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Abstract: Relevance. The Shamakhi-Ismailli seismogenic zone is known as the zone of the most powerful
earthquakes in the Caucasus, which has been characterized by high seismic activity for centuries. Analysis of
seismicity over the past 15 years has shown an increase in activity in this region. In October 2012, there was a
devastating earthquake with a magnitude of 5.3. It is this earthquake that can be considered a trigger of activity in
this region in subsequent years. In view of this, the task of studying seismicity, as well as the stress fields of the
lithosphere of the region under study, seems to be especially urgent. The study of the seismicity of the Shamakhi-
Ismailli zone provides additional information on the deep tectonic processes occurring in this region, which is
important for seismic zoning. Aim. The article analyzes the seismic activity of the Shamakhi-Ismailli region, which
began with an earthquake on February 5 at 19 h 19 min, with ml = 4.4, which occurred 11 minutes before the main
shock with an intensity of 6 points, which occurred on February 5, 2019 at 19 h 31 m. Methods. The epicentral
field was studied, as well as the distribution of foci in depth, solutions of the mechanisms of foci of the main
shock and the most noticeable aftershock were constructed and analyzed. A diagram of the main elements of
the rupture tectonics of the Shamakhi-Ismailli focal zone has been drawn, on which the mechanisms of the focal
points of the lakes of the Ismailli field are plotted. Results. It has been established that the source area is located
in the zone of intersection of the Vandam longitudinal fault with the West Caspian and transverse Akhsu strike-
slip faults, which additionally characterizes the high seismic activity and deep penetration of the West Caspian
right-sided orthogonal fault. Thus, it can be seen that, in terms of epicenters, they tend to the basement faults
and the nodes of their intersection, i.e. The main shock that occurred on February 5, 2019, shows the agreement
of the second nodal plane NP2 with the right-lateral Akhsu and West-Caspian transverse faults characterized by
the type of displacement right-lateral strike-slip. An analysis of the orientation of the compression axes showed
the NE-SW orientation, and the extension axes of the NW-SE orientation.
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Pestome: AKTyanbHOCTb paboTbl. LLlamaxu-MicmannnmnHekas ceicMoreHHas 30Ha M3BeCTHA Kak 30Ha CaMblX
CUNbHbIX 3EMNETPACEHNIA Ha KaBkase, KOTopas Ha NPOTSXKEHUI BEKOB XapakTepnu3oBanach BbICOKOW ceiicMuye-
CKOWM aKTUBHOCTbIO. AHANKU3 CeNCMUYHOCTI 3a nocnefHne 15 NeT nokasan pocT akTUBHOCTU B 3TOM pernoHe. B
oKTta6pe 2012 rofa Npon30LLII0 pa3pyLUUTEnbHOE 3eMIeTPACEHUEe MarHuTynoin 5,3. iIMeHHo 310 3emneTpsaceHune
MOXHO CYUTaTb TPUITEPOM aKTUBHOCTW B 3TOM PEruoHe B NMOCneaytoLne rodpl. B cBA3M ¢ aTUM 3aada usyye-
HUS CEMCMWUYHOCTH, a TaKXKe NOMEA HanpsHXeHUA NUToCEPbl M3y4aeMoro peruoHa npefcTaBnaeTcs 0Co6eHHO
aKkTyanbHoiA. Vi3y4eHmne ceiicmnyHocTy LLamaxun-MicMannnnHeKoii 30HbI AaeT LONOSHUTENbHYIO MHGOpMALNIO 0
rMY6MHHBIX TEKTOHNYECKNX NPOLeccax, NPOUCXOAALIMX B 3TOM PErOHE, YTO BaXKHO AN CENCMUYECKOro pamno-
HupoBaHus. Lienb pa6oTbl. B cTaTbe NpoaHanu3npoBaHa cemcMnyeckas akTuBHOCTb LLiamaxbl-VicMannnmnHekoro
paioHa, Hayasluasnca 3emneTpsacednem 5 coespans 8 19 4 19 mun, ¢ ml = 4,4, npousoweawnm 3a 11 muHyT 10
rMABHOMO TONYKA C MHTEHCUBHOCTLIO 6 6annoB, nponsoweaiero 5 cespana 2019 8 19 vac 31 muH. MeTtoabl
pa6oTbl. VI3y4eHbl anuLeHTpanbHOe Nofe, pacnpefeneHne 04aroB no rnyéuHe, NOCTPOEHbI W NPOaHanN3npo-
BaHbl PELLEHNs MeXaHM3MOB 04aroB rMaBHOrO TOMYKA M Hambonee 3amMeTHOro adpreplioka. CocTaBneHa cxema
OCHOBHbIX 9N1EMEHTOB Pa3pbIBHOM TEKTOHNKM LLIamaxbl-icMannanHCKOM 04aroBon 30HbI, HA KOTOPOI HAHECEHbI
MeXaHM3Mbl 04aroB 03ep VicMaunmHCKoro MectopoxaeHus. PesynbTtarbl paboTbl. YCTaHOBEHO, Y4TO 04aroBas
06/1aCTb PAcnosioXKeHa B 30He nepeceyeHuss BaHaamckoro npoAonbHOro pasnoma ¢ 3anagHo-Kacnuinckum u
nonepeyHbIM AXCYNCKUM cABUraMi, Y4TO AONONHUTENIbHO XapaKTepru3yeT BbICOKYH CEICMUYECKYI aKTUBHOCTb
1 rny6oKoe NPOHMKHOBEHME 3anafHo-Kacnminckoro npaBoCTOPOHHEr0 OPTOrOHaNbLHOrO pasnoma. Takum o6pa-
30M, BUJHO, YTO B NflaHe 3MMLEHTPOB OHW CTPEMATCA K pasfioMamM (PyHAAMEHTA W y3nam Ux nepeceyeHus, T.e.
rMaBHbIA TONYOK, npousoweawnii 5 dpespans 2019 r., nokasbiBaeT COBMNaJeHNe BTOPOM Y3/10BOW MIIOCKOCTU
NP2 ¢ npaBoCcTOPOHHUM AXCyiickum 1 3anagHo-Kacnuiickum nonepeyHbIM pasfioMoM, XapakTepuayoLumMmucs
NPaBOCTOPOHHUM CABUIOBbLIM TUMOM CMELLEHNS. AHANM3 OpUEHTaLMK OCeR CxaTus nokasan opuenTauuio CB-
03, a ocu pacTskeHus — opueHTtauuio C3-10B.

Kntovesbie cnosa: LLlamaxbl-VicmaunnnHckas ceicMoreHHas 30Ha, toro-socTok bonbLioro Kagkasa, onosnas-
HU, PA3eBble BYIIKaHbI, MEXaH3M 04ara 3eMneTpsAceHunin, icMauninHckoe 3eMneTpsceHme.

Inga uyutuposanunsa: Etupmuwnn [, Ucmannosa C.C., KasbimoBa C.E. icmannnuHckoe 3emneTpsceHune 5
thespans 2019. feonornsa n reogpmsnka Hra Poccun. 2021. 11(4): 58-69. DOI: 10.46698/VNC.2021.13.46.005.

Infroduction

The Shamakhi-Ismayilli seismogenic zone is known as the zone of the most powerful
earthquakes in the Caucasus, which for centuries has been characterized by high seismic
activity. These studies have been reflected in the works of many scientists [Gasanov et
al., 1984,1997]. The first information about earthquakes that occurred in Shamakhi and its
environs dates back to ancient times. One of the earliest destructive earthquakes according
to Georgian sources occurred in 1192. In the zone of the southern foothills of the Greater
Caucasus near the city of Shamakhi in 1667, a catastrophic earthquake with a magnitude
of 6.9 occurred, which is one of the largest earthquakes in the Greater Caucasus. The
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geodynamic processes in its source caused intense changes in the geomorphological
situation in the region (failure of mountain ranges) and huge human casualties (more
than 80.000 people died) [Tibaldi et al., 2019]. In the same source in 1828, 1859, 1869,
1872, destructive earthquakes of M = 5.7-7.0 were repeated, and in 1902 a catastrophic
earthquake of magnitude M = 6.9 occurred, which claimed many lives. The first scientific
description of the Caucasian earthquakes was made by G. Abikh, who examined the
consequences of the Shamakhi earthquake of 1859. An analysis of macroseismic and
instrumental material over the past 150 years suggests that more than 200 earthquakes
in the Shamakhi zone of various magnitudes occurred from sources that are located in
four almost parallel latitudinal bands. The two southern epicentral bands give rise to
catastrophic earthquakes, while the northern bands mainly generate 6 and 7-point shocks.
One of the characteristic features of this zone is the elongation of macroseismic fields
in the general Caucasian direction. (Fig. 1) [Agamirzoev, 1987; Akhmedbeili, Gasanov,
2004; Shempelev et al., 2017].

Over the past 15 years, one of the strongest earthquakes in this region is the earthquake
that occurred on October 7, 2012, at 15"42™, 17 km southeast of the Ismayilli seismic
station in the Ismayilli region with ml = 5.3.

Fig. 1. Diagram of the pleistoseist zones of the devastating Shamakhi earthquakes [Agamirzoev, 1987]
and map of the epicenters of strong earthquakes that occurred in the Shamakhi-Ismailli seismogenic zone
for the period 427-2019 with ml>5.0

The intensity at the epicenter of this earthquake on a 12-point scale was estimated at 6
points; in the nearby settlements of Pirkulu, Shamakhi, Ismaili and Akhsu, the earthquake
was felt up to 4-2 points. In Figures 2 a map of the epicenters of strong catastrophic
earthquakes with magnitude greater than Sthat occurred in the Shamakhi-Ismayilli
seismogenic zone for the period 427-2019 is shown. Historical data was taken from
[Shebalin, Kondorskaya, 1977].

Tectonics

As is known, the West Caspian Fault was identified by V.E. Khain (1966) by the
presence of a hidden at a depth the gravity ledge along the eastern side of the Talish-
Vandam (now Saatli-Kurdamir) maximum, stretching from the coast of the Caspian Sea
at the Kura Spit to the north-north-western direction and before it intersects with the river
Girdimanchay at the Baku-Tbilisi highway. To the north, this fault runs along the middle
course of the Girdimanchay river to the village of Lagich and further north-east through
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the watershed of the Main Range to the village of Qonakhkend and further through the
village of Khachmaz to the Caspian Sea. It turns out that the West Caspian fault has an
arcuate shape or two strike directions: north-north-west and north-east.

East of the Akhsu-Astrakhan line with the simultaneous expansion of the propagation
fields of the Upper Cretaceous sediments, there is an expansion of negative ones,
narrowing and complication by thrust disturbances of positive structures in the upper
reaches of the Girdimanchay-Kozluchay River; and near the village of Astrakhanovka the
amplitude of cover-thrust formation increases significantly. These data clearly illustrate
the presence of an ancient northeastern fault along the Akhsu River, reflected both in the
pre-Alpine basement and in the Cenozoic deposits of the Adjinour and Langebiz ridge.
From this, it follows that the Sigirly-Buinuz and Padar-Akhsu-Baskal north-northwest
faults of the basement are reflected in the Mesozoic-Cenozoic deposits of the northern
part of the Kura Depression, Adjinour and the Vandam zone of the Greater Caucasus.
Probably, the northeastern part of the West Caspian fault corresponds to a wide strip
enclosed between the Ismayilli-Babadag and Akhsu-Chagan-Khaltan faults [Aliev et al.,
2002; Akhmedbeili et al., 2002; Giorgobiani, 2020; Khain, Alizade, 2005; Shikhalibeili
et al., 1989; Shikhalibeili, 1996].

Research methods

Seismicity. The seismic conditions of the Shamakhi zone, as well as the entire South-
East Caucasus, which is distinguished by significant amplitudes of the latest, Quaternary
and modern movements, complex morphological and structural differentiation, are typical
for focal zones of strong earthquakes. Based on the statistical data on the seismic zoning
map, the Shamakhi region is identified as a zone of 8-9 point earthquakes, as the ground
conditions, as well as the quality of buildings in the Shamakhi region, significantly affect
the degree of destruction during earthquakes that occur in this region [Khain, Alizade,
2005].

The seismicity of the Shamakhi epicenter zone is associated with the presence of two
differently oriented structural elements: submerged transverse uplift and folded structures
of the Greater Caucasus. The length of this zone, as indicated by a number of researchers,
is 60-70 km, the width is from 15 to 25 km. immediately outside the specified territory,
the force of oscillations of the earth’s surface decreases sharply, and already in the area of
Ismailli village never exceeds 5-6 points. It should be noted that each of the destructive
earthquakes that occurred in the Shamakhi region almost always covered the same area,
and the phenomena accompanying the earthquake — landslides, eruptions of mud hills,
formation of cracks in the soil, etc., also almost always occurred in the same places
[Khain, Alizade, 2005]. The earthquake that occurred on February 5, 2019 at 19"31™ with
ml=5.2, h=8 was no exception. The seismic activity in this zone began with the February
5 earthquake at 19" 19m54%, with ml=4.4 which occurred 11 minutes before the main
shock and is considered to be its strong foreshock, felt up to 3-4 points. In addition, a
large number of weak foreshocks with mI<3 were recorded. Aftershock activity was also
high. Figures 3 show the waveforms of the main shock and aftershocks at both Pirgulu
station and at all digital stations.

An analysis of the map of epicenters showed that foreshocks are located mainly
northeast and southeast of the main shock, and the maximum of them is boundary on the
left. The main shock on February 05, 2019 at 04"40™ caused a rather active aftershock
process. On the first day after it,142 aftershocks were recorded (Fig. 2). In total, the
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number of earthquakes that occurred in the Ismailli region in February amounted to 19
foreshocks and 413 aftershocks, and the released energy was 125-10'].

Fig. 2. Image of waveforms of the Ismayilli earthquakes of February 05, 2019 at Pirgulu station

In order to study the peculiarities of the spatiotemporal distribution of seismicity
within the Shamakhi-Ismayilli region, a map of the epicenters of earthquakes that occurred
in the studied region for 2019 was compiled. 5. This is primarily the area of aftershocks
near the main shocks, which have a shape similar to the shape of the letter (“I"”), stretched
out in the general Caucasian direction (Fig. 3).

Fig. 3. Map of the main shock and aftershocks epicenters and distribution of the aftershocks of the
February 5, 2019 earthquake by day

In order to monitor the swarm process from February 5-15 in the epicenter zone,
temporary portable stations were installed in the earthquake area. The statistics of
aftershocks within the focal zone for the following days indicate their sharp decline
already in early March, in the number of aftershocks no more than 2-3. In order to study
the distribution of the depth of earthquake sources, two seismological profiles were
constructed — NW-SE and SW-NE strike. This makes it possible to identify zones of
intersection of faults in different directions, to which the densest sections of hypocenters
gravitate. Figure 4 shows a section along the I-I profile of NW-SE direction, coinciding
with the strike of longitudinal deep faults (Fig. 4).

As can be seen, two groups of earthquake hypocenters (earthquake sources) are
distinguished here — presumably, the sources associated with the strike of the Vandam
fault with an angle of incline of 45° and the Akhsu fault with an angle of incidence of
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30°. The depth of the location of the centers of the main mass of earthquakes varies from
5-15 km; more are established deep sources with depths up to 35 km. The main number
of earthquakes is concentrated in the zone of intersection of multidirectional faults in the
central part of the profile. From the northwest to the southeast, an arcuate occurrence of
the basement surface is observed. Considering that the basaltic layer lies in the Shamakhi-
Ismailli zone at depths of 20-25 km, it can be assumed that the earthquake source is
located in the sedimentary layer, on the surface of the pre-alpine basement. It should be
noted that the sources of relatively strong earthquakes with ml = 4.4-5.2 are located at a
depth of 8-10 km.

Fig. 4. Seismic-geological section I-I of the Shamakhi-Ismailli seismogenic zone of the NW-SE strike

As was noted earlier, a unique feature of the surface structure of the Shamakhi
seismically active zone is tectonic coverings, whose contacts with underlying younger
formations are characterized by clearly expressed angular and structural disagreements
and create conditions for the occurrence of weak earthquakes. A high density of sources in
the central part of the profile is connected, concentrated mainly at an epicentral distance
of 30-50 km. The depths of the sources also vary from 5 to 15 km. [Kazimova, 2020].

Macroseismic studies

For the purpose of macroseismic research of earthquakes, the macroseismic expedition
of the RSSC ANAS conducted work in the territories where the earthquake was felt. The
buildings in these villages that suffered the most vulnerability and destruction are mainly
associated with the construction of torn stones, cubes and local river stones. During strong
vibrations, which lasted up to 10 seconds, residents in a panic ran out into the street. The
earth fluttered. The houses creaked, hanging objects swayed violently, and other objects
fell from shelves. Light, heavy, and very heavy objects moved from their places (Fig.
5). Cracks appeared in the house; the plaster fell off. Along the entire perimeter, which
covered a number of buildings, there were longitudinal, cruciform, and transverse cracks,
stone fences were destroyed. Electricity has been cut off.
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The macroseismic field of this earthquake is extended in a northwest direction. The
pleistoseist zone covers the regions of Akhsu and Shamakhi with an area of 13x20=260
km?. The coordinates of the macroseismic epicenter are ¢ = 40.78°N, A = 48.46°E [Kuliev,
1977]. Based on these studies, it was revealed that the most intense earthquake was felt
in the territories of such villages as Chukhuryurd, Nagarakhan, Madras, Shamakhi and
Pirgulu. Here, the intensity of the earthquake was estimated at 6 points. In Baku, an
earthquake was felt up to 3 points.

Fig. 5. Damaged buildings in the village of Shamakhi district

After the earthquake, landslides of considerable size arose. Disturbances in the
relief, a change in the flow rate of springs and hum from the bowels are noted. According
to the research conducted by the RSSC staff, the activity of two sections of landslide
processes on the 4 km section of the Gizmeydan road in the Shamakhi district was
identified (Fig. 5). After the first landslide process, cracks 5-10 mm wide were formed
on the asphalt road, and 15-25 mm wide along the road. After the second landslide
process, cracks 5-10 mm wide were also formed on the asphalt road, and 20-30 mm
along the road. In addition, cracks and dips are observed on asphalt at 154 km of the
Akhsu pass road.

Analysis of the accumulated factual material about the eruptions of mud volcanoes
and seismic events in Azerbaijan with full confidence shows that a significant part of the
mud volcanoes erupts after a strong earthquake (M=5 or more).As noted earlier [Aliev
et al., 2001, 2002; Aliev, Keramova, 2002], a surely causal relationship between the
eruption of mud volcanoes and tremors is established when the earthquake source and
mud volcano are within the same fault structure, and if the volcano has accumulated
sufficient energy for paroxysmal activity, i.e. earthquakes play, as it were, the role of
the “trigger” in the mud volcanic process [ Yetirmishli et al., 2019; Kangarli, 2007].

On February 13, local time, 06"25™, the Gushchu mud volcano erupted within the
Shamakhi region (Fig. 6). The ejection height reached 4-5 meters. The eruption occurred
150 meters from the village, closer to the sown areas, and lasted 1.5 minutes (Table 1).
As a result of the eruption, a layer of volcanic mud covered an area of approximately two
hectares. So far, 14 eruptions of this volcano have been recorded. This time during the
eruption, no flame or characteristic cracks were observed.



Geology and Geophysics of Russian South 11 (4) 2021 ['eonorvs u reoguanka fOra Poccim 65

Fig. 6. The location map of the main shock of the Ismayilli earthquake with the strongest aftershocks, as
well as the epicenters of 2 eruptions of the Gushchu mud volcano

Table 1

Main parameters of the eruption of the mud volcano “Gushchu”

N Data Time Coordinates h, ml Duration of the
- UTS 0] A Akm eruption

1 13.02.2019 02:25:55 40.44 48.74 4 1.1 1m.30 sec

2 13.02.2019 02:38:29 40.44 48.74 3 1.1 1 m.30 sec

Results of work

An indispensable condition for the occurrence of strong earthquakes is increased
mobility, i.e. contrasting tectonic movements, which are characteristic of zones dividing
areas with different, and sometimes sharply changing, directions of tectonic movements.
In this regard, the mechanisms of the sources of the Ismayilli earthquakes were
constructed and analyzed: 2019.02.05 19"19™ (foreshock), 2019.02.05 19'31™ (main
shock), 2019.02.05 19"37™,2019.02.05 22"34m 2019.02.06 02"25™, 2019.02 .09 16"35™,
2019.02.11 15"29™ (aftershocks) (Table 2). Magnitude Mw was taken from the catalog
(http://www.emsc-csem.org/Earthquake/earthquake.php).

Table 2

Parameters of the mechanisms of foci of the Ismayilli earthquake in February 2019

" Data, " I Mtii?- Major stress axes Nodal plane
d my hms A R P, T N P NPI NP2
PL |AZM | PL | AZM | PL | AZM | STK | DP | SLIP | STK | DP | SLIP

1 20190205 [ 19:19:54 | 11 | 4.4 711104 | 19 [ 284 | O | 14 [ 266 | 48 | 65 | 122| 48 | 116
2 120190205 | 19:31:37| 8 |52 (50| 7 | 297 | 82 | 90 207 | 72 | 88 | 8 [342| 82| 177
3 120190205 | 19:37:24| 11 | 3.4 541139 | 6 | 238 [36(333 (23781 | 84 |93 |11 ]| 125
4 120190205 | 22:34:05| 9 | 3.0 5 | 306 |82 | 180 36 | 171 | 89 |-172| 81 | 82 | -1
5 120190206 | 02:25:50| 10 | 3.9 18 1297 |72 | 117 | 0 | 27 |340| 77 | 167 | 73 | 77| 13
6 |20190209 | 16:35:09| 11 | 2.9 41 | 102 | 20 | 353 | 41| 244 |-110] 90 | 353 | O |20 | 263
7 | 20190211 | 15:29:31| 13 | 4.0 [3.9| 31| 325 |28 | 74 |46 197 | 258 | 82 | -62 29 | -164

Based on the works [Rzaev et al., 2013], a diagram of the basic elements of the
discontinuous tectonics of the Shamakhi-Ismayilli source zone (Fig. 7) was drawn up, on
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which the mechanisms of the sources of the Ismayilli earthquakes are plotted. Here we
see that the focal region lies in the zone of intersection of the Vandam longitudinal fault
with the West Caspian and Akhsu transverse fault shifts, additionally characterizing high
seismic activity and deep penetration of the West Caspian right-lateral orthogonal fault.
Thus, it can be seen that, in terms of epicenters, they tend to the foundation faults and the
nodes of their intersection, i.e. it can be concluded that the faults that cut the foundation,
and even more so penetrate the upper mantle, are fraught with a constant seismic hazard.

The main shock on February 5, 2019 at 23:31:37, local time in the Ismayilli district
with ml=5.2, was characterized by near horizontal (PL,=4°) compressive southwest
orientations and tensile northwestern orientations (PL;=7°). The type of movement
along both steep (DP,;=88°, DP,=82°) planes is a shift. The NP/ plane has a northeastern
(STK,=72°) strike with a slip type of left-lateral strike-slip, and NP2 has a northwest
(STK,=342°) with a slip type of right-lateral strike-sli. A comparison of the strike of the
nodal planes with the fault lines shows the agreement of the second nodal plane NP2 with
the right-lateral Akhsu and West Caspian transverse faults, which allows us to consider
the NP2 plane as active [Akhmedbeili et al., 2002].

E - faults A -

Fig. 7. Diagram of the main elements of the discontinuous tectonics of the Shamakhi-Ismayillisource zone
and the mechanisms of the earthquake sources for 2019.
Tectonic faults: 1-Dashgil-Mudrese, 2-Vandam, 3-Geokchay, 4-Siyazan, 5-Zangi-Kozluchay, 6-Germian,
7-Adjichay-Alyat, 8-West-Caspian, 9 — Akhsu; 10 — North-Adjinour
[Metaksas et al., 2011;Rzaev et al., 2013]

The mechanisms of the aftershock earthquake sources are mainly of two types: uplifts
and shifts. An exception is the earthquake that occurred on February 6 at 02:34:05 local
time on the territory of the Akhsu district (ml=3.0). The earthquake was characterized
by near-horizontal (PLy=7°) compressive NE orientations and tensile NW orientations
(PL;=5°). The type of movement along both steep (DP=89-82°) planes is a strike-slip
with normal fault elements. The NP/ plane is near-vertical (STK,=171°), and NP2 is
near-horizontal (STK,=81°). A comparison of the strike of the nodal planes with the fault
lines in Fig. 18 shows the agreement of the first NP/ nodal plane with the North-Adjinour
longitudinal fault.



Geology and Geophysics of Russian South 11 (4) 2021 ['eonorvs u reoguanka fOra Poccim 67

Based on the results obtained, the orientations of the compression and extension axes
of the studied strong earthquakes were analyzed. An analysis of the orientation of the
compression axes showed the NE-SW orientation, and the extension axes of the NW-SE
orientation.

Conclusions

The source zone of the Ismayilli earthquake is located on the southeastern
subsidence of the meganticlinorium of the Greater Caucasus, composed of thick volcanic
and sedimentary strata of the Meso Cenozoic and extended in the general Caucasian
direction. Between the Shamakhi-Gobustan and Alazan-Agrichay synclinoria stands out
the Baskal tectonic cover, with a thickness of 1.5-2 km, a width of 10-12 km, a length of
20-25 km.

The high seismicity of the Shamakhi zone is associated with the presence of
gravitational anomalies, of which the largest and most interesting is the positive anomaly
located along the Astara-Astrakhan-Bazar-Kurdamir line and further north-north-east to
the latitude of Ismaili.

The Ismayilli source zone is associated with the presence of two differently oriented
structural elements: submerged transverse elevation and folded structures of the Greater
Caucasus. The length of this zone is 60-70 km; the width is from 15 to 25 km. On February
5, 2019 at 19"31™ with mI=5.2, an earthquake occurred at a depth of h=8in this zone.
Seismic activity in this zone began with the February 5 earthquake at 19"19™545, with
ml=4.4 which occurred 11 minutes before the main shock and is considered to be its strong
foreshock, felt up to 3-4 points. In addition, a large number of weak foreshocks with ml<3
were recorded. Aftershock activity was also high. The most powerful aftershocks had
magnitudes with mI>3.4, 3.0, 3.9.

An analysis of the deep distribution of the sources showed that the sources are
presumably related to the strike of the Vandam fault with an angle of inclination of 45 and
the Akhsu fault with an angle of incidence of 30. The depth of the location of the sources
of the main mass of earthquakes varies from 5-15 km, and deeper sources with depths
of up to 35 km have been established. The main number of earthquakes is concentrated
in the zone of intersection of multidirectional faults in the central part of the profile.
From the northwest to the southeast, an arcuate occurrence of the basement surface is
observed. The earthquake source is located in the sedimentary layer, on the surface of the
pre-alpine basement. It should be noted that the sources of relatively strong earthquakes
with ml=4.4-5.2 are located at a depth of 8-10 km. An analysis of the mechanisms of
the earthquake sources showed that the source region is located at the intersection of the
Vanda longitudinal fault with the West Caspian and Akhsu transverse fault-shifts. The
main shock that occurred on February 5, 2019, shows the agreement of the second nodal
plane NP2 with the right-lateral Akhsu and West-Caspian transverse faults characterized
by the type of displacement right-lateral strike-slip. An analysis of the orientation of the
compression axes showed the NE-SW orientation, and the extension axes of the NW-SE
orientation.

References

1. Agamirzoev R.A. Seismotectonics of the Azerbaijan part of the Greater Caucasus. Baku.
Elm, 1987. 124 p. (In Russ.)



68 Geology and Geophysics of Russian South 11 (4) 2021 T'eonorvs n reogmanka Kora Poccim

2. Aliev Ad.A., Keramova R.A. Activation of mud volcanism in Absheron in 2001 after the
Caspian earthquake (November 25, 2000). In: Proceedings of Int. conf. Assessment of seismic
hazard and risk in oil and gas regions (to the 100" anniversary of the Shamakhi earthquake). 28-
30 October 2002 Abstracts. Baku. 2002. pp. 181. (In Russ.)

3. Aliev Ad.A., Gasanov A.G., Bairamov A.A., Belov L.S. Earthquakes and activation of
mud volcanic activity (causation and interaction). In: Proceedings of IGAN Azerbaijan. 2001. No.
29. pp. 35. (In Russ.)

4. Aliev Ad.A., Guliev LS., Belov L.S. Catalog of recorded eruptions of mud volcanoes
(1810-2001). Baku. Nafta-Press, 2002. 94 p. (In Russ.)

5. Akhmedbeili F.S., Gasanov A.G. Tectonic types of seismic foci in Azerbaijan. Baku:
Elm, 2004. p. 130. (In Russ.)

6. Akhmedbeili F.S., Ismail-zade A.D., Kengerli T.N. Geodynamics of the Eastern Caucasus
in the Alpine tectonic-magmatic cycle (Azerbaijan). In: Proceedings of IGNANA. 2002. No. 30.
pp. 36—48. (In Russ.)

7. Gasanov A.G., Mamedov T.Ya. et al. Studies of the seismic regime of the Shamakhi-
Ismayilli zone by weak earthquakes. In: Proceedings of IGANA. Baku. Nafta press, 1997. pp.
228-235. (In Russ.)

8. Gasanov A.G., Metaskas H.P. et al. Results of a comprehensive study of the Ismayilli
series of 1981 earthquakes: precursors, parameters, mechanism. In the book: Contemporary state
of the seismological research in Europe. Proceedings of XIX General AssemblyECK. Moscow.
Nauka, 1984. pp. 142—-148. (In Russ.)

9. Giorgobiani T.V. Stages, Mechanism and Geodynamics of Formation of the Folded
System of the Greater Caucasus. Geology and Geophysics of Russian South, 2020. Vol. 10. No.1.
pp- 35-42. DOI: 10.23671/VNC.2020.1.59063

10. Etirmishli G.J., Mammadli T.Ya., Kazymova S.E., Ismailova S.S. Modern seismic
situation in Azerbaijan. Monograph: Hazardous natural and man-made processes in mountainous
regions: models, systems, technologies. Vladikavkaz: GPI VSC RAS, 2019. pp. 29-36. (In Russ.)

11. Kengerli T.N. Features of the geological and tectonic structure of the Southeastern
Caucasus and issues of oil and gas content. Proceedings. State Oil Company of Republic
Azerbaijan. 2007. No. 19. pp. 3—-12. (In Russ.)

12. Kuliev F.T. Equation of the macroseismic field for Azerbaijan and its geostructural
areas. Seismological Bulletin of the Caucasus. Tbilisi. Metsniereba, 1977. pp. 129-140. (In Russ.)

13. Metaxas Kh.P., Rzaev A.G., Isaeva M.I. Seismic hazard parameters of the Shamakhy-
Ismayilli focal zone of earthquakes. Catalog of seismic forecast data in Azerbaijan. 2011. pp.
314-321. (In Russ.)

14. Rzayev A.G., Etirmishli G.J., Kazymova S.E., Reflection of the geodynamic regime in
variations in the intensity of the geomagnetic field (on the example of the southern slope of the
Greater Caucasus). News, Earth Sciences. 2013. No.4. pp. 3—15. (In Russ.)

15. Khain V.E., Alizadeh Ak.A. Geology of Azerbaijan. Volume IV. Tectonics. Baku. Nafta-
Press, 2005. pp. 214-234. (In Russ.)

16. Shebalin N.V., Kondorskaya N.V. A new catalog of strong earthquakes on the territory
of the USSR from the earliest time to 1975. Moscow. Nauka, 1977. pp. 69—170. (In Russ.)

17. Shempelev A.G., Chotchaev H.O., Khuhmazov S.U. Data of deep geophysical surveys
along chegem profile (central block, the Greater Caucasus). Geology and Geophysics of Russian
South. 2017. Vol. 7. No.2. pp. 129-134. (In Russ.)

18. Shikhalibeili E.Sh. Some problematic issues of the geological structure and tectonics of
Azerbaijan. Baku. Elm, 1996. 215 p. (In Russ.)

19. Shikhalibeili E.Sh., Babazade O.B., Veliyev G.O. The structure of the pre-Alpine
basement of the Shamakhi-Ismayilli zone of the southern slope of the Greater Caucasus. In:
Proceedings of anniversary session to the 50th anniversary of the Institute of Geology of the AS
of Azerbaijan SSR. Baku. 1989. pp. 96-104. (In Russ.)

20. Kazimova S.E. Redefinition of earthquake hypocenters by the double difference method.



Geology and Geophysics of Russian South 11 (4) 2021 ['eonorvs u reoguanka fOra Poccim 69

Geology and Geophysics of Russian South, 2020. Vol. 10. No.4. pp. 41-52. DOI: 10.46698/
VNC.2020.36.81.003 (In Russ.)

1. Tibaldi A., Tsereteli N., Varazanashvili O., Babayev G., Barth A. et. al. Active stress field
and fault kinematics of the Greater Caucasus. Journal of Asian Earth Sciences. 2019. Vol. 188. pp.
1-18. https://DOl.org/10.1016/j.jseaes.2019.104108



