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SEISMOLOGICAL-GEOPHYSICAL RESEARCH CONDUCTED IN DASHKESAN
SKARN-IRON ORE GROUP BED AND ASSESSMENT OF THE RISK OF LANDSLIDE
THAT MAY OCCUR IN THE AREA

G.J.Yetirmishli, R.B.Muradov*, N.B.Khanbabayev', E.S.Garaveliyev', E.M.Bagyrov*

Annotation

1. Inthe article, it is noted that the value of the average transverse wave speed parameter varies between
400-515 m/s in the seismic profiles developed in the waste and landslide areas of Dashkasan skarn-iron ore
group beds up to a depth of 30 m. In the left wing of the resulting landslide, a geological disturbance was
determined in the direction of the fault-falling layer. A layer with a low transverse wave speed (350-441 m/s)
is observed in the landslide area in seismic profiles No. 4 and 5 at a depth of 30-44, 30-47 m, respectively.
This layer is assumed to be a clay layer. Inside the clay layer, a lens with a value of transverse wave speed
varying between 263-351 m/s is observed. It is assumed that this lens has a layer of watery clay and the sliding
plane corresponds to this layer.

2. In the direction of Mollahasanli village, a layer with low transverse wave speed (305-425 m/s) is
observed at a depth of 30-45 m, and a lens with low wave speed is not observed inside this layer. From this
point of view, the current condition of the retaining dam is considered stable compared to the landslide area.

3. In the waste and landslide area of Dashkasan skarn - iron ore group beds, the geodynamic regime was
evaluated, the tension dynamics of the gravity and geomagnetic field were studied, and tectonic fault zones
were found. These areas are assumed to be prone to landslides.

4. In the area of the new landfill, the observed gravity and geomagnetic stress are at background levels.
For this reason, the new dump site is more durable and stable from the geological point of view than the
previous (slid on 03.09.22) dump site.

Keywords: SME-seismomagnetic effect, nT- nanotesla, mechanism of earthquake source, geodynamic
mode, geomagnetic field stress, ml-magnitude, gravity force, gravimetric field stress, local anomaly,
engineering-seismic exploration.

DASKOSON SKARN-DOMIR FiLiZ QRUPU YATAQLARINDA APARILMIS
SEYSMOLOJi-GEOFIiZiKi TODQIQATLAR VO 9RAZIiDO BAS VERO BIiLOCOK
SURUSMO RISKININ QiYMOTLONDIRILMOSI

0.C.Yetirmigli, R.B.Muradov, N.B.Xanbabayev, E.S.Qaravaliyev, E.M.Bagirov

Annotasiya
1. Mogalads Daskasan skarn-demir filiz qrupu yataglarinin tullant1 vo siiriismoa sahslorinds islonmis
mithandisi- seysmik profillorde 30 m darinliys gadar orta enino dalganin siirat parametrinin giymatinin 400-
515 m/s arasinda doyisdiyi qeyd olunur. Naticads bas vermis siiriismonin sol gqanadinda qirilib-diigsma tipli
laymn yatim istigamotinds geoloji pozulma miioyyan edilmisdir. Siiriisma sahasinds 4 vo 5 sayli seysmik
profillorde uygun olaraq 30-44, 30-47 m darinlikds asagi enino dalga siiratine (350-441 m/s) malik lay
izlonilir. Bu layin gil gat1 olmasi giiman edilir. Gil gatinin daxilinds enins dalga siiratinin giymoti 263-351 m/s
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arasinda doyison linza izlonilir. Bu linzanin sulu gil lay1 olmasi Vs siiriismo miistovisinin ds bu laya uygun
olmasi ehtimal edilir.

2. Mollahasanli kandi istigametindo dayaq bandinds isa 30-45 m dorinlikdo asagi enina dalga siirating
malik (305-425 m/s) lay izlonilir vo bu lay daxilids asag1 dalga siiratine malik linza miisahids edilmir. Bu
baximdan dayaq bandinin mévcud durumu siiriismoa sahasines nishaton stabil gobul edilmisdir.

3. Dagkosan skarn - domir filiz qrupu yataglarinin tullant1 vo siiriismo sahoasinds geodinamik rejim
giymatlondirilorak gravitasiya vo geomagnit sahasinin gorginlik dinamikasi dyronilmis risk tohliikasi olunan
tektonik pozulma zonalari askar edilmisdir. Bu sahalorin siirligmoays meyilli oldugu giiman edilir.

4. Yeni tullantixana orazisinds gravitasiya Vo geomagnit sahasinds miisahido olunan gorginlik fon
saviyyasindadir. Bu sobobdon yeni tullantixana sahosi ovvalki (03.09.22-ci ildo siirligmiis) tullantixana
sahasina nisbaton geoloji noqteyi nozordon daha davamli vo stabil xarakterlidir.

Acar sézlar: SME-seysmomaqnit effekt, nT- nanotesla, zalzala ocaginin mexanizmi, geodinamik rejim,
geomagnit saha garginliyi, ml-magnituda,agirliq giivvasi, qravimetrik sahanin garginliyi, lokal anomaliya,
miihandisi-seysmik kasfiyyat.

CEMICMOJIOTO-TEO®U3UYECKHUE UCCJENOBAHMS, ITPOBEJIEHHBIE B
JTAIIKECAHCKOM CKAPHOBO-KEJIE3OPYJITHOM I'PYIIIE 3AJIEXKEN Y OIIEHKA
PACKOB BO3MOKHBIX OITIOJI3HEA HA TEPPUTOPUH

I Jl.emupmuwinu, P.5.Mypaoos, H.b Xanbabaes, 3.C.Iapagenues, 3.M. bazupos

AHHOTAIUA

1. B craTbe omnpeneneHo U3MEHEHHE 3HAYEHUSI CPEIHETO MapaMeTpa CKOPOCTH MOIMEPEYHbIX BOJH /10
rnyounsl 30 M B pa3paOOTaHHBIX HHXEHEPHO-CEHCMHUYECKHUX MPOQUISX Ha OTBAJOBBIX M OMOJI3HEBBIX
yJacTKax MeCTOpoxkaeHui JlankecaHCKol CKapHOBO-)KelIe30pyaHoW rpynnsl B npeaenax 400 -515 m/c. B
pesyinpTaTe B JIEBOM Kpble OOpa30BaBIIETOCS OIOJI3HA YCTAHOBJIEHO TE€OJIOTMYECKOE HapylIeHHE B
HanpaBJIeHUH ciiosi cOpoconaneHus. B 30He ckonbxeHus Ha celicMuueckux npoduisix Ne 4 u Ne 5 Ha
riryonHax 30-44 1 30-47 M COOTBETCTBEHHO HAOIIOACTCS CIIOM C HU3KOI CKOPOCTHIO TIOTIepeuHbIX BOJH (350-
441 wm/c). IlpeamonaraeTcs, 4To 3TH MOPOJBI HPEACTABISIET cOOOW CIOM TIMHBI. BHYTpH clios TIIMHBI
HaOII0JaeTCs TMH3a CO 3HAYSHHEM CKOPOCTH TIOTIEPEYHBIX BOJIH, BaphUPYIOIUMCS B Tipenenax 263-351 m/c.
[Ipenmonaraercs, 9To 3Ta JMH3a IPEACTaBIsIET COOOW BOJASHHUCTHIN CJIONW TJIMHBI W YTO 3TOMY CIIOIO
COOTBETCTBYET MJIOCKOCTH CKOJIBKEHUSI.

2. Y noanopHo# 1aMObl B HanpaBiieHuH cena Mosaracannsl Ha rinyoune 30-45 M HaOmogaercs ciaoi
C HU3KO# CKOPOCTBIO monepeyHbix BoaH (305-425 m/c), BHYTpH 3TOrO CJ10s He HAOIF0AaeTCs JIMH3a ¢ HU3KOM
CKOpOCTbIO BOMH. C 3TOW TOYKM 3pEHHMS CYIIECTBYIOIIEE COCTOSHHE MOATOPHONH AaMObl MOXKHO CUHTATh
CTaOMIIBHBIM 110 CPABHEHHUIO C OTIOJI3HEBOM 30HOH.

3. B otObpocHo-0onon3HeBOM paiioHe JlanrkecaHCKOW CKapHO-KEIe30PyTHON TPYIIIBI MECTOPOXKICHHHA
OLIEHEH T€0IMHAMUYECKHI PEKNM, U3yUeHa TUHAMKKa HAIIPSHKEHHOCTH TPaBUTAIIMOHHOTO M TEOMarHUTHOTO
T0JIS1, BBIABJIEHBI 30HBI TEKTOHUYECKHUX HAPYIIEHUH. DTH 00JIaCTH CKIIOHHBI K CKOJIBKEHUIO.

4. HaOmroiaemasi TpaBUTAllMOHHAS M T€OMAarHUTHAsI HAIPSHDKEHHOCTh Ha TEPPUTOPHH HOBOT'O MOJUTOHA
HaxoxuTcsa Ha (oHoBoM ypoBHe. I1o 3Toi nmpruuKHEe HOBasl CBaJIKa Fe0JIOTHYECKHU 0oJiee MpoYHa U YCTOHYMBa,
gem npenpiaymas (crmomsna 03.09.22) canka.

Knwouesvie cnoea: SME-ceiicmomaenumuutii a¢pgpexm, nT-nanomecna, mexanuzm oiaza semiempsce-
HUSL, 2e00UHAMUYECKULL PEICUM, HANPAICEHUE 2e0MASHUMHO20 NOJIA, MI-MazHUmy0a, cuia msaxicecmu, Hanpsi-
Jcene 2pasuUMempuiecko20 nos, 10KANbHAS AHOMAU, UHIICEHEPHO-CEUCMUYECKAas pa36eoKd.
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INTRODUCTION

In Dashkasan skarn-iron ore group deposits, since the middle of the last century, blasting and
geophysical exploration related to exploitation works have been carried out. During the search and exploration
works, geodynamic activity is observed in areas with the risk of avalanches, subsidence and landslides due to
the impact of explosions carried out in the exploitation process. On September 3, 2022, a landslide occurred
in the waste field near Mollahasanli village of Dashkasan district and the road was closed as a result of the
avalanche.

Ensuring the safe conduct of blasting operations, studying the effect of blast shock and other seismic
waves is a very urgent problem.

The purpose of the work: assessment of the geodynamic conditions of the area and the effect of impact
and other seismic waves generated during blasting operations on the environment, including the stability of
the landslide area, using complex seismological-geophysical methods in the South-East area of Dashkasan
skarn-iron ore group bed.

The following seismological, engineering-seismic and geophysical research works were carried out in
order to solve the issues raised by RSXM:

Engineering-seismological research works in the South-East field;

—Investigation of the geological-tectonic structure of the sliding area with gravi-magnetometric
studies, determination of the location and direction of tectonic faults, geological disturbances;

—Detection of other landslide-prone areas by seismological-geophysical methods;

—Assessment of the stress-deformation state of the geological environment with magnetometric and
gravimetric studies, construction of a schematic map and 3D model in 2D format.

Brief overview of Dashkasan skarn-iron ore group deposits

The Dashkasan skarn-iron ore group beds are located in the northeast of the Lesser Caucasus at an
altitude of 1500-2000 m, 36 km from the city of Ganja, 8 km from the Gushchu railway station, in the
immediate vicinity of the city of Dashkasan (Figure 1.).

(Chovdar gold deposit
NP

’Gushchu station

-,
- ‘* Oﬁhkasan iron ore field

-~

P
> ke

Figure 1. Aerial view of Dashkasan iron ore group deposits

The geological structure of Dashkasan skarn-iron ore group beds includes sedimentary rocks of Middle
and Upper Jurassic age. Upper Jurassic sediments are more widespread in the Dashkesan area. The ores of the
Dashkasan deposit were mainly formed in the Upper Jurassic sediments. Upper Jurassic sediments begin with
agglomerate tuffs, calcareous tuffites and tuff breccias, limestones (up to 250 m thick), argillites with tuffs and
tuffites, sandstone and marl.

Tectonically, the area containing the Dashkasan skarn-iron ore group beds is located in the Lok-
Karabakh structural-formation zone of the Lesser Caucasus. The tectonic movements after the intrusion caused
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the formation of a large number of faults in the direction of northwest extension. These faults are more
widespread between the northwest in the Gushchu area and the southeast of the village of Dardara. In the
northwest, the relatively largest fault extends from the Kamargaya river valley to the North Cobalt mine [1].

Table of earthquakes (ml>2.0) that occurred in Dashkasan region during 2021-2023

Date hour lat lon h Ml
22.05.2021 13:15:17.178 40.63 46.05 2 2.31
31.05.2021 14:03:32.667 40.61 46.01 9 2.40
11.01.2021 | 10:55:24.277 40.33 45.96 9 2.22
05.01.2022 9:27:20.007 40.48 46.20 10 2.23
21.01.2022 10:03:40.480 40.65 46.21 18 2.21
19.05.2022 18:53:10.516 40.35 46.43 12 2.93
31.08.2022 8:08:04.557 40.21 46.49 17 2.37
26.09.2022 5:22:47.894 40.43 46.38 1 3.54
28.10.2022 7:09:16.700 40.30 46.46 11 3.03
19.01.2023 14:35:33.408 40.34 46.18 12 2.55

, J

Figure 2. Map of epicenters of M>3.0 earthquakes that occurred in Azerbaijan and adjacent
territories during 1980-2022

This map shows the uneven distribution of weak and moderate earthquakes as well as strong earthquakes
in the territory of Azerbaijan.

Strong earthquakes that create a seismic hazard occur in the study area, although not often. In the past,
quite strong and moderate earthquakes have occurred in these areas, including Dashkasan region and Ganja
region, and seismic events will be repeated in the future.
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The method of engineering seismic exploration works

The GEODE-24 engineer seismic station, 24 seismic receivers, a 115-meter seismic survey wire and a
12 kg impact hammer were used to study the tested microseisms. Noises from the environment and
microvibrations created by the impact method are considered as a seismic source.

The method of data acquisition and collection consists of obtaining 12 microvibration recordings of 30
seconds. The transformed wavefield of the received recordings shows the dispersion curve of the transverse
waves. The transverse wave dispersion curve is selected from the transformed wave field and modeled to
calculate the velocity profile of the underground transverse waves.

In order to obtain recordings in the research area, software such as ReMiVspect4.0 and ReMiDisper4.0
were used during the processing of recording results obtained from the Seismodule Controller software
package.

Seismic data processing and interpretation

While performing engineering-seismic exploration works, the research area is divided into 2 areas. In
the first stage, the research works were carried out in the 1st area, which includes the area where the landslide
occurred.

In the second stage, the researches were carried out around the next possible landslide in the direction
of Mollahasanli village on the border of the landslide area.

The total volume of works done in both areas was 2645 sq m.

Figure 3. Location scheme of seismic profiles around the sliding area

In the field, cross-sections of the speed change depending on the depth were established for each profile.

0 distance, m 115

Figure 4. 2-dimensional velocity cross section of transverse waves on seismic profile #1 (in m/s).
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In profile #1, the average transverse wave velocity parameter was calculated up to a depth of 30 m. The
average transverse wave speed parameter is calculated by the following formula:

30

Vo = A

where hi and Vi are the thicknesses of the layers up to a depth of -30 m and their corresponding transverse
wave velocities. Based on the calculation, we get:

Vs30= 490 m/s.

As can be seen from the profile, a layer with a low wave speed (341-432) is observed within the high-
velocity layer (525-616) at a depth of 36.5-42 m. At these depths, the transverse wave propagation speed in
the layer is 300-459 m/s.

=)

depth, m

-100

0 distance. m 115

Figure 5. 2-dimensional velocity cross section of transverse waves on seismic profile No. 3

The average transverse wave velocity parameter up to a depth of 30 m was calculated on profile No. 3
Vs30= 510 m/s.

As can be seen from the profile, 20 At the depth of -32 m, the layer with low wave speed has penetrated
into the high-velocity layer in the form of a lens at the beginning of the cut (left wing). At these depths, the
transverse wave propagation speed in the layer is 336-428 m/s. At a depth of about 50-60 m, the top of the
layer recorded at a speed of 708-800 m/s has a rise shape in the center of the profile and penetrated the bottom
of the fast layer of 615-707 m/s, and a completely opposite picture was observed on the right wing of the
profile. This indicates geological disturbances in the stratification within the section.

=)

depth, m

-100

0 distance, m 115

Figure 6. 2-dimensional velocity cross section of transverse waves on seismic profile No. 10

In profile No. 10, the average transverse wave speed parameter up to a depth of 30 m was calculated

Vs30= 440 m/s.
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In this profile 30- A layer with a low wave speed is observed at a depth of up to 45 m. At these depths,
the transverse wave propagation speed in the layer is 305-403m/s.

331-424 238-330

e i 520612

613-706

425-519

depth, m

707-800

-100

0 distance. m 115

Figure 7. 2-dimensional speed cut of transverse waves on seismic profile No. 14

In profile No. 14, the average transverse wave speed parameter up to a depth of 30 m was calculated
Vs30= 490 m/s. On the left wing of the profile, the 20 m thick fast layer of 425-519 m/s disappeared
completely, despite the increase in speed at the end of the profile. On the contrary, at the end of the profile, the
ceiling of the 707-800 m/s high-speed layer penetrated the bottom of the low-speed layer lying above it in the
form of an ascent.

Methodology of conducting magnetometric research

The results of the magnetometric research carried out in the waste and landslide areas of the skarn-iron
ore group beds in the Dashkasan region of the Republican Seismological Service Center were investigated.
The magnetometric research works carried out for the purpose of landslide risk assessment were carried out
by fully covering the area. A network of profiles was created in the research area and the goal was set to
determine the probable voltage dynamics of the magnetic field.

The mentioned method made it possible to monitor tectonic disturbances (cracks) at different depth
intervals in the area and to evaluate the geodynamic regime of the mineral bed.

Processing and interpretation of magnetometric data.

Magnetometric observations in the waste and landslide-prone areas of the Dashkasan field were
performed by an operator on foot along the profiles with a G-856 proton-type magnetometer made in America
(Figure 8).

Figure 8. The appearance of the proton-type magnetometer G-856, manufactured in America.

Magnetometric observation works were carried out in the above-mentioned areas and the measurement
data received on the developed profiles were initially analyzed. The research works were carried out in six
parallel and two profiles that cross them in the north-south direction with a distance of 250 m between the
points and profiles (Figure 9)
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"0" base station

Legend
A"0" base station

£ Observation stations
¢ Narzan resort

& profiles

700 m

Figure 9. Layout scheme of gravi-magnetometric profiles performed in waste and landslide
areas of Dashkasan skarn-iron ore group beds.

Based on the analysis and interpretation of magnetometric data, the anomalous areas that may be at risk
of landslides have been outlined (Figure 10) and the depth of the planes that can cause landslides according to
the lithological composition of geological sections in these areas has been determined (Figure 11). A schematic
map and a 3D model were prepared in 2D format.

As can be seen from the prepared maps, it is observed that the geomagnetic field voltage is almost
unevenly distributed in Dashkasan skarn-iron ore beds and waste areas.

In this local area, the geomagnetic field voltage varies with gradient increases and, albeit episodic,
decreases.

The geomagnetic field gradient is characterized by sharp changes in the 2D map of the area.

\ -~ / “
46084 46086  46.088 4600 46092  46.004  46.096

Figure 10. Map of the stress-deformation state of the geomagnetic field in the waste and landslide
areas of Dashkasan skarn-iron ore group beds in 2D format

Conventional signs:

Geological fault lines
Magnetic observation points ®
Geomagnetic anomaly (maximum) 1-2 | <)

Geomagnetic anomaly (minimum) 3-4-5 C__D
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In the south and southwest wing of the map, geomagnetic anomalies of minimum type 3, 4, and 5 are
observed in the east. All three minimum-type anomalies are elongated in the south-north direction. The
intensity of the noted anomalies is around -400 + -500 nT.In the center of the research area, intense anomalies
of maximum type 1 and 2 are observed in the geomagnetic field. The mentioned maximum-type anomalies are
stretched in the south-north direction, just like the minimum-type anomalies. In the contact zone of the
maximum and minimum type anomalies observed on the map, there were sharp gradient changes related to the
stress in the geomagnetic field (Figure 11). These are areas of transition from intense maximum No. 1 and No.

2 to minimum No. 3-4-5.
700
600

500
400
300
200
100
o

+-100
-200
-300
+-400
--500
--600
700

Figure 11. The model of the stress-deformation state of the geomagnetic field in the waste and landslide
areas of Dashkasan skarn-iron ore group beds in 3D format

1-2 Maximum
3-4-5 Minimum
Geological fault lines

The above-mentioned maximum and minimum type of local geomagnetic anomalies are more precisely
expressed in the schematic model drawn up in 3D format. Maximums 1 and 2 observed in the geological
structure of the area with gradient changes in the geomagnetic field (surges) occur here in the lower layers of
the earth's surface. It is assumed to be related to complications (Figure 12). On the basis of the results of
complex geological, hydrogeological, seismological, engineering-seismic and geophysical data, anomalies are
contoured in the study area, and there is a risk of landslides, it can be said that Dashkasan skarn iron ore group
beds It shows that the dynamics of activation in the area is intense and it is important to take measures that can
reduce the risk of landslides.

The method of gravimetric research.

A gravimetric network has been established to investigate the geological-tectonic structure of the landfill
and the adjacent landslide zone, and to determine the location and direction of tectonic faults and disturbances
(Figure 9).

Gravimetric studies have drawn up a schematic map, vector scheme and 3D model reflecting the tension
of the gravity field, depth dynamics, and the distribution of gravity in the landfill and its adjacent areas.

The obtained data allowed to monitor the tectonic disturbances in different depth intervals in the area
and to evaluate the geodynamic regime of the area. It was performed with a high-precision gravimeter of the
CG-5 AutoGrav type, manufactured in Canada (Figure 12).
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Figure 12. View of the Canadian-made CG-5 AutoGrav type gravimeter under research.

Processing and interpretation of gravimetric data

A 2-dimensional isoanomaly map (Figure 13), a 3-dimensional model (Figure 14) and a vector scheme
(Figure 15) of the gravity field according to the results of calculations and changes of the gravity field on each
profile in the waste and landslide areas of Dashkasan skarn - iron ore group deposits were drawn up.

- —
: "..-".J
- -

40,488

40,486

40,484

40,482

46,084 46,086 46,088 46,09 46,092 46,094 46,096

Figure 13. General isoanomaly map of the gravity field reflecting the stress-deformation state in the waste and
landslide area of Dashkasan skarn - iron ore group beds.

As can be seen from the isoanomaly map of the gravity field, the anomalous zones accompanied by the
variable value of the relative gravity force are precisely covered has been done. Thus, the relative gravity varies
between 400 and 650 pGal, spreading to the south-west and south of the study area with a maximum value.
This mentioned anomaly is spread from north to south and is closed in both directions.

In the southern wing of the map, there is a complication in the gravity field, which is exactly the opposite
of the anomaly in the north-south direction. An anomalous zone is observed with a decrease in the gravity field
from 250 puGal to 175 pGal with a minimum value.
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The presence of this type of anomalies in the area suggests that there is a geological disturbance in the
local area, where the gradient has changed sharply, resulting in a landslide.

The fact that the gravity field anomalies of the area are so sharply opposite means that the research area
has a complex geological structure. The results of the above-mentioned interpretation are more clearly visible
in the 3D model and vectorial map of the stress-deformation state of the geological environment based on the
data of the gravity field in the waste and landslide area of Dashkasan skarn - iron ore group deposits (Figures
14-15).

Figure 14. Dashkasan skarn - a model built in 3D format reflecting the stress-deformation
state of waste and landslide area of iron ore group beds.
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Figure 15. Vector map of the gravity field reflecting the stress-strain condition in the waste and
landslide area of Dashkasan skarn - iron ore group beds.
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STATISTICAL ASSESSMENT OF THE SEISMICITY OF AZERBAIJAN AND
SURROUNDING REGIONS IN 2021 BASED ON THE DATA OF
"KINEMETRICS" SEISMIC STATIONS

G.J. Yetirmishlii, S.S. Ismailova®

Annotation

The territory of Azerbaijan is one of the most seismically active regions of the world. For this, a fairly
extensive study of information about the current state of seismicity in a certain region is required. The analysis
of seismicity based on digital data of 2021 is reflected in the article. Along with earthquakes, explosions were
also analyzed. From these studies, it is known that an increase in the number of earthquakes and the released
seismic energy is observed in 2021. Seismic activation is mainly observed along the Western Caspian, Ajichay-
Alat, Ganjachay-Alazan, Gazakh-Sygnakh, Front Talish, Talish, Sharur-Ordubad, Sangachal-Ogurchu,
Garabogaz-Safidrud, Agrakhan-Krasnovodsk deep faults.

Keywords: analysis of seismicity, earthquakes, seismic activity, tectonic faults.

“KINEMETRICS” SEYSMiK STANSIYALARIN MOLUMATLARI OSASINDA
2021-Ci iL ORZINDO AZORBAYCAN VO OTRAF BOLGOLORIN SEYSMIiKLIYiNiN
STATISTIK QIYMOTLONDIRILMOSI

Q.C Yetirmigli, S.S.Ismayilova

Annotasiya

Azarbaycan arazisi — diinyanin an seysmoaktiv bélgalorindan biridir. Bunun tiglin miisyyan bir b6lgada
seysmikliyin mévcud vaziyyati hagqinda molumatin kifayat godor genis dyranilmasi talob olunur. Magalada
2021-ci il ti¢tin rogamsal molumatlar osasinda seysmikliyin analizi 6z oksini tapmisdir. Zalzalalorlo yanasi
partlayislarin da analizi aparilmisdir. Bu arasdirmalardan malum olur ki, 2021-ci ilds zalzalslorin sayinda va
ayrilan seysmik enerjido artim miisahido olunur. Seysmik aktivlosmo asason Qoarbi Xoazor, Acigay-Olat,
Goncagay-Alazan, Qazax-Signax, Talis, Ontalis, Serur-Ordubad, Sangagal-Ogurcu, Qarabogaz-Safidrud,
Agraxan-Kasnavodsk dorinlik qirtlmalar1 boyunca miisahida olunur.

Acgar sézlari: seysmikliyin analizi, zalzalalor, seysmik aktivlik, tektonik giriimalar.

CTATUCTUYECKAS OLIEHKA CEVCMUYHOCTH ASEPBAMJI)KAHA U
NPUWIETAIOIIIUX PETMOHOB B 2021 TOY HA OCHOBE JJAHHBIX
CEMCMHUYECKHNX CTAHIIUM "KINEMETRICS"

I Hoe. Emupmuwinu, C.C.Hcmaunosa

AHHOTANUA
Teppuropus AzepOaiimkaHa sSBISIETCS OJHAM U3 CaMbIX CEHCMUYECKH aKTUBHBIX peTrHOHOB Mupa. s
3TOTO TpeOyeTCs JOCTATOYHO OOITUPHOE N3YUCHIE HHPOPMAIIMHA O COBPEMEHHOM COCTOSTHUM CEHCMUIHOCTH
B ONPEJICIICHHOM peruoHe. B crathe OTpakeH aHaIM3 CEMCMUYHOCTH Ha OCHOBE IMU(POBBIX AaHHBIX 2021
roma. Hapsimy ¢ 3emMieTpsCeHUsSIMH aHaTU3UPOBANIKMCH W B3pHIBEL. CoriacHo ucciemoBanusMm B 2021 romy
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HaOIIF0JaeTCA POCT YHCIIa 3eMIIETPACEHUH 1 BBIJENMBIIEHCS ceiicMuueckoii saeprun. CelicMuyecKasi akTHBH-
3alys B OCHOBHOM HaOJro1aeTcs Ha Tepputopuu 3anaaHo-Kacnuiickoro, Amxudai-Anarckoro, ['sHpkavaii-
Amnazanbckoro, ['azax-Curnaxckoro, [lepeanero Tamnsimma, Tansrmickoro, Hapyp-Opxybanckoro, Canravan-
OrypuunHckoro, ["apabora3-Cadunpyackoro, Arpaxan-KpacHOBoACKOro riTyOHMHHBIX Pa3ioMOB.

Knrwowuesvie cnosa: ananus ceticMuyHOCmU, 3eMAeMPACEHUA, CEUCMUYECKAS AKMUEBHOCMb, MEeKMOHU-
yecKue pasiomul.

INTRODUCTION

Earthquakes are one of the most dangerous natural processes on Earth. The Caucasus, including
Azerbaijan, as well as the Caspian Sea, are part of the Alpine-Himalayan rift system, located in the collisional
contact zone of the Eurasian and Arabian tectonic plates, and are characterized by fairly high seismic activity.

In 2021, an analysis of seismicity was carried out based on digital data. Earthquakes in neighboring
states and the Caspian Sea also affect the territory of Azerbaijan. On 02.01.2021, an earthquake with a
magnitude of ml=4.8 was recorded in the territory of Dagestan at 04:05 local time. The earthquake was felt in
the border regions of Azerbaijan up to magnitude 4-3; On March 11, 2021, an earthquake with a magnitude of
ml=4.5, h=7 km occurred in the territory of Iran at 05:46 local time, which was felt up to 3 points in the territory
of Azerbaijan. 4 earthquakes were registered on the territory of Armenia. The most powerful of these
earthquakes, with magnitude ml=5.2 and ml=5.5, depths h=2 and 4 km occurred. These earthquakes were felt
in the border regions of Azerbaijan up to 5-3 points.

A map of the epicenters of the earthquakes that occurred in the region of Azerbaijan has been constructed
(Figure 1).

Figure 1. Map of epicenters of earthquakes that occurred in the territory of Azerbaijan

In 2021, an earthquake with a magnitude mI>3 was recorded in the territory of Azerbaijan and 17
perceptible earthquakes were recorded in Azerbaijan and its adjacent territories (Figures 2a and 2b).
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Figure 2. a) Map of epicenters of earthquakes with magnitude mI>3 in the territory of Azerbaijan during 2021;
b) Map of epicenters of earthquakes felt in Azerbaijan and adjacent areas during 2021.

The analysis of the number of earthquakes and released seismic energy in the territory of Azerbaijan
during 2010-2021 shows that in 2020, the number of earthquakes in the territory of Azerbaijan is 4030, the
amount of released seismic energy is ) E=13.1 « 1011C, while the highest magnitude is ml=4.9, in 2021 the
number of earthquakes was 4184, the amount of released seismic energy was ) E=14.3+1011C, the highest
magnitude was ml=5.1 From the results of the analysis, it is known that the analysis of the number of
earthquakes and the released seismic energy in the territory of Azerbaijan for 12 years (Figure 3) shows that
the amount of seismic energy released in 2012 reached its maximum. This is related to the occurrence of strong
(ml=4.0+5.7) earthquakes in the territory of the republic in recent years.
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Figure 3. Histogram of the distribution of the number of earthquakes and the released seismic energy
in the territory of Azerbaijan during 2010-2021

The analysis of the number of earthquakes and the release of seismic energy in Azerbaijan and adjacent
areas by month (Figure 4) shows that the release of seismic energy was higher in February and November.

The high level of seismic energy released in February is related to the occurrence of earthquakes with
ml<5.5 on the territory of Armenia. The high energy in November is related to the earthquake with the
magnitude ml-5.1 that occurred in the Shamakhi region.
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Figure 4. Histogram of the distribution of the number of earthquakes and the released seismic energy
in Azerbaijan and adjacent areas in 2021 by month

A histogram and a map of the distribution of the depth of the earthquakes that occurred in Azerbaijan
and adjacent areas in 2021 in space and time have been constructed (Figure 5). The analysis of the distribution
of earthquakes according to depth shows that 40% of them occurred at a depth of <10 km.

The depths of earthquakes in the land area of Azerbaijan are 2-54 km, in the Caspian water area 2-62
km, and in the regional areas mainly between 2-35 km changes.

Figure 5. Histogram and map of the depth distribution of earthquakes that occurred in Azerbaijan
and adjacent areas in 2021
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Figure 6. Balaken-Gabala I-1 seismological section

In order to study the seismicity of the territory of Azerbaijan, seismological profiles were established
for separate seismoactive regions.Seismological traction was established along the Balaken-Gabala Il profile
passing through the seismoactive zone of Azerbaijan (Figure 6). The profile extends along the Ayrichay-Alat
deep fault in the pan-Caucasus direction.

As can be seen from the section, as in 2020, weak seismicity is observed along the profile.In the Zagatala
area, 2 shocks with a magnitude of ml<3.0 were recorded. An earthquake with a magnitude of ml-2.8 was
recorded on August 18 at 13:37 local time in Zagatala district, 15 km southwest of Zagatala station. The
earthquake was felt by some people. In the Zagatala-Balakén area, the pits are mainly distributed at a depth of
2-25 km. Magnitude ml-2.8 and ml-3. 1 imperceptible shock occurred within the sedimentary layer at a depth
of 11 km.Earthquakes with a magnitude of ml<2.9 were recorded in the territory of Gakh. An earthquake with
a magnitude of ml-2.9 was registered in Gakh region on March 31 at 13:04 local time, 23 km south of Zagatala
station. The earthquake was felt by some people. As can be seen from the cut, the earthquake occurred at a
depth of 10 km. The earthquakes that occurred in the Zagatala-Balakan areas are located at the intersection of
the Vandam and Sharur Zagatala faults. Weak seismicity is observed in the area of

In order to study the geodynamic conditions of the Shamakhi-Ismayilli zone and the Lower Kura basin,
the northwest, southeast IlI-11 profile was constructed (Figure 7) and the seismicity was higher than the
background level. 2 strong perceptible tremors were recorded in this zone. First, on 20.11.2021 at 16:46 local
time, an earthquake with a magnitude of ml-5.1 was recorded in Shamakhi area, 17 km south of Pirgulu station.
The earthquake was felt up to 5 in the epicenter and 4-3 in the surrounding regions. Aftershocks were recorded
after the earthquake. The magnitude of aftershocks varies in the range of ml=0.8-4.5. Second, an earthquake
with a magnitude of ml=4.5 was recorded on 20.11.2021 at 16:48 local time in Shamakhi area, 13 km south of
Pirgulu station. The earthquake was felt up to 4 in the epicenter and 3 in the surrounding regions. As can be
seen from the cut, density of hypocenters is observed in the north-west direction. The strong aftershocks and
aftershocks that occurred in the Shamakhi area were located in the zone of influence of the Achichay Alat and
Western Caspian deep faults.
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Figure 7. Seismological section of Shamakhi-Ismayilli seismogenic zone II - 11 profile

During the entire section, distribution is mainly observed at a depth of 2-48 km. Earthquakes with
magnitude m1>3.0 are distributed within the sedimentary layer at a depth of 2-12 km. As can be seen from the
cross section, earthquakes with magnitude ml>3.0 occur in the deep layer as well. The earthquake with a
magnitude of ml-5.1 and its aftershocks were spread at a depth of 38-43 km. The main thrust occurred at a
depth of 41 km.

The magnitude of the reduction of the hypocenters is mI>3 as the section passes through the Lower Kura
plain. 0 earthquakes are increasing. In the area, the hearths are distributed at a depth of 2-20 km. Earthquakes
with magnitude mI>3.0 occurred within the subsidence layer.

In 2021, seismicity was higher in Nakhchivan AR than in other years. In order to study the geodynamic
conditions of the Nakhchivan area, a seismological cross-section (Figure 8) was constructed on the Il1-111
profile in the northwest and southeast directions. Hypocenters were distributed along the cross-section at a
depth of 3-25 km. Intensification of earthquakes is observed in the north-west direction. As can be seen from
the section, mostly weak earthquakes occurred in the area. An increase in tremors with a magnitude of mI>3.0
was recorded in the Shahbuz area.

The highest magnitude earthquake occurred in Nakhchivan area was ml=4.2. On January 23, at 17:22
local time, an earthquake occurred in Shahbuz district, 15 km west of Shahbuz station. The earthquake was
felt at the epicenter with a magnitude of 5 and in the surrounding regions up to 4-3. Before the earthquake, on
January 21 at 23:23 local time, an earthquake with a magnitude of ml=3.8 was recorded in Shahbuz district,
11 km northwest of Shahbuz station. The earthquake was felt up to 4 in the epicenter and 3 in the surrounding
regions. The occurrence of earthquakes is related to the activation of the Sharur Ordubad fault. In 2021, 130
weak tremors (by a single station) were recorded at the Shahbuz station. Earthquakes with magnitude ml>3.0
are observed to occur within the sedimentary layer at a depth of 3-10 km.
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Figure 8. Seismological section of the Nakhchivan area on the I11-111 profile

If we look at the Caspian water area, we can see that the level of seismic activity has increased, 25
tremors with a magnitude of mI>3 have been recorded (Figure 9). The highest magnitude earthquake recorded
in the Caspian water area was ml=4.5. The earthquake was felt up to 3 points in Siyazan, Khizi regions,
Sumgayit city.

The occurrence of earthquakes with magnitude ml<4.5 in the Northern and Central Caspian waters is
related to the activation of the Makhachkala-Krasnovodsk fault. The concentration of earthquakes in the center
is observed at the intersection of the Agrakhan-Krasnovodsk and transverse Karabogaz Safidrud faults. The
main mass of earthquakes with magnitude mI>3.0 in the Caspian water area was recorded at a depth of 40-62
km, as well as at a depth of 12-14 km. Magnitude mI>3 in the South Caspian Sea. The occurrence of
earthquakes with 0 is related to the activation of the Sangachal-Ogurchu deep fault.

Figure 9. Map of earthquakes, faults and epicenters of the Caspian watershed in 2021
Faults: 1- Agrakhan-Krasnovodsk; 2 — Makhachkala-Krasnovodsk; 3- Absheron-Near Balkhan;
4 — Sangachal-Ogurchu; 5- Mil-Chikhishlar 6 - Karabogaz-Safidrud; 7 - Lahiridcan.

Earthquakes with a magnitude of mI<2.8 that occurred in the Talysh coastal zone in the South Caspian
basin were concentrated between the Mil-Chikhishlar and Lahiridjan marginal faults passing through the

territory of Iran.
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Seismic activity

Analysis of the seismic activity of the researched area, the earthquakes that occurred in 2021 were used
from the catalog of the RSSC ANAS, and based on this, a seismic activity map was drawn up to monitor the
change of the seismic regime over time (Figure 10).

52

Figure 10. Seismic activity map of Azerbaijan and adjacent territories in 2021

In 2021, activity was high in Shamakhi-Ismayilli, Gusar-Guba, Talish zones. Zagatala-Balaken
seismicity is weak on the southeastern slope of the Greater Caucasus. In 2021, unlike other years, seismic
activity increased in Shahbuz district of Agstafa, Nakhchivan AR. Weak seismicity in the Lesser Caucasus
and an increase in earthquakes within the Mingachevir reservoir are recorded. The southern and northern parts
of the Caspian Sea are relatively calm, while the central part has been highly active. Seismicity was high on
Iran-Turkey border and Georgia-Armenia border.

CONCLUSION

During 2021, an increase in seismicity is observed in the northwestern region of Azerbaijan in the
Shamakhi-Ismailli seismogenic zone, in the Talish mountainous zone, in the central part of the Caspian Sea,
on the Iran-Turkey border, and on the Georgia-Armenia border. Seismicity was higher in Shahbuz district of
Nakhchivan AR in 2021, unlike other years. Seismic activity is observed along the Western Caspian,
Achichay-Alat, Ganjachay-Alazan, Gazakh-Sighnakh, Talish, Front Talish, Sharur-Ordubad, Akhvay,
Sangachal-Ogurchu, Garabogaz-Safidrud, Agrakhan-Krasnovod deep faults. In 2021, an increase in the
number of earthquakes and the released seismic energy is observed. During the year (ml=2.7-5.5) 17
perceptible earthquakes were registered. The analysis of the distribution of earthquakes by depth shows that
the depths of earthquakes in the land area of Azerbaijan are 2-54 km, It varies between 2-62 km in the Caspian
water area, and mainly between 2-35 km in regional areas. 40% of the foci at a depth of <10 km were deposited
within the layer.

There is tension in the Caspian Sea. The southern and northern parts of the Caspian Sea are relatively
calm, but the central part is in a tense situation. The largest part of hypotents occurs in the basalt layer and
upper mantle at a depth of 40-62 km.
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MODERN SEISMOGEODYNAMICS OF THE NORTH-WESTERN PART OF AZERBAIJAN
G.J. Yetirmishli!, S.E. Kazimova', A.Sh. Mammadova®, S.E. Mehtiyeva®

Annotation

The article presents an analysis of the seismicity of focal zones in the northwestern part of the Republic
of Azerbaijan. Using a geodynamic model of a pair of right-lateral strike-slip faults, an interpretation of the
focal mechanisms of the Zagatala, Balakan, Oghuz, Gabala and Sheki earthquakes was given, and a mechanism
of the Caucasian fault with a left-sided strike-slip component was established. A connection between the
observed seismicity and the tectonic structure of the region was revealed. The nature of movements in the
active parts of deep faults has been revealed. An analysis of the orientation of the main stress axes of earthquake
focal mechanisms was carried out. Depth profiles of displacements in the sources of strong earthquakes were
constructed.

Based on the orientation data of the compression and tension axes, a map of the distribution of the Lode-
Nadai coefficient was constructed. As can be seen on the maps, the Zagatala, Balakan and Gabala regions are
mainly characterized by tensile stresses. Compressive stresses are observed in the Sheki and Oghuz regions.
Thus, in 2003-2023, the displacement values were determined in the foci of earthquakes with magnitude ml>4
in the Balaken, Zagatala, Sheki, Oguz and Gabala regions. In the Sheki, Oguz, Gabala regions at a depth of
12-19 km, the displacement is 0.26-0.35 m, and in the Zagatala and Balakan regions 0.15-0.27 m at a depth of
3-15 km. The smallest displacement of 0.1-0.12 m was recorded in the Sheki region.

Key words: geodynamics, deep faults, focal mechanisms, Zakatala, Balakan, Okhuz, Gabala and Sheki
earthquakes.

AZORBAYCANIN SIMAL-QORB BOLGOSININ MUASIR SEYSMOGEODINAMIKASI
O.C . Yetirmigli, S.E. Kazimova, A.S. Maommadova, S.E. Mehtiyeva

Annotasiya

Mogaloda Azarbaycan Respublikasinin simal-garb hissasinds seysmogen zonalarmin aktivliyi tahlili
togdim olunur. Sag yana dogru siiriigma-siiriigma ciitiiniin geodinamik modelindan istifado etmoklo Zagatala,
Balakon, Oguz, Qoboalo va Soki zslzalalarinin ocaq mexanizmlarinin analizi naticesinds timumgqafgaz
qurilmalar tizra sol torafli  harokatlor miisyyan olunub. Miigsahide olunan seysmiklik ila rayonun tektonik
strukturu arasinda alags vo dorin qirilmalarin aktiv hissalarinds horokatlarin xarakteri askar edilmisdir. Zalzala
ocaq mexanizmlarinin asas gorginlik oxlariin oriyentasiyasinin tohlili aparilmigdir. Giiclii zalzalo monbaloe-
rinds yerdayismalarin darinlik profillori qurulmusdur.

Sixilma vo gorginlik oxlarmin istigamatlondirilmasi noticosindo Lode-Nadayi amsalinin paylanma
Xaritasi qurulmusdur. Xaritodon goriindilyii kimi, Zaqatala, Balakon va Qabals rayonlari asason garilms gor-
ginliyi ilo xarakterizo olunur. Soki vo Oguz rayonlarinda sixilma gorginliyi miisahido olunur. Bels ki, 2003-
2023-cii illordo Balakon, Zaqatala, Soki, Oguz vo Qabalo rayonlarinda magnitudasi mI>4 olan zalzalalarin
ocaqda yerdoyismo giymatlori miioyyon edilmisdir. Soki, Oguz, Qabalo rayonlarinda yerdayigsmonin doayari 12-
19 km dorinlikds 0,26-0,35 m, Zagatala vo Balakon rayonlarinda ise 3-15 km dorinlikds 0,15-0,27 m miisahido
olunur. ©n agagi yerdoyismo 0,1-0,12 m Saki arazisinds geyds alinib.

Agar sozlor: geodinamika, dorin qurilmalar, ocaq mexanizmlori, Zaqatala, Balakan, Oguz, Qabala va
Saki zalzalolori.
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COBPEMEHHASI CEHCMOTI'EOJUHAMUKA CEBEPO-3AIIATHOM YACTH
A3BEPBAMIKAHA

I /e Emupmuuinu, C.0.Kazvimosa, A.1ll. Mammaodosa, C.0.Mexmuesa

AHHOTANUA

B crarbe npesacTaBieH aHaU3 CEMCMUYHOCTH 04aroBeix 30H C3 yactu AsepbaiimxaHckoil pecy0-
nukd. C UCTIONB30BaHUEM T€OIMHAMUYIECKON MOJIENH Taphl MPAaBOCTOPOHHUX CIIBUTOB JJaHA WHTEPIIPETAIINS
MeXaHU3MOB o4ara 3akatanbckux, bamakanckux, Orysckux, ['abamuuckux u LIIekWHCKUX 3eMIIETpsICeHu,
YCTaHOBJIEH MEXaHW3M OOIIEKaBKa3CKOTro cOpoca C JIEBOCTOPOHHEH CIABHUTOBOWM KOMIIOHEHTOH. BbIsBieHa
CBSI3b HAOIIOJIEHHON CECMUYHOCTH C TEKTOHHYECKAM CTPOCHHEM perroHa. BEISBIIEH XapakTep MOBHKEK B
AKTHUBHBIX YacCTAX FJIy6I/IHHbIX pa3IoOMOB. HpOBGI[CH AHAJIN3 OpUEHTAIlUM OCHOBHBIX ocel HaHpﬂ)KCHI/Iﬁ
MEXaHM3MOB o4aroB 3emuerpsiceHnid. [locTpoeHbl riyOWHHBIE TPOGWIM CMEIIEHWH B OdYarax CHIIBHBIX
3EMJIETPSCEHUI.

[To naHHBIM OpHEHTAIM OCel CXKATHsI W PaCTsDKEHHUS ObLIa MOCTPOCHA KapTa pachpeeNieHus Kodg-
¢urnmenta Jlome-Hanman. Kak BuaHOo Ha kapte, 3ararainbckuii, bamakanckuii m ['abamuHCKUN pailoHBI B
OCHOBHOM XapaKTEpU3YIOTCS PACTATUBAIOLIMMH HaIpsDKeHUsAMHU. HampspkeHust ckaTHsl HaOMIOJAloTCs B
[lexnackoM u Ory3ckoMm paitoHax. Tak, B 2003-2023 romax OpUIH OIpeNeNeHbl BEIHMYWHBI CMEIICHUH B
ouarax 3eMJICTPSACEHHI ¢ MarHUTyAod ml>4 B bamakenckom, 3arataibckoM, lllexknuckom, Ory3ckoMm u
lNabanmackom paiionax. B lllekunckom, Orysckom, ["abannHckoM paiioHax Ha riryounne 12-19 kM BennmunHa
cmemenus cocrapisieT 0,26-0,35 M, a B 3araransckom u banakanckom paitonax 0,15-0,27 m Ha riyoune 3-
15 kM. Haumensinee cmerenue 0,1-0,12 m 3adukcuposano B lllekuHckoM patioHe.

Kntouegvle cnosa: ceoounamuxa, 2nyOuHHble pA3ioMbl, MeXanuszmsvl ouaeos, 3axkamanvckue, bana-
kanckue, O2yzckue, I'abarunckue u lllexunckue 3emaempsicenust.

INTRODUCTION

The long-term study of earthquakes shows that the vast majority of them occur due to the sudden release
of tension accumulated over a long period of time in the tectonically active parts of the earth’s crust. The
Caucasus, including Azerbaijan, as well as the Caspian Sea, are part of the Alpine-Himalayan rift system, are
located in the collisional contact zone of the Eurasian and Arabian tectonic plates, and are characterized by
fairly high seismic activity. The Arabian plate is moving northward, breaking away from the African megaplate
along the Red Sea and Gulf of Aden rift zones. As a result of the collision of the Arabian plate with the Eurasian
megaplate, the lithosphere area between them is divided into the Anatolian, Iranian, Black Sea, southern
Caspian microplate and the Caucasian megablock. [3] These microplates, including the southern Caspian
microplate, which includes the territory of Azerbaijan, and the Caucasian megablock are characterized by their
own directions of movement and are bordered by systems of deep faults with high seismic activity.

Zagatala-Balakan, Sheki and Okhuz-Gabala seismoactive zones are located in the northwestern zone of
the Azerbaijani part of the Greater Caucasus. The Zagatala seismically active zone is located in the extreme
north-west of the Azerbaijani part of the Greater Caucasus. Conventionally, its border in the east should be
considered the Zagatala-Shamkhor transverse uplift. In the north, west and south, the zone merges with the
potentially highly active seismic zones of Southern Dagestan and Western Georgia. The area of the Zakatala
seismically active zone within Azerbaijan does not exceed 3500 km?. The first information about earthquakes
in this zone dates back to 1853. From 1853 to 1933 in the Zagatala seismically active zone, only 55 earthquakes
were recorded, felt in one or more populated areas (Malinovsky, 1940). The intensity of these earthquakes
does not exceed 5-6 points. [2, 10]
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The epicenters of earthquakes in this zone are localized along three parallel lines of latitudinal strike.
The most powerful earthquakes, the intensity of which reaches 7 points, occur in the extreme northern
epicentral line.

One of the characteristic features of the Zakatala zone is the high frequency of earthquakes from the
same source zone and their low intensity. From a tectonic point of view, the earthquakes that occurred in the
Balaken seismogenic zone are located in the southwest of the Azerbaijani part of the Greater Caucasus,
surrounded by the Ayrichay-Alyat and Vandam deep faults. Note that the Tfan anticlinorium stands out as the
central uplift of the Mesozoic core of the Greater Caucasus meganticlinorium, in the arch of which the most
ancient Aalenian and Toarcian formations for the region are exposed. On the southern wing of the Tfan
anticlinorium, the Zakatala-Kovdag synclinorium is distinguished, filled with Cretaceous formations. The
southernmost structural element of the Mesozoic core of the Greater Caucasus meganticlinorium on the
territory of Azerbaijan is the Vandam anticlinorium, composed of volcanic bajos in the core. This work is
devoted to the study of the modern geodynamic situation in the northwestern part of Azerbaijan according to
the earthquake source mechanism data [14, 15].

Mechanisms of earthquake sources in the study area

In order to study the stress and deformation areas of the earth's crust, the parameters of the focal
mechanisms were established, evaluated, the conditions of their formation, and the dynamic parameters of
mechanisms and earthquake foci were analyzed (Figure 1). Source mechanisms are supposed to be subjected
to what type of displacement movements (horizontal displacement, breaking and falling, breaking and lifting)
of the rocks in the source during an earthquake. The source mechanisms were built on the basis of P waves of
35 digital stations of earthquakes with mI>4.0 in "Fa_major" and Moment Tensor software.
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Figure 1. Scheme of the fault structure and features of the geodynamic regime of the southern slope and southeastern
subsidence of the Greater Caucasus and the mechanisms of earthquake foci for 2003-2023.

Symbols: The main seismogenic faults that determine the features of the geodynamic regime of the earth's crust:
1-reverse faults, 2-normal faults, 3-slip faults (arrows indicate the direction of horizontal movements). Reverse faults:
1-Dashgil-Mudresa, 2-Vandam, 3-Geokchay, 4-Siyazan, 5-Zangi-Kozluchay, 6-Germian, 7-Adzhichay-Alyat. Shifts:
8-West-Caspian, 9-Arpa-Samur, 10-Ganjachay-Alazan, 11-Kazakh-Signakh. Faults: 12-North Adzhinour,
(Faults map compiled by: (Shikalibeyli [15])

Focal mechanisms of 49 earthquakes with magnitude mI>4.0 and depth h=2-42 km were established in
the North-Western part of Azerbaijan during 2003-2023. As can be seen from the map, faults and horizontal
displacements are dominant in the Zagatala-Balakén zone, and horizontal displacement-type movements
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prevail in the Sheki, Oguz, and Gabala zones. 11 earthquakes with magnitude mI>4.0 were recorded in Sheki,
Oguz, Gabala zones. 9 of these earthquakes are dominated by horizontal displacement type movements and
are aligned between the Pan-Caucasus right-sided Dashgil-Mudrasa, Vandam and Northern Acinohur faults,
and are located at a depth interval of 11-21 km [8,13].

In 2012, 2014, 2015, earthquakes occurred in Zagatala, Gabala, and Okhuz territories with a magnitude
of mI>5 (table 1). In 2012, an earthquake with a magnitude of ml=5.7 occurred in Zagatala region. On May 7,
at 04:40:25, earthquakes occurred in Zagatala, Balaken, Gakh, Sheki, Okhuz, with a focal depth of ml=5.6,
H=9 km, and an intensity of 10=7.0 at the epicenter at 14:15:13. It was determined that the first Zagatala
earthquake (GMT 4:40, M=5.6) was a fault-slip type, and the second earthquake (GMT 14:15, M=5.7) was a
fault-slip type.[6, 7]

On June 29, 2014, at 17:26:07, an earthquake occurred in Zagatala region with a magnitude of ml=5.3
km, a focal depth of H=9 km, and an intensity of 1o=5 at the epicenter. As can be seen from the table, the
direction of the compression axis P is vertical (PL=3), and the direction of the tension stress axis T is oriented
in the plane close to the horizon (PL=18). A sharp drop was determined for the nodal plane (DP=79-75). The
value of displacement in the hearth (SLIP=-15-(169)) indicates that displacement, fracture-falling type of
movement prevails. Based on the above, as a result of the tension states, it was determined that the earthquake
is of the fault-thrust-displacement type and coincides with the Gazakh-Signakh transverse fault. The Balakan
earthquake on October 14, 2012 was characterized by horizontal (PLP=0°) tensile stresses with a southwestern
orientation (AZM=239°) and near-vertical compressive (PLT=48°) with a northwestern orientation
(AZM=329°) stresses (fig. 10, table 4). The type of movement on both (DP=57°) planes is normal fault with
shear elements. Plane NP1 has an eastern strike (STK;=115°), NP2 —a northern strike (STK>=2°). Comparison
of the strike of nodal planes with fault lines shows agreement of the second nodal plane NP2 with two
transverse Kazakh-Signakh and Sharur-Zagatala faults [9].

Table 1.
Focal mechanisms of earthquakes felt in Balakan, Zagatala, Sheki, Oguz, Gabala areas in 2003-2023 MI1>5.0
Coordinates Principal stress axes Nodal planes
T N P NP1 NP2

Ne | Data Time s s s N N ml I|<_|m

ONIAME|Z | N |2 |Y || S 3 Ela -
1{20030601| 6:09:43 | 40.96 | 47.32| 0 | 252 | 90 | 8 | O [162|207|90| O |297|90|-180|5.2| 10
2120120507| 4:40:25 | 415 | 4658 | 14 | 79 | 71 [296| 10 | 171|152 |87|162|216|72| 2 |5.6 9
3(20120507{14:15:13| 41.56 | 46.63 | 0 | 240 | 20 | 150 | 69 | 330|130 |48 |-117|349|48|-62 | 5.7 | 12
4120120518(14:47:20| 41.52 | 46.64 | 5 | 251 | 78 |135| 10 | 343|117 |87 |-169| 27 | 79| -4 | 50| 10
5120120518(14:46:33| 41.53 | 46.62 | O | 69 | 15 |159| 74 | 339|354 |47 |-68 | 144 |47 |-111| 5.0 | 13
6 |20140629(17:26:07| 41.54 | 46.54 | 3 | 288 | 72 | 27 | 18 | 197|241 |79|-15|334|75|-169| 52| 9
7120140929 1:38:07 | 41.13 | 4794 | 7 | 323 | 41 | 59 | 48 | 225|265 |64 |-43 | 17 |53 |-146| 55| 11
8(20141004| 4:59:32 | 41.11 | 47.94 | 11 | 317 | 64 | 72 | 23 | 222|268 |82 |-25| 1 |65|-171| 50| 6
9 (20150904 | 4:49:36 | 40.97 | 47.43| 0 | 288 | 90 |172| O | 18 |153|90|-180| 63 |90| O (59| 16
10(20180605|18:40:25| 41.55 | 46.62 | 0 | 284 | 19 |194| 71 | 14 |176|48|-116| 32 |48 | -64 | 55| 10

In 2014, at 06:38:07 local time, a strong (mI=5.5) earthquake was recorded 22 km north-east of the city
of Gabala. After the earthquake (ml=5.5), 79 aftershocks were recorded within a day. The sources are located
at a depth of 5-19 km. It should be noted that the strong earthquake that occurred in Gabala region coincides
with the Ismailli-Sighirli orthogonal fault. After that earthquake, at 08:55:52 and 09:19:08 local time,
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earthquakes of mI>3.0 were recorded 22 km northeast of Gabala city. The focal mechanisms of both
earthquakes are aligned with the pan-Caucasus trend and the Dashgil-Mudrasa fault [8].

In 2015, the earthquakes of magnitude ml=5.9 at 04:49:36 on September 4 and ml=4.0 at 00:13:32 on
October 13, 2015, show that the movement of the left side displacement type prevails. As can be seen from the
table, the direction of the compression axis P is vertical (P1=10) and the direction of the tension stress axis T
is oriented in the plane close to the horizon (PI=5). A sharp drop was determined for the nodal plane (DP=86-
90). The value of displacement in the furnace (Slip=0-(-10)) indicates that displacement-type movement is
predominant. According to the above, as a result of tension conditions, left-lateral horizontal displacement
type movements are formed in NE directions and coincide with the Arpa-Samur transverse fault.

In the Balakan-Gabala seismogenic zones of Azerbaijan, earthquakes with a magnitude of mI>3.0 share
the core more closely at a depth of 3-25 km. 8 earthquakes with magnitude m1>5.0 were registered. These
earthquakes are recorded at a depth of 8-15 km.

On September 4, 2015, an earthquake occurred near the Oghuz region with an observed intensity of
10=7 points at the epicenter and 1,=7-3 points in nearby areas. In accordance with the map of epicenters of
seismic events for 1900-2003 in the area of the earthquake, a number of strong earthquakes were recorded,
with an intensity of 6 or more at the epicenter. The most significant of them are the earthquakes of 1953 and
1968 with 10=6-7 points, 1980, 1986, 1991 with 10=5-6 points, March 5, 2000 10=5 points. The last noticeable
event in this area was the earthquake on June 1, 2003 with 10=6 points at the source and 3-4 points in the
Mingachevir and Kurdamir regions (Table 2).

Strong earthquakes in Oghuz and nearby areas with an intensity of 5 or more at the epicenter. Tablez

Data Time Coordinats Depth "
year = mounth day = hours min | sek lat lon KM points
1953 9 2 00 36 01 41.10 47.40 5 51| 7
1953 9 16 11 15 29 41.20 47.40 28 50| 6
1968 5 11 11 29 40 41.00 47.60 15 47| 6
1980 4 1 07 33 41 40.70 47.80 20 47| 6
1986 6 02 15 16 13 40.97 47.77 22 46| 5
1991 10 21 11 58 23 40.92 47.34 16 45| 5
2003 06 01 06 09 42 41.05 47.27 22 50| 6
2015 04 09 04 49 36 40.97 47.43 16 59| 7

Based on macroseismic studies, it was revealed that the earthquake was felt with the greatest intensity
in the territories of Oghuz and Sheki regions. Here, the intensity of the earthquake according to table MSK-64
was estimated at 7 points. The earthquake was accompanied by more than 80 aftershocks with a magnitude
from 0.5 to 4, 33 of which occurred in the first day [3, 4]. The aftershock cloud spread up to 23 km in the
south-north direction and 9 km in the west-east direction, but the area of the main mass of the earthquake
cluster was 88 km?. Despite the fact that the main source is located at a depth of 16 km in the granite layer, the
depth of the aftershocks ranges from 11-34 km. As can be seen in Fig.2, the epicenter of the earthquake is
confined to the intersection zone of the longitudinal Dashgil-Mudresa and transverse Arpa-Samur faults [5]. It
should be noted that the Arpa-Samur deep fault of ancient origin at all times from the Paleozoic to the present
day has been a zone of active manifestation of tectonic movements, a conductor of magmatic melts, ore-bearing
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solutions and seismicity. According to Shikhalibeyli E.Sh. [6] The Arpa-Samur Trans-Caucasian seismically
active metal-bearing fault zone unites the Mrovdag-Zod, Terter and Khachin faults of deep origin.

Analysis of the focal mechanisms of the earthquakes on 09/04/2015 with mI=5.9 (main shock) and on
10/13/2015 with ml=4.0 showed the predominance of two types of movements. The earthquakes that occurred
in the Oghuz region on September 4 at 04:49 am and on October 13 at 00:13 am occurred under the influence
of tensile and compressive stresses of similar magnitude.

2015/09/04 t=04:49:36 H=16 MI=5.9

by T

2015/10/13 t=00:13:31 H=16 MI=4.0

- <

Figure 2. Earthquake source mechanisms, as well as block diagrams of displacement along the NP2 plane

From Table 2 it can be seen that the first nodal plane of the rupture extends in the SE direction (153°)
with a dip to the southwest at an angle of 86-90°, the second nodal plane has a NE strike (63°) with a dip to the
southeast at an angle of 83-90°. In this case, 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 tensile
forces were directed in the west-southwest direction (287-288) at an angle of 0-2 to the horizon. The type of
movement of these earthquakes is strike-slip with a left-lateral horizontal component.

Figure 3. Scheme of compression-tension axes of focal mechanisms of earthquakes with mi>4.0
in Zagatala-Gabala area during 2003-2023

Stress and deformation areas of the Earth's crust in the North-Western part of Azerbaijan
During 2003-2023, the scheme of compression-tension axes was established based on the data of focal
mechanisms of earthquakes with mI>4.0 in Balakan, Zagatala, Sheki, Oghuz and Gabala areas (Figure 3).
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On the map, blue color-compression, red color-tension arrows. The analysis of the orientation of the
compression and extension axes showed the SW-NE orientation of the compression axes in the Sheki and Gabala-
Oghuz seismogenic zones. A chaotic distribution is observed in the Zakatala-Balaken zone. This is due to the
complexity of the tectonic structure. The main seismic tremors with a magnitude of more than 4.0 are associated
with the following tectonic zones: the node of intersection of the Zagatala, transverse with the Ganyh-Ayrichai
longitudinal fault; 2 - node of intersection of Zagatala with Shambul-Ismailly longitudinal fault. All these tectonic
nodes are located in the Mazymgarishan-Sarybash sublatitude fault zone and are controlled by this fault. As a
result of the orientation of the compression and tension axes, a distribution map of the Lode-Nadayi coefficient
was constructed. On the map, the blue color shows the tension arrows, the red color shows the compression
arrows. As can be seen from the map, the Zagatala, Balakan, Gabala region of the republic is characterized by
tension. Compression stress is observed in Sheki and Oghuz regions (Figure 4).
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Figure 4. Distribution map of the Lode-Nadai coefficient calculated on the basis of the focal mechanisms of the
earthquakes that occurred in Zagatala, Sheki, Oghuz and Gabala in 2003-2023
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Figure 5. In 2003-2023, the depth section of displacement values calculated based on the mechanisms of
earthquakes with ml>4 in Balakan, Zagatala, Sheki, Oghuz and Gabala regions

Thus, on the basis of the USA USGS Coulomb 3 program, a depth section of the displacement values
of earthquakes with magnitude mI>4.0 in Balakan, Zagatala, Sheki, Oghuz and Gabala regions in 2003-2023
was established (Figure 5). As can be seen from the cross-section, the values of displacement in the Oghuz,
Gabala, Zagatala and Balaken zones are high and vary in the range of 0.25-0.35 m. In Sheki, Oghuz, Gabala
regions, the value of displacement is 0.26-0.35m at a depth of 12-19 km, and 0.15-0.27m is observed at a depth

of 3-15 km in Zagatala and Balakan regions. The lowest value of displacement was recorded in Sheki area of
0.1-0.12m.



30 S.E,Kazimova et al: MODERN SEISMOGEODYNAMICS OF THE NORTH-WESTERN...

In the section of the Zagatala and Balaken zones, displacement values are characterized by higher values
in the range of 0.18-0.26m at a depth of 6-16 km (Figure 6).
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Figure 6. Depth cut of displacement values calculated on the basis of mechanisms of earthquakes
With ml>4 in Balakan and Zagatala regions in 2003-2023

In Sheki, Oghuz, Gabala regions, the value of the displacement at a depth of 13-19 km is higher and is
observed in the interval of 0.23-0.34m (Figure 7).
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Figure 7. Depth cut of displacement values calculated on the basis of mechanisms of
earthquakes with ML>4 in Oguz and Gabala regions in 2003-2023

RESULTS

The study of the spatio-temporal sequence of seismic shocks of various magnitudes in each seismic focal
zone leads to conclusions about the similarity of individual seismically active zones of the Azerbaijani part of
the Greater Caucasus, observed not only in their tectonic conditions, but also in the nature of the manifestation
of seismicity. The epicentral zones of most of the listed earthquakes are located in the foothills in the Vandam
structural zone. The spatial distribution of epicenters demonstrates that the events of 2014-2015 with mI>5.0
are confined to transverse (northeast-trending) disjunctive dislocations, but the epicentral zones generally have
a “pan-Caucasian” elongation and are located along the Vandam tectonic zone along the Ganykh-Ayrichay-
Alyat deep thrust. It can be assumed that the sources of the Gabala, as well as Oghuz earthquakes are confined
to the extension zone and their mechanism is determined as the result of right-sided shear deformation in the
zone of geodynamic influence of the left-sided Arpa-Samur fault. The structure of the Kura Basin is observed
to shift under the structure of the Greater Caucasus.
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Analysis of the orientation of the compression and extension axes showed the SW-NE orientation of the
compression axes in the Sheki and Gabala-Oghuz seismogenic zones. On the territory of the Zakatala-Balaken
zone, a chaotic distribution is observed. This is due to the complexity of the tectonic structure. The main
seismic tremors with a magnitude greater than 4.0 are associated with the following tectonic zones: the
intersection of the Zagatala transverse fault with the Ganykh-Ayrichay longitudinal fault; 2 - intersection point
of the Zagatala with the Shambul-Ismayilli longitudinal fault. All these tectonic nodes are located in the zone
of the Mazymgaryshan-Sarybash sublatitudinal fault and are controlled by this fault.

As a result of the orientation of the compression and tension axes, a distribution map of the Lode-Nadayi
coefficient was constructed. As can be seen from the map, the regions of Zagatala, Balakan, and Gabala are
mainly characterized by tensile stress. Compression stress is observed in Sheki and Oghuz regions.

Thus, in 2003-2023, depth sections of displacement values of earthquakes with magnitude ml>4 in
Balaken, Zagatala, Sheki, Oghuz and Gabala regions were established. As can be seen from the cross-section,
the values of displacement in the Oghuz, Gabala, Zagatala and Balaken zones are high and vary in the range
of 0.25-0.35 m. In Sheki, Oghuz, Gabala regions, the value of displacement is 0.26-0.35m at a depth of 12-19
km, and 0.15-0.27m is observed at a depth of 3-15 km in Zagatala and Balakan regions. The lowest value of
displacement was recorded in Sheki area of 0.1-0.12m.
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Etupmummua . JIx., Ucmamnosa C.C., 'apaBenues O.C. 3araranbckoe-III 3emmerpsicenune 7 mas 2012
r. B 04" 40M ¢ My a5p=5.6, My=5.6, loc=7 u 3araransckoe-IV B 14" 15™ ¢ My a5p=5.7, My=5.3, 10=7
(AzepOaiimkan), denepanbHOe TOCYIApPCTBEHHOE OIOKETHOE yupexaeHne Hayku, demepambHBINH
UCCIICIOBATEIbCKUI 1IeHTp, "Ennnas reodusuueckas cimyx6a Poccuiickoli akamemun Hayk". 3emiie-
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SEISMOGEODYNAMICS OF THE GREATER CAUCASUS FROM GNSS DATA
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Abstract

The article provides an analysis of modern seismogeodynamics of the Azerbaijan part of the Greater
Caucasus. The purpose of the research was to reveal how complex geodynamic processes are reflected in the
spatial and temporal distribution of strong earthquakes in the territory of the Azerbaijan part of the Greater
Caucasus. For this purpose, GPS and seismological data for the period 2012-2022 were considered. The main
tasks were to analyze the strong earthquakes that occurred in the territory under consideration, analyze the data
on the velocities of horizontal movements obtained from the data of the GPS network of RSSC stations, and
also make a correlation between these data. The velocity field clearly illustrates the movement of the earth's
surface in a north-northeast direction. This phenomenon reflects the process of successive accumulation of
elastic deformations in the zone of subduction interaction of the structures of the northern side of the South
Caucasian microplate (Vandam-Gobustan megazone) with the accretionary prism of the Greater Caucasus.
Comparing the seismic data with the data of GPS stations, it can be seen that with the gradual immersion of
the seismogenic layer, the velocities increase. At SATG and ALIG stations, the data increase to 10-11 mm/g.
It can be noted that the change in the values of horizontal movements on the territory of the Zakatalo-Balakan,
Oguz-Gabala seismogenic zones is associated with the movement of layers (blocks) of the earth's crust at a
depth of 5-20-40 km. In the Sheki seismogenic zone 2-30 km, in the Shamakhi-Ismayilli zone 5-45 km, and in
the Hajigabul seismogenic zone 5-55 km.

Key words: GPS stations, seismogenic layer, seismic geodynamics of the Azerbaijan part of the Greater
Caucasus.

QLOBAL NAVIQASIYA PEYK SISTEMININ MOLUMATLARINA GORO
BOYUK QAFQAZIN SEYSMOGEODINAMIKASI

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

Annotasiya

Mogalads Boyiik Qafqazin Azarbaycan hissssinin milasir seysmogeodinamikasi tahlil edilir. Todqigatin
moqgsadi Boyiik Qafqaz orazisinds giiclii zalzalolorin foza-zaman paylanmasinda miirokkab geodinamik
proseslarin necs aks olundugunu askar etmoak idi. Bu magsadlo 2012-2022-ci illor igiin GPS va seysmoloji
molumatlar nozardan kegirilmisdir. 9sas masalolor nazorden kegirilon arazide bas vermis giiclii zalzalolarin
tohlili, RSXM-nin stansiyalarinin GPS sabokasinin molumatlarindan alinan ifliqi horokotlorin siiratlori
haqqinda molumatlarin tohlili, hamginin bu malumatlar arasinda korrelyasiyanin yaradilmasi olmusdur. Siirat
sahasi yer sothinin simal-gsimal-gorq istiqametinds harokatini aydin sokilds gostorir. Bu hadiss Conubi Qafgaz
mikroplitasinin simal torafi strukturlarinin (Vandam-Qobustan meqazonu) Boyiik Qafqazin akkresiya prizmasi
ilo tistagalma garsiliglt slagesi zonasinda elastik deformasiyalarin ardicil toplanmasi prosesini aks etdirir.
Seysmik molumatlar1 GPS stansiyalarinin molumatlar1 ilo miiqayise etdikdo gérmok olar Ki, seysmogen
tobagonin tadricon batirilmast ils siiratlor artir. SATG vo ALIG stansiyalarinda moalumat 10-11 mm/il gador
artir. Qeyd etmok olar ki, Zagatala-Balakon, Oguz-Qoabalo seysmogen zonalari oarazisinds tifiigi harokatlorin
giymatlarinin doyismasi Yer gabiginin 5-20 darinlikdas tobagolarinin (bloklarinin) yerdoyismasi ils slagedardir,
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Soki seysmogen zonasinda 2-30 km, Samaxi-Ismayilli zonasinda 5-45 km, Haciqabul seysmogen zonasinda
5-55 km.

Agar sozlar: GPS stansiyalari, seysmogen tobaQa, Boyiik Qafgazin Azarbaycan hissasinin seysmik
geodinamikasi.

CEHCMOTEOJJMHAMHUKA BOJIbILIOI'O KABKA3A 110 JAHHBIM I''TOBAJIbHOM
HABUT'ALIMOHHOM CIY THUKOBOW CUCTEMBI

I [Torc. Emupmuwinu, 1.5.Kazvimos, A.@.Kazvimosa

AHHOTANUA

B crarpe npuBOANTCS aHANMN3 COBpEMEHHON ceiCMOTe0TMHAMIKH A3epOalipkaHcKkoi yactu bobiioro
Kagkaza. Llenbio rccnenoBaHmii BISIOCH BBIIBUTH, KAK OTPaXKaroTCs CIO0XKHbBIE T€0JUHAMHYECKUE TTPOLIECCHI
B NPOCTPAaHCTBEHHO-BPEMEHHOM paclpelesieHUH CUIIBHBIX 3€MIICTPSCCHUN Ha TeppuTopuu AsepOaiimxaH-
ckoil yactu Bompmoro KaBkaza. Jlng stoil nenu paccmarpuBaiica GPS u ceiicmosornueckue JaHHBIE 3a
nepuoy 2012-2022. OcHOBHBIMH 3a7jadyaMH OBLIO MPOBECTH aHANN3 CHIIBHBIX 3eMIICTPSCEHHM, POU3O0IIEa-
LIMX Ha pacCMaTPUBAEMON TEPPUTOPUH, IPOAHAIN3UPOBATDH JaHHBIC CKOPOCTEH TOPU30HTAIBHBIX ABMKCHUH,
nosrydeHHbIX 1o faHHbIM ceTd GPS cranuuit PIICC, a Takke MpoBeCTH KOPPEIALNIO MEKIY STUMH JAHHBIMH.
[lone ckopoctell 4YETKO WIUIIOCTPUPYET [BMKEHHE 3E€MHOH MHOBEPXHOCTH B CEBEP-CEBEPO-BOCTOYHOM
HanpasieHuH. [laHHOE SIBJICHHE OTPaXkaeT MPOLECC M0CIEA0BATENFHOIO HAKOIUIEHHUs YIIPYTruX AedopManuii
B 30HE HAaJIBUTOBOT'O B3aUMOICHCTBHS CTPYKTYp ceBepHoro bopTa KOxHo-KaBka3sckoii MukporunTsl (Bangam-
I'obycranckass Mmera3zoHa) ¢ akkpeUMoHHOW mpu3Moil bombmoro Kaskasza. ComocraBisisi ceificMuueckue
nanHbie ¢ qaHHeiMA GPS cTanmuii BUIHO, UTO ¢ TIOCTENEHHBIM MTOTPY>KEHUEM CEHCMOTEHEPUPYIOIIETO CIIOS
3HauYeHusl ckopocteit yBenuuupatorcs. Ha craniusax SATG u ALIG nannbie yBenuuuBatotes 10 10-11 mm/r.
MOXHO OTMETUTh, YTO HM3MEHEHHE 3HAUY€HHH TOPU3OHTAIBHBIX IBIDKCHMH Ha TEPPUTOpPHU 3aKaTajio-
Bbanakanckoit, Ory3-I"'abanuHckoi celiCMOTEHHBIX 30H CBSI3aHO C MOJIBUXKKOM ciioeB (OJIOKOB) 3éMHOW KOPHI
Ha rnyounne 5-20-40 kM. B lllekunckoii ceticMorenHo# 30He 2-30 kM, B Lllamaxpi-MecManmmHCKO# - 5-45 kM,
u B ['apkuraOybekolt celicMOreHHO 30He 5-55 kM.

Knioueevie cnosa: GPS cmanyuu, ceticmozenepupyiowuil ciot, celicmozeoouHamuxa Azepbaiioican-
cxoti yacmu bonvuwiozco Kaskasa.

INTRODUCTION

To address the issues of the contribution of internal processes in the lithosphere to the latest and modern
geodynamics of the region, there is also a lack of modern data on the deep structure of the earth's crust and
upper mantle. As is known, the Azerbaijan part of the Greater Caucasus is the most geodynamical active
region. Previous studies of Alpine folding and orogeny, in particular, quantitative estimates of the horizontal
shortening of the surface, were based mainly on abstract ideas about folding and mountain building as a result
of the collision of the Eurasian and Arabian lithospheric plates [16].

The question of the deep structure of the zones of large faults in the earth's crust is also relevant. The
issue of flattening of tectonic faults with depth, the separation of the sedimentary cover from the surface of the
crystalline basement, and, as a result of these processes in the zone of plate collision, the folding and orogeny
[11] are often discussed in the literature.

Modern methods of space geodesy: satellite laser distance measurements (SLR), long-baseline
interferometry (VLBI), and, above all, satellite-based global positioning system (GPS) have become widely
used in geodynamic studies on a global and regional scale. These measurements make it possible to determine
the velocities of the horizontal movement of lithospheric plates in general and the displacement velocities of
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numerous geodesic points in tectonically active zones with errors much smaller than the measured velocities
themselves [18].

The active modern convergence of the Eurasian and African-Arabian lithospheric plates is well known.
But direct geodetic measurements show that centrifugal displacements of overthrusts and shifts continue to
this day. The evidence for this is the strong Turkish earthquake that occurred on February 6, 2023. The areas
of modern extension correspond to the areas of Neogene-Quaternary normal faults and grabens in
superimposed troughs, while the areas of modern compression correspond to the zones of Jurassic Cretaceous,
Neogene Quaternary thrusts and covers. This means that the distribution of types of modern horizontal
movements corresponds to the distribution of those in the indicated geological time intervals.

Thus, our conclusion about the modern expansion of the segments of the mobile belt is also valid for
previous intervals of geological history. In this work, we set the goal of revealing how complex geodynamic
processes are reflected in the spatial and temporal distribution of strong earthquakes in the territory of the
Azerbaijan part of the Greater Caucasus. For this purpose, GPS and seismological data for the period 2012-
2022 were considered.

Seismological data.

Seismic activity is associated with the ongoing intensive restructuring of the structural plan with
significant amplitudes of recent and modern movements: earthquake sources, as a rule, are confined to the
boundaries of large geotectonic elements of the earth's crust and the intersection nodes of faults of various
directions.

BiUsI|

Figure 1. Maps of earthquake epicenters for the period 2003-2022 with ml< 3.0
and mI>5.0 geological map comp. [12]
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The geology of the territory of Azerbaijan has been studied since the end of the 19th century, and over
the past period a huge amount of actual geological and geophysical material has been accumulated, on the
basis of which various geological and tectonic models of the environment, based mainly on the fixist ideology,
have been developed in different years. In this context, the changes in views on the structure of the earth's crust
of the Caucasus and the Caspian water area that took place in the last quarter of the 20th and early 21st centuries
from the atonalistic positions with the adoption of the concept of the underthrust-thrust mechanism of the
formation of their alpine structure are of particular importance. In particular, on the territory of Azerbaijan, a
significant amount of productive information has been accumulated on ground geological survey, deep
geological mapping of land and sea territories by methods of zoning geophysical fields, as well as deep drilling
and remote sensing.

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, rupture location, geometry and extent of past earthquakes [13].

It should be noted that since 2012, a number of strong earthquakes with M1>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.; Ismailli 07.10.2012 with MI=5.3; Caspian 10.01.2014 with MI=5.0, Ajigabul
10.02.2014 with MI=5.8, Zagatala 29.06.2014 with MI=5.3, Gabala series 29.09 and 04.10.2014 with
MlImax=5.5; as well as Okhuz on September 4, 2015 with MI=5.9, Imishli on August 1, 2016 with MI=5.6,
Lerik on August 28, 2018 with MI=5, etc (fig.1). 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 junction 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].

From a tectonic point of view, the modern structure of the Caucasus was formed at the Alpine stage of
tectogenesis within the spatial limits covering the southern edge of the Eurasian continent and the northern
edge of the South Azerbaijan segment of the Central Iranian microcontinent (microplates, quasi-platforms). In
the structure of the eastern, Azerbaijani part of the Caucasus, the decisive role belongs to the following
megastructures (from north to south): the North Caucasian microplate, the southern slope trough, the South
Caucasian microplate, the South Azerbaijan segment-fragment of the Central Iranian microcontinent, and the
Caspian megadepression [4]. As seen in figure strong earthquakes with a magnitude above 5 occurred mainly
at the junction of the accretionary prism of the Greater Caucasus with the South Caucasian microplate.

Seismological and paleoseismotectonic studies, seismic and seismotectonic zoning, carried out in
various seismic regions of the Caucasus (including the territory of Azerbaijan), confirm the version of the
controllability of earthquake source areas by a network of faults of General Caucasian and anti-Caucasian
strike with various types of displacement [4]. However, in general, the cause of modern seismic activity is the
horizontal movements of different-scale tectonic blocks of the earth's crust, sandwiched in the band of
collisional interaction between the Afro-Arabian and Eurasian continental plates.

Analysis of satellite navigation system (GPS) data

Reliable information on the achieved accuracy in determining the annual displacement rates of
permanent stations can be obtained from the materials contained in the ITRF data system "International Earth
Reference System™ for the Earth as a whole and for its European part, that the average error of the ITRF
network for the horizontal displacement components is 0.7 and 1.5 mm/year for vertical components [18].
According to the analysis of the European network of permanent stations, which includes 30 sites, the error of
the horizontal component for the most stable stations was 0.2 mm/year.
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The ITRF system is a catalog that uses as input data time series of station positions and Earth orientation
parameters (EOP) provided by the technical centers of four space geodetic methods (VLBI, SLR, GNSS and
DORIS) [19]. Comparison of data for ITRF97 and ITRF2014 showed the coordinates of geodetic observation
stations, selected in accordance with the accuracy of determining their coordinates and the stability of the
position. For these stations, annual values of coordinate changes are given. Station movement velocities are
represented in most cases by latitudinal, longitude and vertical velocity components on the reference ellipsoid,
best fitted to the geoid figure and used in the processing of geodetic measurements. The velocity vectors
defined in the ITRF system are “absolute” vectors in the sense that their direction is set relative to the geodetic
coordinate grid fixed on the Earth’s body by ITRF stations [18]. The origin of the coordinate system coincides
with the center of mass, the position of which is determined using the satellites Lageos1 and Lageos2, which
rotate in orbits at an altitude of about 6000 kilometers. According to Kepler's laws, the satellite revolves around
the planet in an elliptical orbit, and the center of mass of the planet is located at one of the foci of the orbit. As
established using SLR, the position of the center of mass changed during 1993-2003 by +0.6 mm for the
equatorial and +1.8 mm for the polar component [2].

GPS instruments have been successfully used for a number of years to monitor changes in the earth's
surface due to geodynamic processes, as described above. High-precision GPS measurements of almost any
line are carried out on the basis of the differential method using the so-called GPS base stations (this method
is also called the relative kinematics method). In this case, during measurements, one base station of the
satellite receiver is constantly located at a point with known coordinates, and the other moves, fixing the
position of the points being taken. The analysis of GPS station data was carried out using the GAMIT/GLOBK
program version 10.71. [7]

GPS data were processed and errors estimated using MIT's GAMIT software [7] following the procedure
described in [8, 9]. To estimate the speeds of the determined stations, it is necessary to have at least one refe-
rence point in the network, and preferably several. GNSS for geodynamics, YIBL_OMAN,
SOFI_BULGARIA, ANKR_TURCIYA, ARTU_RUSSIAN, NICO _CYPRUS, NOT1_ITALY,
POL2_KYRGYZTAN, POLV_UKRAINE, TEHN_IRAN, MDVJ_RUSSIAN,
DRAG_ISRAEL,RAMO _ISRAEL, SOFI_BULGARIA, BUCU_ROMANIA, ISTA_TURKEY,
GLSV_UKRAINE [3]. The height cutoff angle was taken as 10°.

PIRR =
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Figure 2. Network of GPS stations of RSSC

Taking into account geomorphology, geotectonics, relief and taking into account the influence of
external factors, in 2012 the Republican Center installed a network of 24 stationary GPS stations in Azerbaijan.
A set of 24 GPS stations cover the vast territory of Azerbaijan and form the GPS_RCSS geodetic network
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(Figure 2). Note that the stations are equipped with Choke Ring model antennas, the number of installed
stations of this model is 10, Zephyr Geodetic2-14 and TrimbleNetR9-24 receivers (USA), which record the
signal of the corresponding GPS and GLONASS satellites [9]. The formed geodetic network allows solving
regional problems of studying the main patterns of modern movements of the earth's crust in the territory of
Azerbaijan. It should be noted that for the first time in the world on the territory of the Republic of Azerbaijan
in the Saatli region, a GPS station was installed on the Saatli super-deep well (8324 meters) SG-1.

Correlation of seismological activity with satellite navigation data.

As a result of research carried out by the Department of Geodynamics of the RSSC at ANAS, the field
of velocities of modern motions throughout the entire territory of the republic was obtained. The velocities of
modern movements were estimated based on the results of measurements at 24 stationary GPS stations of the
RSSC. The accuracy of determining the coordinates is within 1-3 mm per day. The coordinates of the reference
stations of the IGS network used in the analysis are characterized by the same accuracy.

An analysis of the distribution of horizontal displacement rates showed that there is a stable orientation
of the velocity vectors (2-15 mm/year) both in the NE direction, typical for the territory of the Arabian
Plate, and in the N-E direction, typical for the southeastern part of the Lesser Caucasus. These data confirm
the existing ideas about the northern drift of the Arabian lithospheric plate. The shift to the NE is probably
due to the thrust structure located in the Jurassic rocks and dipping to the north (Figure 3). The ENE direction
of the velocity vectors of horizontal displacements within the Gobustan and Absheron regions (points
GBSG, GOBG, GALG, NDRG) most likely indicates that the influence of the northern drift of the Arabian
Plate is little felt here.

Figure 3. Horizontal velocity vector map for 2014-2022 and fault velocities (mm/yr) obtained from the block model.

The process of formation of the fold-cover tectonic structure of the territory of the Republic of
Azerbaijan is explained within the framework of geodynamic models developed for the Mediterranean fold-
charge belt and based on the primacy of tangential forces and underthrust mechanism during the formation of
modern orogens [10-11]. This is indicated by the scaly-thrust structure of both the Precambrian-Paleozoic
basement and the Alpine cover of all the main tectonic zones, which indicates the existence of vast sea basins
in the Caucasus region, which were transformed as a result of the Hercynian, Cimmerian and Alpine cycles of
tectogenesis into narrow zones of general collapse of rocks or into ophiolite suture belts [12, 15].

It has been established that along the Kura depression in the direction from the Middle Kura
depression to the Low 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 compression condition. It
should be noted that in the last 3 years the zone of the Low Kura depression is characterized by the
manifestation of high seismic activity, expressed in several earthquakes with a magnitude greater than M>
5ml, characterized by a reverse-type movement [5]. At the same time, within the northeastern side of the
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microplate corresponding to the Vandam-Gobustan megazone of the Greater Caucasus, the velocity vectors
experience a decrease to 10-12 mm/yr, and further north, i.e. directly within the accretionary prism, and
completely decreases to 3.5-5 mm / yr. In general, the tangential shortening of the earth's crust in the region
is estimated at 6.1-11 mm/yr (Figure 4).

Figure 4. Velocity map of horizontal movements according to GPS stations for 2014-2022 and
epicenters of earthquakes for 2003-2022

It should be noted that the regional patterns of neotectonics and modern geodynamic development and
landforms of the Caucasus region can be considered as a result of mechanical impacts on it of adjacent
geodynamical active areas. It is interesting to note that the rate of modern vertical movements of the QBLG,
ZKTG, QSRG, and XNQG GPS points 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 interference 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). Consequently, wave-like deformations are not linear, and this determined all the main features of
the neotectonics of the region.

The revealed heterogeneous nature of the velocity field of the region allows us to state the block model
of the structure of the region, which is closest to the real one. A similar conclusion about the block structure
was also obtained for other regions [14]. It was found that in the Guba-Gusar region in the direction NW-SE,
a block with velocities of 5.8 mm/g with a length of 55 km is distinguished.

At the GPS stations Nardaran "NRDG", Gobu "QOBG", Gala "GALG" and Zhiloiy Island "JLVG",
which are part of the Apsheron zone, almost similar values of horizontal displacement velocities (3.8, 4.9, 4.1
and 3.2 mm/ year respectively). In the direction from the Talysh region to the Apsheron Peninsula (southwest—
northeast 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/yr, LRKG_GPS=12.5 mm/year, GLBG_GPS=12.3 mm/yr, YRDG_GPS=12.7 mm/yr). It should be noted
a noticeable increase in the azimuthal angles of the Apsheron stations, indicating a clockwise movement in the
east—southeast direction up to 88°.

Earthquakes with a magnitude greater than mI>2 were analyzed based on the earthquake catalog data of
the RCSS Bureau of Earthquake Research. A deep section of the distribution of magnitudes along the Greater
Caucasus was built in order to identify the seismogenic layer of the earth's crust. As seen in fig. This layer in
the territory of Georgia and the Belokan region is distributed at a depth of up to 40 km, further in the direction
of the Zagatala region, the depth decreases to 20 km, and starting from the Sheki region, a gradual subsidence
towards the Caspian Sea is observed. Against the general background of earthquakes, zones of maximum
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magnitudes are distinguished, corresponding to the Zagatala-Balakan, Oguz-Gabala, Shamakhi-lsmayilli and
Hajigabul seismogenic zones (Figure 5).
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Figure 5. Velocity profile according to GPS data (a) and depth distribution of earthquake
magnitudes along profile 1-1 (b)

Comparing the seismic data with the data of GPS stations, it can be seen that with the gradual immersion
of the seismogenic layer, the velocities increase. At SATG and ALIG stations, the data increase to 10-11
mm/yr. It can be noted that the change in the values of horizontal movements on the territory of the Zakatalo-
Balakan, Oguz-Gabala seismogenic zones is associated with the movement of layers (blocks) of the earth's
crust at a depth of 5-20-40 km. In the Sheki seismogenic zone 2-30 km, in the Shamakhi-Ismayilli zone 5-45
km, and in the Hajigabul seismogenic zone 5-55 km [5-6].

In the zone of the West Caspian Fault, at depths from 5 to 35 km, a block boundary is distinguished with
velocities of 7.25 mm/yr. On the eastern side of this block, a block is distinguished at depths of 10-25 km with
values of 9 mm/yr.

CONCLUSION

Thus, the global positioning system (GPS) has provided a new opportunity for direct observation of
modern movements and deformations of the earth's crust.

Comparison of the obtained results 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 motion rates, which allows us to delineate this region with average horizontal motion rates of 11.6
mm/year.

The velocity field clearly illustrates the movement of the earth's surface in a north-northeast direction.
This phenomenon reflects the process of successive accumulation of elastic deformations in the zone of
subduction interaction of 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 speed 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.

Comparing the seismic data with the data of GPS stations, it can be seen that with the gradual immersion
of the seismogenic layer, the velocities increase. At SATG and ALIG stations, the data increase to 10-11 mm/g.
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It can be noted that the change in the values of horizontal movements on the territory of the Zakatala-Balakan,
Oghuz-Gabala seismogenic zones is associated with the movement of layers (blocks) of the earth's crust at a
depth of 5-20-40 km. In the Sheki seismogenic zone 2-30 km, in the Shamakhi-Ismailli zone - 5-45 km, and
in the Hajigabul seismogenic zone 5-55 km.

Preliminary data on the comparison of velocity vectors of GPS points with the structure of the Earth's
crust of the Greater Caucasus shows that within the projections of these blocks, the directions of velocity
vectors are quite consistent. This makes it possible to formulate as an urgent task the search for the relationship
between deep sources of tectonic stresses and their possible connection with near-surface geodynamics and
seismic regime, which could become the basis of geoecological zoning.

Data on the velocities of vertical and horizontal displacements of individual blocks within various
seismogenic zones of the Greater Caucasus, in addition to scientific, are of practical importance, since with
their help it will be possible to choose safe places within the BC for the construction of hotels, camp sites,
small hydroelectric power stations, cable lifts, roads and railways [17]. In addition, the analysis of available
GPS data showed that it is necessary to continue these measurements in the Caucasus, which will increase the
accuracy of the results obtained, for which it is necessary to thicken the existing network of points and, as a
result, obtain a more detailed picture of the distribution of modern movements.
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ASSESSMENT OF SEISMIC HAZARD AROUND THE FILIZCHAY
PYRITE POLYMETAL DEPOSIT

G.J.Yetirmishli*, G.l.Bekdemirova', G.A.Musayeva®

Abstract

In Azerbaijan, much attention is paid to the exploitation of mineral deposits in the non-oil sector. The
Filizchay deposit, considered one of the largest deposits in Europe in terms of ore reserves and is very rich in
base metal reserves throughout the world, is one of the largest projects that the AzerGold organization
preparing for operation. The Filizchay deposit is located in the Zagatala-Balakan seismogenic zone. The article
analyzes the seismicity of this zone and considers the assessment of seismic hazard around the field. As the
analysis showed, the Filizchay pyrite-polymetallic deposit is located in one of the most seismically active
regions of Azerbaijan. Such strong earthquakes as the Zagatala earthquake on May 7, 2012, the Balaken
earthquake on October 14, 2012, and the Zagatala earthquake on June 5, 2018 have repeatedly occurred here.
In addition, it should be noted that this field is affected not only by local earthquakes, but also by strong
earthquakes located in neighboring regions. Such as the Oguz earthquake of 2015 and the Gabala earthquakes
of 2014. All of the above earthquakes were characterized by an intensity of 7 points at the source and 5-6
points in the territory of the Filizchay field. As can be seen from the seismic activity maps, the Zagatala-
Balakan zone is characterized by activity values of 1.6-2.0. Analysis of the depth distribution of hypocenters
within the study region showed that the bulk of earthquakes are concentrated at a depth of 2-25 km.

Key words: Filizchay collichedan polymetal deposit, Zagatala-Balaken seismogenic zone, seismic
activity, mechanism of earthquake foci, seismic hazard

FiLiZCAY KOLICEDAN POLIMETAL YATAGI OTRAFINDA SEYSMIiK
TOHLUKONIN QiYMOTLONDIRILMOSI

0O.C.Yetirmigli, G.1. Bekdamirova, G.O. Musayeva

Xiilasa

Azorbaycanda geyri neft sektorunda faydali qazinti yataqlarinin istismarina diqqet artmisdir. Filiz
ehtiyatlarmim hacmina géra Avropanin an iri yataqlarindan biri hesab edilon va diinya miqyasinda polimetal
ehtiyatina gora ¢ox zangin olan, Filiz¢ay yatag1 “AzerGold” QSC-nin istismarina hazirliq gordilyii on boyiik
layihalordan biridir. Filizgay yataginin yerlosdiyi Zaqatala-Balakon seysmogen zonasi giiclii seysmik aktivliklo
saciyalonir. Magals isindo bu zonanin seysmikliyi analiz edilmisdir va yataq strafinda seysmik tohliikonin
giymatlondirilmesine baxilmisdir. Tohlil gostordiyi kimi, Filiz¢ay pirit-polimetal yatagi Azarbaycanin an
seysmik aktiv rayonlarindan birinda yerlosir. 2012-ci il mayin 7-do Zagatala zalzalasi, 14 oktyabr 2012-ci ilds
Balakoan, 5 iyun 2018-ci ildo Zaqgatala zalzalosi kimi giiclii zolzalolor burada dafalorls bas verib. Bundan olavs,
geyd etmok lazimdir ki, bu yataga tokco yerli zalzalolor deyil, hom do qonsu rayonlarda yerlogon giiclii
zolzalolor do tasir edir. Masalon, 2015-ci ilin Oguz zslzalasi vo 2014-cii ilin Qabals zalzalslari. Yuxarida
gostarilon biitlin zalzalolor ocagda 7 bal, Filizg¢ay yatagiin orazisinds iss 5-6 bal intensivliyi ilo xarakterizo
olunub. Seysmik aktivlik xoritesan goriindiiyii kimi Zaqatala-Balakin zonas1 1.6-2.0 aktivlik geyimloari ilo
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miimkiindiir. Todgiq olunan rayon daxilinds hiposentrlorin dorinlik paylanmasinin tohlili gdstordi Ki,
zolzalsloarin asas hissasi 2-25 km dorinlikdo comlosib.

Acar sézlar . Filiz¢ay kolicedan polimetal yatagi, Zaqatala- Balakon seysmogen zonasi, seysmik
aktivlik ,zalzalo ocaqlarinin mexanizmi, seysmik tohliika.

OLIEHKA CEMCMUYECKOM OITACHOCTH BOKPYI' ®UJIN3YANCKOT'O
MECTOPOXXJIEHHUS KOJTYEJAHOBBIX IMOJIUMETAJIJIOB

' 1. Emupmuwinu, I'" M. Fexoemuposa, I A. Mycaesa.

AHHOTANUA

B Azepbaiimkane 00ibIIoe BHIMaHUE YAENSETCS JKCINTyaTallil MECTOPOXKIACHUN TOJE3HBIX HCKO-
MaeMbIX B He HePTIHOM cekTope. Mectopoxnenne Oum3daid, cCauTaromeecss OJHAM U3 KPYITHEHIIINX MECTO-
poxnenuii B EBporie mo 0o0beMy 3amacoB pyAbl 1 O4eHb Ooratoe 3amacamy MOJHMETAUIOB BO BCEM MHDE,
SIBIISIETCS] OJJHUM M3 KPYMHEHINX MPOEKTOB, KOTOPhI opranm3anus "AzerGold" roToBUT K 3KCITyaTaIllH.
Mecrtopoxaenne Ouianzdyail HAXOAUTCS Ha TEppUTOpUHU 3araTano-bamakaHckoi CeHCMOTeHHOW 30HBL B
CTaTbe INPOAHAIN3UPOBAHA CEHUCMHMUYHOCTh ATOW 30HBI M PACCMOTPEHA OLEHKA CEMCMMYECKOW OIaCHOCTH
BOKpYT MecTtopoxkaeHus. Kak nokaszan ananus, @unuzqaickoe KOI4e1aHHO-TIOTMMETAIUINYECKOE MECTOPOXK-
JICHHE PacIojaraercsi B OTHOM U3 CaMbIX CEHiCMOAKTHBHBIX PErnOHOB A3zepOaiikaHa. 31ech HEOIHOKPATHO
MPOMCXOJMIN TaKUe CUIIbHBIC 3eMIIeTpsiceHUs Kak: 3akatanbckoe 7 mast 2012 r., banakenckoe 14 oktsOps
2012 r., 3akatansckoe 05 urons 2018 rr. u T.1. KpoMe Toro Hy»KHO OTMETHTD, UTO Ha JAHHOE MECTOPOXKICHUE
BIIUSIIOT HE TOJBKO JIOKAJIBHBIE 3eMJIETPACEHUS], HO U CHJIbHBIE 3eMJIETPSCEHHUS PACTIONOKEHHBIE B COCETHIX
peruonax. Takue kak Orysckoe 3emnerpsicenue 2015 r. u 'abanunckue 3emerpsicennst 2014 r. Bee Bbime
YKa3aHHbIC 3eMJICTPICEHUS XapaKTepU30BaIlICh MHTEHCHUBHOCTBIO 7 OAJIOB B ouare u 5-6 0ajuioB Ha TeppH-
topun Ounmuzvaiickoro mecropoxkaeHusi. Kak BUIHO U3 KapT ceCMMUYECKOW aKTUBHOCTH, 30Ha 3araTala-
Banmakan xapakrepu3yeTrcsi 3HaYeHHSIMH aKTHBHOCTH 1,6-2,0. AHanmm3 TIyOMHHOTO pacmpeaeleHus THUIIo-
LIEHTPOB B Mpejesax UCCIeTyeMOTo PeTHOHa MOKa3ajl, YTO OCHOBHAsI Macca 3eMJIETPSICEHU CKOHIIEHTPHUPO-
BaHa Ha riryomnHe 2-25 kM.

Knrouegwvle cnosa: Qunuzuaiickoe KOIUEOAHHO-NOIUMEMANTUYECKOE MeCmMOopoxcoeHue, 3azamana-ba-
JIAKEHCKAsl CelCMO2EHHAS 30HA, CEUCMUYECKAs aKMUGHOCMb, MEXAHUBM 0YaA208 3eMAEeMPACEHUl, CetcMu-

YecKasd onacHocnlo.

INTRODUCTION

Azerbaijan has been and remains the most important mineral resource base of the South Caucasus. On
this basis, the mining industry of precious and non-ferrous metals has been created and is successfully
developing [5]. By analyzing favorable geological preconditions, direct and indirect prospecting signs, as well
as analyzing the patterns of location of identified deposits for the metallogenic zones of the Greater and Lesser
Caucasus, the identification of new ore objects is predicted [3]. Ore mineral raw materials, with rare
exceptions, are of igneous or metamorphic origin, and therefore are confined to folded tectonic structures,
shields and faults of the earth's crust.

The development of deposits in a zone of active seismic influence is correlated with geodynamic
processes in the lithosphere. The efficiency of exploitation of mineral deposits, along with other indicators, is
characterized by the seismicity of natural and man-made processes, which is taken into account when designing
field development technologies. As a result of the combined action of gravitational, seismic and tectonic forces,
stresses arise in the massifs, which cause them to deform and collapse if they exceed the tensile strength of the
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rocks. The seismic hazard of ore-bearing massifs is understood as a risk management system for technology-
induced seismic vibrations. The phenomenon of destruction of massifs is explained by the addition of the
potential energy of elastic compression of rocks and the energy of elastic deformations during mining [11].
Mining facilities occupy a large area and are characterized by high risk. A local seismic observation network
makes it possible to monitor the state of arrays with sufficient sensitivity only in rare cases. The territory of
the North Caucasus is the arena of modern intensification of catastrophic processes. Most of the territory is an
arena for the formation of folded structures and is characterized by the loss of rock strength properties.
Dynamic phenomena are catastrophic in nature, which is expressed by displacement along faults, the
appearance of ditches and cracks, and provoke the subsidence of large blocks of rocks, landslide processes,
mudflows, landslides and snow avalanches. Linking tectonic, gravimetric and seismometric factors in the
exploitation of deposits is an important area of research into the problems of geomechanical safety of mining
mineral deposits in seismic zones [11].

The Filizchay deposit ranks second in Europe. The deposit of polymetallic ores was discovered 60 years
ago, during the geological survey and prospecting work carried out by the Geology Department of Azerbaijan
in the Belokan and Zagatala regions. The deposit is represented by such minerals as pyrite, sphalerite, galena,
chalcopyrite, pyrrhotite. The main useful components are copper, zinc, lead, silver, gold, sulfur, etc. Large
reserves of the deposit have propelled the region into an independent metallogenic province and as a mineral
resource base for the future metallurgical industry of Azerbaijan [5].

Filizchay pyrite-polymetal deposit

Filizchay pyrite-polymetal deposit is located in the territory of Balakan district, 18 km north of the
district center, near the state borders of Azerbaijan with Georgia and the Russian Federation. Orographically,
the bedrock area consists of a mountainous terrain with steep slopes and rocky deep valleys. Relative heights
vary between 800-1600 meters. The area is bounded by the Great Gubakh and Kasdag mountains in the western
part, the watershed range of the Great Caucasus and Chugak mountain in the north, Karabchay and
Bulanigchay in the east [1].

Figure 1. Filizchay field location map
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The deposit was discovered in 1959. Filizchay deposit is considered the second deposit in Europe in
terms of industrial reserves of pyrite-polymetallic ores. At present, 90% of the reserves of pyrite-polymetallic
ores of the Republic of Azerbaijan are concentrated in the Balaken-Zagatala ore region located on the southern
slope of the Greater Caucasus (Figure 1). In addition to the Filizchay deposit, there are small deposits of
Kasdag, Katekh, Sagator, Garabchay and Mazymchay pyrite-polymetallic deposits, as well as the
Gumbulchay-Cheder pyrite-copper-polymetallic ore group, the composition of which is mainly represented by
pyrite, sphalerite, galena, chalcopyrite, pyrrhotite, from secondary metals - arsenopyrite, cobalt, various metal
sulphosalts, etc. The main useful components are copper, silver, zinc, lead, sulfur, and auxiliary components
are represented by gold, bismuth, cobalt, cadmium, selenium, tellurium, indium [2].

Itis possible to create a highly profitable mining-metallurgical complex based on the industrial resources
of the Filizchay field, which will provide raw materials for more than 50 years. In 2022, the estimated amount
of underground resources of "Filizchay" polymetal deposit, which is one of the most complex projects due to
its geological structure, was increased. Thus, as part of the process of bringing the field into operation, ore
samples were studied in the laboratory of the prestigious "Petrolab"” company of Great Britain for mineralogical
research. The resources of "Filizchay" were calculated in accordance with the requirements of JORC (Joint
Ore Reserves Committee) standards, which is an international classification system for the economic
evaluation of mineral deposits. As a result of the calculation, a 20% increase was recorded compared to the
results included in the state budget in 1983 during the USSR [1]. As a result, it was confirmed that the estimated
amount of underground ore resources of "Filizchay" is 112.71 million tons.

Filizchay deposit

' = Foothill trough

- Cimmerian minor oceanic basin

- Upper Jurassic - Lower Cretaceous carbonate flysh
- Kura intermountaine trough

' - Somkhito-Karabakh island arc

' - Sevano-Akerian ophiolite zone

- Miskhano-Zangezur pericratonic island arc

' - Araks activated block of the Iranian Massif

O RO

- Daghlig Talish activated block of the Iranian Massif

Figure 2. Position of the Filizchay Deposit on the Tectonic & Metallogentic Sketch Map ofAzerbaijan [1]

The structural elements of the central Tfan anticline, the Zagatala-Kovdag syncline, the Vandam
anticline and the superimposed Alazan-Agrichay depression take part in the Zakatala zone. The latter
within the considered zone, expanding strongly to the north, almost completely overlaps the Vandam
anticlinorium [10].

The Tfan anticlinorium extends in a narrow strip along the northern edge of the Zagatala zone. Within
the zone, it is characterized by a significant complication of the structure of the southern wing of the western
extension of the Bazarduzu anticlinorium and the appearance of new uplifted lower horizons of the aalena, and
in some cases, the toar. Here E.Sh.Shikhalibeyli (1956) singled out an independent Sarybash anticlinorium, in
the cross-section of which two large anticlinals, Attagay and Suvagil, are distinguished [16]. Further to the
west, they are replaced by the Kehnameidan and Karabchai uplifts, and in the south, the third Gyumbulchay
uplift appears, which constitutes a new, sufficiently extended single structural zone. In the section under
consideration, the Tfan anticlinorium is complicated by the Main Caucasus fault-thrust, which separates the
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northern, highly uplifted part of the wing from its southern part, which differ significantly in the age of the
deposits and the morphology of the folded structure. [10, 16]

The Zagatala-Kovdag synclinorium is located to the south of the Tfan anticlinorium. This large
deflection zone extends from the western border of Azerbaijan to the Absheron Peninsula, originating in the
river basin. Belakanchay in the form of a narrow depression made by valangine, crumpled into small folds, the
synclinorium is gradually opened to the east, its section is filled with younger neocomic deposits. [8]

Seismic activity of Zagatala-Balakan seismic zone

The Zagatala-Balakan seismogenic zone, where the Filizchay deposit is located, is characterized by
strong seismic activity.

The Zagatala-Balakan seismically active zone is located in the extreme north-west of the Azerbaijani
part of the Greater Caucasus. Conventionally, its border in the east should be considered the Zagatala-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 km?. It should be noted that in this zone, during the entire seismostatistical period, only one large
earthquake is known, which occurred in 1936 with a magnitude 7 effect in a number of populated areas. More
often, tremors with an intensity of 7 points in the Zagatala seismically active zone were felt from strong
Dagestan and Georgian earthquakes, which sometimes caused disturbances in local sources.

In the research work, the analysis of the earthquakes that occurred in that area in 2010-2023 was
carried out.

. 2000001 - 3.000000

‘ 3.000001 - 4.000000
. 4.000001 - 5.200000

Figure 3. Map of epicenters of earthquakes that occurred in the northwestern part of Azerbaijan
during the years 2003-2023

In the research work, the analysis of the earthquakes that occurred in that area in 2010-2023 was carried
out. In 2010-2011, seismicity in the Zagatala-Balakan zone was at the background level. In 2012, seismic
activation in the north-western part of the Greater Caucasus was observed with a series of strong earthquakes.
On 07.05.2012, earthquakes with a magnitude of M=5.6-5.7 occurred in Zagatala region with an interval of
about 10 hours (t0=04h40m and t0=14h15m GMT), the earthquake was characterized by numerous aftershocks
(magnitude 3.5-5.0) [15, 9].
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Figure 4. Isoseist maps of strong earthquakes that occurred in the northwestern part of Azerbaijan [9, 15]

The earthquake was felt in the cities of Zagatala, Balaken, Gakh and other surrounding regions with a
magnitude of 2-5. In Zagatala district, 274 buildings were completely destroyed, 2052 buildings became
unusable. Although there was no damage in Balakan district, 35 houses were damaged. A total of 19
earthquakes with a magnitude higher than 4.7 were recorded in the Zagatala-Balakan seismoactive zone, which
were felt in one or more settlements. It should be noted that after the strong Zagatala earthquakes on 14.05.2012
in Sheki region, 2, 14.10. In 2012, 2 earthquakes (5-6 points) occurred in Balakan region, the earthquake was
characterized by numerous aftershocks. The intensity values of strong earthquakes were taken from the articles
of E.Garaveliyev [6, 13].

In 2014, the seismic activity in the Zagatala-Balakan zone increased compared to 2013, the seismicity
was higher than the background level. The strongest earthquake that occurred in this zone on 29.06.2014 was
M=5.3, H=9 km. The earthquake was felt up to level V in the epicenter and level 1l1-1V in nearby settlements.
After the main shock, there were aftershocks with a weak magnitude of M<1.5. In 10 days, 55 aftershocks and
321 weak aftershocks were recorded by Zagatala station alone [7, 13].

On June 5, 2018, another strong earthquake with magnitude M=5.5 occurred in Zagatala. In 2020,
compared to 2019, seismicity was weaker in the Zagatala-Balakan area. The highest magnitude earthquake
that occurred in the Balakan area was mi=3.2 [8].

In 2021, seismicity was at the background level in the Zagatala-Balakan seismogenic zone. In the area
of Zagatala-Balakan, tremors with a magnitude of ml<1.9 occurred. In the area of Zagatala-Balakan, the
sources were mainly distributed at a depth of 2-25 km. In 2022, the seismicity in the Zagatala-Balaken
seismoactive zone was higher than the background level compared to 2021. The highest magnitude earthquake
that occurred in the Zagatala area was ml=4.2.

Longitudinal and transverse deep faults pass through the territory of the region: Bash Qafgaz, Gaynar-
Zangi, Vandam, Zagatala-Shamkir, etc. In particular, numerous violations and dissections are observed here.
The sources of the earthquakes occurring in the Balakan-Zagatala seismoactive zone correspond to the
intersection zones of the faults in different directions. As can be seen from the seismic activity maps, the zone
of Zagatala-Balakan is characterized by activity values of 1.6-2.0 (Figure 4).
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Figure 5. Map of seismic activity in the territory of Azerbaijan in 2010-2022

In order to study the depth distribution of the earthquakes that occurred in the Balakan-Zagatala
seismogenic zone, a seismic cross section was constructed on the I-l profile in the southwest-northeast
direction (Figure 4). The earthquake catalog was taken from the Bureau of Earthquake Research. The density
of earthquake epicenters is observed on the map of epicenters of earthquakes with the established magnitude
(M1>3.0) for this zone. As can be seen from the picture, strong earthquake epicenters (MI1>5.0) are observed
in the northern, southwestern and southern parts of the region surrounded by the Filizchay field (Figure 4b).
The vast majority of earthquakes occurred at a depth of 2-25 km in the seismological section established along
the southwest and northeast direction profile.
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Figure 6a. Seismological cross-section of the I-1 profile in the Balakan-Zagatala seismogenic zone
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Figure 6b. Seismological section on the II-11 profile in the Balaken-Zagatala seismogenic zone

Mechanisms of earthquake sources

Zagatala earthquakes are a consequence of the geodynamic regime of the earth's crust of the Zagatala
source zone, the parameters of which are determined by the movements of the earth's crust along the system
of longitudinal (over-the-Caucasus) and transverse (anti-Caucasian) faults; among the latter, the main role
belongs in all probability to a pair of right-handed shifts - Kazakh-Signakh and Ganjachay-Alazan [5].

Based on the definition of the mechanism of the source of the earthquake, it is established that the
mechanism of the source of the first Zakatala earthquake (GMT 4:40, Mw=5.6) is a strike-slip, and the second
earthquake (GMT 14:15, Mw=5.7) is a strike-slip. Comparison of the azimuths of the longitudinal axes with
the spread of the nodal planes of the mechanism of the aftershock center shows that the first nodal plane is
aligned in the NW-SE direction, corresponding to the Balaken-Dzhunut longitudinal fault (thrust-type
movement), and the second nodal plane is in the SW-SW direction, corresponding to the Salavat transverse
fault (thrust-thrust type of movement). The mechanisms of the majority of aftershocks also point to reset and
shear displacements in the focal zone with a subordinate number (5 events) of shock displacements confined
to the plane of the Ganyh-Airichai thrust and its rear scales.

Balaken focal zone was active in 2012, 2013 and 2016. Seismic events of October-November 2012.
They manifested themselves in a series of aftershocks with a maximum M = 5.60 (14.10.2012). The events of
the following years differed in relatively low power with M = 3.14-4.37. As in the first case, the focal zone is
confined to the complex intersection of faults of different widths, the majority of hypocenters are located in
the upper part of the pre-Jurassic basement, and also confined to the surface of the basement and the base of
the Alpine cover, the depth interval is 4-13 km. Seismic events are mainly associated with the activation of the
Khimrich-Khalatali (2012) and Balaken (2013 and 2016) faults of the Anti-Caucasian thrust.

The mechanisms of earthquakes in the focal zone indicate the predominance of thrust and shear
movements with a subordinate role of shock-type displacements. In particular, the earthquake on October 14,
2012. with M=5.6 and H=8 km was characterized by horizontal (PLP=0°) stretching southwest orientation and
bivertical compression (PLT=48°) northwest orientation stresses. Type of motion on both (DP=57°) planes —
shift. Plane NP1 has a southeast orientation (STK1=115°), NP2 — north (STK2=2°). Comparison of the
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extension of nodal planes with fault lines shows the agreement of the first of them (NP1) with the Shambul-
Ismailli longitudinal fault.

The Gabala focal zone, activated at the end of September-beginning of October 2014, manifested itself
with two perceptible aftershocks with M = 5.0-5.5 and a swarm of weak aftershocks. The focal zone is
controlled by the right-striking fault of the northeast strike, which complicates here the subthrust junction of
the Kakheti-Vandam-Gobustan zone and the accretionary prism of the Greater Caucasus. The focal zone is
characterized mainly by shear displacements along the rupture plane. As an example, it is possible to point to
the event of 29.09.2014, when an earthquake occurred with M-5.5 at a depth of 13 km, that is. in the pre-
Jurassic base of the Kakheti-Vandam-Gobustan zone.

RESULTS

The problem of monitoring and prevention of dangerous natural processes on the territory of mining
landscapes should be solved with a comprehensive consideration of macro phenomena occurring during the
development of mineral deposits. This is possible only on the basis of the use of modern methods of seismic
hazard assessment by fixing tension, tectonics and seismic arrays.

The development area of the Filizchay deposit crosses seismically active faults, which should be paid
close attention to when planning mining operations. The differentiation of the physical properties of the rocks
of the section and the presence of active fracture structures cause complex mining and geological conditions
for the development of deposits. There is a clear increase over time in man-made seismic activity in active
mines. As the analysis showed, the Filizchay pyrite-polymetallic deposit is located in one of the most
seismically active regions of Azerbaijan. Such strong earthquakes as: Zagatala on May 7, 2012, Balaken on
October 14, 2012, Zagatala on June 05, 2018 have occurred here several times. and etc. In addition, it should
be noted that this deposit is affected not only by local earthquakes, but also by strong earthquakes located in
neighboring regions. Such as the Oguz earthquake in 2015 and the Gabala earthquake in 2014. All of the
above-mentioned earthquakes were characterized by an intensity of 7 points in the center and 5-6 points on the
territory of the Filizchay deposit. As can be seen from the seismic activity maps, the zone of Zagatala-Balakan
is characterized by activity values of 1.6-2.0.

The analysis of the depth distribution of hypocenters within the studied region showed that the main
mass of earthquakes is concentrated at a depth of 2-25 km. The observed picture can be interpreted as follows.
In the zone of the transverse Shamkhor-Zagatala structure with a highly raised sub-Alpine base in the region
of the meganticlinorium of the Great Caucasus, the thrusts observed on the surface have a shallow foundation
and do not determine the seismicity of this area, which is mainly associated with steeply dipping lateral
(southern and northern) to the limitations of uplifted blocks of the subalpine base, saturated with magnetically
active magmatic rocks, as well as with transverse shears. To the east of the Ganjachay-Alazan fault, where the
surface of the pre-Alpine base gradually sinks to the east up to 6 and 8 km, along with the thrusts, the
seismogenic character of thrust-thrusts is manifested, the development of which at depth under the general
regime of compression of the B. Caucasus was not prevented by the high position of the surface subalpine
foundation, as it had a place in the region of the transverse structure.

Thus, seismic waves can act as a trigger and initiate the dynamic destruction of sections of the massif
of rocks that are in an extremely stressed state. At the same time, the increase in seismic activity can lead not
only to the collapse of rocks from the roof and walls of the underground workings of this deposit, but also to
the displacement of blocks under the action of horizontal stresses during an earthquake.



52

G.J. Yetirmishli et al: ASSESSMENT OF SEISMIC HAZARD AROUND THE FILIZCHAY...

REFERENCES

“AzerGold” Qapalt Sshmdar Camiyyati. Filiz¢ay polimetal yatag: // Hesabat, 2017.

2. “AzerGold” Qapali Sohmdar Comiyyotinin Hesabati (https://azergold.az/layihe/filizcay-yatagi-
filizcay-polimetal-yatagi), 2023

3. Baba-zade V., Ramazanov V., Musaev S., Jafarli M. Mineral resources of Azerbaijan and the prospects
for their use. Gornyi Zhurnal (Mining Journal). Moscow: “Ore and Metals” Publishing House, 2007.
No 10. P. 14-19 (in Russian).

4. Mineralogical & Chemical Composition of Base Metal Massive Sulfide Ores at the Filizchay Deposit,
North-Western Azerbaijan. Irina Gogoberidze. Baku-Tbilisi, 2007.

5. Musayev Sh., Abdullayeva Sh., Babazade V., Akhmedov A. The material composition and technolo-
gical characteristics of ores in Chovdar gold-ore deposit (Lesser Caucasus). IJSET-International of
Innovative Science, Engineering & Technology, 2016. V. 3. Iss. 7. P. 132-160.

6. Seysmoloji bolmonin 2012-ci ildo Azarbaycanin seysomaktiv bolgalorinds apardigi tadgigatlarin
hesabati. AMEA, RSXM. Baki:, 2013,49-53 s

7. Seysmoloji bolmonin 2014-ci ildo Azorbaycanin seysomaktiv bolgalorindo apardigi todqiqatlarin
hesabati. AMEA, RSXM. Baki:, 2015.76 -78s.

8. Seysmoloji bolmonin 2018-ci ildo Azorbaycanin seysomaktiv bolgolorinds apardigi todqiqatlarin
hesabati. AMEA, RSXM. Baki:, 2019. 93 s.

9. Yetirmishli G.J., Ismailova S.S., Kazimova S.E., Garaveliyev E.S. Dynamic and kinematik characte-
ristics of earthquakes of Sheki-Oghuz region, Azorbaycan Milli Elmlor Akademiyasinin Xobarlori,
Yer Elmlori, Ne 3-4 (306), "Nafta-Press", Baki, 2016, p. 28-36

10. Aramup3oes P.A., CeiicmorekTonrka AszepOaiipkanckoit yactu bonbimoro Kaskasa, «9nmy», Baky:
1987,124c.

11.Tonus U.B., 3aanamsumu B.B., Bypasuesa O.I'. [Ipupo/a HaBeAEHHOM CEWCMHMKH TIPH JT00BIYE Py

=

/I TopHbIit MHGOPMAITMOHHO-aHATMTHYECKUH OI0JIIETeHh (HayIHO-TEXHHUYECKM KypHai), 2013, c.
11-22

12. Erupmunua T[T, Kaseimosa C.D., KaseimoB 1.D. Pacuer TeH30pa cefiCMUYECKOr0 MOMEHTA 3eMIIe-
TpsiceHni AzepOaiipkana 3a nepuox 2012-2015 rr. ISSN 0016-7886 CO PAH, HI'Y, UT'MCO PAH,
HMHITCO PAH. I'eonorus u reogusuka, T.60, Ne7, CO PAH, HoBocubupck, 2019, c. 1036-1051

13. Erupmunumm I'.JIx. Ouryrumsie 3emierpsicenust Asep0aiimpkana 3a nepuox 2003-2018 Baky:, Dmwm,
2020, c. 132-135.

14. Erupmunuium I'.JIx., A6aymuiaesa P.P., Kazsivmosa C.D., Mcmanioa C.C. CuitbHbIE 3eMIETPSICCHUS Ha
Tepputopun Asepbaiimkana B mepuon 2004-2015 rr., Azerbaycan Respublikas1 Fovgelado Hallar
Nazirliyinin yaradilmasinin 10 illiyino hosr edilmis "F&vgalads hallar va tohliikesiz hayat" mévzusun-
da beynolxalq elmi-praktik konfransin materiallari. 10 dekabr 2015-ci il, "CBS", Baki, 2015, s. 51-55

15. Erupmunuum I'.Jx., Kassivosa C.3., Ucmannosa C.C., T'apasenues O.C. 3araransckoe-I1I 3emuerpsi-
cenne 7 mast 2012 1. B 04"40™c M Asp=D.6, My=5.6, lo=7 u 3arataibckoe-1V B 14"15™¢ M Asp=9.7,
Mw=5.3, l0=7 (AzepOaiimxan), denepaibHOE TOCyJapCTBEHHOE OIOPKETHOE YUpexkIeHHE HayKH,
®dentepalibHbIN UCCIIEA0BATEIbCKUN IEHTp, "Enunas reodpusndeckas cinyx0a Poccuiickoii akageMun
Hayk". 3emierpsacenust Ceeproii EBpasun 2012 ron, "Ansnpunt”, O6HuHCK, 2018, c. 332-344

16. Xaun B.E., Ak.A.Anuzane, ['eonorus Asepbaiimkana, Tom IV Tekronuka, pea. 2005. baky, U3-Bo
Nafta-Press, C. 214-234.


https://azergold.az/layihe/filizcay-yatagi-filizcay-polimetal-yatagi
https://azergold.az/layihe/filizcay-yatagi-filizcay-polimetal-yatagi
https://cyberleninka.ru/journal/n/gornyy-informatsionno-analiticheskiy-byulleten-nauchno-tehnicheskiy-zhurnal

53

Scope of the Journal

The Journal "Seismoprognosis observations in the territory of Azerbaijan" is specializing on the
theoretical and practical aspects of seismology, engineering seismology and earthquake prediction. In the
journal are publishing scientific articles on seismology of local and foreign scientists.

The journal is officially registered by the Highest Certifying Commission under the President of
Azerbaijan Republic.

The journal publishes scholarly articles on seismology, historical seismicity, seismic source physics,
strong-motion studies, seismic hazard or risk, earthquake disaster mitigation and emergency planning, engi-
neering seismology, triggered and induced seismicity, volcano seismology, earthquake prediction, geodyna-
mics, GPS measurements, gravimetric, magnetic and electrometric investigations in seismogenic areas.

Information for Authors

Works will only be considered if not previously published anywhere else and must not be under
consideration for publication in any other journal or book. Manuscripts must contain original work and
information derived from scientific research projects or technical developments. The ideas expressed by
publishing in journal are the sole responsibility of the authors.

Research papers that are selected for in-depth review are evaluated by at least two outside reviewers.
Reviewers are contacted before being sent a paper and asked to return comments within 1 to 2 weeks for most
papers.

We ask you to send articles for publication in the journal to our e-mail: journal@seismology.az

To submit your manuscript you can use our manuscript submission system also. Please follow the
formatting instructions found on this site: http://seismology.az/journal/pages/rules

www.seismology.az/journal

25, Nigar Rafibeyli str., AZ1001, Baku, Azerbaijan

Republican Seismic Survey Center of

Azerbaijan National Academy of Sciences

Phone: +994 12 492-34-37;

Fax: +994 12 492-31-65;

E-mail: seys@azeurotel.com;
science@azeurotel.com


mailto:journal@seismology.az
http://www.seismology.az/journal
mailto:seys@azeurotel.com
mailto:science@azeurotel.com

54

CONTENTS

G.J.Yetirmishli, R.B.Muradov, N.B.Khanbabayev, E.S.Garaveliyev, E.M.Bagyrov:
Seismological-geophysical research conducted in Dashkesan skarn-iron ore
group bed and assessment of the risk of landslide that may occur in the area ...........ccocevvvvennen. 3

G.J.Yetirmishli, S.S.Ismayilova: Statistical assessment of the seismicity of
Azerbaijan and surrounding regions in 2021 based on the data of

"KINEMELriCS" SEISMIC STALIONS ....c.vevvevieiieiieti sttt ettt neere e 15
G.J.Yetirmishli, S.E.Kazimova, A.Sh.Mammadova, S.E.Mehtiyeva:
Modern seismogeodynamics of the north-western part of Azerbaijan ...........c.ccocvveveieiiiiiiiinnns 23

G.J.Yetirmishli, .E.Kazimov, A.F.Kazimova: Seismogeodynamics of the
Greater Caucasus from GNSS Qata ......coceeiiiiiiii et e s s ba e s sabe s s bee s 33

G.J.Yetirmishli, G.I1.Bekdemirova, G.A.Musayeva: Assessment of
seismic hazard around the Filizchay pyrite polymetal deposit ...........cccooviiiiiiiinencieccc 43

www.seismology.az/journal


http://www.seismology.az/journal




SEISMOPROGNOSIS OBSERVATIONS
IN THE TERRITORY OF AZERBAIJAN

Volume 24, Ne 2, 2023
http://www.seismology.az/journal

Director of publishing house: S.A.Gahramanov
Editor of publishing house: E.A.Mammadov

Format 60x84 /s
Print 500 copy
Price is under the treaty

Adress: AZ1001, 28 Istiglaliyyat str., Baku


http://www.seismology.az/journal

