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Summary. We present GPS observations of crustal deformation monitoring in Azerbaijan and
adjacent territory which carried out since 1998. Unlike our previous studies there are more perma-
nent GPS station and survey mode data aggregated, which accordingly allowed us more accurately
determine the dynamics of the main tectonic structures.

Eight permanent stations were established by the Institute of Geology and Geophysics since
2006.In 2012, Republican Seismological Survey Center of Azerbaijan National Academy of Sci-
ences started to construct permanent GPS stations, where totally 24 stations were established. Over
35 survey mode sites were measured repeatedly starting from 1998 to 2022.

On a broad scale, the GPS velocity field clearly illustrates the NNE motion of Caucasus and
adjacent regions with respect to Eurasia south of the Main Caucasus Thrust Fault (MCT). An im-
portant note here is the sharp decrease in site velocities, and the clockwise rotation, between sites
located to the west of West Caspian Fault (WCF) in Kura Depression and Talish region and sites to
the east of WCF in Absheron Peninsula. This decrease and difference in GPS vector directions in-
dicate high strain accumulation rates ~6 mm/yr south to Absheron Peninsula. We believe that the
significant accumulation of elastic energy is responsible for the activation of seismic events and
ofmud volcanoes in this region. Thus, spatial densification of the GPS observations is needed to
better resolve localized deformation, and consequently the seismic hazard in the eastern Caucasus,
Kur Depression, and Absheron area.
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Introduction continuing “invasion” of the Arabian Plate into the

Azerbaijan is caught in the active continent-
continent collision of the Arabian plate with Eurasia
(Mckenzie, 1972; Sengor et al., 1985; Philip et al.,
1989). Plate tectonic reconstructions provide only
broad constraints on the timing of the initial colli-
sion of the Arabian Plate with Eurasia of between
10-30 Ma BP (e.g., Robertson, 2000; Allen et al.,
2004), and indicate that the rate of northward motion
of Arabia relative to Eurasia has remained more or
less constant at about 20 mm/yr since collision be-
gan (McQuarrie et al., 2003; Reilinger et al., 2006).
These reconstructions imply that Arabia has pro-
gressed from 200-600 km “into” space formerly oc-
cupied by Eurasian continental lithosphere. This
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Eurasian Plate determines the lithospheric shorten-
ing along the Main Caucasian Thrust (MCT), which
extends in the meridional direction, and horizontal
displacement of the lithosphere (McKenzie, 1972;
Sengor et al., 1985; Jackson, 1992; Shevchenko et
al., 1999; Guliev et al., 2002; Reilinger et al., 2006;
Kadirov et al., 2008, 2012, 2023; Kadirov, 2004).
Since the Arabian Plate is moving north relative
to Africa at a rate of 1.1-2.0 cm/year, a strong
movement of the Arabian Plate towards Eurasia can
be expected in advance. This causes the Caucasus to
form a raised bridge separating two deep-water ba-
sins: the Black Sea and the South Caspian. Being
responsible for crustal deformations, these regional
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tectonic processes cause earthquakes, which are his-
torically documented throughout the entire Caucasus
(3onenmaita u CaBoctuH, 1979; McKenzie, 1972).
In this paper we use Global Positioning System
(GPS) observations in and around Azerbaijan in the
period 1998-2022 to estimate present-day surface
motions. The observed motions (site velocities) al-
low us to identify zones of rapid strain accumulation
that we interpret as resulting from deep slip on faults
that are presently locked at crustal depths and will
likely give rise to future earthquakes. The GPS-
derived surface motions allow estimation of fault
geometry, slip rates, and locking depths (e.g., Oka-
da, 1992), thereby providing an improved physical
basis for estimating regional earthquake hazards. For
example, the estimated rate of slip on the deep,
freely sliding section of the Main Caucasus Thrust
Fault (MCT) determined by GPS observations of
surface motion, and estimates of slip in prior earth-
quakes (from study of historic and pre-historic
earthquakes) allows estimation of the time required
to accumulate sufficient strain to generate an earth-
quake, or equivalently, the earthquake recurrence
time for individual fault segments (assuming the
time-predictable earthquake model; Shimazaki and
Nakata, 1980). Furthermore, the total coseismic slip
from prior earthquakes, together with estimates of
the locking depth of the fault (from the wavelength
of the GPS deformation field), and the length of
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fault segments (from geological and geophysical
studies) allow estimation of the magnitude of future
events. Thus, our GPS observations have the poten-
tial to constrain the timing and magnitude of future
earthquakes.

1. Tectonic Settings of the Caucasus
Mountains

In the broadest context, the Lesser and Greater
Caucasus Mountains lie within the zone of plate in-
teraction where the African and Arabian plates are
actively converging with the Furasian Plate (Fig.1).
McKenzie et al. (1970), McKenzie (1972), and Jack-
son and McKenzie (1984, 1988) provided a plate
tectonic description of the region, recognizing active
continental collision in eastern Turkey, the Cauca-
sus, and the Zagros; lateral transport of Anatolia
(Turkey) towards the west; subduction of African
oceanic lithosphere (i.e., Neotethys) along the Hel-
lenic and Cyprus trenches; N-S extension in the Ae-
gean and western Turkey; and ocean rifting along
the Red Sea and Gulf of Aden. Convergence of Ara-
bia and Africa with Eurasia has been occurring for >
100 Ma as the intervening Neotethys Ocean litho-
sphere has been subducting beneath Eurasia. While
ocean subduction continues at present along the Hel-
lenic and Cyprus trenches, complete ocean closure
north of the Arabian plate occurred ~27 Ma (e.g.
McQuarrie and van Hindsbergan, 2013).

48°E S6°E 64°E

Fig. 1. Tectonic overview of the Arabia-Eurasia Collision Zone. Yellow dots are earthquakes from the EHB catalog (Engdahl et al.,
1998) and updates thereof to 2008, plus ISC locations from 2009 onwards. Major plate boundaries are from Bird (2003)
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Subsequent seismological, geophysical and geo-
logical studies added important refinements to this
plate tectonic characterization, including the west-
ward “extrusion” of Anatolia accommodated by the
North and East Anatolian faults (Sengor et al.,
1985), partitioning of crustal deformation in the
eastern Turkey/Caucasus continental collision zone
(Jackson, 1992; Allen et al., 2004;Copley and Jack-
son, 2006), the influence of slab detachment on up-
lift and volcanism of the Turkish Iranian Plateau
(e.g.,Sengor et al., 2004;Barazangi et al., 2006), and
early subduction of the S Caspian oceanic basin be-
neath the N Caspian Eurasian continental lithosphere
along the central Caspian Seismic Zone (e.g., Jack-
son et al., 2002).

The Greater Caucasus Mountains are thought to
have formed by tectonic inversion of a former back-
arc ocean that opened during north-dipping subduc-
tion of the Neotethys (e.g. Zonenshain and Le Pichon,
1986; Forte et al., 2012; Alizadeh et al., 2016, 2017;
Tye et al., 2021, 2022; Kangarli et al., 2018, 2021,
2022), where the eastern Black Sea, Kur Depression
in Azerbaijan, and southern Caspian Sea are the re-
maining remnants of the back-arc basin. Both the tim-
ing and spatial evolution of shortening and exhuma-
tion remain uncertain, with preferred estimates of the
timing being Late Miocene to Early Pliocene (e.g.
Kopp and Shcherba, 1985; Philip et al., 1989; Vincent
et al., 2007). Total shortening across the Greater Cau-
casus is also uncertain with estimates ranging from
150-400 km (e.g. McQuarrie and van Hindbergen,
2013), and an increase in total shortening from west
to east (e.g. Kral and Gurbanov, 1996; Avdeev and
Niemi, 2008; Forte et al., 2012).

2. Tectonics of the Africa—Arabia—Eurasia
Plate System and GPS

During the past ~30 years, the active tectonics
of theAfrica—Arabia—Eurasia plate system has
been measured directly by geodetic observations,
most importantly the GPS (Hager et al., 1991;
Dixon, 1991). GPS consists of a system of 32 sat-
ellites 20,000 km above the Earth’s surface that
complete 2 orbits of the Earth each 24 h
(http://tycho.usno.navy.mil/gpscurr.html). The sa-
tellites are operated by the US Department of De-
fense in cooperation with the Interagency GPS
Executive Board. Other Global Navigation Satel-
lite Systems (GNSS) have been developed by
Russia (GLONASS), a European consortium (Gal-
ileo), Japan (QZSS), and China (Beidou), but
these systems are not used in the results we report.

There are three components to use the GPS sys-
tem for precise positioning: the satellite constella-
tion, a global network of GPS tracking stations
(Mueller and Beutler, 1992), and data processing
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involving applying physical models and parameter
estimation. Most importantly for this chapter, posi-
tions are determined with an accuracy of ~2 mm in
horizontal coordinates and 3-10 mm in heights by
recording data over a 24-h period. These precisions
are possible because of highly accurate timing pro-
vided by atomic clocks on the GPS satellites, precise
orbital positions for the satellites provided by the
International GNSS Service (http://igs.org/) (deter-
mined from the global network of observing sta-
tions), and processing software that uses advanced
mathematical models to account for the Earth’s rota-
tion, solid Earth and ocean tides, and the ionospheric
and atmospheric delays of the GPS signal, among
other factors that influence position estimates (e.g.,
Herring et al., 2010).

3. Combined Azerbaijan — US
Investigations: A Short Background

The Geology and Geophysics Institute of the
Ministry of Science and Education of the Republic
of Azerbaijan and Republican Seismic Survey Cen-
ter of the Azerbaijan National Academy of Sciences
and the Department of Earth, Atmospheric, and
Planetary Sciences at Massachusetts Institute of
Technology have been using the Global Positioning
System (GPS) to monitor crustal deformation in the
territory of Azerbaijan since 1998 (Reilinger et al.,
2006; Kadirov et al., 2008,2009, 2013, 2014, 2015;
Kadirov and Safarov, 2014; Ahadov and Kadirov,
2021; Ahadov and Jin, 2017; Ahadov and Jin, 2021;
Ismail-Zadeh et al., 2020). These studies, coordinat-
ed and integrated with GPS studies in neighboring
parts of the Arabia—Eurasia collision zone, provide
new constraints on the fundamental geodynamic
processes that are actively deforming the collision
zone (e.g., Reilinger et al., 2006; Kadirov et al.,
2012, 2015; Forte et al., 2012; Eppelbaum and Katz,
2022; Eppelbaum and Keshin, 2012). These geody-
namic processes produced and maintain the high
elevation of the Turkish—Iranian Plateau (Fig.1) and
are the cause of the volcanic and earthquake activi-
ties that characterize this region.

The question of earthquake hazards has played a
central role in our research because of the increasing
vulnerability of the growing population and rapid in-
frastructure development expected maximum magni-
tude, and their likelihood of occurrence. This infor-
mation is necessary in order to take appropriate prepar-
edness and mitigation measures to reduce the risk to
the population and infrastructure, including the vulner-
able facilities associated with the petroleum industry
that are critical to the economy of Azerbaijan.

In this chapter, we use GPS observations to
constrain Arabia—Eurasia relative plate motions and
the character of interplate deformations in the Ara-
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bia—Eurasia collision zone. Within this broader con-
text, we focus on earthquake hazards in the Azerbai-
jan Caucasus and SW Caspian Basin.

4. Seismicity of Azerbaijan Territory.
A Brief Background

Territory of Azerbaijan is located within the
central part of the Mediterranean tectonic belt seis-
micity of which is caused by intensive geodynamic
interaction of the Eurasian and Arabian lithospheric
plates (Xaun, 2001; Asuzdexos, 1968; Yetirmishli,
2020). Territory of Azerbaijan is characterized by
high seismic activity where during historical period
(registered), strong and catastrophic earthquakes
with magnitude M > 6 were observed. Azerbaijan
territory may be subdivided by the level of seismic
activity and character of space distribution of strong
and weak earthquakes into the following manner:(1)
Southern slope of the eastern part of the Greater
Caucasus, (2) Kur Depression, (3) Talysh Mts., (4)
Gusar-Shabran depression, (5) Northern slope of
Lesser Caucasus, (6) Absheron Peninsula and (7)
Caspian Sea (Telesca et al., 2017).

The history of seismic studies in Azerbaijan can
be divided into two main periods: (1) pre-
instrumental (historical)including all the information
from ancient times reflected in the historical Arab
chronicles, manuscripts, travel notes of travelers,
etc., and (2) instrumental (contemporary) period
which includes information about earthquakes from
the beginning of the twentieth century (when after
strong Shamakhi earthquake in 1902, the first seis-
mic station in Azerbaijan “Shamakhi” was founded)
till the present time.

Among the strong (historical) earthquakes, we can
note such events as Azerbaijan earthquake of 427,
Goygol of 1139,Ganja of 1235, Eastern Caucasian of
1668, Mashtaga of 1842 numerous Shamakhi events
(1192, 1667, 1669, 1828, 1859,1868, 1872, 1902), Ar-
debil of 1924, Lankaran of 1913, and Caspian earth-
quakes (957, 1812, 1842, 1852, 1911, 1935,1961,
1963, 1986, 1989, 2000) triggered earth relief chang-
ing, building destructions, and numerous casualties.

One of the largest seismic events in Azerbaijan
in twentieth century was a Shamakhi earthquake on
February 13, 1902 (lat., 40.7 and long., 48.6; magni-
tude = 7; depth offocus, 15 km; intensity of motions
in the center, VIII-1X).

5. Role of GPS measurements on
seismological studies in Azerbaijan
GPS observations play an important role in
studying crustal deformation in the Arabia-Eurasia
zone of plate interaction, and use these observations
to constrain broad-scale tectonic processes within
the collision zone of the Arabian and Eurasian

plates. Within this plate tectonics context, we exam-
ine deformation of the Caucasus system (Lesser and
Greater Caucasus and intervening Caucasian Isth-
mus), and show that most crustal shortening in the
collision zone is accommodated by the Greater Cau-
casus Fold-and-Thrust Belt (GCFTB) along the
southern edge of the Greater Caucasus Mountains.
The eastern GCFTB appears to bifurcate west of
Baku, with one branch following the arcuate geome-
try of the Greater Caucasus, turning towards the
south and traversing the Neftchala Peninsula. A sec-
ond branch (or branches) may extend directly into
the Caspian Sea south of Baku, likely connecting to
the Central Caspian Seismic Zone (CCSZ). Our
studies indicate that strain is actively accumulating
on the fault along the ~200 km segment of the fault
west of Baku (approximately between longitudes 47-
49°E). Parts of this segment of the fault broke in
major earthquakes historically (1191, 1859, 1902)
suggesting that significant future earthquakes (M~6-
7) are likely on the central and western segment of
the fault. We observe a similar deformation pattern
across the eastern end of the GCFTB along a profile
crossing the Kur Depression and Greater Caucasus
Mountains in the vicinity of Baku. Along this east-
ern segment, a branch of the fault changes from a
NW-SE striking thrust to an ~ N-S oriented strike-
slip fault (or in multiple splays). The similar defor-
mation pattern along the eastern and central GCFTB
segments raises the possibility that major earth-
quakes may also occur in eastern Azerbaijan. How-
ever, the eastern segment of the GCFTB has no rec-
ord of large historic earthquakes, and is character-
ized by thick, highly saturated and over-pressured
sediments within the Kur Depression and adjacent
Caspian Basin that may inhibit elastic strain accu-
mulation in favor of fault creep, and/or distributed
faulting and folding. Thus, while our analyses sug-
gest that large earthquakes are likely in central and
western Azerbaijan, it is still uncertain whether sig-
nificant earthquakes are also likely along the eastern
segment, and on which structure. Ongoing and fu-
ture focused studies of active deformation promise
to shed further light on the tectonics and earthquake
hazards in this highly populated and developed part
of Azerbaijan.

6. Estimating Surface Motions from
GPS Observations

The GPS measurements presented in this paper
include both continuously recording stations (cGPS)
that remain in place indefinitely and survey-mode
(sGPS) observations where the GPS antenna is posi-
tioned temporarily over a survey marker (Fig. 2).
Over 35 survey mode sites were measured repeated-
ly starting from 1998 to 2022. By repeating the
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sGPS measurements episodically, we are able to es-
timate how the position has changed during the ob-
servation period.

Eight permanent stations were established by the
Institute of Geology and Geophysics since 2006. In
2012, Republican Seismological Survey Center of
Azerbaijan National Academy of Sciences started to
construct permanent GPS stations, where totally 24
stations were established. Continuous GPS observa-
tions allow estimation of position on a daily basis or
more frequently. However, reliable estimates of long-
term, secular site velocities require a minimum of 2.5
years of observations even for cGPS because annual

and semiannual systematic errors can bias estimates
of steady-state motion (Blewitt and Lavellee, 2002).

While the precision of our site velocities varies
with observation period, the GPS horizontal veloci-
ties we determine using the GAMIT-GLOBK pro-
cessing software (Herring, 2004; Herring et al.,
2010) have 1-sigma uncertainties in the range 0f0.2-
0.9 mm/year, with most sites <0.5 mm/year. Because
deformation rates across the Greater Caucasus
Mountains vary from 2 to 14 mm/year from north-
west to southeast, these precisions allow us to inves-
tigate details of the mountain building processes and
associated earthquake hazards.
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Fig. 2. GPS velocities with respect to Eurasia for the eastern AR-EU collision zone. Orange stars shows 1902, M6.9 Shamakhi; 1139,
M?7.3 Ganja; 1988, M6.8 Spitak and 1991, M7.0 Racha earthquake epicenters. Four character codes indicate survey and permanent
GPS site names. Blue arrows indicate Azerbaijan GPS sites from these study, green arrows — Iranian GPS sites (Raeesi et al.,2017),
Red arrows — Armenian GPS sites (Karakhanyan et al.,2013), Yellow arrows — Georgian GPS sites (Sokhadze et al., 2018), White
arrows — Russian GPS sites (Milyukov et al.,2015), Black arrows are velocities from Reilinger et al., 2006.
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Velocity estimates are determined in a global
reference frame, that is, with respect to the global
network of tracking stations. The reference frame is
determined and maintained (updated) by the Interna-
tional Terrestrial Reference Frame (ITRF2014) Ser-
vice (Altamimi et al., 2016) using well-positioned
stations, with a long history of well-behaved obser-
vations, located around the globe and accounting for
motions of the Earth’s tectonic plates. We determine
site velocities from Altamimi et al. (2016), but we
present them in a reference frame fixed to the Eura-
sian Plate. It is important to bear in mind that the
relative motion between measurement sites (i.e., de-
formation or strain rate) is invariant to changes in
reference frame.

7. Present-Day Arabia—Eurasia
Continental Collision

Fig.2 shows the velocities of GPS sites in the
zone of interaction of the African, Arabian, and Eur-
asian plates (Reilinger et al., 2006 and updates
thereof for sites in Azerbaijan). Virtually all major
active tectonic processes are well resolved and quan-
tified by the GPS observations, including the north-
ward motion and counterclockwise (CCW) rotation
of the Arabian Plate as a result opening of the Red
Sea (e.g., ArRajehi et al., 2010), crustal shortening
of the Zagros fold-and-thrust zone in Iran (e.g.,
Djamour et al., 2010), motion of the African Plate
with respect to Eurasia (McClusky et al., 2003), and
the change from NNW motion of Arabia to NNE
motion of the Caucasus system (Reilinger et al.,
2006; Vernant and Chery, 2006).

Reilinger et al. (2006) used the GPS velocity
field to estimate how AR-EU convergence is parti-
tioned between lateral “extrusion” of crustal blocks
and crustal shortening. They found that a large ma-
jority (~70 %) of the convergence is accommodated
by lateral transport, and ~15 %by shortening along
the GCFTB (Greater Caucasus Fold-and-Thrust
Belt), with the remainder being accommodated by
other structures or distributed strain. The only slight-
ly thickened crust in the Lesser Caucasus—E Turkey
Plateau (Gok et al., 2003; Barazangi et al., 2006), in
spite of 150400 km of continental convergence
(McQuarrie and van Hindbergen, 2013) — indicates
that the geodetic results reflect long-term, tectonic
deformation processes in the collision zone (i.e., if
not for lateral transport, the crust would be expected
to be much thicker). The utility of geodetic studies
for constraining long-term geodynamic processes
finds further support from comparison between pre-
sent-day, geodetically derived Arabia—Eurasia con-
vergence rates and longer-term plate convergence
rates derived from plate tectonic reconstructions
(e.g., McQuarrie et al., 2003) that indicate that these

plate motions have been remarkably constant (+10—
15 %) since the onset of continental collision in the
Early Miocene (e.g., ArRajehi et al., 2010).

Results and discussion

Unlike previous years, in this study there are
more permanent GPS station data and accordingly
moreaccurate GPS observations made along the
MCT (Reilinger et al., 2006; Kadirov et al., 2008,
2009, 2013, 2014, 2015; Kadirov and Safarov, 2014;
Ahadov and Kadirov, 2021; Ahadov and Jin, 2017,
Ahadov and Jin, 2021; Ismail-Zadeh et al., 2020;
Yetirmishli et al., 2021, 2022a,b; Kazimov, 2021).
Therefore it is possible to accurately track how the
dynamics of the MCT changes from west to the east.
Fig.3 shows a close-up of the GPS velocity field
around the Greater and Lesser Caucasus, providing a
quantitative basis to estimate the locations and slip
rates and directions on the major structures that ac-
commodate deformation.

On a broad scale, the GPS velocity field clearly il-
lustrates the NNE motion of Caucasus and adjacent re-
gions with respect to Eurasia south of the MCT (Fig.3).

The main shortening here in collision zone oc-
curs along the southern boundary of the Greater
Caucasus near the seismically active Greater Cauca-
sus Fold-and-Thrust Belt (GCFTB).

This is well illustrated in the series of velocity
profiles in Figs.4, 5 and 6, which show the rate of mo-
tion versus distance along profiles parallel to (AA')
and traversing (B-C) the Caucasus system (profile
locations on Fig. 3). Fig. 4a shows the component of
velocity parallel to the direction of the profile; Fig. 4b
shows the component normal to the direction of the
profile (i.e. shortening or lengthening).

The plot in Fig.4b for the profile aligned along
strike of the Greater Caucasus demonstrates the pro-
gressive increase in convergence rate with Eurasia
from west to east, from 1-2 mm/yr in Georgia, to 13-
14 mm/yr south of Absheron peninsula. The absence
of any consistent change in rates in the direction of
the profile traversing the Lesser Caucasus (i.e., Figs
5a and 6a) constrains active shortening in the Lesser
Caucasus to < 2 mm/yr. These observations, and the
low level of significant seismicity in the Lesser Cau-
casus (Fig. 3; the M6.8, 1988, Spitak, Armenia Earth-
quake being a notable exception), suggest that, within
the resolution of our GPS observations, the Lesser
Caucasus behaves like a coherent block rotating in a
counterclockwise sense with respect to Eurasia,
around a pole near the eastern end of the Black Sea
(e.g. Lawrence, 2003; Reilinger et al., 2006; Copley
and Jackson, 2006). Rotation may be related to the
closure of an inter-continental back-arc basin separat-
ing the Lesser and Greater Caucasus, with the Cauca-
sian Isthmus (Kur Depression in Azerbaijan) being
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the last remnants currently undergoing the final stages
of subduction/closure (e.g. Cowgill et al., 2012).

However, when looking in more detail, we can
see that along the MCT, the direction of the GPS
velocity vectors west and east of the 48°E -longitude
changes from NNW to NNE, respectively. This can
be explained by the separation of the MCT into a
segment with more different dynamics near its inter-
section with 48°E and/or by the presence of an active
fault normal to the strike of MCT.

Along the southern slope of the Greater Cauca-
sus, from west to east highest velocities are observed
in KATE (5.51 mm/yr), OKUD (6.11 mm/yr), SEKC
(6.10 mm/yr), YAGB (7.91 mm/yr), QABL (6.83
mm/yr), KEBE (5.46 mm/yr), ISMA (6.77 mm/yr)
and IMLG (8.04 mm/yr) stations. The direction of the
GPS velocity vectors at these points is mainly to the
NNW, except for ISMA. Starting from GPS station
MEDR (6.00 mm/yr) eastward from the epicenter of
historical Shamakhi earthquake to Absheron Peninsu-
la, the values of velocity vectors gradually decrease
and reach 1.70 mm/yr at station JLVG, while the di-
rections of movement are towards NNE.

Relatively smaller velocities are observed in the
stations located on the northern slope of the Greater
Caucasus and the northern part of the NCF. Thus, the
earth's crust horizontal rates at QSRG, SAMU, SIYE
stations are equal to 3.65, 2.19 and 1.71 mm/yr, respec-
tively. Although the direction of motion is NNE at sta-
tion XNQG (4.85 mm/yr), which is located slightly to
the south, the velocity at station ANIX is 1.90 mm/yr,
and the direction of motion is SW. Thesmall, but sharp
difference from the regional crustal motion sense at the
ANIX station may be a sign of the presence of a local
active fault perpendicular to the strike of the Great
Caucasus trust andfold system. This can be observed
from the topographic structure of the area, as well.

We can observe how the Earth's crust horizontal
movement ratesare gradually increase from west to
east, in the GPS stations located in the northern
slope of the Lesser Caucasus, the Kura depression
and the Talish zone. In general, unlike the Greater
Caucasus,here the velocities are higher. Thus, the
horizontal crustal movement velocities starting from
the territory of Georgia in the west, from the station
QZXG (7.65 mm/yr) located in the territory of
Azerbaijan increase towards the east, at stations
BLVR (13.54 mm/yr), ASTA (13.40 mm/yr), and
LKRG (13.54 mm/yr). In addition, it is observed that
the Earth's crust movement direction along the Kura
depression is towards the NNE in all the stations,
except for the YEVL station, which suggests that the
Lesser Caucasus, the Kura depression and the
Talysh zone move as a coherentand single block.
The same pattern is observed in the neighboring ter-
ritories of Georgia and Armenia.
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We believe that the observed NNW movement
at the YEVL site is caused by the large number of
multi-trajectory errors and the higher signal-to-noise
ratio at this site (due to the presence of tall buildings
and trees near the antenna).

In the areas located south of Goycha Lake and
the Iran-Azerbaijani border, we encounter a more
complex velocity field, which indicates the existence
of an active fault system parallel to each other in the
SE-NW direction, which is also observed in the ter-
ritories of Armenia and Iran in the south, starting
from the Hekari river valley.

It can be observed that the crustal movement ve-
locities at the GPS stations located south of the Ab-
sheron Peninsula (starting from SALN)decrease from
the WCF to the east and, at the same time, the move-
ment directions change from NNE (SALN, KHID) to
East (SHIK, SANG, JANG, BAKU, GOBG, QALG,
GURK, JLVG, PIERCE, NARD) (Figs 3, 6).

In addition, small azimuth differences are no-
ticeable in the direction of PIRS and NARD GPS
vectors located in the north of the Absheron Penin-
sula and GOBG, BAKU, QALG, GURK and JLVG
stations located in the south. This can be explained
by the dynamics of the fault, which is characterized
by weak activity passing in the subparallel direction
from the northern part of the Absheron Peninsula,
suggesting that significant deformational energy can
be accumulated here along the boundary.

We estimate shortening across the eastern seg-
ment of the MCT from the velocity difference be-
tween site KURD in the Kura Depression and
SAMU on the northernmost site of the Pre-Caspian-
Guba region (Fig. 2). The total velocity difference is
9 + 1 mm/yr, corresponding to the rate of shortening
across the MCT at ~48° E longitude. The total velocity
difference between SATG in the central Kura Depres-
sion and SIYE on the north of the Absheron peninsula
is almost 11 £ 1 mm/yr (Fig. 2). In western Azerbaijan
the rate of crustal shortening derived from QZXG
and ZKTG GPS site velocity differences is about
4 £ 1 mm/yr, indicating that the strain accumulation
rates across the MCT is different from west to east.

An important note here is the sharp decrease in
site velocities, and the clockwise rotation, between
sites located to the west of WCF in Kura Depression
and Talish region (GOSM, YARD, BILE, SATG,
SABD) and sites to the east of WCF in Absheron
Peninsula (SHIK, SANG, GOBG, BAKU and further
to the east) (Fig. 2). This decrease and difference in
GPS vector directions indicate high strain accumula-
tion rates ~6 mm/yr south to Absheron Peninsula.

This is best illustrated by the GPS velocity pro-
files shown in Fig.6a, and b. The location of the pro-
file CC'is shown on Fig. 3. Fig.6a shows the compo-
nent of site velocity parallel to the WCF at this loca-
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tion (rate of right-lateral strike slip), and Fig.6b the
component of site velocity normal to the WCF (i.e.,
rate of fault-normal motion). Fig.6a indicates11 £ 1
mm/yr right-lateral strike slip motion across the
WCF, while Fig.6b indicates 3 + 1 mm/yr fault-
normal motion along the segment of the MCT/WCF
south of the Absheron Peninsula.

As noted earlier, the small difference on crustal
motions for sites in northern Absheron (PIRS,
NARD) and those located in southern side indicates
left lateral, strike slip on the fault, which is probably
the southern segment of NCT, where it turns to the
south inland from the Caspian coast line and crosses
the peninsula from west and continues eastward to
the Caspian Sea. This geometry for the NCT is
roughly consistent with some earlier interpretations
of the regional tectonics (e.g., Philip et al., 1989),
and indicates that the Baku area is located at a high-
ly complex junction between four fault systems, the

44°

Ly

&
{

MCT, the Central Caspian Seismic Zone, the North
Caspian Fault, and the West Caspian Fault.

A decrease in the velocity and a significant ac-
cumulation of elastic energy in the southern Ab-
sheron Peninsula is responsible for the activation of
seismic events and of mud volcanoes in this region.
The strong earthquake in the Caspian Sea at the end
of 2000 and its aftershocks probably represent a re-
sponse to the deformational processes which contin-
ue in recent years, and the related stress accumula-
tion at foothills of the Greater Caucasus and the Ab-
sheron Peninsula and middle Caspian regions (Kadi-
rov et al. 2005).

While the available GPS data provide fundamental-
ly new constraints on fault geometry and rates of strain
accumulation, spatial densification of the GPS observa-
tions is needed to better resolve localized deformation,
and consequently the seismic hazard in the eastern Cau-
casus, Kura Depression, and Absheron area.

Fig. 3. GPS velocities with respect to Eurasia for the eastern AR-EU collision zone. Orange stars shows 1902, M6.9 Shamakhi; 1139,
M7.3 Ganja; 1988, M6.8 Spitak and 1991, M7.0 Racha earthquake epicenters. Velocity profiles A-C are shown in Fig. 4-6. Locations
and widths (brackets) of velocity profiles crossing the Kura Basin (A—A') across strike of the Greater Caucasus (B-B/), and Absheron

Peninsula (C-C'), respectively.
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Structures accommodating deformation may
merge offshore with the thick, folded sediments
south of the Absheron Peninsula. This offshore
geometry is supported by GPS velocities in the SW
corner of the Caspian Basin in Iran (Djamour et al.,
2010) that indicate northerly motion with rates
similar to those in the adjacent Lesser Caucasus to
the west.

Conclusions

Repeated GPS surveys in Azerbaijan and
more permanent station data for the period 1998 —
2022 are providing direct observations of present-
day surface motions. They clearly define active
convergence between the Lesser Caucasus/Kura
Depression and the Greater Caucasus with strain
concentrated along the Main Caucasus Thrust
Fault (MCT).

On a broad scale, the GPS velocity field clearly
illustrates the NNE motion of Caucasus and adjacent
regions with respect to Eurasia south of the MCT.

Present-day slip rates on the MCT decrease
from 10 = 1 mm/yr in eastern Azerbaijan to 4 + 1
mm/yr in western Azerbaijan. These new observa-
tions further indicate that the strain accumulation
rates along MCT gradually changes from west in
Georgia, to the east of the Absheron Peninsula.

GPS velocity vectors west and east of the 48°E
suggests that MCT separates into a segments byan
active fault normal to the strike of MCT character-
ized by different dynamics near its intersection with
48°E.

It is observed that the earth's crustal movement
direction along the Kura depression is towards the
NNE in all the stations, except for the YEVL station,
which suggests that the Lesser Caucasus, the Kura
depression and the Talysh zone move as a coher-
entand single block.

WCF is a predominantly right lateral strike slip
fault with a slip rate of 11+ 1 mm/yr south of the
Absheron Peninsula.

GPS-derived motions in the northern slope of
Greater Caucasus and along the Caspian coast in
Azerbaijan north of the Absheron Peninsula require
that thrust faulting along the south-dipping North
Caucasus. Thrust turns to the south inland of the
Caspian coast, crosses the peninsula from west and
continues eastward to the Caspian Sea, presumably
accommodating left-lateral strike slip motion on this
segment.

These interpretations of the GPS velocity field
place Baku at the junction of four active fault sys-
tems, the MCT, the North and West Caspian faults

(likely left and right-lateral, strike slip respectively),
and the Central Caspian Seismic Zone. More fo-
cused geodetic monitoring of surface motions are
needed in the Absheron region and Kura Depression,
as well as in the immediate vicinity of other active
faults and mud volcanoes.

The geodetic observations presented in this
study demonstrate that strain is accumulating along
all segments of the Greater Caucasus Fold-and-
Thrust Belt from the Shamakhi region (~70 km west
of Baku) to the Azerbaijan-Georgian border.

Geodetic observations across the Kur Depres-
sion and Absheron Peninsula in the densely populat-
ed and highly developed easternmost part of Azer-
baijan show a similar deformation pattern across the
GCFTB as the observations crossing the central and
eastern segments of the fault. While this may indi-
cate active strain accumulation that could generate
earthquakes, the absence of large historic earth-
quakes, the change in strike of the fault west of Ba-
ku, and the thick highly saturated sediments in the
eastern Kur Depression and south Caspian Basin
may preclude large events like those known to occur
on the fault further east.

However, given the rapid increase in the popu-
lation and the extensive infrastructural development
in this part of Azerbaijan, and the likelihood of gain-
ing new insights from additional geodetic observa-
tions and complex fault models, it is essential that
further studies be focused on the possibility and ef-
fects of damaging earthquakes along the eastern
segment of the GCFTB. In particular, densifying
GPS coverage along and across the eastern Cauca-
sus, Kur Basin, and Greater Caucasus, constraining
the subsurface geometry of the GCFTB and it’s ex-
tension into the Caspian Sea with seismic studies,
and investigating the historic earthquake record and
paleoseismic observations to extend the earthquake
record will provide the constraints needed to clarify
better earthquake hazards in Azerbaijan.

Acknowledgments

We are grateful to the survey personnel who
assisted with the field observations in Azerbaijan,
and many individuals that maintain the global IGS
stations used in our analysis. The maps in this paper
were generated using the public domain Generic
Mapping Tools (GMT) software (Wessel and Smith,
1995). Velocity profiles were generated using
velview matlab tools provided by T.Herring, 2003.
This work was supported in part by the Geology and
Geophysics Institute, Azerbaijan Science and
Education Ministry and MIT.

37



F.Kadirov et al. | ANAS Transactions, Earth Sciences 1 /2024, 28-43; DOI: 10.33677/ggianas20240100107

REFERENCES

Ahadov B. and Jin S. Present-day kinematics in the Eastern
Mediterranean and Caucasus from dense GPS observa-
tions. Physics of the Earth and Planetary Interiors, Vol. 268,
2017, pp.54-64.

Ahadov B. and Jin S. Slip rates and seismic potential along main
faults in the Eastern Mediterranean and Caucasus from dense
GPS observations and seismic data. Pure and Applied Geo-
physics, Vol. 178, 2021, pp. 39-54.

Ahadov B.G., Kadirov F. A. Insar analysis of the Ayazakh-
tarma mud volcano and its response to the 2021 Shama-
khi earthquake: understanding seismo-volcanic interac-
tions. SOCAR Proceedings, No.4, 2023, pp. 007-012,
DOI: 10.5510/0GP20230400911.

Alizadeh A.A., Guliyev LS., Kadirov F.A., Eppelbaum L.V.
Geosciences of Azerbaijan. Volume I: Geology. Springer In-
ternational Publishing. 2016, 340 p.

Alizadeh A.A., Guliyev LS., Kadirov F.A., Eppelbaum L.V.
Geosciences of Azerbaijan. Volume II: Economic Geology
and Applied Geophysics. Springer International Publishing.
2017, 351 p.

Allen M., Jackson J. and Walker R. Late Cenozoic reorganiza-
tion of the Arabia-Eurasia collision and the comparison of
short-term and long-term deformation rates. Tectonics, Vol.
23, No. 2, 2004, DOI: 10.1029/2003TC001530.

Altamimi Z., Rebischung P., Métivier L., Collilicux X.
ITRF2014: A new release of the International Terrestrial
Reference Frame modeling nonlinear station motions. Jour-
nal of Geophysical Research: Solid Earth, Vol. 121(8), 2016,
pp. 6109-6131.

ArRajehi A., McClusky S., Reilinger R.E., Daoud M., Alchalbi
A., Ergintav S., Gomez F., Sholan J., Bou-Rabee F., Oguba-
zghi G., Haileab B., Fisseha S., Asfaw L., Mahmoud S., Ra-
yan A., Bendik R., Kogan L. Geodetic constraints on pre-
sent-day motion of the Arabian Plate: Implications for Red
Sea and Gulf of Aden rifting. Tectonics, Vol. 29, TC3011,
2010, DOI:10.1029/2009TC002482.

Avdeev B., Niemi N.A. Constraints on the rates and timing of
exhumation of the Greater Caucasus from low temperature
thermochronology. Eos, Trans. Am. Geophys. Union, Vol.
89, 2008, 53.

Azizbekov S.A. Tectonic structure of Azerbaijan and the Caspi-
an depression. In International Geophysical Congress, Tec-
tonic Maps of Europe and the World (p. 4). Baku, Academy
of Sciences of the Azerbaijan SSR, Department of Earth Sci-
ences, 1968 (in Russian).

Barazangi M., Sandvol E., Seber D. Structure and tectonic
evolution of the Anatolian plateau in eastern Turkey.
Geol. Soc. Am., Special Paper 409, pp. 463-473, 2006,
DOI:10.1130/2006.2409(22)

Bird P. An updated digital model of plate boundaries. Geochem-
istry, Geophysics, Geosystems, Vol. 4, No. 3, 2003, pp. 1-
52, DOI: 10.1029/2001GC000252.

Blewitt G. and Lavallee D. Bias in geodetic site velocity due to
annual signals. In “Vistas for Geodesy in the New Millenium”,
Int.Assoc. Geod. Symposia, Vol. 125, 2002, pp. 499-500.

Copley A. and Jackson J. Active tectonics of the Turkish-Iranian
Plateau. Tectonics, Vol. 25, TC6006, 2006, DOI:10.1029/
2005TC001906.

Cowgill E., Niemi N.A., Forte A.M., Elashvili M., Javakishvili
Z. and Mumladze T. Orogen-scale structural architecture and
potential seismic sources resulting from Cenozoic closure of
a relict Mesozoic ocean basin in the Greater Caucasus. S43
J-07, 2012 Spring AGU Meeting.

Dixon T. An introduction to the Global Positioning System and
some geological applications. Reviews of Geophys., Vol. 29,
1991, pp. 249-276.

38

JIUTEPATYPA

Ahadov B. and Jin S. Present-day kinematics in the Eastern
Mediterranean and Caucasus from dense GPS observa-
tions. Physics of the Earth and Planetary Interiors, Vol. 268,
2017, pp.54-64.

Ahadov B. and Jin S. Slip rates and seismic potential along main
faults in the Eastern Mediterranean and Caucasus from dense
GPS observations and seismic data. Pure and Applied Geo-
physics, Vol. 178, 2021, pp. 39-54.

Ahadov B.G., Kadirov F. A. Insar analysis of the Ayazakh-
tarma mud volcano and its response to the 2021 Shama-
khi earthquake: understanding seismo-volcanic interac-
tions. SOCAR Proceedings, No. 4, 2023, pp. 007-012,
DOI: 10.5510/0GP20230400911.

Alizadeh A.A., Guliyev LS., Kadirov F.A., Eppelbaum L.V. Ge-
osciences of Azerbaijan. Volume I: Geology. Springer Inter-
national Publishing. 2016, 340 p.

Alizadeh A.A., Guliyev LS., Kadirov F.A., Eppelbaum L.V. Geosci-
ences of Azerbaijan. Volume II: Economic Geology and Applied
Geophysics. Springer International Publishing. 2017, 351 p.

Allen M., Jackson J. and Walker R. Late Cenozoic reorganiza-
tion of the Arabia-Eurasia collision and the comparison of
short-term and long-term deformation rates. Tectonics, Vol.
23, No. 2, 2004, DOI: 10.1029/2003TC001530.

Altamimi Z., Rebischung P., Métivier L., Collilieux X. ITRF2014: A
new release of the International Terrestrial Reference Frame mod-
eling nonlinear station motions. Journal of Geophysical Research:
Solid Earth, Vol. 121(8), 2016, pp. 6109-6131.

ArRajehi A., McClusky S., Reilinger R.E., Daoud M., Alchalbi
A., Ergintav S., Gomez F., Sholan J., Bou-Rabee F., Oguba-
zghi G., Haileab B., Fisseha S., Asfaw L., Mahmoud S., Ra-
yan A., Bendik R., Kogan L. Geodetic constraints on pre-
sent-day motion of the Arabian Plate: Implications for Red
Sea and Gulf of Aden rifting. Tectonics, Vol. 29, TC3011,
2010, DOI:10.1029/2009TC0024382.

Avdeev B., Niemi N.A. Constraints on the rates and timing of exhu-
mation of the Greater Caucasus from low temperature thermo-
chronology. Eos, Trans. Am. Geophys. Union, Vol. 89, 2008, 53.

Barazangi M., Sandvol E., Seber D. Structure and tectonic evolution
of the Anatolian plateau in eastern Turkey. Geol. Soc. Am., Spe-
cial Paper 409, pp. 463-473, 2006, DOI:10.1130/2006.2409(22).

Bird P. An updated digital model of plate boundaries. Geochem-
istry, Geophysics, Geosystems, Vol. 4, No. 3, 2003, pp. 1-
52, DOI: 10.1029/2001GC000252.

Blewitt G. and Lavallee D. Bias in geodetic site velocity due to an-
nual signals. In “Vistas for Geodesy in the New Millenium”,
Int.Assoc. Geod. Symposia, Vol. 125, 2002, pp. 499-500.

Copley A. and Jackson J. Active tectonics of the Turkish-Iranian
Plateau. Tectonics, Vol. 25, TC6006, 2006, DOI:10.1029/
2005TC001906.

Cowgill E., Niemi N.A., Forte A.M., Elashvili M., Javakishvili
Z. and Mumladze T. Orogen-scale structural architecture and
potential seismic sources resulting from Cenozoic closure of
a relict Mesozoic ocean basin in the Greater Caucasus. S43
J-07, 2012 Spring AGU Meeting.

Dixon T. An introduction to the Global Positioning System and
some geological applications. Reviews of Geophys., Vol. 29,
1991, pp. 249-276.

Djamour Y., Vernant P., Bayer R., Nankali H.R., Ritz J.F., Hin-
derer J., Hatam Y., Luck B., Le Moigne N., Sedighi M.,
Khorrami F. GPS and gravity constraints on continental de-
formation in the Alborz mountain range, Iran. Geophys.
Jour. Int., Vol. 183, 2010, pp. 1287-1301.

Engdahl E.R., van der Hilst R., Buland R. Global teleseismic
earthquake relocation with improved travel times and proce-
dures for depth determination. Bull. Seismol. Soc. Am., Vol.
88, 1998, pp. 722-743.



F.Kadirov et al. | ANAS Transactions, Earth Sciences 1 /2024, 28-43; DOI: 10.33677/ggianas20240100107

Djamour Y., Vernant P., Bayer R., Nankali H.R., Ritz J.F., Hin-
derer J., Hatam Y., Luck B., LeMoigne N., Sedighi M.,
Khorrami F. GPS and gravity constraints on continental de-
formation in the Alborz mountain range, Iran. Geophys.
Jour. Int., Vol. 183, 2010, pp.1287-1301.

Engdahl E.R., van der Hilst R., Bul and R. Global teleseismic
earthquake relocation with improved travel times and proce-
dures for depth determination. Bull. Seismol. Soc. Am., Vol.
88, 1998, pp. 722-743.

Eppelbaum L. and Katz Y. Tectonic magnetic-paleomagnetic
mapping of heterogeneous media: implication for the East-
ernmost Mediterranean (Northern Israel). ANAS Transac-
tions, Earth Sciences, No. 2, 2022, pp. 3-26, DOI:
10.33677/ggianas20220200079.

Eppelbaum L.V. and Khesin B.E. Geophysical studies in the
Caucasus. Springer. Heidelberg — N.Y. — London, 2012.

Forte A., Cowgill E. Bernardin T., Kreylos O., Hamann B. Late
Cenozoic deformation of the Kur fold-thrust belt, southern
Greater Caucasus. Geological Society of America Bulletin,
Vol. 122(3), 2012, pp.465-486, DOI:10.1130/B26464.1.

Gok R., Sandvol E., Turkelli N., Seber D., Barazangi M. Sn
attenuation in the Anatolian and Iranian plateau and sur-
rounding regions. Geophys. Res. Lett., Vol. 30, No. 24,
2003, DOI: 10.1029/2003GL018020.

Guliev LS., Kadirov F.A., Reilinger R.E., Gasanov R.L,
Mamedov A.R. Active tectonics in Azerbaijan based on ge-
odetic, gravimetric and seismic data. Transactions of the
Russian Academy of Sciences. Earth Sciences Section, Vol.
383, No. 2, 2002, pp. 174-177.

Hager B.H., King R.W., Murray M.H. Measurements of crustal
deformation using the Global Positioning System. Ann. Rev.
Earth Planet Sci., Vol. 19, 1991, pp. 351-382.

Herring T. MATLAB Tools for viewing GPS velocities and
time series. GPS Solutions, Vol. 7, 2003, pp. 194-199,
https://doi.org/10.1007/s10291-003-0068-0.

Herring T.A. GLOBK: Global Kalman filter VLBI and GPS
analysis program version 4.1, Massachusetts Institute of
Technology, Cambridge. MA, 2004.

Herring T.A., King R.W., McClusky S.M. Introduction to GAM-
IT/GLOBK Release 10.4. Mass. Inst. Of Technology, 2010,
48 p.

Ismail-Zadeh A., Adamia Sh., Chabukiani A., Chelidze T.,
Cloetingh S., Floyd M., Gorshkov A., Gvishiani A., [smail-
Zadeh T., Kaban M.K., Kadirov F., Karapetyan J.,
Kengerli T., Kiria J., Koulakov I., Mosar J., Mumladze T.,
Miiller B., Sadradze N., Safarov R., Schilling F., Soloviev
A. Geodynamics, seismicity, and seismic hazards of the
Caucasus. Earth-Science Reviews, Vol. 207, 2020,103222,
https://doi.org/10.1016/j.earscirev.2020.103222.

Jackson J. Partitioning of strike-slip and convergent motion be-
tween Eurasia and Arabia in eastern Turkey. J. Geophys.
Res., Vol. 97, 1992, pp. 1247-12479.

Jackson J., McKenzie D. Active tectonics of the Alpine-
Himalayan belt between western Turkey and Pakistan. Ge-
ophys. J. R. Astr. Soc., Vol. 77, 1984, pp.185-246.

Jackson J., McKenzie D.P. The relationship between plate
motions and seismic moment tensors, and the rates of ac-
tive deformation in the Mediterrancan and Middle East.
Geophysical Journal International, Vol. 93, 1988, pp. 45-
73, https://doi.org/10.1111/j.1365-246X. 1988.tb01387.x.

Jackson J., Priestley K., Allen M., Berberian M. Active tectonics
of the south Caspian Basin. Geophys. J. 1., Vol. 148, No. 2,
2002, pp. 214-245.

Kadirov F., Floyd M., Alizadeh A. et al. Kinematics of the eastern
Caucasus near Baku, Azerbaijan. Nat Hazards, Vol. 63, 2012,
pp. 997-1006, https://doi.org/10.1007/s11069-012-0199-0.

Kadirov F., Gadirov A., Safarov R., Reilinger R., McClusky S.
Global Positioning system measurements of present-day

Eppelbaum L. and Katz Y. Tectonic magnetic-paleomagnetic
mapping of heterogeneous media: implication for the East-
ernmost Mediterranean (Northern Israel). ANAS Transac-
tions, Earth Sciences, No. 2, 2022, pp. 3-26, DOI:
10.33677/ggianas20220200079.

Eppelbaum L.V. and Khesin B.E. Geophysical studies in the
Caucasus. Springer. Heidelberg — N.Y. — London, 2012.
Forte A., Cowgill E. Bernardin T., Kreylos O., Hamann B. Late
Cenozoic deformation of the Kur fold-thrust belt, southern
Greater Caucasus. Geological Society of America Bulletin,

Vol. 122(3),2012, pp.465-486, DOI:10.1130/B26464.1.

Gok R., Sandvol E., Turkelli N., Seber D., Barazangi M. Sn at-
tenuation in the Anatolian and Iranian plateau and surround-
ing regions. Geophys. Res. Lett., Vol. 30, No. 24, 2003,
DOI: 10.1029/2003GL018020.

Guliev LS., Kadirov F.A., Reilinger R.E., Gasanov R..,
Mamedov A.R. Active tectonics in Azerbaijan based on ge-
odetic, gravimetric and seismic data. Transactions of the
Russian Academy of Sciences. Earth Sciences Section, Vol.
383, No. 2, 2002, pp. 174-177.

Hager B.H., King R.W., Murray M.H. Measurements of crustal
deformation using the Global Positioning System. Ann. Rev.
Earth Planet Sci., Vol. 19, 1991, pp. 351-382.

Herring T. MATLAB Tools for viewing GPS velocities and
time series. GPS Solutions, Vol. 7, 2003, pp. 194-199,
https://doi.org/10.1007/s10291-003-0068-0.

Herring T.A. GLOBK: Global Kalman filter VLBI and GPS
analysis program version 4.1, Massachusetts Institute of
Technology, Cambridge. MA, 2004.

Herring T.A., King R.-W., McClusky S.M. Introduction to GAM-
IT/GLOBK Release 10.4. Mass. Inst. Of Technology, 2010, 48 p.

Ismail-Zadeh A., Adamia Sh., Chabukiani A., Chelidze T.,
Cloetingh S., Floyd M., Gorshkov A., Gvishiani A., Ismail-
Zadeh T., Kaban M.K., Kadirov F., Karapetyan J.,
Kengerli T., Kiria J., Koulakov 1., Mosar J., Mumladze T.,
Miiller B., Sadradze N., Safarov R., Schilling F., Soloviev
A. Geodynamics, seismicity, and seismic hazards of the
Caucasus. Earth-Science Reviews, Vol. 207, 2020,103222,
https://doi.org/10.1016/j.earscirev.2020.103222.

Jackson J. Partitioning of strike-slip and convergent motion be-
tween Eurasia and Arabia in eastern Turkey. J. Geophys.
Res., Vol. 97, 1992, pp. 1247-12479.

Jackson J., McKenzie D. Active tectonics of the Alpine-
Himalayan belt between western Turkey and Pakistan. Ge-
ophys. J. R. Astr. Soc., Vol. 77, 1984, pp.185-246,

Jackson J., McKenzie D.P. The relationship between plate mo-
tions and seismic moment tensors, and the rates of active
deformation in the Mediterranean and Middle East. Geo-
physical Journal International, Vol. 93, 1988, pp. 45-
73,https://doi.org/10.1111/j.1365-246X. 1988.tb01387.x.

Jackson J., Priestley K., Allen M., Berberian M. Active tectonics
of the south Caspian Basin. Geophys. J. 1., Vol. 148, No. 2,
2002, pp. 214-245.

Kadirov F., Floyd M., Alizadeh A. et al. Kinematics of the eastern
Caucasus near Baku, Azerbaijan. Nat Hazards, Vol. 63, 2012,
pp. 997-1006, https://doi.org/10.1007/s11069-012-0199-0.

Kadirov F., Gadirov A., Safarov R., Reilinger R., McClusky S.
Global Positioning system measurements of present-day
cructal movements in the Azerbaijan. Science without bor-
ders. Transactions of the International Academy of science
H&E. Innsbruck, Vol.3, 2009,pp. 448-459.

Kadirov F., Mammadov S., Reilinger R., McClusky S. Some new
data on modern tectonic deformation and active faulting in
Azerbaijan (according to Global Positioning System meas-
urements). Proceedings of Azerbaijan National Academy of
Sciences, the Sciences of Earth, No. 1, 2008, pp. 82-88.

Kadirov F.A. Gravity model of lithosphere in the Caucasus-
Caspian Region. In: South Caspian Basin: Geology, geo-

39



F.Kadirov et al. | ANAS Transactions, Earth Sciences 1 /2024, 28-43; DOI: 10.33677/ggianas20240100107

cructal movements in the Azerbaijan. Science without bor-
ders. Transactions of the International Academy of science
H&E. Innsbruck, Vol. 3, 2009, pp. 448-459.

Kadirov F., Mammadov S., Reilinger R., McClusky S. Some
new data on modern tectonic deformation and active faulting
in Azerbaijan (according to Global Positioning System
measurements). Azerbaijan National Academy of Sciences,
Proceedings, the Sciences of Earth, No. 1, 2008, pp. 82-88.

Kadirov F.A. Gravity model of lithosphere in the Caucasus-
Caspian Region. In: South Caspian Basin: Geology, geo-
physics, oil and gas content, Geology Institute, Azerbaijan
National Academy of Sciences, Nafta Press. Baku, Azerbai-
jan, 2004, 333 p.

Kadirov F.A., Floyd M., Reilinger R., Alizadeh Ak.A., Guliyev
LS., Mammadov S.G., Safarov R.T. Active geodynamics of
the Caucasus region: implications for earthquake hazards in
Azerbaijan. Proceedings of Azerbaijan National Academy of
Sciences, The Sciences of Earth, No. 3, 2015, pp. 3-17.

Kadirov F.A., Gadirov A.G., Babayev G.R., Agayeva S.T.,
Mammadov S.G., Garagozova N.R., Safarov R.T. Seismic
zoning of the southern slope of Greater Caucasus from the
fractal parameters of the earthquakes, stress state, and GPS
velocities. Izvestiya, Physics of the Solid Earth, Vol. 49, No.
4. July 2013, pp. 554-562.

Kadirov F.A., Guliyev LS., Feyzullayev A.A., Safarov R.T.,
Mammadov S.K., Babayev G.R., Rashidov T.M. GPS-based
crustal deformations in Azerbaijan and their influence on
seismicity and mud volcanism. Izvestiya, Physics of the Sol-
id Earth, Vol. 50, No. 6. 2014, pp. 814-823.

Kadirov F.A., Kloko¢nik J., Eppelbaum L.V., Kostelecky J.,
Bezdék A. Bouguer gravity data and satellite gravity trans-
formation integration in the Caspian region: an introduction.
ANAS Transactions, Earth Sciences No.1, 2023, pp. 11-16,
DOI: 10.33677/ggianas20230100089.

Kadirov F.A., Safarov R.T. Current crustal deformation within
the Azerbaijan territory. Seismoprognosis observations in
the territory of Azerbaijan, Vol. 11, No. 1, 2014, pp. 34-37.

Kangarli T., Mammadli T., Aliyev F., Safarov R., Kazimova S.
Revelation of potentially seismic dangerous tectonic struc-
tures in a view of modern geodynamics of the Eastern Cau-
casus (Azerbaijan), Earth’s crust and its evolution — from
Pangea to the Present Continents. IntechOpen, Oct. 12,
2022, DOI: 10.5772/intechopen.101274.

Kangarli T., Mammadli T., Aliyev F., Safarov R., Kazimova S.
Revelation of potentially seismic dangerous tectonic struc-
tures in a view of modern geodynamics of the Eastern Cau-
casus (Azerbaijan). IntechOpen: Book Chapter, 2021, pp.1-
16, DOL: http://dx.doi.org/10.5772 /intechopen.101274.

Kangarli T.N., Kadirov F.A., Yetirmishli G.J., Aliyev F.A., Kazimova
S.E., Aliyev A.M., Safarov R.T., Vahabov U.G. Recent geody-
namics, active faults and earthquake focal mechanisms of the zone
of pseudosubduction interaction between the Northern and South-
ern Caucasus microplates in the southern slope of the Greater
Caucasus (Azerbaijan). Geodynamics and Tectonophysics, pub-
lished by the Institute of the Earth’s Crust Siberian branch of Rus-
sian Academy of Sciences, Vol. 9, No. 4, 2018, pp. 1099-1126,
https://doi.org/10.5800/GT-2018-9-4-0385.

Karakhanyan A., Vernant P., Doerflinger E., Avagyan A.,
Philip H., Aslanyan R., Champollion C., Arakelyan S.,
Collard P., Baghdasaryan H., Peyret M., Davtyan V.,
Calais E., Masson F. GPS constraints on continental de-
formation in the Armenian region and Lesser Caucasus,
Tectonophysics, Vol. 592, 2013, pp. 39-45, ISSN 0040-
1951, https://doi.org /10.1016/j.tecto.2013.02.002.

Kazimov LE. Geodynamics of the territory of Azerbaijan on the
basis of GPS data in 2017-2019 yy. Geotectonics and geo-
dynamics. Geology and Geophysics of Russian South, Vol.
11(2), 2021, pp. 51-62.

40

physics, oil and gas content, Geology Institute, Azerbaijan
National Academy of Sciences, Nafta Press. Baku, Azerbai-
jan, 2004, 333 p.

Kadirov F.A., Floyd M., Reilinger R., Alizadeh Ak.A., Guliyev
LS., Mammadov S.G., Safarov R.T. Active geodynamics of
the Caucasus region: implications for earthquake hazards in
Azerbaijan. Proceedings of Azerbaijan National Academy of
Sciences, The Sciences of Earth, No. 3, 2015, pp. 3-17.

Kadirov F.A., Gadirov A.G., Babayev G.R., Agayeva S.T.,
Mammadov S.G., Garagozova N.R., Safarov R.T. Seismic
zoning of the southern slope of Greater Caucasus from the
fractal parameters of the earthquakes, stress state, and GPS
velocities. Izvestiya, Physics of the Solid Earth, Vol. 49, No.
4. July 2013, pp. 554-562.

Kadirov F.A., Guliyev LS., Feyzullayev A.A., Safarov R.T.,
Mammadov S.K., Babayev G.R., Rashidov T.M. GPS-based
crustal deformations in Azerbaijan and their influence on
seismicity and mud volcanism. Izvestiya, Physics of the Sol-
id Earth, Vol. 50, No. 6. 2014, pp. 814-823.

Kadirov F.A, Lerche 1., Guliyev LS., Kadyrov A.G.,
Feyzullayev A.A., Mukhtarov A.Sh. 2005. Deep structure
model and dynamics of mud volcanoes, Southwest Ab-
sheron Peninsula (Azerbaijan). Energy exploration & ex-
ploitation. Volume 23, Issue 5. 2005, pp. 307-332.
https://doi.org/10.1260/014459805775992717

Kadirov F.A., Kloko¢nik J., Eppelbaum L.V., Kostelecky J.,
Bezdek A. Bouguer gravity data and satellite gravity trans-
formation integration in the Caspian region: an introduction.
ANAS Transactions, Earth Sciences No.1, 2023, pp. 11-16,
DOI: 10.33677/ggianas20230100089.

Kadirov F.A., Safarov R.T. Current crustal deformation within
the Azerbaijan territory. Seismoprognosis observations in
the territory of Azerbaijan, Vol. 11, No. 1, 2014, pp. 34-37.

Kangarli T., Mammadli T., Aliyev F., Safarov R., Kazimova S.
Revelation of potentially seismic dangerous tectonic struc-
tures in a view of modern geodynamics of the Eastern Cau-
casus (Azerbaijan), Earth’s crust and its evolution — from
Pangea to the Present Continents. IntechOpen, Oct. 12,
2022, DOI: 10.5772/intechopen.101274.

Kangarli T., Mammadli T., Aliyev F., Safarov R., Kazimova S.
Revelation of potentially seismic dangerous tectonic struc-
tures in a view of modern geodynamics of the Eastern Cau-
casus (Azerbaijan). IntechOpen: Book Chapter, 2021, pp.1-
16, DOLI: http://dx.doi.org/10.5772 /intechopen.101274.

Kangarli T.N., Kadirov F.A., Yetirmishli G.J., Aliyev F.A,
Kazimova S.E., Aliyev A.M., Safarov R.T., Vahabov U.G.
Recent geodynamics, active faults and earthquake focal mech-
anisms of the zone of pseudosubduction interaction between
the Northern and Southern Caucasus microplates in the south-
ern slope of the Greater Caucasus (Azerbaijan). Geodynamics
and Tectonophysics, published by the Institute of the Earth’s
Crust Siberian branch of Russian Academy of Sciences, Vol.
9, No. 4, 2018, pp. 1099-1126, https://doi.org/10.5800/GT-
2018-9-4-0385.

Karakhanyan A., Vernant P., Doerflinger E., Avagyan A.,
Philip H., Aslanyan R., Champollion C., Arakelyan S.,
Collard P., Baghdasaryan H., Peyret M., Davtyan V.,
Calais E., Masson F. GPS constraints on continental de-
formation in the Armenian region and Lesser Caucasus,
Tectonophysics, Vol. 592, 2013, pp. 39-45, ISSN 0040-
1951, https://doi.org /10.1016/j.tecto.2013.02.002.

Kazimov LE. Geodynamics of the territory of Azerbaijan on the
basis of GPS data in 2017-2019 yy. Geotectonics and geo-
dynamics. Geology and Geophysics of Russian South, Vol.
11(2), 2021, pp. 51-62.

Kopp M.L., Shcherba I.G. Late Alpine development of the east
Caucasus. Geotectonics, Vol. 19(6), 1985, pp. 497-507.

Kral J., Gurbanov A.G. Apatite fission track data from the



F.Kadirov et al. | ANAS Transactions, Earth Sciences 1 /2024, 28-43; DOI: 10.33677/ggianas20240100107

Khain V.E. Tectonics of continents and oceans (year 2000).
Nauchniy mir. Moscow, 2001, 606 p. (in Russian).

Kopp M.L., Shcherba I.G. Late Alpine development of the east
Caucasus. Geotectonics, Vol. 19(6), 1985, pp. 497-507.

Kral J., Gurbanov A.G. Apatite fission track data from the
Greater Caucasus pre-Alpine basement. Chemieder Erde,
Vol. 56, 1996, pp. 177-192.

Lawrence S.A. Kinematically consistent, elastic block model of
the Eastern Mediterranean constrained by GPS measure-
ments. M.S. Thesis, Massachusetts Institute of Technology,
Cambridge, MA,2003.

McClusky S., Reilinger R., Mahmoud S., Ben Sari D., Tealeb A.
GPS constraints on Africa (Nubia) and Arabia plate motion.
Geophys. J. Int., Vol. 155, 2003, pp. 126-138.

McKenzie D. Active tectonics of the Mediterranean region. Ge-
ophys. J.I., Vol. 30(2), 1972, pp. 109-185.

McKenzie D.P., Davies D., Molnar P. Plate tectonics of the Red
Sea and East Africa. Nature, Vol. 226, 1970, pp. 243-248.
McQuarrie N., Stock J., Verdel C., Wernicke B.P. Cenozoic
evolution of Neotethys and implications for the causes of
plate motions. Geophys. Res. Lett., Vol. 30(20), 2003, 2036,

DOI:10.1029/2003GL017992.

McQuarrie N., Van Hinsbergen D.J.J. Retrodeforming the Arabia-
Eurasia collision zone: Age of collision versus magnitude of
continental subduction. Geology, Vol. 41, 2013, pp. 315-318.

Milyukov V.K., Mironov A.P., Rogozhin E.A et al. Velocities of
contemporary movements of the Northern Caucasus estimat-
ed from GPS observations. Geotecton., Vol. 49, 2015, pp.
210-218, https://doi.org/10.1134/S0016852115030036.

Mueller LI., Beutler G. The International GPS Service for geo-
dynamics — development and current structure. Proceedings
of the 6th Symposium on Satellite Positioning, Ohio State
University, Columbus, Ohio, 1992.

Okada Y. Internal deformation due to shear and tensile faults
in a half-space. Bull. Seismol. Soc. Am., Vol. 82, 1992,
pp- 1018-1040.

Philip H., Cisternas A., Gviskiani A., Gorshkov A. The Cauca-
sus: An actual example of the initial stages of continental
collision. Tectonophysics, Vol. 161, 1989, pp. 1-21.

Raeesi M., Zarifi Z., Nilfouroushan F.et al. Quantitative analysis
of seismicity in Iran. Pure Appl. Geophys., Vol. 174, 2017,
pp. 793-833, https://doi.org/10.1007/s00024-016-1435-4.

Reilinger R.S., and 22 others. GPS constraints on continental
deformation in the Africa-Arabia-Eurasia continental colli-
sion zone and implications for the dynamics of plate inter-
actions. J. Geophys. Res., 2006, Vol. 111, BO5411, DOI:
10.1029/2005JB004051.

Robertson A.H.F. Mesozoic-Tertiary tectonic evolution of a south
Tethyan ocean basin and its margins in southern Turkey. In:
Tectonics and Magmatism in Turkey and the Surrounding Ar-
ea, (Bozkurt E., Winchester J.A., Piper J.D.A., eds.), Geol.
Soc. Spec. Pub. London, Vol. 173, 2000, pp. 97-138.

Sengor A.M.C., Gorur N., Saroglu F. Strike-slip faulting and
related basin formation in zones of tectonic escape: Turkey
as a case study. In: Strike-slip Faulting and Basin Formation
(Biddle K.T. and Christie-Blick N., eds.), Society of Econ.
Paleont. Min. Sec. Pub., Vol. 37, 1985, pp. 227-264.

Sengor A.M.C., Tuysuz O., Imren C., Sakinc M., Eyidogan H.,
Gorur N., Le Pichon X., Rangin C. The North Anatolian
fault: A new look. Ann. Rev. Earth Planet. Sci., Vol. 33,
2004, pp. 1-75.

Shevchenko V.I., GusevaT.V., Lukk A.A., MishinA.V.,
Prilepin M.T., Reilinger R.E., Hamburger M.W., Shempelev
A.G., Unga S.L. Modern geodynamics of Caucasus (based
on GPS measurements and seismological data). Physics of
the Earth, No. 9, 1999, pp. 3-18.

Shimazaki K. and NakataT. Time-predictable recurrence model for
large earthquakes. Geophys. Res. Lett., Vol. 7, 1980, pp. 279-282.

Greater Caucasus pre-Alpine basement. Chemieder Erde,
Vol. 56, 1996, pp.177-192.

Lawrence S.A. Kinematically consistent, elastic block model of
the Eastern Mediterranean constrained by GPS measure-
ments. M.S. Thesis, Massachusetts Institute of Technology,
Cambridge, MA,2003.

McClusky S., Reilinger R., Mahmoud S., Ben Sari D., Tealeb A.
GPS constraints on Africa (Nubia) and Arabia plate motion.
Geophys. J. Int., Vol. 155, 2003, pp. 126-138.

McKenzie D. Active tectonics of the Mediterranean region. Ge-
ophys. J.I.,Vol. 30(2), 1972, pp. 109-185.

McKenzie D.P., Davies D., Molnar P. Plate tectonics of the Red
Sea and East Africa. Nature, Vol. 226, 1970,pp. 243-248.
McQuarrie N., Stock J., Verdel C., Wernicke B.P. Cenozoic evo-
lution of Neotethys and implications for the causes of plate
motions. Geophys. Res. Lett., Vol. 30(20), 2003, 2036,

DOI:10.1029/2003GL017992.

McQuarrie N., Van Hinsbergen D.J.J. Retrodeforming the Arabia-
Eurasia collision zone: Age of collision versus magnitude of
continental subduction. Geology, Vol. 41, 2013, pp.315-318.

Milyukov V.K., Mironov A.P., Rogozhin E.A et al. Velocities of
contemporary movements of the Northern Caucasus estimat-
ed from GPS observations. Geotecton., Vol. 49, 2015, pp.
210-218, https://doi.org/10.1134/S0016852115030036.

Mueller LI., Beutler G. The International GPS Service for Geo-
dynamics — Development and Current Structure. Proceed-
ings of the 6th Symposium on Satellite Positioning, Ohio
State University, Columbus, Ohio, 1992.

Okada Y. Internal deformation due to shear and tensile faults in a half-
space. Bull. Seismol. Soc. Am., Vol. 82, 1992, pp. 1018-1040.
Philip H., Cisternas A., Gviskiani A., Gorshkov A. The Cauca-
sus: An actual example of the initial stages of continental

collision. Tectonophysics, Vol. 161, 1989, pp.1-21.

Raeesi M., Zarifi Z., Nilfouroushan F.et al. Quantitative analysis
of seismicity in Iran. Pure Appl. Geophys., Vol. 174, 2017,
pp. 793-833, https://doi.org/10.1007/s00024-016-1435-4.

Reilinger R.S. and 22 others. GPS constraints on continental defor-
mation in theAfrica-Arabia-Eurasia continental collision zone and
implications for the dynamics of plate interactions. J. Geophys.
Res., 2006, Vol. 111, BO5411, DOI: 10.1029/2005JB004051.

Robertson A.H.F. Mesozoic-Tertiary tectonic evolution of a south
Tethyan ocean basin and its margins in southern Turkey. In:
Tectonics and Magmatism in Turkey and the Surrounding Ar-
ea, (Bozkurt E., Winchester J.A., Piper J.D.A., eds.), Geol.
Soc. Spec. Pub. London, Vol. 173, 2000, pp. 97-138.

Sengor A.M.C., Gorur N., Saroglu F. Strike-slip faulting and re-
lated basin formation in zones of tectonic escape: Turkey as
a case study. In: Strike—slip Faulting and Basin Formation
(Biddle, K.T. and Christie-Blick N., eds.), Society of Econ.
Paleont. Min. Sec. Pub., Vol. 37, 1985, pp. 227-264.

Sengor AM.C., Tuysuz O., Imren C., Sakinc M., Eyidogan H., Gorur
N., Le Pichon X., Rangin C. The North Anatolian fault: A new
look. Ann. Rev. Earth Planet. Sci., Vol. 33, 2004, pp. 1-75.

Shevchenko V.I., GusevaT.V.,, Lukk A.A., MishinA.V.,
Prilepin M.T., Reilinger R.E., Hamburger M.W., Shempelev
A.G., Unga S.L. Modern geodynamics of Caucasus (based
on GPS measurements and seismological data). Physics of
the Earth, No. 9,1999, pp. 3-18.

Shimazaki K. and Nakata T. Time-predictable recurrence model for
large earthquakes. Geophys. Res. Lett.,Vol. 7, 1980, pp. 279-282.

Sokhadze G., Floyd M., Godoladze T., King R., Cowgill E.S,
Javakhishvili Z., Hahubia G., Reilinger R. Active conver-
gence between the Lesser and Greater Caucasus in Georgia:
Constraints on the tectonic evolution of the Lesser—Greater
Caucasus continental collision. Earth and Planetary Science
Letters, Vol. 481, 2018, pp. 154-161.

Telesca L., Kadirov F., Yetirmishli G. et al. Statistical analy-
sis of the 2003-2016 seismicity of Azerbaijan and sur-

41



F.Kadirov et al. | ANAS Transactions, Earth Sciences 1 /2024, 28-43; DOI: 10.33677/ggianas20240100107

Sokhadze G., Floyd M., Godoladze T., King R., Cowgill E.S.,
Javakhishvili Z., Hahubia G., Reilinger R. Active conver-
gence between the Lesser and Greater Caucasus in Georgia:
Constraints on the tectonic evolution of the Lesser—Greater
Caucasus continental collision. Earth and Planetary Science
Letters, Vol. 481, 2018, pp. 154-161.

Telesca L., Kadirov F., Yetirmishli G. et al. Statistical analy-
sis of the 2003-2016 seismicity of Azerbaijan and sur-
rounding areas. J. Seismol., Vol. 21, 2017, pp. 1467-
1485, https://doi.org/10.1007/ s10950-017-9677-x.

Tye A.R., Niemi N.A., Cowgill E., Kadirov F.A., Babayev G.R..
Diverse deformation mechanisms and lithologic controls in
an active orogenic wedge: structural geology and thermo-
chronometry of the Eastern Greater Caucasus. Tectonics,
Vol. 41(12), 2022, DOI:10.1029/2022TC007349.

Tye A.R., Niemi N.A., Safarov R.T., Kadirov F.A., Babayev
G.R. Sedimentary response to a collision orogeny recorded
in detrital zircon provenance of Greater Caucasus foreland
basin sediments. Basin Research, Vol. 33, No. 2, 2021, pp.
933-967, https://doi. org/10.1111/bre.12499.

Vernant P., Chery J. Low fault friction in Iran implies localized
deformation for the Arabia—Eurasia collision zone. Earth and
Planetary Sci. Lett., Vol. 246, 2006, pp. 197-206.

Vincent S.J., Morton A.C., Carter A., Gibbs S., Teimuraz G.B.
Oligocene uplift of the Western Greater Caucasus: An effect
of initial Arabia-Eurasia collision. Terra Nova, Vol. 19, 2007,
pp. 160-166, DOI:10.1111/1.1365-3121.2007.0073 1 .x.

Wessel R. and Smith W.H.F. New version of the Generic
Mapping Tools released. EOS Trans. AGU, Vol. 76,
1995, p. 329.

Yetirmishli G.J., Kazimov LLE. Modern GPS geodynamics of
Azerbaijan. Geotectonics and geodynamics. Geology and
Geophysics of Russian South, Vol. 12(4), 2022a, pp. 19-30.

Yetirmishli G.J., Kazimov LE., Kazimova A.F. Analysis of
modern movements of Earth crust blocks in Azerbaijan ac-
cording to the data of GPS stations in 2020-2021. Seis-
moprognosis observations in the territory of Azerbaijan, Vol.
21, No. 1, 2022b, pp. 19-24

Yetirmishli G.J., Kazimov LE., Kazimova A.F. Contemporary
geodynamics of the eastern Mediterranean. Seismoprognosis
observations in the territory of Azerbaijan, V. 20, No. 2,
2021, pp. 3-10.

Zonenshain L.P., Le Pichon X. Deep basins of the Black Sea and
Caspian Sea as remnants of Mesozoic back-arc basins.
Tectonophysics, Vol. 123, 1986, pp. 181-211, DOI:
10.1016/0040-1951(86)90197-6.

Zonenshain L.P., Savostin L.A. Introduction to geodynamics.
Nedra. Moscow, 1979, 311 p. (in Russian).

rounding areas. J. Seismol., Vol. 21, 2017, pp. 1467-
1485, https://doi.org/10.1007/ s10950-017-9677-x.

Tye A.R., Niemi N.A., Cowgill E., Kadirov F.A., Babayev G.R..
Diverse deformation mechanisms and lithologic controls in
an active orogenic wedge: structural geology and thermo-
chronometry of the Eastern Greater Caucasus. Tectonics,
Vol. 41(12), 2022,DOI:10.1029/2022TC007349.

Tye A.R., Niemi N.A., Safarov R.T., Kadirov F.A., Babayev
G.R. Sedimentary response to a collision orogeny recorded
in detrital zircon provenance of Greater Caucasus foreland
basin sediments. Basin Research, Vol. 33, No. 2, 2021,
pp.-933-967, https://doi. org/10.1111/bre.12499.

Vernant P., Chery J. Low fault friction in Iran implies localized
deformation for the Arabia—Eurasia collision zone. Earth and
Planetary Sci. Lett., Vol. 246, 2006, pp. 197-206.

Vincent S.J., Morton A.C., Carter A., Gibbs S., Teimuraz G.B. Ol-
igocene uplift of the Western Greater Caucasus: An effect of
initial Arabia-Eurasia collision. Terra Nova, Vol. 19, 2007, pp.
160-166, DOI:10.1111/j.1365-3121. 2007.00731.x.

Wessel R. and Smith W.H.F. New version of the Generic Mapping
Tools released. EOS Trans. AGU, Vol. 76, 1995, p. 329.

Yetirmishli G.J. Tangible earthquakes occurred in Azerbaijan for the
period of 2003-2018 years. Elm, 2020. 415 p. (in Russian)

Yetirmishli G.J., Kazimov L.E. Modern GPS geodynamics of
Azerbaijan. Geotectonics and geodynamics. Geology and
Geophysics of Russian South, Vol. 12(4), 2022a, pp. 19-30.

Yetirmishli G.J., Kazimov LE., Kazimova A.F. Analysis of
modern movements of Earth crust blocks in Azerbaijan ac-
cording to the data of GPS stations in 2020-2021. Seis-
moprognosis observations in the territory of Azerbaijan, Vol.
21, No. 1, 2022b, pp. 19-24

Yetirmishli G.J., Kazimov LE., Kazimova A.F. Contemporary
geodynamics of the eastern Mediterranean. Seismoprognosis
observations in the territory of Azerbaijan, V. 20, No. 2,
2021, pp. 3-10.

Zonenshain L.P., Le Pichon X. Deep basins of the Black Sea and
Caspian Sea as remnants of Mesozoic back-arc basins.
Tectonophysics, Vol. 123, 1986, pp. 181-211, DOI:
10.1016/0040-1951(86)90197-6.

AznzbexoB C.A. TexToHmueckoe cTpoeHne AsepOaiikaHa U
IIpukacnuiickoil BraguHbel. B cOopHuKe: MexmyHapOTHBIN
reou3nuecKuii KoHrpece, TeKTOHUUECKHE KapThl EBporbI 1
mupa (c. 4). baky, Akanemus Hayk AzepOaiimxanckoit CCP,
Otaenenue Hayk o 3emite, 1968.

3onenmaiH JLII., CaBoctun JI.A. BBeneHue B reoMHAMUKY.
Henpa. Mocksa, 1979, 311 c.

Xann B.E. TexktoHmka KOHTHMHEHTOB M oOkeaHoB (rox 2000).
Hayunsrnit mup. Mocksa, 2001, 606 c.

PE3YJIbTATDI 25-JIETHEI'O (1998-2022) MOHUTOPUHI'A JEQOPMAILIUN 3EMHOM KOPHI B ASEPBAMI)KAHE
1 HA CONPEJAEJBbHOU TEPPUTOPUU C UCITIOJIB30BAHUEM GPS

Kanupos F.!, Erupmumuiu I'.3, Cagapos P.!, Mamenos C.,
Kaszumos U.3, ®aoiin M.%, Peitanrep P.2, Kunr P.2
! Munucmepcmeso nayku u obpazosanus Azepbationcarnckoti Pecnybnuku, Hncmumym zeono2uu u 2eogusuxu, Azepbatioscan
AZ1143, baky, npocn. I' [lasuoa, 119
2@axyremem nayk o 3emne, ammocehepe u nianemax, Maccawycemckuii mexHoNO2UHECKULL UHCIUMYM
54-918 Kembpuoowe, Maccauyceme, CLLIA, Maccayycemc agenio, 77
3Pecnybauxanckuii yenmp ceiicmopaséedxu Hayuonanwioti akademuu nayk Azepbaiiocana
Asepbaiioscan, baky Az 1001, ya. H.Pagubetinu 25

Pe3zrome. M1 nipencrasisieM GPS-HabmroneHns 32 MOHUTOPUHIOM aedopManuii 3eMHOIT KOpsl B A3epOaiipkane n Ha IpHiera-
FOIICH TEPPUTOPUH, KOTOPBIC MPOBOAWINCH ¢ 1998 rona. B oTiuune OT HaMMX MPEABLIYIIMX HCCICIOBAHHMN, 3/16Ch COOpPaHO elie
OoJblle TaHHBIX MOCTOSIHHBIX GPS-cTaHIMii U ChEMKH, YTO, COOTBETCTBEHHO, O3BOJIMIO HaM 00Jiee TOYHO ONpPENEIUTh JMHAMUKY

OCHOBHBIX TEKTOHUYECKHUX CTPYKTYD.

C 2006 roga MHCTUTYTOM re0JIOTHH U reou3nKH ObUIO CO31aHO BOCEMb MOCTOSHHBIX cTaHimid. B 2012 roay Pecnybnukanckuii
LIEHTp celcMOoIOTHUEeCKOH ciykObl HarmoHanpHOM akageMun Hayk AsepOaifpkaHa IPUCTYII K CTPOUTENBCTBY MOCTOSIHHBIX CTaH-
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it GPS, Bcero 0bui0 ycranopneno 24 craniuu. C 1998 no 2022 roa HEOAHOKPATHO MPOBOMINCH U3MEPECHUS Ha Ooyiee yem 35
ITyHKTaX HaOJFOCHUSL.

B mmpokom macmtabe nose ckopocreit GPS uetko minmoctpupyet aswxeHue Kapkasa n npuiieraromux perioHOB B CEBEPO—
CEBEPO-BOCTOYHOM HAIpPaBICHHH OTHOCUTENIbHO EBpa3uu k rory ot ['maBroro Kaskasckoro Hagsura (I'KH). 3neck BaxkHO OTMETHTH
pE3KOoe yMEHBIIEHNE CKOPOCTEH Ha IyHKTaX W3MEPEHHs M BPAILEHHE IO YaCOBOW CTPENIKE MEXAy IMyHKTaMH, PACIIOI0KEHHBIMH K
3amaay ot 3anagHo-Kacnmiickoro pasnoma (3KP) B Kypunckoii Bnagune u TamnslmickoM paiioHe, 1 ydacTkaMu K BocToky oT 3KP na
AOIIEepOoHCKOM TONMyocTpoBe. Takoe yMEHBIICHHE W pa3inyie B HampaBieHUsSX GPS-BeKTOpOB yka3blBaeT Ha BBHICOKHE CKOPOCTH
HaKOIUICHUs AedopMani — ~6 MM/TOJ K 0Ty OT AOIIEPOHCKOTrO MOIXyocTpoBa. MEI TMojlaraeM, 4TO 3HAUUTENFHOE HAKOIUICHHE
YIIPYTOH SHEPTHUH SIBJISCTCS. OXHON M3 OCHOBHBIX IPHYHMH aKTUBH3AIMU CEHCMIYECKUX COOBITHH U IPS3EBBIX BYJIKAHOB B TOM PETH-
one. Takum o6pa3om, npocTpancTBeHHOE yiuoTHeHHe GPS- HabmroneHnit HeoOX0JUMO IS JTyUIIEero pa3pereH sl JTOKaTH30BaHHbIX
nedopmanuii u, ciieioBaTeNnbHo, ceicMuueckoii onacHocTd Ha Boctounom Kaekase, B KypuHckoii BiaanHe u Ha AGmepoHe.

Knroueswie cnosa: [egpopmayus, mexmonuueckue cmpykmypul, monumopune, GPS, semnempscenue, ceticmuyeckas onacHocms

AZIORBAYCAN VO QONSU ORAZILORDO GPS VASITOSILO YER QABIGI DEFORMASIYALARININ
25 ILLIK (1998-2022) MONIiTORINQININ NOTiCOLORIi

Qoadirov F.!, Yetirmisli Q.3, Soforov R.!, Mommadov S.!,
Kazimov L3, Floyd M.2, Reylinger R.2, Kinq R.2
!Azorbaycan Respublikasinin Elm va Tohsil Nazirliyi, Geologiya va Geofizika Institutu, Azorbaycan
AZ1143, Baki, H.Cavid prosp., 119
Yer, atmosfer va planetlor elmlaori fakiiltosi, Massagusets Texnologiya Institutu
54-918, ABS, Massacusets, Kembric, Massagusets Avenyu, 77
3Azarbaycan Milli Elmlor Akademiyasinin Seysmik Kosfiyyat Morkazi
AZ1001, Baki, N.Rofibayli kiic., 25

Xiilasa. 1998-ci ilden Azarbaycanda va ona bitisik arazilords aparilan yer qabigi deformasiyalarinin GPS monitoring naticalari
toqdim edilmisdir. Ovvalki tadqiqat islorindon forqli olaraq, burada daha c¢ox fasilasiz igsloyan GPS stansiyalar1 vo 6l¢li montogo
moalumatlart comlonmisdirki, bu da regionun asas tektonik strukturlarinin dinamikasini daha doqiq miisyyan etmays imkanvermisdir.

2006-c1 ildon baslayaraq, Geologiya vo Geofizika Institutu torofindon sokkiz fasilosiz isloyon stansiya qurulmusdur. 2012-
ciildonisa Azorbaycan Milli Elmlor Akademiyasi nozrindo Respublika Seysmoloji Xidmot Markozi torafindon GPS stansiyalarinin
qurulmasina baglanmis vo burada timumilikds 24 stansiya yaradilmigdir. 1998-ciildon 2022-ciils gador 35-don ¢ox 6l¢li mantagasinda
dofolorlo miigahidolor aparilmigdir.

Boyiik miqyasda, GPS siirat sahasi Dsas Qafqaz Ustogolmo Qirilmasindan (MCT) conubda olmaqgla Qafgaz vo ona bitisik
rayonlarin Avrasiyaya nazoron simal-simal-sorq istiqgamotindo harokotini aydin sokildo tosvir edir. Burada geyd edilmoli mithiim
maqam Kiir ¢okakliyi va Talig bolgasinde Qorbi Xozor qirtlmasindan (QXQ) gerbds yerloson montagalorle QXQ-nin sarqinda
Abseron yarimadasinda yerlogon mantagolar arasinda siiratlarin kaskin azalmasi va saat aqrabi istiqgamatinds firlanmadir. GPS vektor
istiqamatlorindoki bu azalma vo forq Abseron yarimadasinin conubunda ~6 mm/il olmaqla deformasiyalarin yiiksok siirotlo
toplanmasini gostorir. Belo hesab edirik ki, elastik enerjinin shomiyyastli deracads toplanmasi bu regionda seysmik hadisslorin vo
pal¢iq vulkanlarinin aktivlegmasinin saboblorindondir. Belslikls, Sorqi Qafqazda, Kiir ¢okokliyindo vo Abseron srazisinds toplanmis
deformasiyani vo noticado seysmik tohliikkoni daha dolgun qiymotlondirmok magsodilo GPS miisahide mentagslorinin sixliginin
artirilmasina ehtiyac vardir.

Agar sozlar: Deformasiya, tektonik strukturlar, monitoring, GPS, zalzala, seysmik tahliika
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