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CHARACTERISTICS OF SEISMICS OF AZERBAIJAN AND AROUND REGIONS
IN 2020
Yetirmishli G.J.%, Ismayilova S.S.1., Kazimova S.E.1
Introduction.

In 2020, seismic analysis was conducted onthe basis of 40 digital data. During the year, 13.295 earthquakes
were recorded. A map of the epicenters of earthquakes in the adjacentterritories of Azerbaijan and in the
territory of Azerbaijan has been constructed (Figure 1).
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Fig. 1. Map of epicenters of earthquakes in Azerbaijan

77 earthquakes with a magnitude of mI>3 were registered in Azerbaijan. A map of theepicenters of
earthquakes with a magnitude of ml >3 has been constructed (Figure 2).
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Fig. 2. Map of epicenters of earthquakes of magnitude miI>3 forthe
territory of Azerbaijan in 2020
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In 2020, there were 20 tremors in Azerbaijan and adjacent areas. The map of the epicenters of earthquakes
felt in Azerbaijan and adjacent areas in 2020 is shown in Figure 3.
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Fig. 3 Map of epicenters of earthquakes in Azerbaijan and adjacent areas in 2020

Compared to 2019, the number of earthquakes and the amount of seismic energy released in 2020
decreased. Thus, the number of earthquakes in the territory of Azerbaijan in 2019 is 5442, the amount of

seismic energy released is > E =31.9 «1011J, the maximum magnitude is ml = 5.2, the number of earthquakes in
2020 is 4030, the amount of seismic energy released is > E = 13.1 -10113 the highest magnitude was ml = 4.9.

Analysis of the number of earthquakes and seismic energy released over the last 10 years (Figure 4) shows
that the amount of seismic energy released since 2010 has been gradually increasing. In 2012, the amount of
seismic energy released reached a maximum.
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Fig. 4. Histogram of the number of earthquakes and the distribution of seismic energy
in the territory of Azerbaijan in 2010-2020
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This is due to the strong (ml = 4.0 + 5.7) earthquakes in the country. In 2012, the amount of seismic energy
released increased 25 times compared to 2011. The amount of seismic energy released in 2013 decreased by about
28 times compared to 2012. The increase in the number of earthquakes since 2010 is most likely due to the
operation of new stations in 2009-2013. The number of earthquakes in 2014 increased compared to 2013 and the
amount of seismic energy released was 25 times higher. In 2016, compared to 2014, seismic energy decreased by
3 times.In 2017, the seismic energy released was almost twice as high as in 2016. Starting from 2018, there is a
decrease in seismic energy. The number of earthquakes in 2019 is higher than in other years. In 2020, there will be
adecrease in the number of earthquakes and seismic energy.

A histogram of the number of earthquakes in Azerbaijan and adjacent areas and the monthly distribution
of seismic energy (Figure 5) is shown.
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Fig. 5. Histogram of the number of earthquakes in Azerbaijan and adjacent areas
in 2020 and the distribution of seismic energy per month
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Fig. 6.a. Histogram of the depth distribution of earthquakes in Azerbaijan and adjacentareas in 2020

Analysis of the number of earthquakes in Azerbaijan and adjacent areas and the distribution of seismic
energy by months shows that the allocated seismic energy was higher in February, April and June. This is due to
earthquakes of magnitude 5.9 on the Turkish-Irania n border. Lets noted that, Mw-6.0 earthquake was registered
on February 23, 110 km south-westof Nakhchivan station on the Turkish-Iranian border.

The number of earthquakes in February and March was higher than in other months. This is due to
the aftershocks of an earthquake with a magnitude of ml =5.9.
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A histogram and map of the depth distribution of earthquakes in Azerbaijan and adjacent areas during 2020
have been constructed (Figure 6.a, 6.b.).During 2020, in Azerbaijan and adjacent territories, 2587 with a
depth of h<10 km, 2434 with a depth of 10 <h<20 km, 1168 with a depth of 20 <h<30 km, 614 with a depth of
30 <h<40 km,40 <h<50 372 earthquakes of km and 202 earthquakes of h> 50 km were recorded. Analys is of the
depth distribution of earthquakes shows that 60% of them occurred at a depth of h<20 km.

Samukh

Fig. 7. Occurred in Balakan-Zagatala, Sheki, Gabala districtsmap of epicenters of earthquakes

Fractures: 1. Dashgil-Mudrasa 2. Vandam (longitudinal) 3. Akhvay (orthogonal)
4. Tar-Tar-Oguz (transverse) 5.Alazan-Ayrichay (longitudinal) 6. Chakhirli-Gabala (orthogonal)
7. Ismailli-Sighirli (orthogonal) 8. Sharur- Zagatala (transverse) (by T.N. Kangarli)
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As can be seen from the depth distribution map of earthquakes (Figure 6.b.), the depth of earthquakes
in the land area of Azerbaijan varies between 2-54 km, 2-62 km in the Caspian Sea, and mainly 2-35 km in
regional areas.

During the reporting year, seismicity was at the background level in Zagatala.

From the tectonic point of view, the Zagatala-Balakan seismic zone is located in the north-western zone
of the Azerbaijani part of the Greater Caucasus.

Compared to 2020 and 2019, seismicity was weak in the Zagatala-Balakan area. The highest magnitude
earthquake in Balakan was ml = 3.2. At 12:35 local time on September 22, an earthquake was registered in
Balakan region, 23 km north-west of Zagatala station. The quake was felt at the epicenter up to 3 points.

Map of epicenters of earthquakes in Balakan-Zagatala, Sheki, Gabala regions (Figure 7.). The figure
shows the location of earthquakes in the intersection zones of depth cracks in different directions.

A seismic barrier was constructed along the Balakan-Gabala I-1 profile passing through the
seismically active zone of Azerbaijan (Figure 8). The profile extends in the all-Caucasia n direction along
the Ayrichay-Alat deep fault.

Concentration of hypocenters is observed in the north-west of the intersection in the Zagatala-Balakan
area. The hypocenters are clearly visible in the areas recorded at the intersection. Unlike in 2019, the number of
earthquakes with a magnitude of 3.0 has decreased during the year. In the Zagatala-Balakan area, the hearths are
mainly distributed at a depth of 2-40 km.

Earthquakes of magnitude 2.9 occurred in Zagatala region. Weak seismicity is observed. Compared to
2019, no earthquakes with a magnitude of >3.0 were recorded in the Zagatala zone.

Fig. 8. Seismological section of Balakan-Gabala I-I profile

Earthquakes of magnitude 3.2 occurred in Balakan at a depth of 4-7 km. As can be seen from the intersection,
the epicenters were located in the zone of impact of the Alazan-Ayrichay deep fault. An unseen tremor with a
magnitude of mI=3.0 occurred in the Gakh area at a depth of 9 km. Earthquakes of magnitude 3.0 are located
within the sedimentary layer.

As can be seen from the crossing, as in 2019, weak seismicity is observed in Sheki and Gabala. Earthquakes
of magnitude 2.0 occurred in this zone. The outbreaks occurred at a depthof 6-30 km in Sheki and at a depth of
3-42 km in Gabala.
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Seismicity is below the background level. The density of hypocenters in the Gabala area is mainly distributed
at a depth of 10 km. The hearths are located within the sedimentary layer. The earthquakes in the Gabala zone are
located at the intersection of the Dashgil-Mudrasa and Ismayilli-Sighirli orthogonal depth faults.

In the north-east of the country, the migration of earthquake epicenters in the meridio nal direction (Pirgulu-
Mugan) is observed.

In order to study the geodynamic conditions of the Shamakhi-Ismayilli zone and the Lower Kura basin
in 2020, a seismological section (Figure 9) was built on the I1-11 profile in the north-west, south-east direction.

The intersection was carried out in the area where the epicenters are located, in the zone of impact of the
Taircalchay-Salyan orthogonal fracture. In the Shamakhi-lsmayilli zone in 2020, compared to 2019, seismicity
fell below the background level.

As can be seen from the intersection, the hypocenters are condensing in the north-west.2 tremors of mI>3.0
were registered in Ismayilli region. The hypocenters are mainly distributed at a depth of 2-20 km. Let me note
that an insensitive earthquake with a depth of h = 44 km and a magnitude of ml = 3.3 can be found in the territory
of Ismayilli. The magnitude of the strongestearthquake in Ismayilli region was ml = 3.6. The quake was registered
on October 22 at 16:52 local time in Ismayilli, 20 km east of Gabala station. The quake was felt atthe epicenter
up to3 points. The outbreak occurred at a depth of 11 km within the subsidence layer. Two insensib le earthquakes
with a magnitude of 3.0 and a depth of 14-15 km occurred in Agsu region.
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Fig. 9. II-11 of the Shamakhi-Ismayilli seismogenic zone

seismological section on the profile

As can be seen from the crossing, the earthquakes in the Shamakhi region were mainly distributed at a
depth of 2-40 km. The damage with a magnitude of >3.0 was spread at a depth of 2-8 km. The strongest
earthquake in Shamakhi region on February 16 had a magnitude of 3.8. The quake was not felt. The quake
occurred at a depth of 2 km inside the subsidence layer.

In contrast to 2019, seismicity was higher than the background level in the Lower Kura basin in the south-
eastern direction of the section. An increase of magnitude 3.0 was registered. Hypocenters are mainly distributed in
the area at a depth of 2-25 km. Earthquakes of magnitude 3.0 occurred within the sedimentary layer at a depth of



SEISMOPROGNOSIS OBSERVATIONS IN THE TERRITORY OF AZERBAIJAN, V. 21, Ne1, 2022, pp. 3-18 9

2-8 km. An earthquake with a depth of 43 km and a magnitude of 3.1 ml can also be found in the area. The highest
magnit ude earthquake recorded in Hajigabul and Absheron regions was ml = 3.8. No earthquakes were felt.
The earthquakes in Shirvan are located at the intersection of the Palmir-Absheron and orthogonal Ismayilli-
Sighirli (Kangarli T.N.) deep faults.

The earthquakes in the territory of Absheron are located at the intersection of the Palmir-Absheron and
Sangachal-Ogurchu deep faults.

Density of hypocenters is observed in the transition to the Middle Kura basin. In 2020,unlike other years,
there is an increase in seismicity in the Samukh region. Seismicity was higher than the background level. An
increase of earthquakes with a magnitude of >3.0 was recorded in the zone. The magnitude of the strongest
earthquake in Samukh was ml=4.3. The quake was registered on May 4 at 00:03 local time in Samukh region,
45 km north of Ganja station. The quake was felt at the epicenter up to 3 points. As can be seen from the intersect
io n, the main shocks and aftershocks occurred between the consolidated layer and the subsidence layer at a
depth of 10-26 km. The earthquakes in Samukh were located at the intersection of Ganjachay-Alazan and
Goychay (A.S. Shikhalibeyli) deep faults.

Compared to 2019, seismicity in the Talysh zone in 2020 was below the background level. The highest
magnitude earthquake in this zone was ml = 3.6. At 11:39 on May 27, local time, 19 km north-west of Lankaran
station, an earthquake was registered in Lankaran. The quake was felt at the epicenter up to 3 points.
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Fig. 10. Seismological section of Talysh mountain zone on profile V-1V

In order to study the depth distribution of earthquake foci in the Talysh zone, a seismological section was
built on profile 1V-IV passing through the north-south direction. As can be seen from the cross-section, in
contrast to 2019, there is a decrease in earthquakes witha magnitude of ml>3.0. The profile was held in the
meridional direction (Figure 10). In the northern part of the intersection, the number of tremors is small in the
Galilabad region. The increase of earthquakes was registered starting from Masalli region. As can be seen from
the crossing, the foci in the seismogenic zone are spread at a depth of 10-40 km. Weak tremors with a magnitude
of mI<1.9 mainly occurred in the Talysh mountainous zone. As can be seen from the cross-section, earthquakes
with a magnitude of mI>3.0 were distributed within the sedimentary layer at a depth of 9-11 km. The main
part of the earthquakes is concentrated in the fracture zone intersecting in different directions, in the central
part of the active Astara- Derbent orthogonal and longitudinal Talysh and Ontalish fractures of the profile.
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In 2020, as every year, seismic activity in the areas bordering Nakhchivan, in the Zangazur range, was
below the background level.

Analysis of the number of earthquakes and the distribution of seismic energy by months in the border areas
of Nakhchivan AR (Figure 11) shows that weak seismicity is observed. The number of earthquakes in September
and December was higher than in other months. As can be seen from the graph, the seismic energy released was
higher in September and October than in other months. On September 14, at 16:23 local time, 20 km west of
Shahbuz station, an earthquake with a magnitude of ml = 2.9 was registered in Babek region of Nakhchivan
AR. The quake was felt at the epicenter up to 3 points.

It should be noted that earthquakes with a magnitude of Mw<6.0 on the Turkish-Ira nian border were felt in
the territory of Nakhchivan AR up to 4-3 magnitude
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Fig. 11 Histogram of the number of earthquakes in the border area of Nakhchivan AR
in 2020 and the distribution of seismic energy by months.

In 2020, compared to 2019, the seismicity of the Caspian Sea was higher than the background level.

Analysis of the number of earthquakes and seismic energy released over the last 10 years (Figure 12) shows
that the amount of seismic energy released in 2010-2013 is stable. The number of earthquakes in 2014 was
higher than in 2013, and the seismic energy released was 23 times higher. This is due to strong earthquakes
of magnitude 5 in the Caspian Sea. The number of earthquakes in 2015 was higher than in 2014, and the
amount of seismic energy released was reduced by half. The number of earthquakes in 2016 was higher than in
2015, and the amount of seismic energy released was 7 times less. While stability was observed in the seismic
energy released from 2016 to 2018, in 2019 the seismic energy released was twice as much. The number of
earthquakes in 2020 and the amount of seismic energy released will increase compared to 2019.
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Fig. 12 Histogram of the number of earthquakes in the Caspian Sea and the distribution
of seismic energy over the years 2010-2020

Analysis of the number of earthquakes in the Caspian Sea in 2019 and the distributionof seismic energy
by months (Fig. 13) shows that the seismic energy released in February and October was higher than in other
months. The high seismic energy released in February and October is due to earthquakes with a magnitude of
<4.9. The number of earthquakes was higher in September.
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g. 13 Number of earthquakes in the Caspian Sea in 2020 and a histogram of the
seismic energy distribution over the months

During the reporting year, 24 earthquakes with a magnitude of mI>3 occurred in the Caspian Sea. The
highest magnitude earthquake recorded in the Caspian Sea was ml = 4.9. The quake was not felt.

In order to study the depth distribution of earthquakes in the northern part of the Caspian Sea, a seismic
section was drawn on two profiles in the north-west and south-east directions (Fig. 14).

As can be seen from the seismological section on profile VI-VI, in the north-western direction, mainly
tremors with a magnitude of mI>1.0 occurred. Uneven distribution of earthquakes is observed. Throughout the
intersection, the hearths were distributed at a depth of 2-62 km. The tremors with a magnitude of 3.0 ml were
distributed at a depth of 60-62 km. The highest magnitude earthquake recorded in the North Caspian Sea was
ml=4.6. The quake was recorded on November 3 at 16:16 local time in the Caspian Sea in Dagestan. The quake
was felt by some people in the country. The quake occurred at a depth of 62 km.
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Fig. 15 Seismological section of the northern part of the Caspian Sea on profile VII-VII

Another profile was passed through the North Caspian basin, a seismic section was made on profile V1I-
VII (Figure 15). The profile runs in a north-west, south-east direction. As can be seen from the section,
earthquakes with a magnitude of mI>1.0 occur. Most of the earthquakes were distributed at a depth of 29-
62 km. Surface foci are also observed at the intersection. In the central part of the Caspian Sea, an increase of
earthquakes with a magnit ude of >3.0 is observed. The quake with a magnitude of ml = 4.2 occurred at a depth
of 33 km, andthe earthquake with a magnitude of ml = 4.6 occurred at a depth of 62 km.
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In 2020, compared to 2019, there was an increase in the number of earthquakes in the South Caspian Sea.

In recent years, the level of seismic activity in the Caspian Sea has increased. A map of the epicenters of
earthquakes in 2020 has been constructed (Figure 16).

The occurrence of earthquakes with a magnitude of 4.6 ml in the North Caspian Sea is due to the activation
of the Arpa-Samur fault.

The concentration of earthquakes in the center is observed at the intersection of Agrakhan-Krasnavodsk
and transverse Garabogaz Safidrud faults. The concentration of earthquakes in the south is observed at the
intersection of Sangachal-Ogurchu and transverse Garabogaz Safidrud faults. Weak seismicity is observed
along the Makhachkala-Krasnavodsk deep fault.

Fig. 16 took place in the Caspian Sea in 2020map of epicenters of earthquakes:

Fractures: 1- Agrakhan-Krasnavodsk; 2 - Makhachkala-Krasnavodsk;
3- Absheron- Pribalkhan; 4 - Sangachal-Thief;
5- Mil-Speeches 6 - Garabogaz-Safidrud

Seismic activity of Azerbaijan and adjacent territories in 2020

The analysis of seismic activity of the surveyed area was carried out on the basis of earthquakes selected
from the catalog of earthquakes in 2020, recorded without loss. In 2020, as in previous years, earthquakes were
recorded in the territory of Azerbaijan without loss. A seismic activity map was compiled based on the
catalog and epicenter map.

In order to monitor the change of seismic regime over time, an activity map for 2019 and a comparative
analysis were made for 2020.

In 2019, the activity was high on the south-eastern slope of the Greater Caucasus - Zagatala-Balakan
(A10=1.6-2.0), Shamakhi-Ismayilli (A10=1.6-2.0), Talish (A10=1.6-2.0). Inthe south-northern part of the
Lesser Caucasus (A10=0.6-1.0) seismic activity was weak. At the same time, in the Caspian Sea in the north
(A10= 0.6-1.0), in the center (A10= 0.9-1.6), in the southern part of the active areas (A10=1.0-1.7), in the
Iranian zone (Tabriz) (A10=0.6-1.8) corresponds (Figure 17).



14 G.J. Yetirmishli et al: CHARACTERISTICS OF SEISMICS OF AZERBAIJAN AND AROUND...

.....

TR i ¥
"\L 'snﬁm(\- ™~

v
2 AN W /
= Ngkhcnivan\. 3 J
44 45 '“"*-x.‘.\‘k\‘/,,\_j/ 7
Ordulfad™
s 46
s‘ o] —
[

Fig. 17 Azerbaijan and adjacent territories during 2019 seismic activity map

In 2020, it was on the south-eastern slope of the Greater Caucasus - Zagatala-Balaka n, on the Georgian
border (A10=1.0-1.6). Activity was high in Shamakhi-Ismayilli (A10=1.6-2.0) and Talish (A10=1.6-2.0) zones.
In the south-northern part of the Lesser Caucasus (A10=0.6-1.0) seismic activity was weak. In 2020, it was high
in the Samukh region (A10= 1.6-2.0) in the Middle Kur depression. At the same time, the active areas in the
Caspian Sea in the north (A10= 0.6-1.0), in the center (A10=0.9-1.6), and in the south (A10=1.0-1.7)
correspond. High activity is observed on the Iran-Turkey border (A10=2.0). (Figure 18.).
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Fig. 18 Azerbaijan and adjacent territories by 2020seismic activity map

Study of the mechanisms of earthquakes.

The study of the epicenter mechanisms of strong earthquakes allows to identify the types of tectonic
movements that are characteristic of different seismically active areas of the earth's crust and to determine the
maximum values of soil motion acceleration, depending on these types of movements. This plays a key role
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in solving the problems of seismic zoning and seismic micro-zoning. Taking this into account, in 2020, in
order to study the stress and deformation areas of the Earth's crust, the mechanisms of earthquake centers, the
dynamic parameters of earthquake centers, the conditions of their formation and the analysis of stress areas of
the Earth's crust were conducted. Thus, in 2020, the hearth mechanism of 65 earthquakes (ml3.0.0) was
developed (Fig. 19).
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Fig. 19. Mechanisms of earthquakes of magnitude 3.0 in 2020 (Compiled the fracture map:
Shikhalibeyli (1996), Kangarli (2007))

Fractures: 1-Dashgil-Mudrasa, 2-Vendam, 3-Gokchay, 4-Siyazan, 5-Zangi-Kozluchay, 6-Germian,
7-Ajichay-Alat, 8-West-Caspian, 9-Arpa-Samur, 10- Ganjachay-Alazan, 11-Gazakh-Signakh,
12-North-Acinour, 13-lori, 14-Kur, 15-Mingachevir-Saatli, 16-Bashlibeli, 17-Palmir-Apsheron,
18-Akhti-Nugedi-Kiliziali, 19 - Talysh, 20 - Yardimli, 21 - Ontalish, 22 - Central-Khazar,

23 - Apsheron-Pribalkhan, 24 - Sangachal-Ogurchi, 25 -Chikishler,

26 - Yashma flexure, 26a - Gizilagaj, 27 - Shakhov-Azizbeyov, 28 - Garabogaz -Safidru.

Analysis of the characteristics of the distribution of earthquakes in Azerbaijan shows that they are
unevenly distributed. Strong earthgquakes are rare and occur in certain areas. It is known that high seismic activity
is characteristic of fracture zones separating geologic a | structures or blocks of different tectonic regimes and
occurs as a result of contrasting tectonic movements in these zones. The level of contrasting movements and
tectonic stress determines the level of seismic activity.

As in recent years, the seismicity of the territory of Azerbaijan, and especially the Greater Caucasus,
remains high.

At 20:53:04 local time on January 20, an earthquake with a magnitude of ml=3.1 was registered in
Siyazan, 12 km north-east of Altiagaj station. The value of displacement in the furnace (Slip = -35-(-152))
indicates that left-sided displacement or right-sided displacement is predominant. As a result of tension situations,
the earthquake coincides with the transverse fracture of Gushchu-Dizavar. It should be noted that at 09:43:05
local time on May 10, an earthquake with a magnitude of 2.5 was registered in the territory of Guba, 11 km south-
east of Guba station.

In contrast to 2019, in February 2020, an increase in seismicity is observed in the collision of Shamakhi
and Hajigabul seismogenic zones. At 16:32:54 local time on February 16, earthquakes with a magnitude of
ml=3.8 and at 17:21:06 on February 18 with a magnitude of ml=3.1 were registered in Shamakhi region, 33 km
south-west of Gobustan station. The value of displacement in the furnace indicates that the right-hand displacement
is dominated by the fracture-type movement. For nodal planes (DP = 88-79), a sharp drop angle was
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determined. This area is located at the intersection of the Western Caspian and Palmyra-Absheron fractures. At
12:41:44 local time on June 3, an earthquake with a magnitude of 3.0 was registered in Gakh, 38 km south of
Zagatala station. The direction of the compression axis (P) of the earthquake and the direction of the tensile stress
axis (T) are oriented horizontally (PL = 32-16). For nodal planes (DP = 79-55), the acute drop angle was
determined. The breaking value of the displacement in the hearth indicates that a left-sided displacement-type
movement has occurred and is consistent with the Ganjachay-Alazan transverse fracture.

February 22 at 07:05:24 local time, 07:56:27, 08:22:39 and February 23 at 04:43:45 local time,
Gobustan with magnitude ml = 2.6-3.8 4 more earthquakes were registered in Hajigabul area 35 km south-
west of the station. The cost of displacement at the hearth indicates that right-sided displacement is
predominant and is consistent with the Western Caspian fault. It should be noted that earthquakes are located
in the subsidence layer (3-6 km). On March 2, at 17:33:15 local time, another earthquake with a magnitude
of 3.2 was registered in Hajigabul. The value of displacement in the furnace (Slip = 47-142) indicates that a
break-up moveme nt of left-handed displacement is predominant. In general, the seismic process lasted until
April. At 18:24:27 local time on April 25, 2 earthquakes with a magnitude of 3.6 and at 00:24:00 on April
26 with a magnitude of 3.8 were recorded in Hajigabul region and were characterized by tectonic
movements. The nodal planes of the hearth mechanisms show that these earthquakes were directed along
the Ajichay-Alat fault.

Also, unlike in 2019, the seismicity of the Middle Kura basin increased in 2020. At 05:35:58 local time
on January 27, an earthquake with a magnitude of ml = 3.4 was registered in the territory of Mingachevir
reservoir 10 km west of Mingachevir station. The value of displacement in the hearth (Slip = 130-11) indicates
that the break-up is dominated by right- hand displacement, and is consistent with the longitudinal break of the
Geokchay. At 07:58:38 local time and 03:40:27 local time on February 1, 2 earthquakes occurred in Agstafa (ml
=3) and Tovuz (ml = 3.1) regions. Both earthquakes are characterized by right-sided displaceme nt and right-
sided Gazakh-Signakh fault. 9-10 km

At 00:03:00 local time on May 4, an earthquake with a magnitude of 4.3 was recorded in Samukh, 45 km
north of Ganja station. The quake was felt at the epicenter up to 3 points. At 02:00:36 local time, an aftershock with
a magnitude of 3.1 was recorded that day. Another earthquake occurred on June 15 at 12:47:23 local time (ml
= 3.0). The depth of earthquakes varies between 10-15 km. It should be noted that earthquakes occur as a result
of compressive stress (breaking and rising) and coincide with the Chatma-Geokchay break (Fig. 20).

Reverse fault

20200503 UTC: 20:03:59 Lat=41.05 Lon=46.40 H=10 Ml=4.3

Fig. 20. The epicenter of the 4.3 magnitude earthquake in Samukh region
on May 20 at 00:03:00 local time.

The Caspian Sea is the most seismically active region in 2020. The highest density of hypocentes is
observed at a depth of 30-65 km. Only a small part of earthquakes occurs at a depth of 10-25 km. In the last 20
years, 19 earthquakes with a magnitude of M> 5.0 have occurred in this area and are associated with active
tectonic movements at the junction of the two largest crustal structures (Turan and Kopetdag folds) (Fig. 21).

Percentage in 2020 determines the type of movement: horizontal displacement 35%, break-up 15%,
break-fall 50%. The values of displacement in the furnace indicate that predominant movements are broken.
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However, in the area of the Central Caspian and oil fields, break-up movements are taking place. Thus, the
analysis of the compression and tension axes is oriented in the direction of SW-NE.

At 11:51:21 local time on February 26, a magnitude 4.6 earthquake was recorded in the Caspian Sea.
The direction of the compression axis (P) of the earthquake is vertical (PL = 55), and the direction of the
tensile stress axis (T) is horizontal (PL = 15). A sharp drop angle was determined for the first nodal plane
(DP = 67) and a flat drop angle for the second nodal plane (DP = 39). The value of displacement in the
furnace (Slip = -57 - (- 142)) indicates the predominance of fracture-type movement. At 14:17:34 local time
on February 27, another earthquake with a magnitude of 4.5 was recorded, and the eruption was
characterized by right- sided displacement movements.
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Fig.21. Focal mechanisms of earthquakes in the Caspian Sea with a magnitude of 3.0 in 2020

A total of 20 earthquakes with a magnitude of 3.0 have been developed in the Caspian Sea. The analysis
showed that the earthquakes occurred mainly in the Caspian Sea at the intersection of the Agrakhan-
Krasnavodsk-Shakhovo-Azizbayov and Sangachal-Ogurchu-Shakhovo- Azizbayov faults.

Conclusion

During 2020, seismicity was observed in the Greater Caucasus, the Middle Kura Basin and the
Caspian Sea. Seismic activation is observed along the West-Caspian, Palmir-Absheron, Ajichay-Alat,
Ganjachay-Alazan, Gazakh-Signakh, Talish, Akhvay, Sangachal Ogurju, Garabogaz-Safidrud, Agrakhan-
Kasnavodsk, Khachinchay faults. In 2020, the number of earthquakes and the amount of seismic energy
released will decrease.

In 2020, 20 felt (ml=2.5-5.9) earthquakes occurred. In the north-western region of Azerbaijan, an
increase in seismicity is observed in the Shamakhi-Ismayilli seismogenic zone, in the Talish mountainous
zone, in the Caspian Sea, on the Iran-Turkey border.

In 2020, it was on the south-eastern slope of the Greater Caucasus - Zagatala-Balaka n, on the Georgian
border (A1,=1.0-1.6). Activity was high in Shamakhi-Ismayilli (A;,=1.6-2.0) and Talish (A30=1.6-2.0) zones.
In the south-northern part of the Lesser Caucasus (A= 0.6- 1.0) seismic activity was weak. In 2020, the activity
(A= 1.6-2.0) was high in the territory of Samukh in the Middle Kura basin. At the same time, the active areas in the
north of the Caspian Sea (Ao = 0.6-1.0), in the center (Ao = 0.9-1.6) and in the southern part (A= 1.0-1.7)
correspond. High activity is observed on the Iran-Turkey border (A;, = 2.0).

The area of tension in the territory of Azerbaijan is divided into two areas along the Geokchay fault and
the Imishli-Geokchay flexure: the north-eastern part of the republic is characterized by tension, and the south-
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western part by compression. Tension is observed in the Absheron region and the Caspian Sea. The southern
and northern parts of the Caspian Sea are relatively calm. However, its middle part is in a highly tense situation.
The largest part of hypocentes is observed in the basalt layer (45-65 km) and in the upper mantle, and coincides
with the Sangachal Ogurju, Garabogaz-Safidrud, Agrakhan-Kasnavodsk faults.

Analysis of compression and tension axes based on the data of the obtained seismic hearth mechanisms
was directed in the direction of NE-SW in Shamakhi-Ismayilli, Middle and Lower Kura basin, Caspian Sea and
Talysh zone, and tension axes in the direction of SW-NE in each seismically active region.
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ANALYSIS OF MODERN MOVEMENTS OF EARTH CRUST BLOCKS IN AZERBAIJAN
ACCORDING TO THE DATA OF GPS STATIONS IN 2020-2021

Yetirmishli G.J.}, Kazimov |.E 1., Kazimova A.F.1

Introduction

The tectonic activity of the Mediterranean was completely determined by the processes of closure of the
relict basins of the Tethys Ocean with residual oceanic-type crust, taking place against the general background
of the convergence of the African and Eurasian plates. The type of seismotectonic deformation of the earth's crust of
the Caucasus corresponds to the setting of a thrust formation with a subhorizontal orientation of the main axis of
compression (in the north-northeast direction, in the cross direction of the Caucasian structures) and a subvertical
orientation of the main axis of extension, established on the basis of reconstruction according to a representated
set of earthquake source mechanisms. On the whole, it is quite consistent with the ideas developed in the plate
tectonic concept about a strong transverse narrowing of the Caucasian segment of the Alpine-Indonesian
mobile belt as a result of the convergence of the Arabian and Eurasian lithospheric plates [5]. The tightness of
the territory of the Caucasian Isthmus in the zone of collision of these lithospheric plates determines its modern
geodynamic and, accordingly, seismic activity. At the same time, the southern slope of the Greater Caucasus
remains one of the most seismically active regions of the Caucasian Isthmus, where large seismic events periodically
occur, accompanied by the spontaneous release of large amounts of energy from the earth’s interior.

A huge meridional depression of the Caspian Sea adjoins Azerbaijan from the east. The northern part of
Azerbaijan covers the eastern segment of the intricately constructed southern wing of the Greater Caucasus
meganticlinorium, while the Lesser Caucasus system and the Talysh Mountains are located in the southern part
of Azerbaijan. Each zone separately is characterized by its seismicity and geodynamic conditions. The Global
Positioning System (GPS) has provided a new opportunity for direct observation of modern movements and
deformations of the earth's crust, as well as seismic and ionospheric disturbances. Previous GPS studies have
helped quantify regional deformation in the plate interaction zone. Regional studies of plate movement use
fault orientation, local observations, and constraints on relative plate movement. In order to determine the
velocities and directions of horizontal movements of individual tectonic blocks on the territory of Azerbaijan,
according to the data of 24 GPS stations, the values of the error of signal modulat ion and deviations in the ionosphere
were calculated depending on the terrain of the stations during the day. Thus, taking into account previous studies,
this article presented the results of the study for 2020-2021.

Seismicity of Azerbaijan for 2020-2021

The analysis of the seismicity of the territory of Azerbaijan in 2020-2021 was carried out on the basis of
40 digital data in the "Earthquake Research Bureau". To process the earthquakes recorded by the RSSC
telemetry network, we used the dbloc2 program from the Antelope Real- Time System, v. 5.6 using the
averaged velocity model of the deep geological structure of Azerbaijan [1, 2]. In 2020, parameters of 4030

earthquakes with M n,,=4.9 and released energy ZE:13.1-1011J were determined within Azerbaijan. In 2021,
the parameters of 4173 earthquakes with maximum magnitude M m=5.1and released energy Y E=14.3-10"J
were determined.

An analysis of the number of earthquakes and released seismic energy by months in Azerbaijan and
adjacent areas shows that in 2020, seismic energy was highest in February, April and June. This is due to an
earthquake with a magnitude of 5.9 that occurred on the Turkish-Ira nian border. 20 perceptible earthquakes
(M =2.5-5.9) were recorded on the territory of the republic. The maximum seismic activity was observed in the
Shamakha-Ismayilli seismogenic zone, in the Talysh mountain zone, on the Iranian-Turkish border. Compared
to 2019, activity in the Caspian Sea has increased.

In 2021, unlike other years, an increase in seismic activity was recorded in the Shakhbuz region of
Shamakha, Agstafa district and the Nakhchivan Autonomous Republic. In the Zakatalo - Balakan zone on the
southeastern slope of the Greater Caucasus, seismicity has notice ably decreased. At the same time, as in 2020,
activity is observed in the central and northern parts of the Caspian Sea.

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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An analysis of the spatial distribution of epicenters showed that the events of this period are confined to
transverse (northwestern, northeastern, and submeridional strike) disjunct ive dislocations, but the epicentral zones
as a whole have a “all Caucasian” elongation, being located along and north of Ganikh-Ayrichay-Alyat deep over
thrust within the Kakheti-Vandam-Gobusta n longitudinal structural block. In addition, high seismic activity in
2020-2021 was associated with the activation of the Tayraldjachay-Salyan, Dashgil-Mudrese, Ismayilli-
Sighirli, Arpa-Samur, West Caspian, Sangachal-Ogurchu, Garabogaz-Safidrud and Palmir-Absheron faults.

GPS surveys on the territory of Azerbaijan for 2020-2021

In order to determine the velocities and directions of horizontal movements of individ ual tectonic blocks of
the earth's crust on the territory of Azerbaijan, an analysis of the data obtained in 2020-2021 was carried out.
The error in determining the velocity varies mainly within the limit of less than 0.6 mm/year, which makes it
possible to fairly accurately estimate the convergence of plates across the Caucasus mountain system (i.e., the error
is 5% of the total convergence rate) [7]. As one of the main sources of GPS positioning errors, ionospheric
delays play a very important role in data processing. Because it is difficult to accurately model ionospheric
attenuation, virtua Ily all GPS data processing programs always use a no-ionosphere (LC) linear combination
to avoid ionospheric delay effects, including GAMIT, Bernese, GIPSY, and PANDA [3].

It has been established that in 2020 in the Greater Caucasus the average velocity was 6.8 mm/year, in the
Lesser Caucasus - 8.7 mm/year, in the territory of the Middle and Lower Kura 7.6 mm/year, in the territory of
the Talysh region 9.8 mm/year, on the Absheron Peninsula 3.7 mm/year. The maximum values of horizontal
velocities were noted at the stations of Aghdam, Lerik, Lankaran, Djalilabad, Fizuli and Saatly. The average
value of velocities throughout the republic was 7.3 mm/year.

In 2021, on the territory of the Greater Caucasus, the average velocity value was 5.4 mm/year, in the
Lesser Caucasus - 8.9 mm/year, on the territory of the Middle and Lower Kura 8.8 mm/year, on the territory of
the Talysh region 11.6 mm/year, on the Absheron Peninsula 4.2 mm/year. The average value of velocities
throughout the territory of the republic was 7.6 mm/year. The maximum velocities were noted at Yardimly (12.2
mm/year), Lankaran (13.1 mm/year), and Saatly (12.3 mm/year) stations. Compared to 2020, the velocity values
in 2021 have decreased. On a comparison graph between 2019-2020 and 2020-2021 we put strong earthquakes
that occurred in this period (Fig.1).
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Fig. 1. Graph of changes in velocity values according to GPS stations for 2020-2021

The trend of horizontal movements on the territory of Azerbaijan predetermines the activation of seismic
processes in the zones of accumulation of elastic stresses and in adjacent areas [6]. As a result of horizontal
movements of the lithosphere, plastic deformation of the crust occurs. At the same time, the Kura depression
descends and the Greater and Lesser Caucasus rise. The boundaries between the depression and the
surrounding mountain blocks are marked by clear breaks. As can be seen in the Figure in 2019-2020 activation
was observed mainly in the Ismayill i and Zagatala seismogenic zones. In 2021, strong earthquakes with ML>4.0
were observed in the Caspian, Ismayilli and Nakhichevan regions.
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Consideration of data on the distribution of velocity vectors of horizontal displacements of data from
GPS stations on the territory of Azerbaijan leads to the conclusion that there is a significant displacement
velocity in the north-north-east direction of the southwestern side and the central strip of the South Caucasian
microplate, including the territory of the southeastern segment of the Lesser Caucasus, Kura depression and
Talysh (Fig. 2, 3).

P P 5 2020 2021
48 49 50 51 ‘ 5
. e SO (. | 45| 46| o7 ) . OO | =Y
2 42 —
/\ V(mnv/il) V(mm/il)
N
41 !
== f
A \4 24
w,/ L 5
\_/ v °
- - 7
40 4 f 40 \ Qo\_, //
> \{ B =] /
ml | " ml f
03034 y N\ _ 103034 i
— ¥ 39 i
3 JOss45 (3545 / i
] | L \ - i AR\
45 46 47 48 4 50 51 45 46 47 48 9 50

Fig. 2. Scheme of the spatial distribution of velocities according
to GPS station data for 2020-2021

It has been established that along the Kura depression in the direction from the Middle Kura depression to the
Lower Kura depression (i.e. from NW to SE) there is a gradual increase in the rates of horizontal movements
from 7.3 to 11.3 mm/year, which is characterized by the condition of compression. It should be noted that in
the last 3 years, the zone of the Lower Kura depression is characterized by the manifestation of high seismic
activity, expressed in several earthquakes witha magnitude of more than 5, characterized by a uplift type of
movement [8].

At the same time, within the northeastern side of the microplate corresponding to the Vandam-Gobustan
megazone of the Greater Caucasus, the velocity vectors experience a decrease to 10-12 mm/year, and further
to the north, i.e. directly within the accretionary prism, and completely decreases to 3.5-5 mm/year. In general,
the tangential shortening of the earth's crust in the region is estimated at 6.1-11 mm/year. This is confirmed by
the observed directions and velocities of movement of the earth's surface in the territory of Azerbaijan and
adjacent regions according to the results of measurements at GPS points in 2017-2021, as well as strong earthquakes
that occurred during this period. Comparative analysis of GPS station data for the last 5 years is shown in Fig.4.
At the same time, the presented graph clearly shows the peculiarity of the velocity field - a contrasting decrease in
velocity at the observation points located in the southern flank of the Zanga thrust, compared with the velocities
recorded within the Kura and Lesser Caucasus. This phenomenon reflects the process of successive accumulation
of elastic deformations in the zone of subduction interaction between the structures of the northern side of the
South Caucasian microplate [7]. In turn, it should be noted that the regional patterns of neotectonic and modern
geodynamic development and landforms of the Caucasus region can be considered as a result of mechanical
impacts on it of adjacent geodynamic active areas. The Scythian part of the Scythian- Turanian Plate, which occupies
the plain territories of the Crimea and C iscaucasia and is limited from the north by the East European Platform,
experiences compressive forces from the folded structures of the Greater Caucasus and the Mountainous Crimea,
the latest and modern geodynamic movements of which are due to pressure from the Alpine fold belt, which
thrust of the Arabian plate. The southern part of Turan is also subject to the same effects of submeridional
compression [11].
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Fig. 3. GPS horizontal velocity vectors for 2020-2021
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Fig. 4. Comparative graph of GPS station data for the last 5 years

At GPS stations Nardaran, Gobu, Gala and Zhiloy Island, which are part of the Absheron zone, almost
similar values of horizontal displacement rates are traced (3.8 mm/year; 4.9 mm/year; 4.1 mm/year; 3.2
mm/year, respectively). In the direction from the Talysh region to the Absheron Peninsula (SW-NE
direction), there is a noticeable decrease in the northern component of displacement velocities compared to
high values of points located in the southwestern part of the selected profile (LKRG_GPS=13.8 mm/year;
LRK_GPS=12.5 mm/year; GLBG_GPS = 12.3 mm/year; YRDG_GPS = 12.7 mm/year). It should be noted
a noticeable increase in the azimut hal angles of the Absheron stations, indicating a clockwise movement in
the east-southeast direction up to 88°.

The discussion of the results

Thus, taking into account the above, we identified several tectonic blocks along large tectonic faults,
which differ in the value of the horizontal movement velocities: Artvin Karabakh megazone of the Lesser
Caucasus, the Middle Kura megazone, the megazone of the southern slope of the Greater Caucasus, the Talysh
megazone (Fig. 5).
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Fault map by Shikhalibeyli E.: 1-1 — Ganix-Ayrichay-Alat,2-2 — West-Caspian,3-3 — Pre-Lesser Caucasus Fault,4-4 —
Palmir - Absheron

Fig. 5. Schematic maps of identified tectonic blocks and average
velocities according to data of GPS stations

It is interesting to note that the rate of modern vertical movements covering the GPS points of Gabala,
Zagatala, Gusar and Khinalig on the southern slope of the Greater Caucasus lags behind the rate of the general
uplift. Modern movements along the line stretching from the Lesser to the Greater Caucasus (from south to
north) have a wave nature, which is the result of the interfere nce of various tectonic waves, i.e. the result of a
complex combination of horizontal and vertical movements of the earth's crust (possibly, the asymmetry of its
movements is due to the simultaneous manifestation of waves with different lengths and amplitudes) [10].
Consequently, wave-like deformations are not linear, and this determined all the main features of the neotectonics
of the region. The average value of the megazone of the Southern slope of the Greater Caucasus varies within
4.2-5.4 mm/year. The Middle Kura megazone is characterized by the values of 8.85 mm/year.

Comparison of the obtained measurement data of GPS stations shows that the stations located in the
Lesser Caucasus and in the zone of the Talysh Mountains move in the northeast direction almost identically.
These facts allow us to state that the Lesser Caucasus and Talysh participate in the horizontal movement as a
single bloc. On the other hand, the stations located on the territory of the Talysh Mountains are characterized by
high horizontal movement rates, which allow us to delineate this region with average horizontal movement rates
of 11.6 mm/year.

Conclusion

On the basis of GPS space geodesy data and seismological data, the current geodynamicconditions of
the territory of Azerbaijan for 2020-2021 are analyzed. One of the most pronouncedfeatures of the velocity
field of horizontal movements is the decrease in velocity values perpendicular to the direction of the Greater
Caucasus strike from south to north. The velocity field clearly illustrates the movement of the earth's surface
in the N-NE direction. This phenomenon reflects the process of successive accumulation of elastic
deformations in the zone of subductioninteraction between the structures of the northern side of the South
Caucasian microplate (Vandam- Gobustan megazone) with the accretionary prism of the Greater Caucasus.

In addition, within the Middle Kura depression and in the Lesser Caucasus, there is a trend towards
horizontal displacement, which is reflected in an increase in the velocity of movement from west to east along
the continuation of the ridge. It has been established that on the Absheron Peninsula the earth's crust is shortening
at a rate of ~ 5 mm/year. The earthquakes that occurred during this period are located in the gradient zones of
transition from maximum to minim um velocities. These are mainly Ismayilli, Shamakha, Aghdam and Shamkir
districts (Fig.). In this zone, there is a change in the magnitude of the GPS velocity vectors, which can be
explained as the main reason for the accumulation of stress.

It was found that in 2020 the maximum values of horizontal velocities were noted at the stations of
Aghdam, Lerik, Lankaran, Djalilabad, Fizuli and Saatly, and the average value of velocities throughout the
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republic was 7.3 mm/year. In 2021, the average velocity across the entire territory of the republic was 7.6 mm/year.
The maximum velocities were noted at Yardimly (12.2 mm/year), Lankaran (13.1 mm/year), and Saatly (12.3
mm/year) stations.

Along the Kura depression in the direction from the Middle Kura depression to the Lower Kura depression
(i.e. from NW to SE), agradual increase in the rates of horizontal moveme nts from 7.3 to 11.3 mm/year is
observed, which is characterized by the condition of compression. In the direction from the Talysh region to the
Absheron Peninsula (SW-NE direction), there is a noticeable decrease in the northern component of displacement
velocities compared to high values of points located in the southwestern part of the selected profile
(LKRG_GPS=13.8 mm/year; LRK_GPS=12.5 mm/year; GLBG_GPS =12.3 mm/year; YRDG_GPS =12.7
mm/year).

Considering the above, we have identified several tectonic blocks that differ in the value of horizontal
movement velocities: the Artvin Karabakh megazone of the Lesser Caucasus, the Middle Kura megazone, the
megazone of the Southern Slope of the Greater Caucasus, and the Talysh megazone. The average value of the
mega zone of the Southern slope of the Greater Caucasus varies within 4.2-5.4 mm/year. The Middle Kura
megazone is characterized by the values of 8.85 mm/year.
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CHANGES IN COULOMB STRESSES AFTER STRONG EARTHQUAKES
OCCURRED IN THE TERRITORY OF THE GREATER CAUCASUS
FOR THE PERIOD 2012-2021

Kazimova S.E.!

Introduction

In the last decade, significant progress has been made in research related to the interaction of faults and
how the occurrence of an earthquake perturbs the stress field in its vicinity, which can cause aftershocks and
subsequent earthquakes. These studies are of great importance for assessing the seismic hazard of the region,
since voltage changes can either delay or accelerate the occurrence of future earthquakes. In addition, since the
seismic hazard assessment depends on the destruction parameters of past earthquakes, it is important to reliably
estimate such parameters, viz. rupture location, geometry and extent of past earthquakes [11].

For many years, the territory of the Republic of Azerbaijan was characterized by high seismic activity.
From a tectonic point of view, this is due to the dynamics of the Caucasus region, which is under the influence
of the Arabian and Eurasian lithospheric plates.

It should be noted that since 2012, a number of strong earthquakes with MI>5.0 have been occurring on
the territory of the republic. In 2012 and, after some lull, in 2014-2018. a series of strong earthquakes occurred
here: Zagatala on May 7, 2012 with MI=5.6, 5.7, Balakan on October 14, 2012 with MI=5.8, which were felt in the
epicenter with JO=7 b.; Ismayill i 07.10.2012 with MI=5.3; Caspian 10.01.2014 with MI=5.0, Hajigabulskoe
10.02.2014 with MI=5.8, Zagatala 29.06.2014 with MI=5.3, Gabala series 29.09 and 04.10.2014 with
MImax=5.5; as well as Okhuz on September 4, 2015 with M1=5.9, Imishli on August 1, 2016 with M1=5.6,
Lerik on August 28, 2018 with MI=5, etc. The intensity of shaking in some of them at the epicenter reached 7
points. An analysis of the spatial distribution of epicenters shows that most of the sources of perceptible
earthquakes are located in the zone of the junctio n of the Kura depression and the southeastern subsidence of
the Greater Caucasus or the activation of the southern side of the Kura depression in the zone of transition to the
fold system of the Lesser Caucasus [1].

With the deployment of regional and local networks of digital seismological stations and the
accumulation of data, in the conditions of intensive growth of computer technologies, seismologists face
completely new opportunities and prospects in studying the physics of earthquakes and seismic hazard
prediction. In particular, an extensive instrumental database of digital data on earthquakes, including weak ones
with M<2, makes it possible to study in detail the fine structure of the spatial and temporal distribution of sources,
their energy characterist ics, and to reveal the relationship of seismic processes with the features of the deep structure
of the region and the seismotectonic setting.

Knowledge of the seismic moment tensors of the sources makes it possible to study the dynamics of seismic
activity, taking into account the seismotectonic and structural-geological conditions of the region within the
framework of deterministic models of the seismic flow of rock masses [5, 13, 16] or the interaction of faults,
which use, for example, the concept of transfer of the dropped Coulomb stress on neighboring faults [6]. In turn,
further quantitat ive development and experimental verification of these dynamic models in different seismotectonic
conditions are of direct practical importance for the creation of methods for reliable earthquake prediction and an
objective quantitative assessment of seismic hazard.

Coulomb stresses
A change in the stress state can be critical in relation to the initiation of large technogenic earthquakes, we
will consider using the approach used in seismology when analyzing aftershock sequences of large earthquakes
[7]. According to this approach, a change in the stress field, as it were, “pushes” the neighboring fault somewhat
closer to the threshold of Coulomb destruction. This process is often described by estimating the variation of the so-
called Coulomb function on a site oriented in a certain way
6c=T-p(on-p), 1)
where d, and t- normal and tangential stresses to the fault plane; p is the pore pressure; p is the coefficient of
friction. At the stage of preparing a dynamic breakdown 6.<0. In the case of an increase in shear stress t or a

1 Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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decrease in effective normal stress (o,-p), the fault approaches the critical state 6.=0. Although it is rather
difficult to determine stress values at seismogenic depths in natural conditions, it is possible to estimate the stress
change and, using this estimate, calculate the change in shear and normal stresses on nearby discontinuities. Thus,
even without knowing the absolute values of stresses, one can calculate the change in the Coulomb function
using the incremental equation

Ac=At- | (Ac, -Ap) 2
from which it can be understood whether the fault was brought closer to the critical state (positive increment Aj:>0),
or, conversely, moved to a more stable state (Ad. <0). Note that these calculations do not require information
about the stress zone in the region and do not consider stress fields from other sources. The Coulomb theory
of initiation has become widespread, being one of the popular explanations for the fact that earthquake
aftershocks manifest themselves not only within the fault zone, but also in neighboring areas [2, 3]. Usually, the
best correspondence between the change in the Coulomb stress and the distribution of aftershocks is observed
at distances exceeding several kilometers from the earthquake fault, since the unknown details of the distribution
of displacements and geometry play a signific ant role closer.

An important result of the research is the presence of negative Coulomb stresses for a large part of the
faults, which are actually considered active in recent times. If the Coulomb stresses are greater than zero (> 0),
then this means that the given stress state is above the dry friction line - the crack can become active. If they
are close to the brittle strength limit, then crack activation becomes the most probable. Negative values of the
Coulomb stresses mean the excess of friction forces over shear stresses on cracks

Based on the above, we constructed and analyzed the distribution of Coulomb stresses for the Zakatala,
Gabala and Ismayilli earthquakes. The model parameters are set according to the two-dipole approximation of the
seismic moment tensor [4]. The calculations were made in the Coulomb 3.3 program. [8] for depths of 8-12, 42
km, the friction coefficient isassumed to be u'=0.4.

Influence of change in stress state on trigger seismicity

As mentioned above for the period 2012-2021. Several strong earthquakes with magnitude ml > 5.0
occurred in the Azerbaijan territory of the Greater Caucasus. In this article, we examined the most significant of
them, namely: the Zakatala earthquake of 2012, the Balakan earthquake of 2012, the Gabala earthquake of 2014,
the Okhuz earthquake of 2015 and the Ismayilli earthquake of 2012-2021. Let's consider each earthquake
separately.

On May 7, 2012 in the Zakatala region with an interval of about 10 hours (t0=04h40m and t0=14h15m
GMT) earthquakes with magnitudes of 5.6 and 5.7, respectively, occurred, characterized by intense aftershock
(magnitude 3.5-5.0) activity.

According to instrumental observations, the coordinates of the earthquake are: ¢=41,50°N,
A=46,58°E u ¢=41,56°N, A=46,63°E, depth h=8-12 km (Fig. 1). Earthquakes were felt in the cities of Zagatala,
Belakany, and Gakh and in other environs with an intensity of 2-5 points. On fig. 1. The wave pattern of the first
Zagatala earthquake that occurred at to=04"40™ is presented.

Fig. 1. Map of focal mechanisms of strong earthquakes (Mw>5.0) for the
period 2012-2021. (fault mapaccording to [15])
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The Zakatala seismically active zone is located in the extreme northwest of theAzerbaijani part of the
Greater Caucasus. Conventionally, its boundary in the east should beconsidered the Zakatalo-Shamkir transverse
uplift. In the north, west and south, the zone merges with the highly active seismic zones of Southern Dagestan
and Western Georgia. The area of the Zagatala seismically active zone within Azerbaijan is about 3500 km2. It
should be notedthat only one large earthquake is known in this zone for the entire seismostatistical period,
which occurred in 1936 with a 7-point effect in a number of settlements. More often shockswith an intensity
of 7 points in the Zagatala seismically active zone were felt from strongDagestan and Georgian earthquakes,
which sometimes caused excitations in local sources [10].

The focal mechanism of these earthquakes was characterized by near-horizo ntal (PLP=10°)
compressive and tensile (PLT=14°) stresses. The type of movement along both steep (DP1=87°, DP2=72°)
planes is shear. Plane NP1 has a southeast (STK1=125°) strike with a right-hand slip type, and NP2 has a
south-west strike (STK2=216°), with a left-hand slip type. Comparison of the strike of nodal planes with
fault lines shows the agreement of the first nodal plane NP1 with the right-sided Kazakh-Signakh and
Ganjachay-Alazani transverse faults, which allows us to consider the NP1 plane to be active. The focal
mechanism of the second earthquake occurred under the action of near-horizontal tensile stresses (PLT=1°).
The type of slip along the first nodal plane NP1 is a fault with elements of a right-sided shear, along the
second - a fault with elements of a left-hand shear.

On October 14, 2012 at 10h13m36s, 28 km to the west of the city of Zagatala, an earthquake with
magnitude mI=5.6 occurred in the Belakan region. According to instrume ntal observations, the coordinates of the
earthquake are: lat=41.66N, lon=46.27E, and the depth h=8 km. On the basis of instrumental observations, it was
revealed that the earthquake was felt with the greatest intensity in the territory of such villages as Halatala,
Mesheshambul, Sharif, Yeni Sharif, Saribulak, Talalar, Tulu, Kaisa and Kazma. Here, the intensity of the
earthquakeaccording to the MSK-64 table was estimated at 7 points.

~~~~~

\“\ 1 ‘\‘2 “\\‘3

Fig.2. Map of epicenters of earthquakes in the study region that occurred in 2012
and diagram of the fault structure of the southern slope of the Greater Caucasus
(fault map according by [12])

The main seismogenic faults that determine the features of the geodynamic regime of the earth's crust: 1-shifts
2-faults, 1-reverse faults. Faults: 1 - Kazakh-Signakh, 2 - Sharur-Zakatala [1], 3 - Ganjachay-Alazan,
4 - lory, 5 - North Adjinour, 5 - Vandam, 6 - Dashgil-Mudresa, 7 - Zangi-Kozluchay, 8 - Arpa-Samur.
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Fig. 3 Increment of critical Coulomb stresses initiated by Zakatala earthquakes in 2012

Based on the above, we analyzed the Coulomb stress after the strong Zagatala earthquake (Fig. 3). It can be
assumed that the Zakatala earthquakes are a consequence of the geodynamic regime of the earth's crust of the
Zakatala focal zone, the parameters of which are determined by the movements of the earth's crust along the
system of longitudinal (general Caucasian strike) and transverse (anti-Caucasian strike) faults; among the
latter, the main role probably belongs to a pair of transverse right-sided strike-slip faults — Kazakh-Signakh and
Ganjachay- Alazan.

As seenin fig. The Zakatala earthquakes, as well as the aftershock field, are in the zone of negative values
of the Coulomb stress, i.e. in the zone of released energy. However, after it, the zones of positive values are
distributed in the NW-SE direction. As mentioned above, on October 14, 2012, a strong earthquake with a
magnitude of ml=5.6 and an aftershock field radius of 25 km occurred in the NW stress state accumulation
zone (Balakan region).

From a tectonic point of view, the earthquakes that occurred in Balaken are located in the southwest of
the Azerbaijan part of the Greater Caucasus, surrounded by the Ayrichay- Alat and Vandam deep faults. It should
be noted that the Tfansky anticlinorium is distinguished as the central uplift of the Mesozoic core of the
meganticlinorium of the Greater Caucasus. On the southern wing of the Tfansky anticlinorium, the Zakatalo-
Kovdagsky synclinorium is distinguished, filled with Cretaceous formations. The source mechanism of the
Balakan earthquake on October 14, 2012 was characterized by horizontal (PLP=0°) tensile southwest
orientation (AZM=239°) and nearly vertical compressive (PLT=48°) northwest orientatio n (AZM=329°) stresses
(Fig. 10, Table 4). The type of movement along both (DP=57°) planes is fault with shear elements. Plane NP1
has east strike (STK1=115°), NP2 — north strike (STK2=2°). Comparison of the strike of nodal planes with
fault lines shows the agreement of the second nodal plane NP2 with two transverse Kazakh-Signakh and Sharur-
Zakatal faults. An analysis of the mechanisms of these earthquakes showed that one pair of tectonic faults was
confined to the zone of influence. As seen in fig. The 3rd earthquake that occurred in the Zakatala region is a
kind of trigger (initiated). On September 29 and October 4, 2014, to the NE of the city of Gabala, two earthquakes
occurred with ml=5.5 and mI=5.0, respectively. The focal zone is controlled by the Damiraparanchai right-slip
strike-slip fault, which complicates here the belt of the underthrust junction of the Kakheti-Vandam-Gobustan
zone and the accretionary prism of the Greater Caucasus. Near-vertical (PLP=48°) compressive stresses
oriented to the southwest (AZM=265°) prevailed in the source mechanism of the first earthquake. Type of
movement on both steep (DP1=64°, DP2=53°) planes - fault-shift. Plane NP1 is latitudinal (STK1=265°), and
NP2 is meridional (STK2=17°). Comparison of the strike of nodal planes with fault lines in Figs. 6 shows the
agreement of the second nodal plane NP2 with the Ismaili-Gabala orthogonal fault.

The movement in the source of the second earthquake arose under the action of near- horizontal
(PLP=23°) compressive stresses. The type of movement along both planes is shear with reset elements. Plane
NP1 is latitudinal (STK1=268°), and NP2 is meridional (STK2=1°). Comparison of the strike of nodal planes with
fault lines shows agreement of the first nodal plane NP1 with the Arpa-Samur transverse fault. Most likely it is
this plane that is active.
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One of the strongest earthquakes over the past 10 years is the earthquake that occurred in the Okhuz
region on September 4, 2015. The seismic vibrations of this earthquake were recorded by 18 world agencies and
almost 400 seismic stations in a wide azimuthal environme nt at distances from 300 to 13407 km from the
epicenter. Based on macroseismic studies, it was revealed that the earthquake was felt with the greatest intensity
in the territories of the Okhuz and Sheki regions (Fig. 4). Here, the intensity of the earthquake according to the
MSK-64 table was estimated at 7 points. The earthquake was accompanied by more than 80 aftershocks with
magnitudes from 0.5 to 4, of which 33 occurred on the first day. As seen in fig. 4, the epicenter of the earthquake
is confined to the zone of intersection of the longitudinal Dashgil- Mudresinsky and transverse Arpa-Samur
faults [9, 15]. It should be noted that the Arpa-Samur deep fault of ancient origin at all times from the Paleozoic
to the present is a zone of active manifestation of tectonic movements, a conductor of magmatic melts, ore-bearing
solutions and seismicity. According to Shikhalibeyli E.Sh. [15] The Arpa-Samur Transcaucasian seismica | ly active
metal-bearing fault zone unites the Mrovdag-Zod, Terter and Khachin faults of deep origin. Of the total number
of aftershocks, the most significant occurred on October 13 at 00h 13m.

Fig. 4. Aftershock field of strong Gabala (2014) and Okhuz (2015) earthquakes Faults:
I - Arpa-Samur, Il - North Adzhinour, Il - Vandam, IV - Dashgil-Mudrese [15]
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Fig. 5 Increment of critical Coulomb stresses initiated by the 2014 Gabala earthquake

For the reliability of the result, the mechanisms of two earthquakes were built and analyzed: 09/04/2015
with ml=5.9 (main shock) and 10/13/2015 with mI=4.0. The earthquakes that occurred in the Okhuz region on
September 4 at 04h 49m and on October 13 at 00h 13m occurred under the action of close tensile and compressive
stresses. Table 3 shows that the first nodal fault plane extends in the SE direction (153°), the second nodal plane
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has a NE strike (63°). At the same time, the compression stresses in the earthquake source were oriented in the
northeast direction (azimuth 18) and acted near-horizontally (angle with the horizon 0-7), and the tensile forces
were directed in the west-southwest direction (287-288) at an angle of 0-2 to the horizon. The type of slip of
these earthquakes is left-sided slip (Fig. 1).

An analysis of the distribution of Coulomb stresses for the Gabala and Okhuz earthquakes showed that
after the 2014 earthquakes in the Gabala and Sheki regions, the accumulated energy was released (Fig. 5). However,
the areas of positive values in 2014 were distributed in SW- NE orientation, which indicated that the faults
(Arpa-Samur transverse fault) were in a subcritical, metastable state.

This was confirmed by seismic activity in 2015, when an earthquake with a magnit ude of 5.9 occurred
in the Okhuz region on September 4, 2015. The aftershock cloud spread up to 23 km in the S-N direction
and 9 km in the W-E direction, however, the area of the main mass of the earthquake cluster was 88 km2.
Despite the fact that the main source is located at a depth of 16 km in the granite layer, the depth of
aftershocks varies between 11-34 km.Over the past 15 years, one of the strongest earthquakes in this region

is the earthquake that occurred on October 7, 2012, at 15h42m, 17 km southeast of the Ismayilli seismic
station in the Ismayill i region with ml = 5.3. 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.

As is known, the epicentral zone of the Shamakhi earthquakes is located on the southeastern subsidence
of the meganticlinorium of the Greater Caucasus. This region is composed of thick volcanogenic and
sedimentary strata of the Meso Cenozoic. All strata are collected in large linear folds, elongated in the general
Caucasian direction. The follow ing structural units are distinguished in the Shamakhi zone: Zagatala-Kovdag
synclinorium, Lagich synclinorium, Vandam anticlinorium, Shamakhi-Qobistan synclinorium (Marazi trough),
Alazan-Agrichay trough.

XNQ
3 / Faults: 1-1 Alazan-ayrichay-Alat;
2-2 Vandam; 3-3 West-Caspian

3.0-4.0

4.1-5.0

* 5.5-5.9 3 2

Fig.6. Map of the epicenters of strong earthquakes in the Shamakhi-lsmayilli
seismogenic zone for 2012-2021. (fault map according to [15])
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The earthquake that occurred on February 5, 2019 at 19N31M with ml=5.2, h=8 was no exception. The

seismic activity in this zone began with the February 5 earthquake at 19h 19M54S, 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 magnit udes with mI>3.4, 3.0, 3.9. It should be noted that on the same day at 13:24:51 an
earthquake occurred in the Talish region with ml = 3.9. According to instrumental observations, the coordinates

of the Ismayilli earthquakes 19N 19M 548 (foreshock) and 19N 31M 375 (main shock) are equal: =40.77°N,
A=48.50°E and ¢=40.78°N, A=48, 46°E, depth h=8-11 km.

The highest magnitude earthquake of 2021 (ml = 5.1) occurred on November 20 at 16:46 local time in
Shamakhi, 17 km south of Pirgulu station. It should be noted that this shock was major seismic earthquake
recorded in the territory of Azerbaijan during the year. The magnitude of the earthquake was 5 in the epicenter
and 4-3 in the surrounding areas. Both the compression (P) and tensile stress (T) axes of the earthquake are
oriented close to the horizon (PL = 17-36). A sharp (DP = 78-51) angle of incidence was determined for both
nodal planes. The value of displacement in the furnace (SLIP = 140-15) indicates that the right- hand
displacement-break- up movement is predominant. At 16:48 local time, an aftershock with a magnitude of ml
= 4.5 was recorded in Shamakhi, 13 km south of Pirgulu station. The value of displacement in the furnace (SLIP
= -109 - (- 64)) indicates that the fracture is dominated by right-sided displacement type movement and is
associated with the West-Caspian fracture.

Analyzing the residual stress of the Shamakhi-Ismailli region, we interpolated these Coulomb stresses
of 4-magnitude earthquakes that occurred in the period 2012-2019.

/

A > v \
XNQ \ 45

.
- 35

2.5
L2
1.5
L1
0.5
-0
L-05
-1
15
-2
--25

Bar

8

-3.5

Fig. 7. The emergence of critical Coulomb tensions initiated by the Ismaili earthquakes
in 2012-2019. (breakingmap on [15])

A slow deformation process, the contribution of which to the integral value of the accumulated
deformation can be quite significant. The displacement consists of a dynamic (co- seismic) and a slow (post-seismic)
component. The ratio of the amplitudes of dynamic and slow displacement is determined by the stress-strain state
of the contact. If the dynamic component prevails on weakly stressed contacts, then as the static load approaches
the Coulomb limit, the amplitude of the slow movement can greatly exceed the initiating dynamic movements.
The characteristics of the contact do not remain unchanged during the deformation process. In this case, both an
increase and a decrease in the rigidity of the interblock contact, and, consequently, the rate of accumulation of the
interblock displacement, can be observed. The increase in stiffness is due to two factors. The first one, the
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gradual increase in contact stiffness under multiple cyclic loading, is known for quasi-static cyclic loading.
Under dynamic loading of cracks, this effect is less pronounced, but it is also quite significant. If the
deformation of the contact occurs at a rate below some critical value, then the stiffness increases in proportion
to the logarithm of time. In our case, the critical value of the rate of relative displacement of blocks is 4.0-5.0
mm/year, which is relatively small. As a result of the accumulation of the stress- strain state over the past 10
years, residual energy has accumulated at the junction of the Agsu and Shamakhi regions, which manifested
itself in 2021 with a magnitude of 5.1 and an aftershock field radius of 15 km.

Conclusions:

The analysis showed that dynamic stresses alone cannot explain the spatial distribut ion of seismicity. So,
for example, at a close level of dynamic stresses in the Zakatal and Balakan regions, in the first case, initiated
seismicity was observed, and in the second, not. Based on this, an assumption arose that the faults on which
initiated earthquakes occur must be in a subcritical, metastable state. This is supported by the fact that all
triggered events occurred in areas of increased background seismicity. Many of the areas of initiation were areas,
as a rule , confined to the boundaries of large geotectonic elements of the earth's crust and the intersect ion nodes of
faults of various directions.

The foregoing suggests that the Zakatala earthquakes are a consequence of the geodynamic regime of the
earth's crust of the Zakatala focal zone, the parameters of which are determined by the movements of the earth's
crust along the system of longitudinal (general Caucasian strike) and transverse (anti-Caucasian strike) faults;
among the latter, the main role probably belongs to a pair of dextral strike slips — Kazakh-Signakh and
Ganjachay-Alazan.

Thus, the solutions of the focal mechanisms of the considered earthquakes are normal and antithetic
sinistral strike-slip faults. The latter solution seems to be preferable, especially for the first Zagatala earthquake,
since the presence of a sublatitudinal or general Caucasian reverse fault in this area is rejected by the geodynamic
model of the region under study, as well asa pure normal fault without a horizontal component for the second
earthquake.

Analyzing the sequence of seismic processes, one can notice that the sources considered have a certain
relationship. It should be noted that the coincidence of the angles of dip DP, slip SLIP and strike azimuths STK of
shears and normal faults does not exclude the possibility of movements of such types along the planes of some faults.
Perhaps the Zagatala earthquake was the first shock that caused a series of strong earthquakes in the Balakan, Sheki,
Okhuz, Gabala and Ismayilli regions. All these zones are in similar seismotectonic conditions. The geologic a |
structure of these zones involves the structural elements of the Tfan anticlinorium, the Zagatala — Govdag
synclinorium, the Vandam anticlinorium, and the superimposed Alazano—Agric hai trough [14]. These structures
of the general Caucasian direction are separated from each other by deep sublatitudinal faults.

A positive increment of the Coulomb stresses can be interpreted as an approach to the destruction
threshold, while a negative increment, as it were, postpones the moment of the earthquake. To estimate the
Coulomb stresses initiated by the Zakatala, Gabala and Ismayill i earthquakes, the source model was considered,
which is set by the plane of east-southeast dip. The eastward dip of the plane along which the shift occurred is
in the best agreement with the geological data of the regions. The spatial position of the earthquake epicenters
(aftershock field) that occurred from 2012 to 2021 correlates with the zones of positive increments of
critical Coulomb stresses. Their occurrence, apparently, is associated with the accumulation of tectonic stresses
of sublatitudinal extension and the localization of static stresses initiated by the Zakatala earthquakes of 2012,
which together led to the emergence of instability and shear movements along the fault. The obtained results
testify to the prospects of the chosen approach for the rapid assessment of seismic shaking for implementation in
automated monitor ing systems.
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ENGINEERING SEISMO-GEOLOGICAL JUSTIFICATION OF THE BAYIL
LANDSLIDE IN 2018

E.S. Garaveliyev!

Objective

Determining the contours of a probable landslide-prone territory based on the method ofengineering
seismic exploration and studying the deep structure of fractured environment.

Research method

The refracted microseismic method (Refraction Microtremor, Louie 2001) was used to study the
fractured area observed on the Bayil slope in the area of the TV Tower using the seismic microtremor method.
The method is a cost-effective seismic method for establishing a shear wave profile in a study area. This method
provides useful seismic data directly in noisy urban areas. The refracted microseismic method (Refraction
Microtremor, Louie 2001) uses the phase data of a given wave field.

¥ \
DigitalGlobe

Fig. 1. General view of the landslide with observed main fractures in the area

Symbols: . - cracks observed in the area,
Z 3 the area of influence of the prognosed landslide, - Alley of Martyrs

To study fractured microseisms, an engineering seismic station GEODE-24 (made in the USA), 24
seismic receivers with a frequency of 4.5 Hz, a seismic streamer 115 m long, and an impact sledgehammer
weighing 11 kg were used.

As seismic waves, seismic signals from environmental noise and from sledgehammer blows were received.

The Seismodule Controller software package was used to acquire records in the study area, and programs
such as ReMiVspect4.0 and ReMiDisper4.0 were used to process the resulting records.

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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Fig. 2. View of houses in the affected area of the prognosed landslide
(width 200 m, length 220 m).
Symbols:
M - the direction of the prognosed landslide and the area of landslide affection

groundwater
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Fig. 3. Scheme of seismic profiles in the study area (16 different profiles developed)

spr1 +16 - seismic profiles,
\ - cracks observed in the area,

D - observed groundwater places

16 seismic profiles were built and processed in the area. Profiles 1, 2, 4, 5, 6 and 15 were constructed by
cutting through the fractured zone observed in the area. Profiles Ne 1+12 have a length of 55 m, and profiles
Ne 13+16 - 115 m.
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Before the start of the study, the site was visually inspected and a number of anthropogenic interventions
affecting landslide activation were noted. These include the cutting of a slope in the form of a terrace for
growing tree seedlings and for building houses, as well as the absence of asewer line in these houses.

Fig. 5. Water leaks in sandstone layers in the northwestern flank of the landslide zone
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Fig. 8. Placement of seismic receivers on the profiles of the study area and
egistration of seismic waves

37
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Seismic line Nel is associated with an engineering exploration well drilled to a depth of 50 m. The relative
height of the wellhead is 107 m. This well was drilled approximately 20 m south of the main fracture found
in this area.

As can be seen from the geological section of the well, the upper lithological section of the study area is
composed of a complex of rocks of the Quaternary (Q4) age (semi-hard clays, clastic limestones, fine-grained
sands and sandy clays). Sandstone formations are often found among the engineering-geological elements
mentioned. Groundwater was not observed during drilling (Fig. 9).

At the same time, 60-70 m to the north-west of the exploration well at a relative height of 95 m,
groundwater leaks were found through sandstone layers, and when sampling soil from a depth of 2 m from the
front of the fractured area, clay-loamy soils were found in the form of porridge (Fig. 5, 6).

One of the factors substantiating the reality of landslide risk is the deepening of sandstonelayers, where
water leaks were observed, under the predicted landslide massif (the area where cracks were observed) and the
identification of clay-loamy soils in the form of a porridge on the front of the massif (based on sampling from
2 meter depth).

depth, m

-100

0 distance, m 55

Fig. 9. 2D shear wave velocity section on seismic profile Ne.1

Shear wave velocity, m/s

Fig. 10. 1D shear wave velocity section on seismic profile Ne 1
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0 distance, m

Fig. 11. 2D shear wave velocity section on seismic profile Ne 3

depth, m

0 :a-istalice, m S

Fig. 12. 2D shear wave velocity section on seismic profile Ne 5

Shear wave velocity, m/s

1000

Fig. 13. 1D shear wave velocity section on the seismic profile Ne 5 and seismic georeferencing

According to seismogeological data on seismic profiles Ne 1, 5 and 6, sandy-argillaceous rock layers
were revealed at a depth of 31.5-41.5 m, with a thickness of 10 m and a low wave speed of 350 m/s (on profile 1),
340 m/s (on profile 5), 360 m/s (on profile 6) and at a depth of 28-44 m, with a thickness of 16 m (on profile 7)
with awave velocity of 360 m/s.

On February 10, 2018, a landslide occurred in the study area, four houses, fences and outbuildings were
destroyed, cracks formed in the remaining houses and a very dangerous situatio n arose (Figure 15-18).
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Thanks to the timely notification of the landslide to the relevant government agencies and the accuracy of
the research work, the residents were evacuated from the risk zone even before the incident and it was possible
to avoid human casualties.

Fig. 14. Landslide on February 10, 2018
Symbols:

‘ -the area of the real landslide, - the area of the prognosed landslide

Fig. 15. Terrain change observed at a depth of about 10 m at a
distance of 19 m at the top of the landslide
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Fig. 17. Destruction, observed cracks and uplifts on the surface at a distance of
130 m from the edge of the landslide

Conclusion

- it was found that the slip plane is located in the form of a thin lens on the roof of the layers of sandy-
argillaceous (loam) rocks at a depth of 31.5-41.5 m (the shear wave speed in the layer is 350 m/s), at the border
with a layer of fine-grained sands containing interlayers of sandstone;

- it was established that the landslide occurred as a result of water flowing out of the upper part of the slope
and moistening of the Quaternary (Q4) clay-sand layers with sewage water, as well as a cut in many places of
the slope;

- the total area of the landslide territory was determined as 11430 m2, the volume of the observed
landslide mass was 360000 m3.
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GRAVIMETRIC RESEARCHES IN ASSESSMENT THE CAUSES OF THE APPEARANCE
OF GAS ON THE COAST OF ZAGULBA

E.M.Baghirov*

In order to assess the causes of gas contamination of the sea in the north of the Absheron Peninsula, the
village Zagulba, gravimetric studies were carried out with a modern Canadian CG- 5 AutoGrav gravimeter
and a Russian GNU-KS gravimeter (Fig. 1). The measurements were carried out in a network of profiles (Fig.
2-4) with full coverage of the area.

Modern gravimetric methods include modeling areas close to the site of observation of the manifested gas,
the selection of its geometric elements, the selection of zones with active stress dynamics and the identification
of dangerous, hazardous places associated with geodynamic tension in the area of activity.

Research work by gravimetric methods, gravimetric measurements on profiles in differe nt directions in order
to assess the causes of the occurrence of gas pollution in the sea near the villa ge of Zagulba in the north of the
Absheron Peninsula were carried out. The studies were carried out at a distance of 100 meters between
observation points.

©

Methane gas®™~
O

Fig. 2. Scheme of gravimetric observation points carried out in the study area Symbols:

A Observation points
Profiles

Methane gas

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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Fig. 3. Methane release and photos of the surroundings

43

Fig. 4. Gravimetric and magnetometric measurements in the
area of methane gas manifestation
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Great attention is paid to field planning. The methods of field observations with high- precision
gravimeters is determined in accordance with the requirements for identifying subjective and other factors that
affect microseismicity, accuracy and reliability of observations, acceleration of free fall of non-tidal variations in
time. For field gravimetric observations, as mentioned earlier, Russian GNU-KS and Canadian CG-5 Autograv
were used. These devices make it possible to detect changes in gravity in the proposed polygons during repeated
gravimetric measurements.

In order to assess the causes of gas contamination of the sea in the north of the Absheron Peninsula of
the village of Zagulba (Fig.5), a gravimetric network was created to measure the relative gravity, measurements
for each profile and measurements with the aim of 0" point were taken.

As can be seen from the isoanomalous map of the gravitational field, the anomalous zones are covered by
a variable value of the relative gravity (Molodensky M.S., p. 128). Thus, the relative gravity remains open in the west
and closed in the east, with a minimum value in the northeast and southeast of the study area, and the anomaly extends
from 0.185 mGal to 3.514 mGal from west to east.

This anomaly is completely extended from west to east from the first observation point of profile V,
from observation points 2 and 3 of profile I. If you pay attention to the 3D model of the stress-strain state of the
geological environment the above interpretations are more accurate (Fig. 6).

50,0885 50,089 50,0895 50,09 50,0905 50,091 50,0915
[ S|
0 0,0005 0,001 0,0015 0,002

Fig. 5. Isoanomalous map of the gravity field, reflecting the stress-strain
state of the study area

A Observation points
Profiles
— — Destruction zones

i Methane
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In local areas, including spectral analysis on the shadow map, gravity is accompanied byan increase
and decrease in the intensity of the gravitational field, which is also visible (Fig. 7).
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Fig. 7. Spectral analysis of the gravitational field reflecting the stress-strain state of the study area
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CONCLUSION

1. The nature of the change in gravity at the polygons was studied by repeated gravimetric observations, 2D
and 3D isoanomalous maps of the gravitational field were compiled. The field revealed anomalous zones with
variable values of relative gravity. Relative gravity is observed in the northeast and southeast of the study area
with a minimum value, and from west to east from 0.185 mGal to 3.514 mGal.

2. The geodynamically stressed conditions of the ground and gas-bearing areas adjacent to the sea are high.
Earthquakes occur regularly (ml=3.0-4.0) in the vicinity, the influence of relatively strong earthquakes (ml >4.0) is
felt here.
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ANOMALOUS CHANGE IN THE GEOMAGNETIC FIELD BEFORE THE
ZAGATALA EARTHQUAKE (ML=4.2) 01.03.2022

M.K. Mammadova,® A.N. Sultanoval, A.M. Guliyeva!

The first information about earthquakes in the northwestern part of the Azerbaijani segment of the Greater
Caucasus was received in 1850. Strong earthquakes in the region with magnit ude mI>5 occurred in 1936 and 1948
(Agamirza yev, 1987). After the noted seismic events, the next strong earthquake in the Zagatala-Balakan zone
occurred in 2012 on May 7th with magnit ude mI>5.6 (h=9 km, ¢=41.50°N, A=46.58°E). After the main shock,
aftershocks intensified in the region, which lasted for several days. Their number in the first day reached 170.
After this event, 6 years later, astrong Zagatala earthquake with mI=5.5 (h=10 km, ¢=41.5°N, A=46.67°E)
occurredin the same source on June 5, 2018. The coordinates of both sources of the Zagatala earthquakes
coincide (Rzayev 2012).

As can be seen from Fig.2, the stress-strain state of the environment at the test site is characterized by
local anomalies of stress zones in the Gabala-Sheki, Shamakhi-Ismayilli, and Zagatala-Balakan sections. A sharp
change here in the increment of the geomagnetic field strength gradient in short sections of the profile indicates
sharp changes and disturbances in the environment.
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Fig. 1. Seismomagnetic effect and source mechanism of the Zagatala earthquake (01/03/2022)

In the northwestern part of the polygon, at the Zagatala-Balakan section, a sharp drop in field strength
by -300 nT is observed. Against the background of the formed closed local anomalies on the area of the polygon,
in the northwestern part, namely in the Zagatala-Balakan region, a sharp change in the gradient AT~f(t) is observed
and the formation of an extensive negative local anomaly of the geomagnetic field strength is observed here.

1 Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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Monitoring of the geomagnetic field strength at the Shamakhi-Sheki-Zagatala-Balaka n prognostic range is
recorded around the clock by modern magnetic variation stations and transmitted online to the RSSC.
Operational data processing allows timely detection of the seismomagnetic effect and its temporal changes.
The data are presented as T~f(t) and AT~f(t) graphs.

In the case of the Zagatala earthquake on March 1, 2022, analyze the changes in tension before and
after the seismic event in order to identify the SME and study its characteristics in connection with
geodynamic processes in the earthquake source.

Analysis of magnetic variations AT~f(t) at ml>4 indicates that the seismomagnetic effect is
determined by the parameters of the earthquake source mechanism (Rzayev, 2005, 2006, 2010, 2016). These
data are in full agreement with the results of our analysis of the geomagnetic field during the Zagatala
earthquake of 2022 (Fig. 1).

Fig. 2. Stress-strain state of the geological environment of the Shamakhi-Zagatala-Balakan
polygon according to magnetic data in 2D and 3D formats

As can be seen from Fig.1, the seismomagnetic effect reflects the geodynamic situation in the earthquake
source, located in a mobile block of the earth's crust and expressed in shear-thrust deformation. Shear-thrust
deformation in the source is clearly reflected in the positive local anomaly of the field strength increment, which
forms the seismomagnetic effect (SME).

An analysis of the results of studies of the seismomagnetic effect available in the literat ure shows
that with the mechanism of compression in the source, the seismomagnetic effect is formed with positive
dynamics of the increase in the geomagnetic field strength. In cases where tensile stresses predominate in
the source, the seismomagnetic effect has a negative increment in the geomagnetic field strength (Rzayev,
2005, 2006, 2010, 2016).

In the case of the Zagatala earthquake on March 1, 2022, as noted above, the geodynamics of the source
is characterized by shear-thrust deformation with the predominance of compressive stresses in the source. At
the same time, for 3-5 days at the magnetic variation stations of Sheki and Lankaran, an increase in the intensity
of the geomagnetic field was observed. The seismomagnetic effect in this case reached 25-30 nT. After the
earthquake, for 5-6 days, a decrease in the intensity of the geomagnetic field was observed with its complete
relaxation to the level of intensity on February 20, 2022.
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In 2021, a discrete magnetic survey was carried out on the area of the Shamakhi-Balaka n test site. An
analysis was made of spatiotemporal increments of the geomagnetic field strength gradient AT~f(t). The stress-
strain state of the geological environment at the site was presented in the form of maps AT~f(t) in 2D and 3D
formats (Fig. 2).

The earthquake on March 1, 2022 occurred within the Zagatala-Balakan zone of excess stresses identified
by us in 2021, was characterized by a sharply differentiated increment gradient AT~f(t) (Fig. 2).

CONCLUSION

1. The analysis of magnetometric data made it possible to identify the seismomagnetic effect, which was
formed 3-5 days before the Zagatala earthquake on March 1, 2022. The nature of the SME fully corresponds
to the mechanism of the earthquake source, where the predominance of compressive stresses with the “shear-
thrust” source mechanism was observed. As a consequence, we have a positive local increase in the
geomagnetic field strength and the formation of a seismomagnetic effect (SME) with positive dynamics.

2. ldentified by magnetic data in 2021, the Zagatala-Balakan zone of the stress-strain state of the
environment with a sharp differentiation of the geomagnetic field strength gradient, was the zone of formation
of the source of the Zagatala earthquake on 01/03/2022 and is well reflected on 3D maps AT~f(t).
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ANNOTATIONS

1. CHARACTERISTICS OF SEISMICS OF AZERBAIJAN AND
AROUND REGIONS IN 2020

Yetirmishli G.J., ismyailova S.S., Kazimova S.E.

In 2020, seismic analysis was conducted on the basis of 40 digital data. During the year, 13,295 earthquakes
were recorded. Of them, 4030 are local (Azerbaijani territory), 3347 regional and 3123 remote earthquakes.
At the same time, 1463 weak tremors (recorded by a single station), 1332 explosions were recorded. Compared
to 2019, the number of earthquakes and the amount of seismic energy released in 2020 decreased. Thus, the

number of earthquakes in 2020 was 4030, the amount of seismic energy released was ZE=13.1-1O11 J, the
maximum magnitude was ml=4.9. During 2020, seismicity was observed in the Greater Caucasus, the Middle
Kura Basin and the Caspian Sea. Seismic activation is observed along the West- Caspian, Palmir-Absheron,
Ajichay-Alat, Ganjachay-Alazan, Gazakh-Signakh, Talish, Akhvay, Sangachal Ogurchu, Garabogaz-Safidrud,
Agrakhan-Kasnavodsk, Khachinchay faults.

The area of tension in the territory of Azerbaijan is divided into two areas along the Geokchay fault and
the Imishli-Geokchay flexure: the north-eastern part of the republic is characterized by tension, and the south-
western part by compression. Tension is observed in the Absheron region and the Caspian Sea.

Keywords: seismic analysis, West-Caspian, Palmir-Absheron, Ajichay-Alat tectonic faults, analysis of
hearth mechanisms.

ANALYSIS OF MODERN MOVEMENTS OF EARTH CRUST BLOCKS IN
AZERBAIJAN ACCORDING TO THE DATA OF GPS
STATIONS IN 2020-2021

Yetirmishli G.J., Kazimov |.E., Kazimova A.F.

The article presents a method for calculating the velocity fields of modern horizonta | displacements of the
tectonic blocks of Azerbaijan, obtained from the results of observations at 24 stationary GPS_RSSC stations, a
characteristic aspect of which is a noticeable horizont a | displacement in the northeast direction at a rate of 4-12
mm/year. In this article, the velocit y field of tectonic blocks on the territory of Azerbaijan was studied based on
the results of GPS measurements calculated using the GAMIT program (Global Navigation Satellite System
(GNSS) at the Massachusetts Institute of Technology) [4]. It has been established that along the Lesser Caucasus, in
the Kura basin, the Nakhchivan Autonomous Republic and the border regions of Iran, there is a compression
zone oriented to the NE. The maximum value of the strain rate throughout the territory of Azerbaijan fluctuates
within 13.7 mm/year; the average value for all stations is 7.9 mm/year. Analysis of the velocity field also showed
low velocit y values in the Greater Caucasus (4-6 mm/year). In addition, a correlation analysis of the value of
velocities with the seismic activity of the region was carried out. Itis concluded that there is a certain relationship
between the change in the values of the velocities of horizont a | movements and the distribution of strong
earthquakes in the field of the rate of deformation of the earth's crust.

Keywords: GPS stations, geodynamics, tectonic blocks, South Caucasian microplate.



SEISMOPROGNOSIS OBSERVATIONS IN THE TERRITORY OF AZERBAIJAN, V. 21, Ne1, 2022, pp. 50-57 51

3. CHANGES IN COULOMB STRESSES AFTER STRONG EARTHQUAKES
OCCURRED IN THE TERRITORY OF THE GREATER CAUCASUS FOR
THE PERIOD 2012-2021

S.E. Kazimova

The article examines the seismotectonic position of a strong earthquake that occurred on the territory of
the Azerbaijan part of the Greater Caucasus for the period 2012-2021. In Bali, the focal mechanisms of strong
earthquakes were analyzed: Zagatala on May 7, 2012 with M1=5.6, 5.7, Balakan on October 14, 2012 with MI=5.8,;
Ismayilli 07.10.2012, 2019, 2021 with MI=5.1-5.3; Gabala series on September 29 and October 4, 2014 with
MI=5.5; as well as Okhuz on 09/04/2015. The analysis showed that as a result of dynamic stresses in the Zakatal-
Gabala and Balakan-Okhuz-Ismayilli regions, in the first case, initiated seismicity was observed, and in the
second - no. Based on this, an assumption arose that the faults on which initia ted earthquakes occur must be in a
subcritical, metastable state. It was found that the spatial position of the earthquake epicenters (aftershock field)
that occurred from 2012 to 2021 correlates with the zones of positive increments of critical Coulomb stresses.
Their occurrence, apparently, is associated with the accumulation of tectonic stresses of sublatitudinal
extension and the localization of static stresses initiated by the Zakatala earthquakes of 2012, which together
led to the emergence of instability and shear movements along the fault.

Keywords: earthquake, focal mechanisms, Coulomb stress, aftershock field.

4. ENGINEERING SEISMO-GEOLOGICAL JUSTIFICATION OF
THE BAYIL LANDSLIDE IN 2018

E.S. Garaveliyev

Landslides on the Bayil slope have been recorded since ancient times. Information about landslides in this
zone was noted in the works of the oil geologist G.V.Abikh. It was reported that in 1874 and 1877, along the
western shore of the Baku Bay, on a slope about 200 meters long, landslides occurred in areas of gray clay.
Later, in 1927, 1929, 1951, 1968, 1973, 1996, activation of landslides was observed on the Bayil slope.

On March 6-7, 2000 landslide demolished houses, gas stations, outbuildings, a factory floor, a highway,
etc. and caused significant damage to the economy of the state.

In the materials on all landslides in this area, it is noted that preventive measures were not carried out in
full; on the contrary, work was carried out to promote the reactivation of the landslide. So, in the lower part of the
Bayil slope, from the Intourist hotel to the Sabayil district fire department, construction work was underway, the
road was dug, heavy equipment was used on the roads on the slope and traffic was more intense than before.
All these factors are the reasons for the activation of the landslide.

Keywords: landslide, engineering seismic exploration, transverse wave velocity

5. GRAVIMETRIC RESEARCHES IN ASSESSMENT THE CAUSES
OF THEAPPEARANCE OF GAS ON THE COAST OF ZAGULBA

E.M.Baghirov

To assess the causes of gas formation in the sea, anomalous zones were identified in the field of gravimetric
studies, accompanied by a variable value of the relative gravity, and isoanomalous maps were compiled.
Keywords: gravity, anomalous zones, stress conditions.

6. ANOMALOUS CHANGE IN THE GEOMAGNETIC FIELD BEFORE THE
ZAGATALA EARTHQUAKE (ML=4.2) 01.03.2022

M.K. Mammadova, A.N. Sultanova, A.M. Guliyeva

Annotation: The anomalous behavior of the geomagnetic field strength near the source zone of the Zagatala
earthquake (ml=4.2) of March 1, 2022 was studied. It is shown that the nature of the formation of the
seismomagnetic effect (SME) reflects the geodynamic regime in the source zone. The Zagatala-Balakan
seismogenic zone is clearly outlined on the map of spatio-temporal increments of the geomagnetic field
strength gradient.

Keywords: SME seismomagnetic effect, nanotesla (nT), earthquake source mechanis m, geodynamic
regime, geomagnetic field strength, magnitude ml.



52 ANNOTATIONS

ANNOTASIYALAR

1. 2020-Ci iL ORZINDO AZORBAYCAN VO OTRAF BOLGOLORIN
SEYSMIKLIYININ XUSUSIYYOTLORI

Q.C.Yetirmisli, S.S.Ismayilova, S.E. Kazimova

2020-ci ildo 40 rogomsal molumatlar asasinda seysmikliyin analizi aparilmisdar. il orzindo 13295 yeralt:
tokan geyds alinmigdir. Onlardan 4030 yerli (Azarbaycan arazisi), 3347 regional vo 3123 uzaq zalzslalordir. Bu-
nunla yanasi zaif 1463 tokan (tok stansiya tarafindan geyds alinmus), 1332 partlayis geyds alinmigdir. 2019-cu
ilo nisbaton 2020-ci il arzinds zalzalalarin say1 vo ayrilan seysmik enerjinin migdar: azalmisdir. Bels ki 2020-

ci ildo zalzalalorin say1 4030, ayrilan seysmik enerjinin miqdar: Y E=13.1 -1011C, an yiiksok magnituda ml=4.9
olmusdur. 2020-ci il arzinds seysmiklik Boylk Qafgaz, Orta Kiir ¢kakliyi va Xozar donizi srazisinds miisahido
olunub. Seysmik aktivlosma asasin Qorbi-Xozar, Palmir- Abseron, Acigay-Olat, Goncogay-Alazan, Qazax-Siqg-
nax, Talig, Axvay, Sangacal Oqurcu, Qarabogaz-Safidrud, Agraxan-Kasnavodsk, Xacincay qirilmalar1 istiga-
moti boyu misahids olunur.

Azorbaycan orazisinin garginlik sahasi Geokcay qirilmasi vo imisli-Geokgay fleksuras 1 boyu iki sahays bo-
lindr: Respublikanin simal-sorq hissasi gorilma, conub-qgorb hissasi isa sixilma ilo xarakterizo olunur. Garilmo
gorginliyi iso Abseron orazisi vo Xozar donizindo miisahids olunur.

Acar sozlari: seysmikliyin analizi, Qarbi-Xozar, Palmir-Abseron, Acicay-Olat tektonik girilmalar, ocaq
mexanizmlarinin analizi.

2. 2020-2021-Ci iLLORDO GPS STANSIiYALARININ MOLUMATLARINA 9SASON
AZORBAYCANDA YER QABIGININ BLOKLARININ
MUASIR HOROKOTININ TOHLILI

Q.C.Yetirmisli, I.E.Kazimov, A.F. Kazimova

Moagalada Azarbaycanin tektonik bloklarinin miiasir Ufuqi yerdayismalarinin 24 sabit GPS_RCSS stansi-
yalarinda aparilmis misahid alorin naticalorinden aldo edilmis slrat sahslarinin hesablanmasit metodu taqdim
olunur. Xarakterik cohot simal-sorq istigamotinds 4-12 mm/il siiratls nozars ¢arpan Ufiigi yerdoyismoadir. GA-
MIT progranu (Massagusets Texnologiya Institutunda Qlobal Navigasiya Peyk Sistemi (GNSS)) ilo hesablan-
mig GPS 6l¢gmalarinin naticalori asasinda Azarbaycan orazisindaki tektonik bloklarin stirat sahosi tadgiq edil-
misdir. Miayyen edilmisdir ki, Kigik Qafgaz boyu, Kiir ¢okokliyi, Naxgivan Muxtar Respublikasi va Iranm
homsarhad rayonlarinda sorq istigamatli sixilma zonast mévcuddur. Blitiin Azorbaycan orazisinds deformasiya
stiratinin maksimal qiymati 13,7 mm/il daxilinds dayisir, biitlin stansiyalar Uizro orta giymot 7,9 mm/il toskil
edir. Sirat sahasinin tohlili BOylk Qafgazda da asag stirat doyarlarini gostordi (4-6 mm/il). Bundan slavs, siiratle-
rin giymat inin regionun seysmik aktivliyi ilo korrelyasiya tohlili aparilmisdir. Demok olar ki, tifliqi harokatlorin
sUratlarinin dayarlarinin doyismasi ilo yer gabigimin deformasiya silirati sahoasinds glicli zslzalslarin paylan-
mas1 arasinda muoyyan olago var.

Acar sozlar: GPS stansiyalar1, geodinamika, tektonik bloklar, Conubi Qafgaz mikroplitasi.
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3.2012-2021-Ci ILLOR ORZINDO BOYUK QAFQAZ ORAZIiSINDO BAS VERMIS
GUCLU ZOLZOLOLORDON SONRA KULON GORGINLIYIN TOPLANMASI

S.E.Kazimova

Mogalads 2012-2021-ci illar arzinds Boyiik Qafgazin Azarbaycan hissasi arazisinds bas vermis giiclii zolzo-
lanin seysmotektonik xtisusiyatlar tadgiq olunur. Gucli zalzalalorin ocaq mexanizmlori tahlil edilmisdir: 7 may
2012-ci ildo Zagatala zolzolosi M1=5,6, 5,7, Balakon zolzolosil4 oktyabr 2012-ci ildo MI=5,8; Ismayill1 zol-
zalasi 07.10.2012, 2019, 2021 MI=5,1-5,3 ilo; Qabala zalzalalori 29 sentyabr va 4 oktyabr 2014-cii il tarixlorinda
MI=5,5 ilo; eloco do 09.04.2015-ci il tarixinds Oguz zalzolalasi. Tahlil gbstordi ki, garginliklor naticasinds Zagatal-
Qaboalo vo Balakon-Oguz-ismayill rayonlarinda birinci halda tosabbiislii seysmiklik miisahida olunub, ikinci hal-
da iso yox. Buna asaslanarag, tasobbuslii zalzalolorin bas verdiyi qirilmala r i subkritik, metastabil voziyyatds olmasi
ilo baglt bir forziyys yarandi. Miioyyan edilmisdir ki, 2012-ci ildon 2021-ci ilo qader bag vermis zalzalo epi-
sentrlarinin mokan movgeyi (aftersok sahasi) kritik Kulon garginliklorinin miisbot artim zonalari ils slagalondi-
rilir. GOrlinduyd kimi, onlarin bag vermosi 2012-ci ildo bas vermis Zagatala zalzalalori naticosinds yaranmis
statik gorginliklorin lokalizasiyasi vo gorilma tektonik garginliklorinin toplanmast ilo slagodardir ki, bu da bir-
likdo qirllma boyunca geyri-sabitlik vo siiriigma harokotlorinin yaranmasina sobab olmusdur.

Acar sozlar: zalzala, zalzalolorin ocaq mexanizmlari, Kulon garginliyi, aftersok sahasi.

4.2018-Ci iL BAYIL SURUSMOSININ MUHONDISI
SEYSMO-GEOLOJi OSASLANDIRILMASI

E.S.Qaravaliyev

Baki sohori arazisinds ¢oxlu torpaq siiriisma sahalori mévcuddur (Bayil yamaci, Badamdar gasabasinin
conub-sorq yamaci, Yasamal yaylasinin conub-sorq yamaci, Xocahason vadisinin conub-sarq yamaci, Bakixa-
nov daginin sorq va conub-sorq yamaci, Biilbillo gélunin strafi, ©hmadli yaylasi, Zi1g vadisi va s.) vo bu siiriis-
molor zaman-zaman aktivlesorok dovlat igtisadiyyatina maddi zorarlor vurmuslar.

Bayil yamaci orazisinds bas veran siiriigmalor daha tohliikali olmuslar. Yamacda 1927, 1929, 1951, 1968,
1973, 1996, 2000, 2011-ci ilords siiriismoalor geyds alinmigdir.

Orazids son tahlikali vaziyyat 2018-ci ilin yanvar aymda misahids olunmusdur (kicik dinamika il aktivlosg-
mo 2017-ci ilin dekabrinda geyds alimmusdir). Bels ki, Dévlat Televizi ya Qulasinin simali-gorq istigamatinda, 250-
300 metr mosafads torpagda muxtalif dl¢lll catlar yaranmigdir. Catlarin uzunlugu 80-100 metr, eni 1-1.2 metr,
darinliyi 5-7 metr olmag/la stiriisms riski yaradan kiitlo xeyli arazini ohats edirdi. Fevralin 10-u iso siirtismo aktivliogarok
ucqun vo dagintilara sabab olmusdur.

Orazinin tadqgigi zaman1 kompleks geofiziki Gsullardan va geoloji kasfiyyat quyu malumatlarindan is-
tifado edilmisdir.

Mihandisi-seysmogeoloji todgiqat islori asasinda Suriismo miistavisinin 31.5-41.5 m dorinlikds yatan
qumlu-gilli sixur laylarinin tavaninda (layda enins dalga siirati 350 m/s), tarkibinde qumdas: laylar1 olan narin
donali qumlar ilo sorhaddinds yerlogmosi miayys n olunmus va siirlismanin yamacin iist hissasindon olan su
sizmalarinin va kanalizasiya sisteminin olmamast sababinden meigat sularinm DOrdinct dovr (Q4) yasl qumlu-gilli
suixur laylar mi sululagdirmasi, hamginin yamacin bir ¢ox yerlords kosilmasi sobobindsn bas vermoasi miiayya n olun-
musdur.

Acar sozlar: torpaq stiriismasi, mithandisi seysmik kasfiyyat, enino dal@a siirati
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5. ZAGULBA SAHILINDO QAZ TOZAHURU SOBOBLORININ QiYMOTLONDIRILMOSI
UZRO QRAVIMETRIK TODQIQATLAR

E.M.Bagirov

Danizds qaz amola galmasinin sabablarini gqiymotlondirmak U¢lin gravimetrik tadqiqatlar sahasindo

nishi agirliq qiivvesinin doyison giymeti ilo miisayiot olunan anomalzonalar miioyyan edilmis, izoanomal
xaritolor tortib olunmusdur.

Acar sozlar: gravitasiya, anomal zonalar, garginlik soraiti.

6. ZAQATALADA 01.03.2022-Ci iLDO BAS VERMIS ZOLZOLODON (ML=4.2) ONCO
MAQNIT SAHOSININ ANOMAL DOYiISMOLORI

M.K.Mammadova,A.N.Sultanova, , A.M.Quluyeva

Magalada zalzalo ocaglarimin yaximlhiginda geomagnit saha garginliyinin anomal doyismoalari hagqinda
moalumatlar dyrnilir. Seysmomagnit effektin yaranma xarakteri ocagdaki geomagnit rejimls tayin olunur. Geomag-
nit sahasinin garginlik gradiyentinin mokan-zamana gors paylanmas: Zagatala-Balakon zonasinin geodinamik
rejimini oks etdirir.

Acar sozlar: SME-seysmomagnit effekt, n'T- nanotesla, zolzalo ocaginin mexanizmi, geodinamik rejim,
geomagnit saho gorginliyi.ml-magnituda
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AHHOTAIIMA

1. OCOBEHHOCTHU CEHCMHUYHOCTH TEPPUTOPUU ABEPBAJIKAHA
UBJIU3JIEKAIIMX TEPPUTOPHUI 3A 2020 .

I'.Jx. ETupmuiim, C.C.Acmaunnosa, C.93.Ka3pimoBa

B 2020 roamy Obln mpoBeieH aHaMU3 celicMUYHOCTH HA ocHOBE 40 (POBBIX CEHCMUUECKUX CTAHIIHA.
B teuenwne roma Oplio 3apeructpupoBaHo 13295 zemmerpsicennii. M3Hnx 4030 MeCTHBIX 3eMIICTPSICEHUH
(mpomsolieninx Ha Teppuropun Asepoaiimkana), 3347 pernoHaabHbIX B 3123 OTHaICHHBIX 3eMJICTPSACCHHUIA.
Kpome storo 0wiio 3adukcupoBano 1463 cnaObix Touka (3aUKCUPOBAHBIX OJHOW cTaHiued) m 1332
MPOMBIIIICHHBIX B3pbIBOB. [lo cpaBHeHuto ¢ 2019 rogom komuuectBo 3emuerpsicernii B 2020 romy u
KOJIMYECTBO BBIACIIEMON ceiicMuueckoil sHepruu ymeHeplnmiuch. Tak, B 2020 r. mpoumzouuto 4030

3eMJIETPSICCHUN : KOJHMYECTBO BBIJCIUBIICHCS CEHCMUYECKOW SHEPTHUU ZE=13,1-1011C, MaKCHMaTbHAS
marautyaa Ml = 4,9. B teuenne 2020 roxa ceficMuuHOCTh HaOmoaanack Ha bonbimom Kaskase, B Oacceiine
Cpenneit Kypsr u Kacimiickom mope. Celicmudeckast ak THBH3aIis HaOmronaercs o 3anagHo-Kacnmiickomy,
[TaneMupcko-Anmeponckomy, Amxunyaii-Anarckomy, ['sHmxavail-AnazanckoMy, ['azaxcko-CHrHaxckomy,
Tanbimckomy, Axsaiickomy, Canrasan- Orypmkyckomy, ['apabora3-CaduapyiackoMy,ArpaxaHCKo-
KacnaBoackomy, XaumH4aliCKOMY Pa3ioMaM.

OO6nacTh pacTsDKeHHs Ha Teppuropuu AsepOaiimkaHa aenuTcs Ha ABe oOmactu mo ['eokuaiickomy
paznomy u Mmunumm-I'eoxvalickoMmy mporudy: ceBepo-BOCTOYHAsT YaCTh PECIyONHMKH XapaKTepHU3yeTcs
pacTspKeHHeM, a [oTo-3amajgHas - ckatueM. HampspbkeHHOCTs HaOmromaercss B AOIIEPOHCKOM paiioHe U B
npenenax aksatopus Kacmus.

KuroueBble ciioBa: celicMuyecknii aHanus, 3anagHo-Kacnuiickuii pazinom, [lansmupo-AOmepoHCKHid,
Amxrgaii-ANaTCKII TEKTOHHYECKUE PA3IOMBI, aHAIA3 MEXaHU3MOB 04aroB.

2. AHAJIN3 COBPEMEHHBIX IBUKEHHUI BJIOKOB 3EMHOM KOPbI
A3EPBAMI’KAHA 110 JTAHHBIM GPS- CTAHIIMI 3A 2020-2021 rr.

I'.Jx. ETupmunum, U.9.KazeimoB, A.®.Ka3zsiMoBa

B cratee npeacTaBiieHa METOAMKA pacyeTa MoJIeld CKOPOCTEH COBPEMEHHBIX TOPU30HTANIBHBIX CMEIIIEe-
HUM TEKTOHMYECKUX OJOKOB AsepOaiiikaHa, MOJNYYEHHBIX IO pe3ysibTaraM HaOoJeHWd Ha 24 cra-
nuoHapHbIX crannusax GPS_RCSS, xapakTepHBIM aclieKTOM KOTOPBIX SIBJISIETCS] 3aMETHOE TOPHU3OHTAIBEHOE
CMEIIEHHE B CEBEPO-BOCTOYHOM HalpaBJIeHUH CO CKOPOCThio 4—12 Mm/ron. B nanHO# cTraThe n3yueHo moJe
CKOpOCTEH TEKTOHMYECKHX OJIOKOB Ha Tepputopuu A3zepOaiimkana mo pesynbratam GPS usmepenui,
paccuntanubix 1o nporpamme GAMIT (Global Navigation Satellite System (GNSS) B MaccauyceTckom
TeXHOJIOrnueckoM MHCTUTYyTe) [4]. YcranosieHo, uro Baons Manoro KaBkasa, B KypuHCKO#l KOTIOBHHE,
HaxupBanckoir AP u mpurpanmgsbeix paiioHax Mpana mmeercs 30Ha c)katus, opueHTHpoBaHHas Ha CB.
MaxkcuManbHOe 3HAaYeHHWE CKOpPOCTH JedopMallni Ha Bced Tepputopum AsepOaiijkana, xonebiercss B
npenenax 13,7 Mmm/ron, cpeaHee 3HaYCHHUE TI0 BCEM CTaHIUAM 7,9 MM/TOj. AHAIIM3 TOJIS CKOPOCTEH TaKkxke
MoKazall HU3KUe 3Ha4yeHus ckopoctei Ha Boipmom Kaskaze (4-6 mm/ron). Kpome Toro, Obl1 mpoBeieH
KOPPEISIIMOHHBIN aHAIN3 3HAYEHUSI CKOPOCTEH C ceiCMHMYECKON aKTUBHOCTHIO pernoHa. CaenaH BBIBOZ O
HaJIMYUHU OIPENEICHHON CBSI3M MEXIy M3MEHEHHEM 3HAYeHHH CKOPOCTEM TOPU30HTAIBHBIX IBHKEHUM H
pacrpe/ielieHeM CHIIbHBIX 3eMJIETPSICEHUH MOJIsi CKOPOCTH JiehopMaIiu 3eMHOM KOPEI.

KmioueBble ciaoBa: GPS cranmmm, reoguHamuika, TekToHMueckue Omokm, HOkno-KaBkasckas
MUKPOIUTUTA.
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3. iI3BMEHEHUE KYJIOHOBCKHUX HANIPSI)KEHUM MMOCJIE CUJIBHBIX
3EMJIETPSICEHUI HA TEPPUTOPHUHU BOJIBILIOTIO KABKA3A 3A IIEPHO]]
2012-2021 rr.

C.9.Ka3nIM0Ba

B cratbe nccrnemyercs ceicMOTEKTOHMYECKAsE TO3ULIUS CUIIBHOTO 3€MIIETPSICEHNS, TPOU3OLIE/IIIEr0 Ha
Tepputopuu AsepOaiipkanckoi yactu bonbioro Kaekasza 3a nepuoy 2012-2021 rr. banu npoananu3upoBaHbl
MEXaHH3MBI OYaroB CHJIBHBIX 3emyerpscenuii: 3aratamsckme 7.05.2012 ¢ MI=5.6, 5.7, BamakeHckoe
14.10.2012 ¢ MI=5.8,; Ucmammnmunckoe 07.10.2012, 2019, 2021 rr. ¢ MI=5,1-5.3; cepus I'abanuuckux 29.09 u
04.10.2014 r. c MI=5.5;

a takke Orysckoe 04.09.2015 r. AHanm3 mokasal, 4To B pe3ysibTare JUHAMHYCCKUX HANPSDKCHUN B
paiionax 3akatan-I'abana u banakaH-Ory3-McManmiel, B iepBoM cilydae HaOJronanach MHUIMUPOBAHHAS
CEMICMUYHOCTB, a BO BTOPOM — HeT. Mcxo/s 13 3TOro, BOSHUKIIO HPEAIONIOKECHUE, YTO Pa3IoMbl, Ha KOTOPBIX
MPOUCXOIAT WHUIMUPOBAHHBIE 3€MJICTPSICCHUS, JOIDKHBI HAXOIUTHCS B CYOKPUTHUECKOM, METACTA0MIBHOM
COCTOSIHMH. bBBIJIO YCTaHOBIEHO UYTO TPOCTPAHCTBEHHOE IIOJIOKEHHE OIHUICHTPOB 3EMIICTPSICCHUH
(adrepirokoroe mosne), mpousomeqmux ¢ 2012 mo 2021 r., kKoppeaupyeT C 30HaMH TOJOXKHTEIBHBIX
npupaieHuid kputnyeckux KynoHOBCKuX HampsikeHuil. FIX BOSHUKHOBEHHE, IO BCE BUIMMOCTH, CBSI3aHO C
HAKOIJICHUEM TEKTOHWYECKUX HAIPSHKEHUH CYOIIMPOTHOTO PACTSDKEHMS W JIOKAIHM3alMeH CTaTHYECKHX
HaInpspKeHUH, THULIMUPOBAaHHBIX 3aKaTadbCKUMU 3eMieTpsiceHussMU 2012 1. yTO B COBOKYIHOCTH MPUBEINO K
BO3HHKHOBCHHIO HEYCTOHYMBOCTH U CABUIOBBIM IEPEMELICHUSAM I10 PA3IOMY.

KaroueBble ci10Ba: 3emiieTpsceHie, MexaHu3Mbl odara, KynoHoBckoe HanpsbkeHue, aTepiokoBoe moJie.

4, ”HAKEHEPHO CEMICMOT'EOJIOTHYECKOE OBOCHOBAHUE BAWJIOBCKOI'O
OIIOJI3HA 2018 'OJA

9.C. I'apaBesiueB

Omnomn3au Ha baunoBckoM ckiloHe 3aMKCUPOBaHBI ¢ APEBHUX BpeMeH. CBeZeHUs 00 OIMOM3HAX B 3TON
30HE OTMEUYEHH B paborax reonora-uedrsauka I'. B. Abuxa. Coobmanoch, uro B 1874 u 1877 ronax BIOib
3amanHoro oepera bakuHCKkoW OyXThl, Ha CKJIOHE JUTMHOM 0k0i0200 METpOB, Ha y4yacTKax Cepod TIIMHBI
npousonuiy onoi3uu. Ilosmuee, B 1927, 1929, 1951, 1968, 1973, 1996 romax, Ha bawickom ckioHe
HaOJIOIaIHNCh aKTHBHU3AIIUH OTOJI3HEH.

6-7 mapta 2000 roga ObUIH BOJIHYIOIIME MOMEHTBHI KOT'ZIa OIIOJI3€Hb CHECS I0Ma, 3alpaBKy, MOACOOHBIE
CTPOEHUSI, 3aBOJICKON 1I€X, II0CCe U T.J1. HAHEC 3HAYUTENIbHBIN YIIepO 3KOHOMHUKE TOCYAapCTBa.

B MaTepuanax rmo BceM OIOJI3HSIM B 3TOM TEPPUTOPUH OTMEUYEHO, YTO TPOPHUIAKTHIECKHE MEPOTIPHUSTHS
HE MPOBOJWIINCH B TOJIHOW Mepe, HAa00OpOT, Benack paboTaro CONEHCTBUIO peakTUBAIMK OMoJ3Hs. Tak, B
HWKHEH YacTh banioBCKOro ckiiona, oT roctuHuibl «MHTYpucT» 10 CabamibCKOro paifoHHOIO MOXKAPHOTO
yIpaBJIeHHs], BEJIUCh CTPOUTEIbHBIE Pa0OTHI, 1opora Oblia MPOPHITA, HA OPOrax Ha CKIJIOHE MCIIOIb30BajIach
TsDKeJasg TEeXHWKa M JIBI)KEHHE TpaHCIopTa Obulo 0ojiee MHTEHCHBHBIM, YeM paHbine. Bce 3t axrops
SIBIISTFOTCS IPUYUHAMHA aKTHBHU3AIIUH OTOJI3HSI.

INocnennss onacHas cutyanusi B palione HaOronanach B ssuBape 2018 1. (akTUBH3ANUsAC HEOOIBIION
nMHaMUKoW 3adukcupoBaHa B Jekabpe 2017 r.). Tak, B ceBepo-BOCTOYHOM HampamieHun ot [ocy-
napcrBenHolt Tenebamnu Ha paccrostHuu 250-300 MeTpoB, B TpyHTE MOSIBUJIMCH TPEIIMHBI Pa3MYHBIX
pasmepos. Tpemmnsl umest iuHy 80-100 M, mmpuny 1-1,2 Mmu riry6uny 5-7 M 00BEM CO3AaI0IINMN ONIOI3HEBON
PHCK MOKPBIBAJIK 00JIBIIYO TIomas (puc.l, 4).

B crenax nmomoB, 3ab0pax, acanbTOBBIX MOKPBITHSX, MPUCTPOHKAX W Tepell JoMaMy HaOIIoIaIuCh
HOBBIC TPEIINHBI.

XOoTs CKJIOH OB 03€JeHEeH, YTOOBI MPEJOTBPATUTh SPO3HI0, U OBLIO MOCAKEHO MHOTO JEPEBBHEB, HO
cucTeMa OpOLICHHUs] He OblIa YCTaHOBJICHA JOJDKHBIM 00pa3oM, Ha HEKOTOPHIX y4acTKax He MPOBOAMIOCH
KareabHOE OpOIIEHHE, M YyBCTBYETCS MABOAKOBOE opomieHue. [1ocTpoeHHbI BOIOMPOBO, pe3epByaphl,
MUTOMHHKH, JIOTIOJTHUTEIBHBIE COOPYKEHHUsI, TPYHTOBBIC JIOPOTH TI0 CKIIOHY TPOJIOXKeHbI Oe3 TuiaHa. Hobie
MTOCTPOWKH - JKHJIBIE IoMa U JIp.0e3 KaHAIM3alluy He ObUIM TOCTPOEHHI JOJDKHBIM 00pa3oM ¢ MH)KEHEPHOM
TOYKHU 3pEHUS

KiroueBble ci10Ba: OMoI3eHb, HHKEHEPHAS CEHCMOPAa3BeKa, CKOPOCTh IMOTIEPEYHOM BOJIHEL.
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5. TPABUMETPUYECKHUE UCCJIIEJOBAHUA J1JIAA OHEHKHU IPUYUHIIOABJIEHU A
I'A3A HA IIOBEPEXBE noc. 3AI'YJIbBA.

9.M.Bbarupos

JJ1s OTIeHKY IPUYWH ra3000pa30BaHus B MOPE B 00JIACTH IPaBUMETPUUYECKUX MCCIIEIOBAHNN ObLTH
BEIJIETIEHB aHOMATBHBIE 30HBI, COITPOBOXKIAIOIIHECS TIepeMEHHBIM3HAYEHIEM OTHOCHTEIHHON CHIIBI
TSDKECTHU, U TIOCTPOCHBI N30aHOMAJTbHBIC KapTHI.

KuaioueBble cjioBa: rpaBUTAIs, aHOMAIBHBIE 30HBI, CHJIA TSHKECTH, HAIIPSKEHHBICYCIIOBHSL.

6. AHOMAJIbHOE H3MEHEHUE TEOMATHATHOT'O HOJISI HEPEA3ATATAJILCKAM
3EMJUIETPSICEHMEM (ML=4.2) 01.03.2022 r.

M.K.MammenoBa, A.H.Cyaranoa, A.M.I'yaueBa

M3y4yeHo aHOManbHOE TOBEICHHE HANPSDKCHHOCTH T'€OMArHUTHOTO IOl BOJIM3M OYaroBOM 3OHBI
3araranbckoro 3emierpscenus (ml=4.2) 01.03.2022 r. Iloka3aHo, 4To xapakrep (pOpPMHpPOBaHHUS CeiicMO-
MarHuTHOTO 3¢ dekta (CMD) oTpakaeT reoJUHaAMHUYECKUI peXUM B 04aroBoi 3oHe. 3araTtano-banaksHckas
celiCMOTeHHasi 30Ha YeTKO OKOHTYPUBAETCS Ha KapTe MPOCTPAHCTBEHHO-BPEMEHHBIX PUPALICHUN TPaIueHTa
HaIMpsA>KEHHOCTU I'COMArduTHOI'O IIOJIA.

KuroueBbie cioBa: ceficmomaruutHblii 3pdekr CMD, Hanotecna (HTm), MEXaHHW3M ouara 3emiie-
TPSICEHHSI, TEOJHMHAMHYCCKHI PEKHUM, HAMIPSHKCHHOCTh TEOMarHUTHOT'O MOJIs, MarHuTyaa mi.
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