBHOMEPHO, NPEMMYLLECTBEHHO B BOCTOYHOM YacTu
bonbworo KaBkasa, 1 4alle BCEro CoBMafatT ¢ 30HaMI CUIIbHbIX 3eMNETpsceHnid. PesynbTatbl. B oTnnyme ot
MHOMUX APYruX CEMCMOAKTUBHbIX pernoHoB AsepbaiikaHa, Kapabaxckas 1 BocTo4Ho-3aHre3ypcekas 30HbI (3a
ncKkntoYeHnem Kenb6amxkapckoro painoHa u ero BOCTOYHOI 4acTyh) CHATAOTCSA aCENCMUYHBIMU, 4TO 06BACHSAETCS
OTCYTCTBMEM AKTUBHbIX Pa3fIOMOB. TeM He MeHee, CEMCMUYecKas yrpo3a Ans aTux pernoHOB MOXKET UCXOAUTb
0T cocefiHuX, 60/1ee akTUBHbIX 30H.

Kntovesbie cnosa: 3eMJIETPACEHMS, CEICMUYHOCTb, KapTa 3MULEHTPOB, TEKTOHNKA, aCENCMUYHOCTb, 04ar
3eMneTpACceHns, pa3nombl.

bnaropapHocTu: PaboTa BbinosiHeHa npy GYUHAHCOBOM MoAAEPXKe A3epOaKaHCKOro Hay4Horo (hoHja B
pamkax npoekta Ne AEF-MGC-2024-2(50)-16/05/2-M-05.
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Infroduction

In the Karabakh and East Zangezur regions of Azerbaijan, seismic research has not
been conducted for about 30 years. It is worth noting that these studies were not widely
developed even during the Soviet era. Seismic stations in this region were opened in the
mid-1980s in the Jebrail, Kalbacar, and Aghdam districts. Thus, the seismicity of this area
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has not been investigated. Currently, the region is undergoing reconstruction. Large cities,
roads, bridges, tunnels, airports and other civil and industrial facilities are being built. All
this makes the study of the seismicity of this territory relevant, which is necessary for as-
sessing the seismic hazard and risk.

Seismicity manifestations in the territory of Azerbaijan

The territory of Azerbaijan is characterized by fairly high seismic activity. Strong
earthquakes have repeatedly occurred here, examples of which are the earthquakes of
Gandja (M»6.7, [»9 points) in 427, (M»6.8, [»9 points) in 1139 and Shamakhi (M»7.0,
[»9-10 points) in 1667, (M»6.9, [»9-10 points) in 1902. During the Gandja earthquake
of 1139, the largest lake in Azerbaijan, Goygol, was formed. The earthquake that occurred
in Shamakhi in 1667 (M»7.0, I;»9-10 points) is considered the strongest earthquake in
the Caucasus. Data from that time indicate that rock avalanches during this earthquake
claimed the lives of more than 80,000 people [New Catalogue, 1977]. This earthquake
was followed by strong aftershocks over the next few years, with an Intensity of 8 on the
MSK-64 scale at the epicenter.

In addition to strong ones, numerous weak (M<4.0) and moderate (M=4.0+5.5) earth-
quakes occur annually in Azerbaijan. Moderate earthquakes usually caused cracks in houses
and rarely resulted in destruction. Such earthquakes include Ismayilli (M=5.1) of 1981,
Aghdash (M=4.9) of 1999, Caspian (Baku) (M=6.2) of 2000, Zagatala (M=5.6) of 2012,
Shamakhi-Ismayilli-Akhsu (M=5.1) of 2019. Maps of the earthquake epicenters of different
magnitudes allow us to judge the features of seismicity in the territory of Azerbaijan.

The map of strong earthquake epicenters (with M>5.0) in Azerbaijan for the period
427-2024, constructed using the earthquake catalogue (fund of the Seismic Survey Center
of ANAS), shows that strong earthquakes occurred rarely and not everywhere (fig. 1).
The epicenters of strong earthquakes are mainly concentrated in certain areas of the
southern slope of the Greater Caucasus, which are separated by less active or aseismic
zones. Moreover, the densest cluster is characteristic for the Shamakhi-Ismailli region.
High seismic activity is also observed in the northeast of the Republic (in Guba, Gusar
and Khachmaz regions).
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Fig. 1. Map of earthquake epicenters with M>5.0 in the territory of Azerbaijan
for the period 427-2024
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To the south of the eastern part of the Greater Caucasus — within the Kura Depression,
there are sources of strong earthquakes, although they are not distributed so densely.

In the Azerbaijani part of the Lesser Caucasus, rare strong earthquakes are observed
in Gandja, Kalbajar and Aghdam, as well as in Lerik and Masalli regions.

The epicenters of strong earthquakes are concentrated in the Caspian Sea — approxi-
mately 60-70 km north, 100-120 km east and 50 km south of the Absheron Peninsula.

The analysis shows that within Azerbaijan, weak seismic tremors are also distributed
extremely unevenly (fig. 2). The overwhelming majority of earthquakes occur in the east-
ern part of the Greater Caucasus. It should be noted that this region is characterized by
such an uneven distribution. There is a concentration of earthquake epicenters in some
places and a small number of them or their absence in others.

Here, an increased concentration of epicenters is noted in the zones of occurrence of
strong earthquakes — in the area between the cities of Balakan and Zagatala, in the Oghuz
region, to the east of the Gabala meridian, as well as in the Ismailly and Shamakhi re-
gions. These zones of accumulation of seismic tremors are separated by areas character-
ized by a small number of earthquakes, or their complete absence.
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Fig. 2. Map of earthquake epicenters with M>3.0 in the territory of Azerbaijan
for the period 1980-2024

An increased level of weak seismicity is also characteristic of all source zones in the
Kura Depression (Aghdash, Kurdamir, Zardab, Imishli districts), the Azerbaijani part of
the Lesser Caucasus (Gandja and Kalbajar districts). A high concentration of weak earth-
quake sources is characteristic of the Lerik and Masalli districts.

In addition to the above seismically active areas, there are also separate aseismic
zones in Azerbaijan.

These zones include the Absheron Peninsula with its western part (up to the meridian
of 49° E), a small zone north of the Gadabay region (the zone between 40,5° and 41° N
and from the border with Armenia to 46° E), and a fairly large territory covering the areas
of the Karabakh and East Zangezur regions. Within these zones, isolated epicenters of
seismic tremors are observed or they are absent altogether. Thus, the territory of Azerbai-
jan can be considered a unique seismological laboratory, where nature conducts various
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experiments: in one case, the depression zone (east of the meridian of 49°E, including the
Absheron Peninsula, as well as the flat part of Karabakh) is aseismic, i.e. isolated epicent-
ers of seismic tremors are observed, in another case the same zone (Kura Depression) is
characterized by high seismicity. On the other hand, one mountain-fold system (the east-
ern part of the Greater Caucasus) is characterized by increased seismicity, and at the same
time another mountain-fold system — in East Zangezur — does not have seismic tremors.
All this shows that the zones of occurrence of earthquakes are not connected in any way
by the geomorphological conditions of the area.

Tectonic substantiation of seismicity of the territory of Azerbaijan

Scientists have long established that strong and destructive earthquakes are confined
to fault zones [Caputo et al., 1980; Gamburtsev, 1955; Gelfand et al., 1972]. It should be
noted that weak and medium-strength earthquakes also occur in fault zones. The fact is
that an indispensable condition for the occurrence of strong earthquakes is contrasting
tectonic movements, which are characteristic of fault zones dividing areas with different,
and sometimes sharply changing, directions of tectonic movements. And areas within
geological structures are characterized by a common tectonic regime (without contrasting
movements) and, therefore, there are no conditions for the occurrence of strong earth-
quakes.

As noted, researchers believe that strong and destructive earthquakes are associated
with fault zones observed at the surface or inferred at depth [Gamburtsev, 1955; Gubin,
1978; Gubin, 1950; Rantsman, 1979; Riznichenko, 1976].

However, there are alternative views regarding seismogenic zones. Some scholars ar-
gue that the foci of major earthquakes are localized at morphostructural nodes, i.e., at the
intersections of active faults [Caputo et al., 1980; Gelfand et al., 1972]. The locations of
such nodes are determined using the method of morphostructural zoning [Alekseevskaya
etal., 1977; Gelfand et al., 1972; Gorshkov, 2010; Polyakova, 1985; Shikhalibeyli, 1996].
It has been demonstrated in that the assumption concerning the localization of strong
earthquake foci at the intersections of active faults is supported by statistical analysis.

On the territory of the Greater Caucasus, a number of structural elements are distin-
guished, with a general Caucasian direction, which plunge in the eastern direction.

The Kura Trough has a complex structure. Within its boundaries, marginal and inter-
nal zones with geosynclinal and platform foundations of the Meso-Paleogene, respec-
tively, are distinguished. Karabakh and East Zangezur regions of Azerbaijan are located
within the Lesser Caucasus, which is a folded-block mountain belt. The main tectonic
structures are the Zangezur folded-block massif, which includes raised blocks of crystal-
line rocks, the Karabakh Highland — a volcano-plutonic structure composed of Jurassic
and Cretaceous volcanogenic-sedimentary formations, and the Megan synclinorium — a
large geological structure containing a thick layer of sedimentary rocks of the Jurassic
and Cretaceous age.

Large structures in the territory of Azerbaijan during the entire Alpine cycle or its
individual stages were limited by deep faults and experienced intensive differential move-
ments, predetermining the modern structure of the region.

Deep faults in the territory of Azerbaijan were studied by E.Sh. Shikhalibeyli,
F.S.Akhmedbeyli and other researchers [Akhmedbeyli, 2004; Shikhalibeyli, 1996].
Along with faults with a general Caucasian direction, they also distinguish transverse
(anti-Caucasian) faults.
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However, it was established [Mammadli, 2011, 2012, 2014, 2022; Mammadli,
Muradov, 2023; Mammadli, Rogozhin, 2019; Ovsyuchenko et al., 2011; Yetirmishli,
Kazimov, 2022] that tectonic faults are not active along their entire length and, accord-
ingly, strong earthquakes may not occur at all their points. A method was developed
for determining active segments of deep faults based on weak seismicity, which al-
lows more accurately establishing the spatial positions of real source zones of strong
earthquakes [Gubin, 1978]. Using this method, many active segments of deep faults
(source zones) with different lengths and directions were established in the territory of
Azerbaijan (fig. 3).
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Fig. 3. Schematic map of active segments of deep faults (source zones)
of strong earthquake zones in Azerbaijan

This schematic map shows that these sources of strong earthquakes correspond to
individual segments of faults. In other words, active segments of deep faults are the
generators of earthquakes. In zones where there are no active deep faults, there are isolated
epicenters of seismic tremors.

Discussion of Results

The results of our research allow us to conclude that some areas of the territory of
Azerbaijan, including Karabakh and East Zangezur regions, are characterized by aseis-
micity, i.e. in these areas there are no tectonic conditions for the occurrence of earth-
quakes. The seismic threat to these zones comes from the sources of strong earthquakes
in neighbouring regions and, given their potential strength, the seismic hazard of the
territory of the Karabakh and East Zangezur regions (except for the Kalbajar region and
its eastern part) is estimated at 7 points on the MSK-64 scale [Mammadli, 2022] (fig.
4). The same seismic hazard is characteristic of small zones to the north of the Gadabay
region (the zone between 40,5° and 41° N and from the border with Armenia to 46° E),
to the south of the city of Gakh, to the north of the city of Sumgait, between the cities of
Shirvan and Neftchala.
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Fig. 4. Map of the probability of the strong earthquake s occurrence within the territory
of the Republic of Azerbaijan (Mammadli, Yetirmishli, 2013)

It should be noted that, unlike other zones with a low level of seismic hazard, the
Karabakh and East Zangezur regions occupy a fairly large territory. Currently, large-
scale construction works are being carried out in these territories. Cities, roads, bridges,
tunnels, airports and many other civil and industrial facilities are being built. Territories
with a low level of seismic hazard are the most favourable for such major construction
work. Detailed seismotectonic studies and anti-seismic calculations are not required.

Conclusion

The conducted studies allow us to conclude the following:

1. The seismicity of the territory of Azerbaijanis characterized by extreme heterogeneity.

2. Along with areas of increased seismicity, there are aseismic zones where isolated
epicenters of seismic tremors are observed.

3. The aseismicity of some areas of the territory of Azerbaijan, including the Karabakh
and East Zangezur zones (with the exception of Kalbajar region and its eastern part) is
due to the fact that there are no tectonic conditions for the occurrence of earthquakes
within them.

4. The territory of Karabakh and East Zangezur (with the exception of Kalbajar region
and its eastern part) with a low level of seismic hazard are the most favourable for many
civil and industrial construction works.
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