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Abstract: Relevance. the results obtained, in conjunction with these seismicity and the mechanisms of
earthquakes, allow to determine the modern geodynamic situation of the studied region. The aim of the work
was geodetic analysis and comparison of the results of GPS stations obtained for the period 2017-2019. on the
territory of Azerbaijan. Methods. In the process of studying geodynamic processes using GPS technologies, two
spatio-temporal modes are mainly used: a single redefinition of the initial coordinates of the points of geodetic
networks and the displacement of the initial values of deformations. GPS data were processed using the GAMIT/
GLOBK program. Results. One of the most pronounced features of the GPS velocity field is a decrease in the
velocities of GPS stations (northern component of VN), perpendicular to the direction of expansion of the Greater
Caucasus surface from south to north. The movement of the earth’s surface to the north-north-east is interpreted
as one of the reasons for this accumulation of stress. In addition, there is a tendency for horizontal movement
in the Kura Depression and the Lesser Caucasus, which is reflected in the increase in velosity from west to east
along the extension of the mountain range. It was determined that the earth’s crust shortened at a velosity of
~ 5 mm / year in the Baku (Absheron peninsula). During 2019, on average, up to 8.4 mm per year in the north-
northeast direction is observed for the territory of Azerbaijan. Separate velocities were also calculated for each
station. Compared to 2018, it was determined that out of 24 GPS stations PQLG, XNQG, IMLG, QZXG, GANG,
MNGG, FZLG, SATG, LKRG, LRKG and YRDG stations, the value of horizontal velocities increased by 0.5-7.0 mm/
year, ZKTG, QBLG. At QSRG, ATGG, GDBG, AGDG, ALIG, JLVGG, GALG, GOBG and NDRG stations, the velocities
values decreased by 0.5-3.1 mm/year. In 2019, the highest velocities were observed at Ganja, Mingachevir and
Saatli stations. On average, velocities were 3.1-9.6 mm/year in the Greater Caucasus, 6.9-16.5 mm/year in the
Kura Basin, 10.2-14.8 mm/year in the Talish area and on the Apsheron Peninsula. It varies between 3.6-4.8 mm/
year.

Keywords: geodynamic model, GPS stations, collision zone in the Greater Caucasus, Zagros mountain.

For citation: Kazimov |. E. Geodynamics of the territory of Azerbaijan on the basis of GPS data in 2017-2019
yy. Geologiya | Geofizika Yuga Rossii =Geology and Geophysics of Russian South. (in Russ.). 2021. 11 (2): 51 -
62. DOI: 10.46698/VNC. 2021.47.92.004.


http://geosouth.ru/article/view/661
http://orcid.org/0000-0001-5119-7980

52 Geology and Geophysics of Russian South 11(2) 2021 T'eonorvs n reogmanka Kora Poccim

MEOTEKTOHUKA N TEOONHAMWKA
DOI: 10.46698/VNC. 2021.47.92.004

OpurnHanbHasa ctaTbs

[eoAMHAMKKA TeppUTOPUN A3epbanaXKaHA
HQO OCHOBE AQHHLIX GPS 30 2017-2019 T,

n. 3. KazbimoB

HaumnoHnanbHas Akagemusa Hayk Asep6angxaHa, PecnybnukaHckuii LieHTp
Cericmonorudeckon Cnyx6ebl, Pecny6nuka AsepbangxaH, AZ1001, r. baky,
yn. . Dxaenga, 123, e-mail: ilya_24@mail. ru

Crarbs noctynuna; 02.04.2021, nopaborana: 13.05.2021, npuHsita k nybnnkauum: 22.05.2021

Pestome: AKTyanbHOCTb pa6oTbl: NoNyYeHHbIE Pe3ynbTaTbl B COBOKYMHOCTU C MPUBELEHHON CENCMUYHO-
CTb0 M MeXaHU3MaMu 3eMNETPACEHUIA NO3BONAKOT ONPEAeSMTb COBPEMEHHYIO Fe0AMHAMUYECKYI0 CUTYALIMIO 13-
yyaemoro peruoHa. Llenbto pabotbl SBNSANCA reofe3nyeckuii aHanm3 U cpaBHeHMe pesynsTatoB GPS-cTaHumit,
nosyy4eHHbIx 3a nepuof 2017-2019 rr. Ha Tepputopuu Asepbaitiixana. Metoabl paboTbl. B npouecce nsyyeHus
reoHaMM4ecKnX NpPoLeccoB ¢ NCnofb3oBaHnem GPS TeXHONOrMin B OCHOBHOM NMPUMEHSIOTCA ABA NPOCTPaH-
CTBEHHO-BPEMEHHbIX PEeXMUMA: OLHOKpPATHOE nepeonpefeneHne HavasbHbIX KOOPAWHAT TOYEK re0fe3nyecknx
CeTeN U CMeLLeHNe HavyanbHbIX 3HaYeHnin aedpopmaunit. [JaHHslie GPS o6pabatbiBanv ¢ NOMOLLbIO NMPOrpammsl
GAMIT/GLOBK. Pe3ynbTatbl paboTbl. OgHON U3 HaMbonee SPKO BbIPAXKEHHbIX 0COOEHHOCTEA MONS CKOPOCTH
GPS saBnsertcs ymeHbLLeHWe cKopocTein cTaHuuin GPS (ceBepHblit KOMMOHEHT VN), nepneHaukynapHbIX Hanpas-
NEHN0 paclumnpenuns noeepxHocT bonbworo Kaekasa c tora Ha cesep. [IBMKEHME 3eMHOI MOBEPXHOCTH HA
CeBep-CeBepo-BOCTOK UHTEPNPETMPYETCA Kak OfHA W3 NPUYMH TAKOr0 HAKOMIEHUs HanpsxeHus. Kpome Toro,
CYLLECTBYET TEHJEHLNA rOPM3OHTANTLHOIO BXeHNA B Kypckoil BnagmnHe u Ha Manom Kaekase, 4To oTpaxaeTcs
B YBEIMYEHWUM CKOPOCTM C 3anaja Ha BOCTOK N0 NPOAO/HKEHMIO rOPHOro Xpe6Ta. bbino yCcTaHOBNEHO, YTO 3eM-
Has Kopa CcoKpallanacb Co CKOpOCTbi0 ~ 5 Mm/rof B baky (AnLuepoHCKuin nonyocTpos). B TeveHue 2019 ropa B
cpefHeM no Tepputopun AsepbainaxkaHa Habntogaetca 1o 8,4 Mm B rofl B CEBEPO-CEBEPO-BOCTOYHOM Hanpasne-
HUW. OTAEeNbHbIE CKOPOCTY BbIIN TAKXKE pacCHUTaHbl AN Kaxaon ctaHumu. Mo cpasHenuto ¢ 2018 rogom 6bi1o
onpegenexo, 4to u3 24 GPS craHuuin PQLG, XNQG, IMLG, QZXG, GANG, MNGG, FZLG, SATG, LKRG, LRKG u
YRDG, 3Ha4eHne ropu3oHTasnbHbIX CKOPOCTeN yBennynnock Ha 0,5-7,0 mm/rog, ZKTG, QBLG. Ha ctaHumsax QSRG,
ATGG, GDBG, AGDG, ALIG, JLVGG, GALG, GOBG n NDRG 3Ha4eHus ckopocTei cHuaunmuch Ha 0,5-3,1 Mm/rog. B
2019 rofly camble BbICOKME CKOPOCTW HabM0Aanuch Ha craHumax MHapka, MuHrayesmp u Caatnel. B cpegHem
ckopocTu coctasnanu 3,1-9,6 mm/roa Ha bonbwom Kaskase, 6,9-16,5 mm/rop B 6acceitHe Kypol, 10,2-14,8 mm/
roA B TanbILLICKOM paiioHe 1 Ha AnLiepoHcKoM nonyoctpoBe. KonebaHus Haxoaates B npeaenax 3,6-4,8 MM/rof.

KntoveBble ¢noBa: reoguHamnyeckas moaenb, GPS-ctaHuun, 30Ha konnuaun Ha bonbliom Kaekase, ropa
3arpoc.

Ina uutupoBanms: Kaseimos . E. TeognHamuka Tepputopun AsepbainfpkaHa Ha 0CcHoBe AaHHbIX GPS 3a
2017-2019 rr. feonorus n reogpuauka Hora Pocemn. 2021. 11 (2): 51 —62. DOI: 10.46698/VNC. 2021.47.92.004.

Infroduction

The most important element in creating a geodynamic model is to take into account
the changes that occur under the influence of modern movements of the Earth’s crust
on the Earth’s surface. They often determine the activity of many destructive natural
phenomena and affect the course of exogenous, as well as processes that occur as a re-
sult of human economic activity. The prediction of unfavorable geodynamic processes
requires not only knowledge of the occurrence of the processes themselves, concentrated
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in adequate models, but also, of course, the initial state of the rock massifs, based on the
collection of experimental data [Robertson, Mountrakis, 1996; Tapponnier et al., 2001;
Milyukov et al., 2015; Pevnev, 2020, 2021].

One of the most widespread methods in the world today is the method based on
global navigation satellite system (GNPS) technology. With the advent of GPS technolo-
gies, the first of the implemented QNPS technologies, it became possible to carry out
high-precision (3-10 mm in all sizes) geodetic monitoring in relatively large areas of the
site with relatively little money and time.

Modern movements on the Earth’s surface reflect tectonic processes within the Earth’s
crust. However, the accuracy of determining the vertical velocity component through
GPS observations is many times less than the accuracy of determining the horizontal
velocity organizers. The deformation of the earth’s crust can be considered continuous
(continuous) and can be considered as a change in the shape and volume of an object.
Thus, it is possible to determine the strain tensor at any given point on the earth’s crust
and on its surface for a given time [Jackson, McKenzie, 1984].

For the first time in the territory of Azerbaijan, the GPS tracking system was estab-
lished in 1998 jointly with the Institute of Geology and Geophysics of ANAS and the
Massachusetts Institute of Technology. Thus, the basis for the study of modern geody-
namics of the territory of Azerbaijan on the basis of GPS technology was laid.

The velocity range obtained from GPS observations over the last 20 years clearly de-
scribes the movement of the earth’s crust in the north-northeast direction at a velocity of
18-25 mm/year relative to Eurasia in the territories adjacent to Azerbaijan and the Lesser
Caucasus. The African plate is moving north at a velocity of 10 mm/year and affects the
geodynamics of the Zagros mountain structure [Aktug, 2013, Masson, 2007].

The purpose of our study was to calculate the modern rates of horizontal displace-
ment of individual tectonic blocks within the country and to analyze the impact of strong
earthquakes in 2017-2019.

Methods of studying of modern horizontal movements

In recent years, the Republican Seismological Survey Center (RSSC) uses the meth-
ods of satellite geodesy. The combination of traditional ground and satellite measure-
ments allows you to successfully solve the assigned tasks. 24 GPS-receivers of the geo-
detic class of the company “Trimble” were used for the conduct of satellite geodetic
measurements in the RSSC (Fig. 1) [Kazimov, Kazimova, 2019].

Almost all GPS stations (especially their U-components) present not only linear vari-
ations, but also significant non-linear variations in seasonal signals (defined as annual
and semiannual variations), superimposed against approximately the strength of the band
background. Linear variations can be well explained as the movement of the plate, while
only a fraction of the nonlinear changes can be explained. In fact, nonlinear variations
were mainly caused by unidentified internal errors associated with GPS technique and
external unmodeled geophysical effects [ Wright, 2004].

Moreover, it will become an obstacle to time series analysis and prevent the sepa-
ration of unmodeled geophysical effects from nonlinear changes. As one of the main
sources of GPS positioning errors, ionospheric delays play a very important role in data
processing. Because it is difficult to accurately simulate ionospheric attenuation, virtually
all GPS data processing programs always use a linear combination without an ionosphere
(LC), including GAMIT, to avoid ionospheric delay effects [McClusky, 2000, 2003].
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Fig. 1. RSSC's network of GPS stations /
Puc. 1. Cemv GPS-cmanyuii PIJCC

Thus, when studying geodynamic processes using GPS technologies, two spatio-tem-
poral modes are mainly used: one-time redefinition of the initial coordinates of points of
geodetic networks, and displacements of the reference values of deformations.

GPS data were processed using the GAMIT / GLOBK software [Herring, 2010; Kad-
irov, 2015] according to the procedure described in [Reilinger et al., 2006].

The refinements of the geodetic coordinates of the stations were processed on the
server by the GPS processing service AUSPOS (version: AUSPOS 2.2)

The APSPOS Online GPS Processing Service uses International GNSS Products
(IGS) (Finite, Fast, Ultrafast subject to availability) to compute accurate coordinates to
ITRF anywhere on Earth and GDA94 in Australia. The service is designed to process only
biphasic GPS phase data. When refining the coordinates of the GPS stations in this study,
data from 14 closely spaced reference stations of the IGS network were added [Kazimov
etal., 2017].

In addition, the parameters of the orbital-terrestrial orientation of all GPS stations and
atmospheric zenith delays from the dual-frequency stations were calculated.

Processing of GPS data was carried out using the GAMIT / GLOBK (Kalman filter)
10.71 and TRACK software package, which form a complete set of programs for analyz-
ing GPS measurements. The software was developed by Massachusetts Institute of Tech-
nology (MIT), Scripps Institute of Oceanography and Harvard University [Herring, 2003].

The data obtained as a result of experimental work on the current stress-strain state of
the earth’s crust and the patterns of its change in time, on the one hand, provide new fun-
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damental knowledge about the nature of natural deformation processes occurring in the
upper part of the earth’s crust and the effect on the formation of the stress state [Conrad,
Lithgow-Bertelloni, 2004; Thatcher, 2003].

Geodynamics of the territory of Azerbaijan
in 2017-2019 on the basis of GPS data

Thus, in order to determine the velocities and directions of horizontal movements
of individual tectonic blocks of the Earth’s crust in the territory of Azerbaijan, the data
obtained in 2017-2019 were analyzed. It was determined that 1.0-2 mm north-northwest
movements are recorded in the Greater and Lesser Caucasus in 2017, and 1.5-2.5 mm
northeast movements in the Middle and Lower Kura basin in 2017. Values for the GPS
station located in the Deep Clock well increase to 3.5 mm. Hashchin The values of dis-
placement at the station located on the island of Gilov in the Caspian Sea vary between
2-3 mm.

Based on the data obtained in 2017, on average, up to 10 mm of north-northeast
movements are observed per year for the territory of Azerbaijan. Separate velocities were
also calculated for each station. Compared to 2016, it was determined that out of 24 GPS
stations, the values of horizontal velocities at QSRG, PQLG and ALIG stations increased
by 1-2 mm/y. Velosity values have dropped at the remaining 21 stations. At stations lo-
cated on the Absheron Peninsula, the velosity drops to 4-5 mm/y.

It was determined that QSRG, SATG, ALIG, LRKG and LRKG stations have the
highest velocities in 2017. The map of epicenters for the last 10 months of 2017 shows
that the most active regions are the Greater Caucasus, Saatli, Talish and the middle part
of the Caspian Sea. The depth of each strong earthquake can indicate the depth of move-
ment of any tectonic block. Thus, the epicenters of earthquakes in Zagatala, Sheki and
Gabala regions in 2017 show the advantage of displacement movements in the direction
of the left-lateral earthquake [Yetirmishli et al., 2017]. The depth of these earthquakes
varies from 10 to 20 km. ZKTG, QZXG, GDBG and QBLG GPS stations located in this
area show their values in the direction of 8.9 mm/y, 7.8 mm/y, 6.7 mm/y and 8.1 mm/y.
At local time 07:24:19, 24 km from Saatli was registered the earthquake. It was felt in
the epicenter with intensity about 5 points. The magnitude of the earthquake was 5.4 and
the depth was 48 km. It can be considered that the earthquake was due to the movement
of the block, which descended 48 km. Note that in 2017, the velosity values at the SATG
GPS station reached 14.7 mm/y.

In 2018, it was determined that 1.0-2 mm north-northwest movements are recorded
in the Greater and Lesser Caucasus in 2018, and 1.5-2.5 mm northeast in the Middle and
Lower Kura basin. actions are recorded. At the GPS station located in the Deep Saatli
well, the velosity of horizontal displacement during the year was determined to be 9.6
mm / year. Also, the values of displacement at the station located on the island of Gilov
in the Caspian Sea were set at 5.7 mm. Based on the data obtained in 2018, up to 8 mm
of north-northeast movements are observed in the territory of Azerbaijan on average per
year. Separate velocities were also calculated for each station. Compared to 2017, it was
determined that out of 24 GPS stations, JLVGG, GALG, GOBG and NDRG stations in-
creased the values of horizontal velocities by 1-1.7 mm/y. Velosity values have dropped
at the remaining 20 stations.

In order to reveal the relationship of horizontal movements with the geodynamic
conditions of values, a comparison was made with a map of the epicenters of strong (ml>
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3.0) earthquakes that occurred in 2018 (Fig. 2).It was found that in 2017, ZKTG, QSRG,
SATG, ALIG, LRKG and LRKG stations had the highest velocities, and the most active
regions were the Greater Caucasus, Saatli, Talish and the middle part of the Caspian Sea.
LKRG, LRKG, GLBG, ALIG, FZLG and AGDG stations have been assigned the highest
velocities in 2018. In 2018, the highest magnitude (m1>5.0) earthquakes occurred in Za-
gatala and Lerik regions. Taking this into account, it can be said that the most seismically
active regions in 2017-2018 were the Greater Caucasus, Saatli and Talish regions. The
Zagatala earthquake which occurred at 22:40:27 by local time, 16 km south of Zagatala
station (ml = 5.5) and Talish earthquake which occurred at 16:57:14 by local time at 13
km west of Lankaran station was felt at the epicenter up to 6 points. Note that in 2018,
the velosity values at the LRKG GPS station reached 13.2 mm/y. (fig. 2). The GAMIT
program for 24 GPS stations purchased in 2018 shows a diagram of the velocities and
azimuth angles of horizontal displacements. As can be seen from the figure, the velocities
at all stations vary between 1-14 mm/year, and the azimuth angles vary between 11-140
degrees.

In 2019, 1.5-3 mm north-northwest movements are recorded in the Greater and Lesser
Caucasus, and 1.5-2.5 mm north-east movements are recorded in the Middle and Lower
Kura basin (Fig. 3, 4). Also, the values of displacement at the station located on the island
of Gilov in the Caspian Sea were set at 5.7 mm.

Separate velocities were also calculated for each station. Compared to 2018, it was
determined that from 24 GPS stations, PQLG, XNQG, IMLG, QZXG, GANG, MNGG,
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FZLG, SATG, LKRG, LRKG and YRDG stations, the values of horizontal velocities
increased by 0.5-7.0 mm/year, ZKTG, QBLG At QSRG, ATGG, GDBG, AGDG, ALIG,
JLVGG, GALG, GOBG and NDRG stations, the velosity values decreased by 0.5-3.1
mm/year. In 2019, the highest velocities were observed at Ganja, Mingachevir and Saatli
stations. On average, velocities were 3.1-9.6 mm/year in the Greater Caucasus, 6.9-16.5
mm/year in the Kura Basin, 10.2-14.8 mm/year in the Talish area and on the Apsheron
Peninsula. It varies between 3.6-4.8 mm / year. Thus, on the basis of data obtained in
2019, an average of 8.4 mm/year north-east movements are observed for the territory of
Azerbaijan.

In 2019, the earthquakes with the highest magnitude (m1>5.0) occurred in Zagatala
(m1=4.9) and Ismailli (ml=5.2) regions. In addition, it should be noted that in 2019, high
seismicity was detected in the Lesser Caucasus, Talish zone and the Caspian Sea.

In order to monitor the change of velocities depending on the different regions, two
profiles were constructed, 1-1 and 2-2 in the direction of SW-NE (Fig. 5). The 1-1 profile
is based on 11 stations. As in previous years, the values of velocities in the Lesser Cauca-
sus and the Kura Basin vary from 10 to 16 mm / year, and in the Greater Caucasus from
6 to 9 mm/year. Profile 2-2 is set up at 10 stations, and as can be seen in the figure, the
Talish zone is characterized by the highest velocities, but when crossing the territory of
Apsheron, the velocities drop almost 3 times. The analysis of the azimuth angles of these
stations showed that the directions of the stations located in the Talish region are directed
to the EMS, while the values of the azimuth angles of the Apsheron stations increase
from 40° to 80 Tal-120° in the Talish zone and in the east-southeast direction. Based on
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this, it can be said that under the influence of the northern drift of the Arab-Iranian plates
[McKenzie, 1970, 1972, 1978; Mahmoud, 2005], the Lesser Caucasus and Talish regions
move from south to north-east as a single plate with horizontal movements and move
clockwise in the Apsheron region at 3-5 mm/year.

It should be noted that as a result of the analysis of data obtained from the Institute of
Geology and Geophysics and the RSSC during 1998-2019, a new map of the distribution
of horizontal crustal movements for Azerbaijan and neighboring areas was compiled. The
compiled GPS velosity map (horizontal movements of the Earth’s crust), the database of
the results of their processing and analysis are attached to the regional archive and can be
used for applied research in the territory of the Republic of Azerbaijan, including engi-
neering seismology.

Results

Modern geodynamic conditions of the territory of Azerbaijan for 2017-2019yy were
analyzed on the basis of space geodesy GPS and seismological data. One of the most
pronounced features of the GPS velocity field is the reduction in the cost of GPS veloc-
ity components (northern component VN) perpendicular to the direction of extension
of the Greater Caucasus Surface from south to north. The north-northeast movement of
the earth’s surface is interpreted as one of the reasons for this accumulation of tension.
In addition, there is a tendency for horizontal movement in the Kura Depression and the
Lesser Caucasus, which is reflected in the increase in velosity from west to east along the
extension of the mountain range. It was determined that the earth’s crust shortened at a
velosity of ~ 5 mm/year at the Absheron peninsula. The quakes affected Zagatala, Sheki,
Ismailli and Shamakhi regions along the southern slope of the Greater Caucasus. In this
zone, there is a change in both the direction and value of GPS velocity vectors, which can
be explained as the main reason for the accumulation of voltage.

Thus, on the basis of data obtained in 2018, on average, up to 8 mm per year in the
north-northeast direction was observed for the territory of Azerbaijan. Separate veloci-
ties were also calculated for each station. Compared to 2017, it was determined that out
of 24 GPS stations, JLVGG, GALG, GOBG and NDRG stations increased the values of
horizontal velocities by 1-1.7 mm/y. Velosity values have dropped at the remaining 20
stations.

Analysis of velocities and azimuth angles of horizontal displacements obtained in the
GAMIT program for 24 GPS stations acquired in 2018 showed that the velocities at all
stations vary between 1-14 mm / year and azimuth angles between 11-140 degrees, and
the most seismically active region is the Talish region. has been published.

In the direction of the Lesser Caucasus Lower Kura Basin (SMG-CS), an increase of
up to 6 mm / year is observed. The values of azimuth angles of Apsheron stations increase
from 40 to 120-140 and are directed in the east-southeast direction.

During 2019, on average, up to 8.4 mm per year in the north-northeast direction is
observed for the territory of Azerbaijan. Separate velocities were also calculated for each
station. Compared to 2018, it was determined that out of 24 GPS stations PQLG, XNQG,
IMLG, QZXG, GANG, MNGG, FZLG, SATG, LKRG, LRKG and YRDG stations, the
value of horizontal velocities increased by 0.5-7.0 mm/year, ZKTG, QBLG. At QSRG,
ATGG, GDBG, AGDG, ALIG, JLVGG, GALG, GOBG and NDRG stations, the veloci-
ties values decreased by 0.5-3.1 mm/year. In 2019, the highest velocities were observed
at Ganja, Mingachevir and Saatli stations. On average, velocities were 3.1-9.6 mm/year
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in the Greater Caucasus, 6.9-16.5 mm/year in the Kura Basin, 10.2-14.8 mm/year in the
Talish area and on the Apsheron Peninsula. It varies between 3.6-4.8 mm/year.

The analysis of the Talish zone showed that the directions of the stations located in
the region are moving towards the EMS, while the values of the azimuth angles of the
Apsheron stations increase from 40 to 80-120 and are directed in the east-southeast direc-
tion.
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