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ASSESSMENT OF SEISMIC HAZARD IN THE TERRITORY OF
“TAKHTAKORPU” RESERVOIR OF AZERBAIJAN

G.J. Yetirmishlit, T.Y. Mammadli*, R.B. Muradov!, T.I. Jaferov*

Takhtakorpu reservoir and the relevant dam complex’s territories are located in the Darachay
valley (Takhtakorpu), 3.5 km south-west of Shabran. The area of the dam and reservoir is
characterized by smooth heights that are not too high, numerous ravines, complicated hills and
sloping plains. The absolute height of the surface is within 60-2500 m, here. There is Gaynarcha
mud volcano with an absolute height of 180 m in the abyssal mountain shore of Takhtakorpu river,
2 km from the dam. The volcano is located on the northern wing of the anticline with the same
name.

The tectonic elements of the northern part of the large Tangin-Beshbarmag anticline are
observed in the areal.5-2.0 km south of the Takhtakorpu reservoir.

The territory of the dam is within the north-eastern wing of the Gaynarcha anticline of the
Gusar-Davachi synclinorium. Gaynarcha anticline extends from north-west to south-east being 7
km width and 70-80 km length. The east extremity of the anticlinal folded have been exposed to
fault within the research area. The formation of the Gaynarcha mud volcano that is located 2 km
south-west of dam axis on the right bank of the Takhtakorpu river is associated with this fault.

The fault cannot harm the durability of the dam because the fault direction of the folding is
consistent with its way that means the fault is directed parallel at a great distance to the dam.

The Takhtakorpu reservoir is located in the north-eastern extremity of the Greater Caucasus
and this area isn’t seismically characterized by high activity. However, regularly occurrence of
relatively weak seismic shocks are observed here.

Directly, strong and destructive earthquakes have not been recorded in the research area till
now (Fig. 1). The strongest earthquakes occurred mainly in the north, west and south from the
Shabran region (Takhtakorpu reservoir) [1,2,3]. These earthquakes that are quite strong were felt at
high intensity certainly in the territory of Shabran district.

Il - The Takhtakorpu reservoir

Figure 1. Map of the strong earthquakes epicenters in the north-east of Azerbaijan during of 427-2018 years.

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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An analysis of the isoside schemes of the strongest earthquakes in Azerbaijan shows that an
earthquake with an intensity of 6 points on the MSK-64 scale has not been recorded in the
Takhtakorpu reservoir area of Shabran district until now. Seismic vibrations with this intensity is
mainly result of the earthquakes occurred in Shamakhi region. It should be noted that, only the
strong earthquake occurred in 1963 in the Caspian Sea was felt by the 7 point intensity in the
narrow territory along the coast of Shabran.

At first glance in Figure 1, the research area presents an asymmetric zone. But it is not so.

Epicenter map of earthquakes with M>3,0 recorded in Azerbaijan and adjacent territories
during 1980-2018 [3]years indicates that there are small but weak seismic shocks in the research
area (Fig.2). Note that, recording of the large number of weak seismic shocks in Azerbaijan is
associated with the operation of digital seismic stations with very wide frequency-dinamic range in
Azerbaijan mainly since 2003, produced by the US , “Kinemetrics” company.

A — Seismic stations
Figure 2. Earthquakes with mI>3 recorded in Azerbaijan and adjacent territories during the period 1980-2018 years.

As mentioned above, earthquakes maximum with magnitude intensity 6 on the scale MSK-64
has been recorded in the territory of Shabran district till now. Seismic vibrations with this intensity
are mainly result of the earthquakes in Shamakhi region. Just the strong (M=6.2) earthquake [4]
occurred in the Caspian Sea in 1963 year had been felt at the 7-point intensity in the narrow area
along the seashore of the Shabran district.

However, the result obtained by these observations doesn’t mean that the earthquakes with the
more intensity will not occur in the Shabran region in the future. To determine the spatial position
of potential source zones in the territory of Azerbaijan, abundance (both lateral and vertical) of the
strong and weak earthquakes on the point of this area and relation of the large depth faults with the
zones of the tense concentration of the seismic shocks have been investigated [5,6].

It is clear from research that, strong earthquakes occur not everywhere but in the areas where weak
earthquakes are concentrated. Based on this factor, T. Mammadli developed a method for
identifying source zones of strong earthquakes based on weak earthquake concentrations [5,6]. This
method, unlike the methods used so far in seismoactive areas, allows for the detection of potential
seismic hazards in seismoactive areas before any fault zone and seismic data of strong
earthquakes,in advance, without pre-adapting to any fault zone and seismostatistic data of strong
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earthquakes. The application of the method revealed that there are numerous and various sizes of
active fault zones (or potential source zones) in the territory of Azerbaijan (Fig.5).

The spatial position of these fault zones shows that the seismic area of Azerbaijan Republic
has a mosaic structure.
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Figure 3. Scheme of seismic and strong earthquake zones of the Azerbaijan Republic

Conventional signs:
. — epicenter of earthquake; A — Seismic stations;

- active fault or potential source zones;

In order to identify the characteristics of the earthquakes distribution on depth, the seismic
sections on 11-11 profiles with the south-west and north-east directions and I-1 profiles with the west-
east directions have been compiled in the research area (Fig.5 and 6)

Figure 4. Location map of profiles I-1 and 11-11
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Figure.5. Seismological transects by profiles

As can be seen seismic transects, seismic shocks are densely concentrated mainly in the west
and south-west part which corresponds to the Shamakhi-Ismayilli zone of transects. Although these
hypocenters are from 3km to 20-25 km depth but the depth of some shocks is 40-45 km. Strong
earthquakes(M>5,0) occur in the depth (10-15 km) near the surface of the crystalline foundation
here, as in other parts of the Greater Caucasus. Note that, the number of weak seismic shocks is low
in 40km depth in these parts even though it is observed that they tend to occur frequently. The
strong (M = 5.3) earthquake (M=5.3) had been occurred on October 7, 2012 in Ismayilli, at this
depth. Interestingly, the strong earthquake (M = 5.8) occurred on February 10, 2014 in Hajigabul at
the same depth. For this reason, it is considered expedient that investigate more extensively the
manifestation features of seismicity at such depth in these areas in future.

Although the number of seismic shocks decreasing gradually to the east and north-east by
section, it is observed that they tend to occur frequently at the 10-15 km and 40-45 km depth in
separate parts of the area.

As you can see from Fig.4, active faults with Caucasian direction that is larger than the
surrounding source zones and anti-Caucasian direction or potential source zones is different from
others. The maximum magnitude (Mmax) of probable earthquakes in these source zones have been
determined in [6] and they are Mmax = 7.4 and Myax = 6.7, respectively. near the research area active

It is possible to determine the macroseismic effect created by the probable strong earthquakes
in these source zones on the surface using the assessments of coefficients of macroseismic field
equation [8] that assigned by F.T.Guliyev for this region and macroseismic field equation that
assigned by N.V.Shebalin [7].
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The conducted calculations show that, if maximum magnitude earthquakes occur in the

above-mentioned potential source zones, seismic hazards with an intensity of 8-9 points on the
MSK-64 scale may occur in the “Takhtakorpu” reservoir area where the research is being
conducted.

1.

N

Conclusion

The Takhtakorpu reservoir area is not seismically characterized by high activity. No
earthquake with a magnitude greater than 6 on the MSK-64 scale has been recorded so far
,here. The seismic vibrations with this intensity are mainly spread by earthquakes in
Shamakhi region.

Researches show that, there are two sufficiently large-sized active faults (or potential source
zones ) in the area near the reservoir. According to calculations, the probable earthquakes
with maximum magnitude in the such source zones can create seismic hazard with 8-9 point
intensity on the MSK-64 scale in the territory of Takhtakorpu reservoir.
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ANOMALOUS CHANGES OF MAGNETIC FIELD BEFORE
THE ZAGATALA EARTHQUAKE ON 05.06.2018

A.G.Rzayev', L.A. Ibrahimova®, N.B. Khanbabayev', M.K. Mammadova®, V.R. Huseynova®

Introduction: Researchers know that the strong earthquakes in seismoactive areas are
frequently accompanied by geomagnetic effect. Magnetometric investigations allow in many cases
can help to clarify boundaries of geological structures (Rzayev, 2006; Yetirmishli et al. ,2013).

The accumulation of stress-strain energy at the different depths of the Earth is related to local,
ilonosperic and cosmogenic factors (Finkelstein et al., 2012). Mechanical, physico-chemical and the
other features of the environment of the earthquake sources in the area of the north and southern
slopes of the Greater Caucasus, Kura Depression and Lesser Caucasus where anomalous stress-
strain energy is accumulated, changes with characteristic features. Effects of the such active
processes on the surface are studied in the seismoactive regions of the world as the earthquake
warning factors and geophysical areas: gravitational, electrical, magnetic and geochemical
anomalous changes. [1,2,3]

The first information about earthquakes in the north-western region of Azerbaijan in the
Greater Caucasus dates to 1850 year. Strong earthquake in the region occurred in 1936 and 1948
years (m I>5) ( Aghamirzoyev, 1987). In the recent years, the earthquake with magnitude of 7 is
occurred on 07.05.2012 in the Zagatala-Balakan zone (ml = 5,6 h=9 km ¢ = 41,50°N, A = 46,58°N)
and in the Zagatala area in 2018 year.

The earthquake with 10 km depth and magnitude of 5.5 had been occurred in the Zagatala
region on 05.06.2018. In the article, the mechanism of the earthquake source is mentioned as a main
factor in the occurrence of the seismic events as a warning element of anomalous seismic effects.
According to the results of observations of the geomagnetic regime, there is detailed information for
the interpretation and analysis of the characteristic gradient and increasing of the geomagnetic field
tension , during the preparation of seismic event at the Shamakhi-Sheki-Balakan geodynamic
polygon.

It can be noted that the coverage of the Zagatala earthquake area is in the southern sunset of
the Greater Caucasus mega anticlinorium from a geological perspective (Pleistocene zone).

This can be evaluated as Zagatala tension zone. This zone is surrounded by the west of
Gasakh-Signakh fault and to the east by the Ganjachay-Alazan fault (Shikhalibeyli et al. 1978).

The area in the magnetic field is recorded to as the Shamkhor-Zagatala transverse magnetic
anomaly. Within this anomaly, two large significant positive magnetic anomalies are distinquished:
Alazan and Gutan (Metaxas, 1979).

These large-scale anomalies are located in the intersection zone of the lengthwise Caucasus
and transverse tectonic structure. These anomalies are considered as the elements of the
Anticaucasus megazone. The Alazan and Gutan anomalies are characterized by strong magnetic
field gradient, which is indicated in the south and north directions. Such zones can be considered as
normal fault characteristic areas.

The depth of the upper layer of the excited magnetic mass of the Guton magnetic anomaly is 2
km, and for the Alazan magnetic anomaly is 4 km (Meraxas, 1979). Thus, these anomalies
belonging to the Alpine basis area are of the highest level and this area is considered as a high risk
area.

It should be noted that, the rise of the foundation up to Alpine in the transverse Shamkhor-
Zagatala sructure and being closer of thrust to the surface are the basis of seismic events in this
area. The seismicity of this area that is characteristic of normal fault depend on the being the
lengthwise blocks up to Alpine with the south-north direction and the effect of transverse

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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movements. There are also seismogenic slip-strike structure elements in parallel with the normal
fault in the foundation up to Alpine exposed benching grounding directed to the east from the
Ganja-Alazan transverse fault. Thus, it is thought that, the earthquake occurred in Zagatala city to
have a direct relationship with the presence of transverse and cross-section faults in the movements
of Earth’s crust along with the formation of a geodynamic regime. In addition to above mentioned,
the main cause of earthquakes in this area is presence of the Gazakh-Signakh and Ganja-Alazan
right-sided faults.

The purpose of the research: coordinates of the Zagatala earthquake occurred on 05.06.2018
was ¢ = 41.50°N, A = 46.67 °E, magnitude was ml = 5.5 and the depth of the source was h = 10 km.

The coordinates of this earthquake are partly consistent with the earthquake coordinates
occurred in 2012 year (¢ = 41.56°N, A = 46.63 °E; ml = 5.7; h = 12 km) - (Rzayev, Metaxas, 2012).

It is advisable to provide detailed information about the earthquake with the magnitude of 5.5
in the city of Zagatala. Changes in seismomagnetic effects in Sheki city and Ismayilli city points
have been continously monitored a month before the seismic event, in the time of the event and a
month after the event .Geomagnetic observatons at both these sites were observed at the
background level month ago.

Abnormal changes caused by strong earthquakes occurred in the Shamakhi-Sheki-Zagatala-
Balakan zones, estimated by high seismic risk and geodynamic activity are recorded by modern
geophysical devices installed on the seismic stations data are transmitted to RSSC. The data is
operatively analyzed and the change graphs depending on the time of seismomagnetic effect are
created. Changes of the seismomagnetic effect have been remarkable before and after the strong
Zagatala earthquake.
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Figure 5. Mechanism of the Zagatala earthquake (mI=5.5) on June 5, 2018 year (with the extension character)
(compiled by S.E.Kazimova)

This indication proves that the geodynamic regime of the seismogenic zone of Zagatala
didn’t changed which was determined by the movements of blocks on the Earth’s crust in relation
to the cross-section and transverse faults. The mechanism of the earthquake occurred on 05.06.2018
Is estimated as a left-sided normal fault component. It is supposed that it is mainly formed by the
right-sided movements of the Gazakh-Signakh and Ganjachay-Alazan zones (Rzayev and Metaxas,
2012).

Geomagnetic observations have been formed due to increments 10 days before the event and
have been increased to a maximum value of 20+30 nT. This process continued 10 days after the
gedoynamic event.

As can be seen from the compiled curve, the seismomagnetic effect have been observed with
the chaotic oscillations of 20+25 nT and it have been continued with increases. In both sites, the
changes of seismomagnetic effects have been occurred during the earthquake (Fig.2).
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Figure 2. Manifestation of seismic effect of the Zagatala earthquake occurred in 2018 year.

The spatial-time increase in the geomagnetic field tension have been analyzed and allowed us
to assess the regularity of dependence on seismic activity.

As can be seen from the created map, seismomagnetic effect is quite in the Gabala —Ismayilli
geodynamic polygon, whereas the geodynamic field tension in the Balakan-Sheki is more active.
The maps complement one another.

In the map created in 3D format, the increases are remarkable in the effect due to geodynamic
field in the Balakan-Sheki polygon.

In the map created in 2D format, it is specifically mentioned that the complexity of the 50-100
nT values by closing of isometric line of the geomagnetic effect observed by seismic activity in the
Qabala-I1smayilli zones (Fig. 3)
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Figure 3A. Tension-deformation condition of geological environment based on the magnetic data
observed in the Sheki-Shamakhi polygon (in 3D format, June 2018).
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Figure 3B. Tension-deformation condition of geological environment based on the magnetic data
observed in the Sheki-Shamakhi polygon (in 2D format, June 2018).

Conclusion

Analysis of the source mechanism and the module of the full vector of T temporal variations,
spatial-time variations of geomagnetic field tension gradient, the dynamics of the tension-
deformation conditions generated in the Shamakhi-Sheki-Balakan polygon have been clarified. It
was accepted as a warning factor of the seismoanomal geomagnetic effects revealed before the
Zagatala earthquake with ml = 5.5 occurred on 05.06.2018.
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1D VELOCITY MODEL BY LOCAL EARTHQUAKE DATA
S.E. Kazimova®, Sh.N. Khadiji', S.E. Gummatli*

Introduction

In this study, one-dimensional (1-D) P- and S-wave velocity structures of upper crust in the
Azerbaijan region and precise hypocentre locations are recorded by the Republican Seismic Survey
Centre’s stations, during the period 2003 — 2018. We performed an analysis to find the best P-wave
one-dimensional velocity model for the crystal structure of the study area, using the VELEST
algorithm. We used 5423 P- and 4478 S-arrival times of 2650 events recorded at 30 stations. We
found eleven distinct layers within the upper 60 km of the crust. We studied the area from
seismological and geological point of view and we analyzed the influence of the velocity model on
the earthquake locations. We analyzed the instrumental seismicity of the Middle Kura Depression
region recorded by the Republican Seismic Survey Centre’s stations, during the period 2003 —
2009[9]. We used standard seismological methods to compute the Vp/Vs ratio, one-dimensional
velocity model, and station corrections for earthquake relocations.

Earthquake location can be improved using a reference 1D model close to the true earth
model and station corrections that mitigate the effects of the structure close to the receiver and
deviations from the simple, homogeneous model. Kissling proposed that the natural solution to this
problem is the least square solution. They called this solution the minimum 1D model. Following
this approach, we first established the starting 1D models using the available information on the
crystal structure. Starting velocity values were selected considering available data and the results of
Gasanov A.(1989)[1]. We used four layers each for the crust and the uppermost mantle for a total
of eight layers.

COUPLED HYPOCENTER VELOCITY MODEL PROBLEM

The travel time of a seismic wave is a non-linear function of both hypocentral parameters and
seismic velocities sampled along the ray path between station and hypocenter. This dependency of
hypocentral parameters and seismic velocities is called the coupled hypocenter-velocity model
problem (Crosson 1976, Kissling 1988, Thurber 1992)[4, 9]. It can be linearized and in matrix
notation is written as (Kissling et al. 1994):

t=Hh+Mm +e = Ad +e¢,

t vector of travel time residuals (differences between observed and calculated travel time); H
matrix of partial derivatives of travel time with respect to hypocentral parameters; h vector of
hypocentral parameter adjustments; M matrix of partial derivatives of travel times with respect to
model parameters; m vector of velocity parameter adjustments; e vector of travel time errors,
including contributions from errors in measuring the observed travel times, errors in the calculated
travel times due to errors in station coordinates, use of the wrong velocity model and hypocentral
parameters, and errors caused by the linear approximation; A matrix of all partial derivatives; d
vector of hypocentral and model parameter adjustments.

In standard earthquake location algorithms the velocity parameters are kept fixed to a priori
values - that are assumed to be correct - and the observed travel times are minimized by perturbing
hypocentral parameters. Neglecting the coupling between hypocentral and velocity parameters
during the location process, however, can introduce systematic errors in the hypocenter location.
Furthermore, error estimates strongly depend on the assumed a priori velocity structure. Precise
hypocenter locations and error estimates, therefore, demand the simultaneous solution of both
velocity and hypocentral parameters. The optimal 1D model will be achieved by simultaneously
inverting for hypocenter and velocity parameters [10]. The minimum 1D velocity model obtained

1 Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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by this trial-and-error process represents the velocity model that most closely reflects the priori
information obtained by other studies, e.g. refraction studies, and that leads to a minimum average
of RMS values for all earthquakes.

BUILDING A 1D VELOCITY MODEL: DATA SELECTION AND INITIAL MODEL

We performed an analysis to find the best P-wave one-dimensional velocity model for the
crystal structure of the study area, using the VELEST algorithm [9]. This approach incorporates
iterative simultaneous inversion of hypocenters and 1-D velocity model.

The calculation of a minimum 1D model requires a set of well constrained events.
Uncertainties in hypocenter locations will introduce instabilities in the inversion process, because of
the hypocenter-velocity coupling. The largest azimuthal gap of observations (GAP) and the
minimum number of observations per event are very good criteria to reliable and robust earthquake
locations [5-8]. This reduces the data set used for the P-wave inversion to a total number of 2650
events.

After 9 iterations, we obtained a variance improvement of about 86%, and a final RMS of 4.2
s. The computed P and S-wave 1D-velocity model is shown in Fig.1 with red lines.

v](knvs) vs (kmy's)

Figure 1. Final 1D velocity models after 9 iterations by Velest program

S-wave phases add important additional constraints on hypocenter locations because partial
derivatives of S-wave traveltimes are always larger than those of P waves by a factor equivalent to
VP/VS and they act as an important constraint within an epicentral distance of 1.4 focal depths. The
use of S waves will in general result in a more accurate hypocentre location, especially regarding
focal depth. On the other hand, a large S arrival time errors at a station close to the epicentre can
result in a stable solution with a small RMS, but is actually significantly mislocated even for cases
with excellent azimuthal station coverage.

A schematic 1D model used to approximate the unknown velocity structure for earthquake
location and used as the reference model for 3-D tomographic inversions is shown in Fig.2.
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Figure 2. Final schematic 1D velocity model

Discussion

Figures- 3 and- 4 show the final and preliminary locations respectively of 2650 events.
Average differences between final and preliminary locations in latitude, longitude, depth and origin
time are £5-10 km, £5-10 km, 6-11 km and 2 + 4 s, respectively. The shifting of the hypocentres
systematically in one direction, for example focal depth, is a good test for the robustness of a
minimum 1-D model. The systematic shift is on the order of +5-10 km in longitude. This eastward
shift is likely due the N-S linear array orientation of the RSSC network. The depth values of final
locations indicate that the majority of events occur between 5 and 10 km for the region, while
preliminary locations have both more shallow and also deeper events.

Figure 3. Difference in latitude and longitude between the first location(a) and Velest relocation(b)

After shifting all events to a greater depth by 10 km, two inversions were performed, one with
slightly damped and one with strongly overdamped velocities, the results of which are shown in
Fig.5, respectively. Since we have solved a coupled hypocentre-velocity problem, the initial bias in
the hypocentres may be compensated by adjusting the velocities, or by relocating the events to their
original position, or by a combination of these methods.
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dtfsek)

-3.00

Figure 4. Difference in origin time between the first location(a) and Velest relocation(b)

We note a consistent decrease of RMS values for the relocated earthquakes. Moreover,
residuals at the stations within 180 km of the epicenter are greatly reduced. Although hypocentral
errors are for some cases larger with the new model, we are satisfied with the relocations, because
of the reduction of RMS and the fit of P-wave arrivals at close distance from the epicenter.

Conclusions

This paper has focused on the simultaneous determination of the 1-d P- and S-wave velocity
models in the Middle Kura depression, Central Azerbaijan, using the travel time inversion
algorithm Velest. We have created a more accurate and stable 1-d P- and S-wave velocity models
which give rise to new locations of aftershocks with minimum errors in RMS values and station
corrections for the P- and S-wave arrival times. It is found that the P-wave velocities are quite low
(<10 km/s) for the 12 km thick unconsolidated sediments of the Middle Kura depression. The P-
wave velocity at a depth of 12 km increases to nearly twice that of the upper sedimentary layer.
This result is consistent with the P-wave velocity model obtained by the results of 3-d seismic
tomography given by Gasanov A.G. (1989). The P-wave velocity value reaches to 6.3 km/s from 10
to 25 km depth with an increasing gradient a thick layer was defined with a P-wave velocity of 7.2
km/s at depth range of 25-45 km [2].

After several tests and trial solutions, 1-D S-wave velocitiy model was obtained for the
optimum values of VP/VS ratio. Although, the VP/VS ratio is very low at shallow depths (<10 km),
it gradually decreases in the layers deeper than 10 km. The sudden increase of the VP/VS ratio at 2
km depth is consistent with a high P-wave velocity at that depth.

Several tests on the stability of final velocity model prove that the final 1-D P- and S-wave
velocity models found in this study represent the most acceptable model for future relocation
processes in the area. Graphical patterns of RMS residuals, depth, latitude, longitude and depth
using the new crustal velocity model confirmed that the event locations have been improved.
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ASSESSMENT OF MODERN GEODYNAMICS OF AZERBAIJAN
BY GPS MEASUREMENT DATA

G.J.Yetirmishli*, I.E. Kazimov!, A.F.Kazimova®

Introduction

From the standpoint of plate tectonics, the existence of any lithospheric plate gives rise to
certain geological processes at its borders. The nature of these processes, first of all, depends on the
type of interaction with neighboring plates, in other words, on the type of interplate boundary. In
turn, the type of interaction between the plates is determined by the directions and velocities of their
movements, that is, their kinematics. Over time, the kinematics of lithospheric plates were
determined using paleomagnetic, paleoclimatic, geological, geomorphological, seismological
research methods that record the effects of plate interactions and their movements. Over the past
decades, space geodesy methods have been actively developed, which make it possible to determine
the location of objects on the Earth's surface with high accuracy. Changes in the position of such
objects in time tell us about their kinematic characteristics. GPS satellite positioning system, at the
moment, is the most developed among such systems. It has the necessary resolution for the
guantitative assessment of a wide range of geological processes and, including, to identify the
processes themselves. The use of satellite geodesy methods made it possible for a new approach to
determine the motion parameters of lithospheric plates. Based on the results of GPS measurements,
employees of the Massachusetts Institute of Technology built new models of instant kinematics of
Mediterranean and Caucasian region plates (Fig. 1 a, b).

Figure la. Simplified topographic/bathymetric (SRTM30 PLUS; http://topex.ucsd.edu/WWW_html/
srtm30_plus.html) and tectonic map of the study area, including the zone of interaction of the Nubian,
Somalian, Arabian, and Eurasian plates. Abbreviations are North Anatolian fault (NAF), East Anatolian fault
(EAF), Dead Sea fault (DSF), Mosha fault (MF), Pembak-Sevan-Sunik fault (PSSF), Tabriz fault (TF),
Chalderan fault (CF), Gulf of Corinth (Cor), Peloponnesus (Pe), Aegean (Aeg), Lesser Caucasus (LC),
Cyprus trench (Cyp), Karliova Triple junction (KT), Sinai (Sin), Caspian Sea (Cas), Main Caucasus Thrust
(MCT), East African rift (EAR), Kopet Dag (Kop), Apsheron Peninsula (AP), Alborz Mountains (Al).[7]
Figure 1b. Map showing decimated GPS velocities relative to Eurasia determined in this study. For clarity,
we plot 1s velocity uncertainties (see Table S1 for a complete tabulation of the velocities determined in
this study). [7]

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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As you know, Azerbaijan is part of the Alpine-Himalayan mountain belt, formed in the
Cenozoic on the southern edge of the East European platform as a result of a collision between the
Eurasian and Arabian plates, which over the past five million years has experienced a rapid rise.
The advance of the Arabian (also called Arab) plate to the north is partially offset by the
displacement of the Anatolian block to the west. The tectonics of this vast region are mainly
determined by the collision of the Arabian and African plates with the Eurasian plate. Models based
on the global analysis of data on the movement of various plates show that, relative to the Eurasian
plate, the Arabian plate moves in the north-north-west direction at a speed of about 18-25 mm / year
(averaged over the past 3 million years). The African plate moves north with a lower speed of 10
mm / year, which causes a left-side shift along the zone of the Dead Sea faults. The advancement of
the Arabian Plate to the north is also responsible for the formation of the Zagros mountain structure,
the formation of the high plateaus of Eastern Turkey and the growth of the mountain structures of
the Lesser and Greater Caucasus [3, 7].

The aim of our research was to calculate the velocities of modern horizontal displacements of
individual tectonic blocks throughout the republic and to analyze their influence on strong
earthquakes that occurred in 2017 and 2018.

Methods of studying horizontal modern movements of the surface of the Earth's crust

The study of modern movements and deformations occurring in the massif requires the
monitoring mode of high-precision geodetic measurements of the displacements of the benchmarks
of specially equipped observation stations - geodynamic ranges [1].

In the past few years, in our Center (RSSC), along with traditional geodetic observations,
methods of satellite geodesy have been used. The combination of traditional ground-based and
satellite measurements allows us to quite successfully solve the tasks. Due to its high performance,
satellite technologies made it possible to obtain information on deformations of the Earth's surface
at bases from a few meters to several tens of kilometers with high frequency, which was difficult
using traditional measurement methods and, very important, to ensure the safety and efficiency of
mining. To carry out satellite geodetic measurements, 24 GPS-receivers of the geodetic class from
Trimble were used [2,4].

Thus, in the study of geodynamic processes using GPS technologies, two spatio-temporal
modes are mainly used for a one-time redefinition of the initial coordinates of points of geodetic
networks, and displacements of the reference values of deformations [5].

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 fundamental
knowledge about the nature of the natural deformation processes that occur in the upper part of the
Earth's crust and the effect on the formation of a stress state.

Azerbaijan's geodynamics assessment based on GPS measurements for 2017-2018 years

In recent years, Azerbaijan has been characterized by active seismic activity, in which the
accumulated tension in the collision zone is released. In general, the seismic activity of the territory
of the republic in 2017 varies in the range of 0.2-0.6. As in previous years, the maximum values
were noted in the Gabala, Shabran and Shamakhi-Ismayilli districts (A = 1.0-2.0). However, it
should be noted that the seismic activity of the Kura Depression in the Saatli and Agdam regions
has increased. On May 11 at 07:24:19 in the Saatli region there was an earthquake with a magnitude
of 5.3 and felt up to 4-3 points. On November 15, local time, 23:48:02 in the region of Agdam, an
earthquake occurred with ml = 5.7 felt up to 6 points. The area of constant released tension, where
in the absence of strong earthquakes many weak ones occur - the Talysh region, as in previous
years, is characterized by maximum seismic activity (A = 1.6-2.0) [8].

In 2018, 16 tangible earthquakes with Ml = 3.2-5.5 occurred in the study area. Two
significant earthquakes with MI> 5.0 were recorded, which were felt at the epicenter with intensities
of 5 and 6 points. Increased seismicity was observed in the Talysh mountain region, where there
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were 6 tangible earthquakes with Ml = 3.4 - 5.0, which were felt at the epicenter with an intensity of
3to 5.5 points.

Based on said above, we analyzed the data of GPS stations for 2017-2018 years. The velocity
estimates are based on the analysis of the time series of GPS station coordinates calculated from the
primary data, which are sets of phase and code measurements at two frequencies lasting 24 hours
with a recording interval of 15 s.

Thus, horizontal speed maps were constructed according to the data of the geodetic network
of GPS stations in Azerbaijan for 2017 and 2018 years. (Fig. 2,3). As the analysis of the velocity
distribution shows, the average values of the velocities of horizontal displacements of points to the
north and east are not constant, and the processes of shortening the surface of the Earth's crust in the
study region are also not constant. In addition, strong tangible earthquakes that occurred during
these periods were plotted on the map. As can be seen in the Figure 2, the maximum values of the
horizontal movements of individual blocks are characterized by increased seismic activity.

Detected increase in velocity in 2017-2018 years at Lerik, Lankaran, Jalilabad, Agdam and
Saatli stations (Fig. 4), compared with other years, is the most significant feature of the velocity
field in the study region. On the comparative velocity chart between 2017 and 2018 years (Fig. 4) a
direct proportional dependence is observed. In addition, over the course of these two years, the
speed value at Gusar station has noticeably decreased.

In conclusion, it should be noted that the use of modern methods of traditional and satellite
geodesy for observing the process of movement of the Earth's surface allows us to conduct research
at a qualitatively higher level. The results of the studies, as well as the GPS measurement data, can
be used to determine the kinematics of lithospheric plates, identify and clarify their boundaries, in
the zone of influence of which are located sources of strongest earthquakes, to highlight the main
fault systems and the most seismically dangerous zones, to track the progress of the change of
stress-strain state of the environment and the accumulation of elastic deformations in the zones of
such faults.
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Figure 2. Velocities of horizontal movements of the Earth's crust surface according to the data
of the geodetic network of GPS stations in Azerbaijan in 2017
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Figure 3. Velocities of horizontal movements of the Earth's crust surface according to the data

of the geodetic network of GPS stations of Azerbaijan for 2018
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FOCAL PARAMETERS OF THE OGUZ EARTHQUAKE
SEPTEMBER 4, 2015 with ml = 5.9

S.E. Kazimova?, S.S. Ismayilova.t

Studying the conditions for the formation of the earthquake source is of great importance for
understanding the essence of seismic phenomena and developing methods for predicting seismic
hazard. In this case, the main parameters of the study are seismic waves. At the present stage, a
dense network of highly sensitive digital seismic stations, which allows recording all seismic events
with a magnitude of mI> 0.1 within Azerbaijan, as well as extensive factual materials obtained from
this network, have made it possible to develop many new methodological issues and outline new
ways of predicting earthquakes. The purpose of this article was to determine the dynamic
parameters of the source of a strong Oguz earthquake, as well as the solution of its mechanism.

On September 4, 2015, an earthquake with an observed intensity at the epicenter of Io = 7
points and lp = 7-3 points in nearby areas occurred near Oguz district. In accordance with the map
of epicenters of seismic events for 1900-2003 in the region of the earthquake that occurred, a
number of strong earthquakes were noted, with intensity at the epicenter of 6 or more points (Fig.1).
The most significant of them are the earthquakes of 1953, 1968 with lo = 6-7 points, 1980, 1986,
1991 with lo = 5-6 points, March 5, 2000 lp = 5 points. The last tangible seismic event in this area
was an earthquake on June 1, 2003 with lo = 6 points in the epicenter and 3-4 points in the regions
of Mingachevir and Kurdamir (table 1) [1, 2].

X N

Zagatala

Gusar

Guba

Sheki Khinalig
@ A

L‘ Oghuz 41

/-4111 . :
\ . Gabala

ML \"\ A. 4

. 45-49 : 5 Ismailli

‘ 5052 | Mingachevir
47 ® 48

Figure 1. Map of the epicenters of strong earthquakes in the study area for the period 1900-2003.

1 Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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Table 1. Strong earthquakes in Oguz and surrounding areas with an intensity
at the epicenter of 5 or more points [1]
Date Time Coordinates Depth
northern eastern MI lo
year month day hour min sec latitude longitude km points
degrees degrees
1953 9 2 00 36 01 41.10 47.40 5 5.1 7
1953 9 16 11 15 29 41.20 47.40 28 5.0 6
1968 5 11 11 29 40 41.00 47.60 15 4.7 6
1980 4 1 07 33 41 40.70 47.80 20 4.7 6
1986 6 02 15 16 13 40.97 47.77 22 4.6 5
1991 10 21 11 58 23 40.92 47.34 16 4.5 5
2003 06 01 06 09 42 41.05 47.27 22 5.0 6

Instrumental data

Seismic vibrations from the September 4, 2015 earthquake were recorded by 18 world
agencies and nearly 400 seismic stations in a wide azimuthal environment at distances from 300 to
13,407 km from the epicenter. The main parameters of the earthquake obtained by the Republican
Seismic Survey Center of Azerbaijan are represented in Table 1. Based on macroseismic studies, it
was revealed that the earthquake was felt most intensely in the Oguz and Sheki regions. Here, the
intensity of the earthquake according to MSK-64 scale was estimated at 7 points. The earthquake
was accompanied by more than 80 aftershocks with magnitudes from 0.5 to 4, 33 of which occurred
on the first day [3,4]. The aftershock cloud spread up to 23 km in the direction of the south-west
and 9 km in the direction of the west-east, however, the area of the main mass of the earthquake

Strike-slip

Normal fault

Reverse

Figure 2. Aftershock field of the strong Oguz earthquake on

September 4, 2015 with ml = 5.9

Faults: I - Arpa-Samur, Il - North Adzhinour, 111 - Vandam,
IV - Dashgil-Mudrese [4]

accumulation was 88 km?2. Despite
the fact that the main source is
located at a depth of 16 km in the
granite layer, the depth of aftershocks
varies between 11-34 km. As seen in
Fig.2 the -earthquake epicenter is
confined to the zone of intersection of
the longitudinal Dashgil-Mudrese and
transverse Arpa-Samur faults [5]. It
should be noted that the Arpa-Samur
deep fault of the ancient formation at
all times from the Paleozoic to the
present day is a zone of active
manifestation of tectonic movements,
a conductor of magmatic melts, ore-
bearing solutions and seismicity.
According to Shikhalibeyli E.Sh. [6]
the  Arpa-Samur trans-Caucasian
seismic-metal-bearing  fault  zone
combines the  Mrovdag-Zodsky,
Terter and Khachinsky deep faults.
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The solution of the source mechanism

The focal mechanism solution was obtained by the method of waveform inversion - Time-
Domain Moment Tensor INVerseCode (TDMT INVC), developed by Doug Draeger from the
University of California, Berkeley [7]. This package is used to calculate both the seismic moment
tensor and Mw. In this method, the seismic moment tensor is determined on the basis of the
inversion of the low-frequency part of the broadband 3-component waveform and then decomposed
into the scalar seismic moment Mo and the orientation parameters of the strike, slip and rake forces.
The moment magnitude Mw of interest to us is determined from the scalar seismic moment
according to Kanamori [8]:

Mw = [log 10 (Mo) - 16.1] /1.5

The main source of RSSC ANAS seismograms. There is also information about the
hypocenter and time at the source of the earthquake. Seismograms are downloaded in SEED format
and converted to SAC format (Fig. 3). Broadband seismograms are selected subject to a distance
limit (50-350 km). They should have a sufficient duration (the interval from P-waves to the initial
part of S-waves is included) and quality (sufficiently high signal-to-noise ratio, lack of clipping).
Preparation of seismograms for inversion includes: removal of the entry of the P-wave;
deconvolution (restoration of true soil displacements); determination of epicenter distance, direct
and reverse azimuths; calculation of radial and transverse components; filtering. Deconvolution
takes place in the time domain [8]. For bandpass filtering, a 4-order Butterworth filter is used. If
necessary, decimation is carried out in order to make the sampling frequency equal to 1 count per
second. That is, lead to the same time step that the influence functions have: 1 second. In addition,
the time interval that is used to solve the problem is determined.
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Figure 3. Wave recording of the Oguz earthquake in SAC format

Thus, the mechanisms of two earthquakes were constructed and analyzed: September 4, 2015
with ml = 5.9 (main shock) and October 13, 2015 with ml = 4.0. An analysis of the mechanisms of
the sources of these earthquakes showed the predominance of two types of movements. The
earthquakes that occurred in the Oguz region on September 4 at 04" 49™ and October 13 at 00" 13"
occurred under the action of tensile and compressive stresses of similar magnitude. Table 2 shows
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that the first nodal plane of the gap extends in the SE direction (153°) with a fall to the south-west at
an angle of 86-90°, the second nodal plane has a NE strike (63°) with a fall to the south-east at an
angle of 83-90°. In this case, the compressive stresses in the earthquake source were oriented in the
north-east direction (azimuth 18) and acted near horizontally (angle with the horizon 0-7), and
tensile forces were directed in the west-south-west direction (287-288) at an angle of 0-2 to the
horizon. The type of movement of these earthquakes is a shift with a left-side horizontal
component.

Table 2. Parameters of the mechanisms of the Oguz earthquake’s sources in 2016 with ml =5.9-4.0
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Figure 4. Earthquake source mechanisms, as well as block diagrams of displacement along the NP2 plane

The epicenters of the Oguz earthquakes are confined to the Arpa-Samur fault and can be
interpreted as left-side shift deformation in the zone of geodynamic influence of the left-sided Arpa-
Samur fault. Figure 4 shows the stereograms of the mechanisms of the sources of the two analyzed
earthquakes, as well as the block diagram of the displacement along the NP2 plane corresponding to
the specified fault. Figure 5 shows how aftershocks migrate north-eastward along the transverse
fault, deepening to a depth of 35 km. It should be noted that the analysis of the mechanisms of the
other two aftershocks (2015.09.04 with ml = 3.3 and 2015.09.29 with ml = 3.3) showed the fault
type of underthrusts, which is associated with the influence of the North Adzhinour strike
longitudinal fault.
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Figure 5. Three-dimensional model of the aftershock field of the Oguz earthquake on September 4, 2015 with ml =5.9
Faults: I - Arpa-Samur, Il - North-Adzhinour

It was said above that the earthquake data were recorded by 18 world agencies. A
comparative analysis of the results of solutions of the focal mechanism in different regions was
carried out. It was found that the solution of the seismic moment tensor of the centroid USGS and
GFZ is close to the solution obtained from the RSSC seismic station network (Fig. 6).

0 km 100 km 200 km

Figure 6. Focal mechanisms of Oguz earthquakes according to USGS and GFZ

Dynamic parameters.

Using the digital seismograms of the transverse waves of earthquakes, the Fourier amplitude
spectra were constructed, which made it possible to determine the maximum level of the spectrum
and the boundary upper frequency of the maximum level fo. In the calculations, the classical model
of D.Brun [9] was used. To determine the dynamic parameters of the earthquake sources, only S-
wave recordings were used at 8 digital stations: Zagatala, Khinalig, Siyazan, Sheki, Saatly, Guba,
Gusar and Pirkuli (Fig.7). To determine the parameters of the spectrum, it is approximated by two
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straight lines - a straight line parallel to the frequency axis (horizontal strike), in the low-frequency
region and an inclined straight line in the high-frequency region. The interval of epicenter distances
for the stations under consideration turned out to be A = 30-200 km.
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Figure 7. Amplitude spectra of the Oguz earthquake on September 4, 2015

The following spectral characteristics were determined: the angular frequency fo, the radius of
the circular dislocation ro, the discharged tension Ac, the source volume V, the average
displacement along the discontinuity D. Table 3 also presents the values of the moment magnitude
Mw and seismic moment Mo calculated earlier using the tensor method seismic moment based on
the inversion of the low-frequency part of the broadband 3-component waveform [7].

The values of the released tension appear to be underestimated. This is due to the fact that
the radius of a circular dislocation can vary from station to station, depending on the position
relative to the discontinuity plane and the direction of movement in the focus. This analysis
showed the possibility of estimating dynamic parameters from observations of one station in a
wide frequency range. Thus, the focal parameters of the Oguz earthquake are as follows:
angular frequency fo = 1.0 Hz, seismic moment Mo = 2.6 * 10%*, dyn - cm, circular dislocation
radius ro = 1.4 km, released tension Ac = 44 dyn/cm?, source volume V = 12 km?, average
displacement along the fault D = 1.03 * 102 m.
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Table 3. Dynamic parameters of the Oguz earthquake of September 4, 2016 with ml =5.9

Ne | Qo, cm-c? | Fo, Hz | Mo,10%, dyn-cm | My | Ro, km | Ao, dyn/cm? | D,102, m | V, km®
1 2 3 4 5 6 7 8 9
1 ZKT 1.1 2.6 55 1.25 55.81 1.23 8.2
2 XNQ 1.0 2.6 55 1.38 41.93 1.02 11.0
3 SiZz 1.0 2.6 55 1.38 41.93 1.02 11.0
4 SEK 1.2 2.6 55 1.15 72.46 1.47 6.4
5 SAT 09 2.6 55 1.53 30.57 0.83 15.0
6 QuB 0.8 2.6 55 1.72 21.47 0.65 21.4
7 QSR 0.9 2.6 55 1.53 30.57 0.83 15.0
8 PQL 1.1 2.6 55 1.25 55.81 1.23 8.2
Average value | 1.0 2.6 55 1.4 44 1.03 12

It is known that the nature of the movements recorded on the seismogram is determined both
by the medium along the seismic wave propagation path and by the source, a comprehensive
analysis of the record is required, which would allow obtaining additional information about the
earthquake source, and better understand the source mechanism [10].

An important point in the calculation of dynamic parameters is the transition from the station
spectrum to the focal spectrum. For such a transition, it is necessary to take into account the influence
of the medium (“attenuation”) and the amplification factor on the path of the seismic beam. There are
various methods for determining station corrections, which are described in works [11-13]. The
purpose of the research is the calculation of station corrections (determination of the site effect of the
station) based on the analysis of the seismic signal using the Nakamura method [14].

Calculation methodology

As is known, displacements of the earth's crust are measured in three directions: north-south
(NS), east-west (EW) and vertically (Z). Nakamura's method is to find the ratio of the spectrum of
the horizontal component (H) to the spectrum of the vertical (V). For this, it is necessary to use
measurements of the 3 components of the E, N, Z seismogram [14]. The calculation of the
component H occurs as the quadratic mean of the spectra of the E and N components, vertical V
corresponds to the spectrum of the component Z. Next, the H/ V ratio is directly calculated:

H(f)z—*w (1)
e ey HUD 2
HIV(S) = (2)

Thus, we analyzed the data of digital records of the transverse wave for the three components
HGE, HGN, HGZ of 21 stations of the main shock. In the study, the duration of the recording time
window was 60 seconds.

A linear trend is eliminated from the selected recording section and, to prevent spectrum
leakage, the signal is smoothed at the ends using a 5% cosine window. Corrections for the
measurement error of the instrument are applied to the resulting series and the spectrum is
calculated using the Fourier transform [12].

Thus, the spectral ratios were calculated and the amplification factor of 21 broadband digital
earthquake stations that occurred on September 4, 2015 in the Oguz region with a magnitude of 5.9
was found (Fig. 8, 9, 10). We divided the result into three classes: stations for which the maximum
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values of the extension factor fluctuate in the frequency range 0.2-1.0 Hz (stations "ALI", "GBS",
"GLB", "LKR", "PQL", "QBL", “QSR”, “XNQ”, “ZKT?”,), stations for which the maximum values of
the extension factor fluctuate in the frequency range 1.0-4.0 Hz (stations “ATG”, “HYR”, “IML”
“MNG”, “QUB”, “SIZ”), and in the range 3.0-7.0 Hz (stations AST, GAN, LRK, ORB, SEK, BRD).

Figure 8. The seismic wave amplification factor at the stations “ALI”, “GBS”, “GLB”,
“LKR”, ‘LPQL”, “QBL”, L‘QSR”, “XNQ’?, ‘LZKT”.

Figure 10. Seismic wave amplification factor at the stations “AST”, “GAN”, “LRK”, “ORB”, “SEK”, “BRD”

This method is based on the notion that the influence of a thin layer (a small layer of the
earth’s crust immediately below the seismic station) of the object under study mainly refers to
transverse waves (S-wave), which are amplified by this structure and practically do not change
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longitudinal waves (P -wave). Then the ratio of the spectral characteristics of two horizontal
components to the spectrum of the vertical component will characterize the so-called transfer
function, which strictly depends on the thin layer under the study object [12]. It was found that the
maximum extension factor is characteristic for the stations “QBL” = 3.6, “AST” = 4.3, “GAN” =
4.3, “SEK” = 3.6, “BRD” =3 4.

Conclusions

Thus, despite the fact that the main source of the Oguz earthquake that occurred on September
4, 2015, 04" 49™ with ml = 5.9, was located at a depth of 16 km in the granite layer, the depth of
aftershocks varies between 11-34 km. The aftershock cloud spread up to 23 km in the direction of the
SW and 9 km in the direction of the WE, the area of the main earthquake accumulation was 88 km?.

Based on the solution of the source mechanism, it was found by the method of inversion of
wave forms that the earthquakes that occurred in the Oguz region on September 4 at 04" 49™ and
October 13 at 00" 13™ occurred under the action of tensile and compressive stresses of similar
magnitude. In this case, the compressive stresses in the earthquake source were oriented in the
north-east direction (azimuth 18) and acted horizontally (angle with the horizon 0-7), and tensile
forces were directed in the west-south-west direction (287-288) at an angle of 0-2 to the horizon.
The type of movement of these earthquakes is a shift with a left-side horizontal component. An
analysis of the mechanisms of the other two aftershocks (2015.09.04 with ml = 3.3 and 2015.09.29
with ml = 3.3) showed the fault type of movements. Earthquakes are confined to the zone of
intersection of the longitudinal Dashgil-Mudrese and transverse Arpa-Samur faults, which are the
zone of active manifestation of tectonic movements to this day.

Using the digital seismograms of the transverse waves of earthquakes, the Fourier amplitude
spectra were constructed, which made it possible to determine the maximum level of the spectrum
and the boundary upper frequency of the maximum level fo. The focal parameters of the Oguz
earthquake are as follows: angular frequency fo = 1.0 Hz, seismic moment Mo = 2.6 * 1024, dyn un
cm, circular dislocation radius ro = 1.4 km, released tension Ac = 44 dyn / cm?, source volume V =
12 km?, average displacement shift D = 1.03 * 10 m. Based on the said above, the spectral ratios
were calculated and the gain factor of 21 broadband digital stations was found. It was found that the
maximum extension factor is characteristic for the stations “QBL” = 3.6, “AST” = 4.3, “GAN” =
4.3,“SEK”=3.6, “BRD” =3.4.

Summing up, it should be noted that further detailed and comprehensive study of the buried
Arpa-Samur trans-Caucasian seismically active seismic-metal-bearing fault zone of deep faults,
which has been active for a long time and sharply influenced the structure of the East Caucasus, can
provide ample material for understanding geodynamic processes in this part of Mediterranean belt
in the alpine cycle.
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COMPARATIVE ANALYSIS OF GRAVIMETRIC STUDIES IN BOZDAG-GOBU MUD
VOLCANO AND SURROUNDING AREAS

E. M. Baghirov', A. T. Jsmay:lova®

Carrying out frequent measurements of non-tidal variations of relative gravity force
according to relief in the area for construction of electric station in the Bozdagh-Gobu volcano and
adjacent areas have been implemented by the use of the GC-5 Autograv device (Fig.1) according to
17 profiles, which include120 observation points. The geological structure of the site, the location
of the tectonic faults, dimensions of the mass which may be dynamics of activity, depth of the faults
and contours of probable potential hazard zones are determined based on the information obtained
during the selection of gravimetric profiles. Additional frequent measurements have been carried
out with gravimetry method absolutely in thelO profiles that length up to 3 km from the main
construction site to volcanoes and in the volcano area in 3 and 5 profiles, in addition to covering the
ES and the substation area which to be built. The distance between the project profiles and
observation points are 100 meter and the researches have been done at each point taking 4
dimension value one in 60 seconds. The measurements are repeated with the condition of return to
the back/support point after the accomplishment of the measurements for the each profile.

Figure 1. The view of the CG-5 AutoGrav gravimetry produced by Canada which the research works carrying out

Gravimetric researches have been conducted in the Bozdagh-Gobu volcano and adjacent areas
on the designed profiles (Fig. 2.) and these researches have been implemented on the observation of
the emergency differences in the gravitational acceleration between the two points. This method
allows to improve the accuracy of the measurements and it is one of the leading methods for
detecting depth fault, gradient zones, displacement, deformation of the gravity force in the inner
structure of the earth. This enables us to evaluate the geological processes in the deeper layers of the
crust in the research area and it provides to analyze complexly the direct relationship between
geological processes and seismic activity.

The main purpose of the research is to study the fault-block structure of the Earth’s crust due
to non-tidal variations in the gravitational field for the construction works near the Bozdagh-Gobu
volcano and is the assesment of geodynamic condition during the formation of structures involving
a complex geophysical data in that area.

Observable values about the variation character according to time of the gravity force among
the observation points have been processed considering all of the adjustments.The following results
of the relative gravity force, the obtained results according to the all research field have been
described visually in the form of A map, three-dimensional model and transects (Fig.3-7).

! Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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Zones monitored with Ag, profiles, observation points and the risk areas for have been clearly
covered by the isoanomal maps of the gravitational field construction (Fig. 3,8,9,10). Now, let’s try
to analyze the isoanomal maps of the gravitational field.

As shown in the isoanomal map (3. map) of the gravitational field, the anomalous zones have
been observed with the variable characteristic of the relative gravity force values have been
precisely covered. Composition of the rocks in the research field have been sharply differentiated
by their density. This is due to the fact that it has been covered by sand, clay sand,volcanic breccia
of mud volcano and etc.. The differentiation of such density take mosaic shaping of gravity force
propagation forward. However, a regularity is recorded in the map. Thus, the relative gravity force
(density of rocks) increases from the western part of the research areas to the eastern part from 11.5
mQal to 2.5 mQal.

Most porous rocks are in the western part of the field. It is clear that, the area which we are
investigate is not stable from the point of geology.Basically, there are anomalous zones and
sediment in the probable lower layer in the center of profiles IlI, IV, V.

Accordingly, 3D model of gravitational field (Fig. 4), transects on profiles according to
isoanomal maps (Fig.5),diagram (Fig.6) and graphs (Fig.7) have been created. It is clear that form
the transects on profiles, model diagram and graphs.

Gravimetric researches have been carried out in the area over the salt lake, up to the volcano
in = 3 km distance on 3 profiles (Fig.8) and on 5 profiles (Fig. 9) on the volcano crater considering
the importance and expedient of studying the impact of the Bozdagh-Gobu volcano located in the
north-eastern part of “Gobu” substation area with 330/220/110 kV and

Gobu Electric Station with 385 MVt will be built in “Gobu” area after studying the main
research field.
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Figure 2. Scheme of the research field
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Figure 7. Comparative graphs on profiles according to the isoanomal maps of gravitational field
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Figure 8. Isoanomal map of gravitational field in the area from the main research field to the Bozdagh-Gobu volcano.
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Figure 9. Isoanomal maps of the gravitational field in the Bozdagh-Gobu volcano

Full research area

Figure 10. Isoanomal maps of gravitational field, fully covering the research area

Relative gravity force increases —6---2,5 mQal from south to north in the north direction in the
area of Bozdagh-Gobu volcano,that is, concentrated in the north and porous rocks are spread in the
north-east direction (Fig. 8). The relative gravity force increasing 8.5-----3.5 mQal is different in the
Bozdagh-Gobu volcano (Fig. 9).Finally, the isoanomal maps of gravitational field over an area
covered by 17 profiles are added to the article (Fig. 10).
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Conclusions
Anomal zones with variable characteristic value of Ag are highlighted in the isoanomal map
of gravitatonal field
The gravity force is not stable in this site and there are propably sediment, anomalous zones
in the center of I11, IV profiles
3D model of the gravitational field have been created on the basis of Transects on profiles,
graphs and isoanomal map. Relative gravity force on total field varies between 11,5 ----- 2.5
mQal.
The impact of Bozdagh-Gobu volcano to the construction site is minimum and the gravity
force in this site varies between 8,5 --- 3,5 mQal.
Unfavorable area is determined for construction in the main research area.
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STUDY OF THE LOW VELOCITY ZONES IN THE TERRITORY OF GOBU REGION
(AN EXAMPLE OF THE GOBU POWER STATION)

E.S.Garaveliyev?, A.V. Aghazade!

The territory of Gobu is located in the south-western part of the Western-Absheron
anticlinorium and there are small mountain range in the east-west - north-south direction, here.
There are numerous cones of the mud volcanoes in the hills of this area. The absolute height of the
area varies between 120-160 meters and there is the tendency to gradual grounding in the south-
west direction.

Territory of “Gobu” Electric Station located approximetly 2.5-3 km from Gobu-Bozdagh
mud volcano and about 6 km from Guzdek-Bozdagh mud volcano is the research area. Although
mud mass erupting out of the both volcanoes are less likely to reach to the living area, the Gobu-
Bozdagh mud volcano generates the shakes always noticeable with dynamic activity and
seismological signs and it caused serious damage in nearby houses.

The above-mentioned are the indications of complex seismological conditions of the “Gobu”
Electric Station area and its dynamic activity.

This volcano erupted in 1827, then in 1974 and last time in 1999 year. When the volcano
erupted, the flame height was 400 meters, and the temperature was more than 1,000 degrees. At the
same time, 300,000 thousand cubic meters of volcanic mud have been erupted and spread around.
The central part of the volcano’s crater rose to 6-7 m height and many broken blocks have been
formed there during the last eruption of this volcano in 1999 year. As the result of this, the large
cracks that depth is 2 m up to Hokmeli region and approximetly 1200 m length have been formed.

In the area where the “Gobu” electric station considered to be built in Gobu region, part of the
transect up to 10.0 m depth consists of the sediments of Paleogene Koun floor (P2k) based on the
materials of previous geological and engineer-geological researches. These sediments involves to
surface in the research area and consist of clays in terms of lithology. There are sandstones, schists
and occasionally marl gasket in these sediments. The layer of soil-plant which thickness is 0.1-0.3
meters is observed above the sediment of the Koun floor.

As mentioned above, the Gobu area is an area characterized by complex geological features.
Therefore, the research of small velocity zones during the construction-designing works in these
areas is very important. For the purpose of research a small velocity zone of this area, the “Broken
Microtremor” (Broken Microseisms) method of seismic exploration have been used (Loui, 2001).
This method is considered to be a profitable seismic method to establish a wide wave profile in the
research area in terms of substance and finance. Conducting such research will provide useful
seismic data in the areas of noisy urbanization.The phase data of wave area mentioned in the
“Broken Microtremor” (broken microseisms) is used.

The GEODE-24 engineering-seismic station, 24 seismic receiver for record the signals,
seismic exploration wire with115meter and hammer with 11 kg have been used for the purpose of
research of broken microseisms. Seismic source is the microshakes created by noise from the
environment and shake method.

In the area where the substation to be built,18 seismic profiles have been established
(preliminary materials of profile Ne 15 were unsatisfactory) and total amount of done works are
1955 linear meter.

Based on the obtained materials, there is a tectonic disturbance in the south of the “Gobu”
Electric Station with 385 MVt to be built in Gobu district (I.A. Israfilbeyov and V.A.Listerengarten.
Hydrological and Engineering Geology methods in the Absheron peninsula. Album of the
Hydrogeological and Engineering Geological Map of the Absheron Peninsula M 1: 50000, General
Directorate of Geodesy and Cartography of the Council of Ministers of the USSR, M .: 1983, s. 23-70).

1 Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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Figure 1. Relief changes in the western-Sonali residental area from the Gobu-Bozdagh volcano

Figure 2. The crater of the Gobu-Bozdagh volcano
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Figure 3. Geometric dimensions of the research area (250 x250 m) and the location scheme of the seismic profiles in the site

Figure 4. Engineering geology map of the area (authors: I.A.Israphilbeyov and V.A.Listengarten).
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Figure 6. Damage caused by volcanic eruptions on a farm near the foot of the Gobu-Bozdagh volcano.



44 SEISMOPROGNOSIS OBSERVATIONS IN THE TERRITORY OF AZERBAIJAN, V. 16, N2, 2019, pp. 40-47

Figure 7. During the field work.

As a result of initial visual observation, it is determined that the one part of the research was
inconvenient (sedimentary) from the point of view of construction (26000 m2 area).

Layers with the low wave speed (235-586 m/s) have been identified at a depth of about 6.5-
12.0 m from the surface and respectively 28-78.5 m. at depths in the transect of the 1; 4-7; 9-11; 13;
17 and 18 numbered profiles (these values are lower than others in the 1-8, 13, 16 and 18 numbered
profiles).

Layers with lower wave velocities are known to be unfavorable ground from a seismic point
of view. In this regard, it is important to implement additional engineer researches in the area.
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Figure 8. Two-dimensional velocity sectiont (m / s) of transverse waves on the seismic profile No. 1.
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Figure 9. Two-dimensional velocity section (m/s) of transverse waves on the seismic profile No. 2.
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Figure 10. Two-dimensional velocity section (m/ s) of transverse waves on the seismic profile No. 3
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Figure 11. Two-dimensional velocity section (m/ s) of transverse waves on the seismic profile No. 4.
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Figure 12. Two-dimensional velocity section (m/ s) of transverse waves on the seismic profile No. 5.
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Figure 13. Two-dimensional velocity section (m / s) of transverse waves on the seismic profile No. 6.

Conclusions
Fuzzy slope of the layers in the small velocities zones investigated to a depth of 100 m in the
area, having the pinching out, the variation of the valuesof transverse seismic wave
velocities between 120-800 m/sec in the layers.
It is identified that the grounds in the approximetly 6.5-12.0 m depths are very weak (empty,
soft or aqueous) and the unfavorable in terms of seismicity, starting from the surface on the
seismic profiles No. 1; 4-7; 9-11; 13; 17 and18 and laying of the unfavorable grounds are to
the depth of 3.0 m below the surface in the other 6 seismic profiles (with the exception of
No. 15)
Low seismic velocities in all seismic profiles have been determined (at depths of 28-78.5 m,
with the wave velocities of 235-586 m / s). These values are lower than others on profile of
1-8, 13, 16 and 18 (235 -485 m/s).
An unfavorable and sedimentary area for construction works has been identified in the
relief, south of the research area (100 m x 260 m= 26000 m? in the area). There are
unevennesses with the amplitude up to 1.0 m. within this unfavorable area and the same
time, the color of the flora is completely different from the surrounding area.
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ANNOTATIONS

1. ASSESSMENT OF SEISMIC HAZARD IN THE TERRITORY OF
“TAKHTAKORPU” RESERVOIR OF AZERBAIJAN

G.J. Yetirmishli, T.Y. Mammadli, R.B. Muradov, T.l. Jaferov

Seismological researches were conducted at the Takhtakorpu reservoir built in the territory of
Shabran district. On the basis of earthquake data, active tectonic faults or potential source zones in
Shabran district and adjacent areas have been identified and their seismic potential has been
assessed. It was revealed that, the maximum magnitude of the probable earthquakes in the zone of
two large-sized active faults or potential source in the area close to the research area is Mmax = 7.4
and Mmax = 6.7, respectively. Seismic hazards may occur in conducted researches of the maximum
magnitude earthquakes in this source zones. The earthquakes with maximum magnitude in this
source zones can cause seismic hazards with an intensity of 8-9 points on the MSK-64 scale in the
territory of “Takhtakorpu” reservoir where researches were conducted.

Keywords: earthquake, active tectonic fault, source zones, seismic potential, magnitude,
seismic section.

2. ANOMALOUS CHANGES OF MAGNETIC FIELD BEFORE
THE ZAGATALA EARTHQUAKE ON 05.06.2018

A.G. Rzayev, L.A. Ibrahimova, N.B. Khanbabayev, M.K. Mammadova, V.R. Huseynova

Annotation: The formation character of the seismomagnetic effect have been studied before
the Zagatala earthquake (ml = 5.5; 05.06.2018) which was felt in the zones with high geodynamic
activity. About the non-homogeneous distribution of the local geomagnetic field tension in the
Shamakhi-Sheki-Balakan geodynamic polygon is provided.

Keywords: RSSC- Republican Seismic Survey Center, SME- seismomagnetic effect, nTI-nano
Tesla.

3. 1D VELOCITY MODEL BY LOCAL EARTHQUAKE DATA
S.E. Kazimova, Sh.N. Khadiji, S.E. Gummatli

The Caucasus-Caspian region is an area of complex tectonic structure accompanied by large
variations in seismic wave velocities and attenuation. In such areas, accurate geophysical models
are fundamentally important to seismic monitoring for two reasons: improved event location and
path calibration (critical for accurate estimation of event size and mechanism). In particular, the
great thickness and irregular geometry of the low velocity and low density sediments in the Kura
and Caspian sea basins causes profound effects on seismic waveforms, especially on surface waves
and regional phases. These effects are compounded by variation in crustal structure in the Caucasus
and by high attenuation under the e. Anatolian plateau [3].

Keywords: wave velocity, velocity model, hypocenter, earthquake, Velest.

4. ASSESSMENT OF MODERN GEODYNAMICS OF AZERBAIJAN
BY GPS MEASUREMENT DATA

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

The article presents the methodology for calculating the velocity fields of modern horizontal
displacements of the tectonic blocks in Azerbaijan, obtained from observations at 24 stationary GPS
RSSC stations, a characteristic aspect of which is a noticeable horizontal displacement in the north-
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east direction at a speed of 5-18 mm / year. The velocities of joint seismic movement associated
with earthquake events were investigated using the GAMIT kinematic positioning program for 2017
and 2018 years. Maps of horizontal velocities were built according to the data of the geodetic
network of GPS stations of Azerbaijan for 2017 and 2018 years. An analysis of the data showed that
the distribution of the velocities of horizontal displacements to the north and east is not constant,
and the processes of shortening the surface of the Earth's crust in the study region are also not
constant.

Keywords: GPS stations, geodynamics, velocity fields of horizontal displacements, plate
tectonics.

5. FOCAL PARAMETERS OF THE OGUZ EARTHQUAKE
SEPTEMBER 4, 2015 with ml = 5.9

S.E. Kazimova, S.S. Ismayilova

The article analyzes a strong 7-magnitude earthquake that occurred on September 4, 2015, at
04h 49m in the Oguz region. The epicentral field, as well as the distribution of sources in depth,
was studied, and solutions to the mechanisms of the sources of the main shock and the most
noticeable aftershock were constructed and analyzed. The epicenters of the Oguz earthquakes are
confined to the Arpa-Samur fault and can be interpreted as left-side shift deformation in the zone of
geodynamic influence of the left-sided Arpa-Samur fault. A three-dimensional model of the
aftershock field is constructed. The Fourier amplitude spectra were constructed from digital
seismograms of the transverse waves of earthquakes, which made it possible to determine such
dynamic parameters as the angular frequency fo, seismic moment Mo, the radius of the circular
dislocation R, the discharged stressAo, and the average underthrust along the structure D. Based on
the above said, The spectral ratios were calculated and an extension factor was found for 21
broadband digital stations.

Keywords: earthquake source, seismic moment, angular frequency, Fourier spectrum.

6. COMPARATIVE ANALYSIS OF GRAVIMETRIC STUDIES IN BOZDAG-GOBU
MUD VOLCANO AND SURROUNDING AREAS

E. M. Baghirov, A.T. Ismayilova

Assessment of the geodynamic conditions and study of the fault-block structure of the
consolidated crust due to insufficient variations in the gravitational field for the construction in the
area adjacent to the Bozdagh-Gobu volcano.

Keywords: Bozdagh-Gobu volcano, gravity, non-tidal variations, gravimetric field

7. STUDY OF THE LOW VELOCITY ZONES IN THE TERRITORY OF GOBU
REGION (AN EXAMPLE OF THE GOBU POWER STATION)

E.S. Garaveliyev, A.V. Aghazade

Study of the low velocity zones is especially important during the construction-designing works. As the result,
the seismic features and parameters of the geological transect are determined in the research area. One of the researches
has been carried out on the example of the Gobu Power Station to be built in the Gobu area. The upper transect of the
surface to the depth of 100 m have been studied using the “Broken Microseisms” method of the seismic exploration
during the research works.

Keywords: Seismic exploration, “Broken microseisms” methods, transverse wave velocity, GEODE -24 seismic
stations.
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ANNOTASIYALAR

1. AZORBAYCANIN "TAXTAKORPU" SU ANBARI ORAZISIND® SEYSMIK
TOHLUKONIN QIYMOTLONDIRILMOSI

0.C. Yetirmisli, T.Y. Mammadli, R.B. Muradov, T.1. Cafarov

Sabran rayonunda insa olunmus Taxtakdrpli su anbari orazisinde seysmoloji todgigatlar
aparilmisdir. Zalzalo molumatlari asasinda Sabran rayonu vo ona yaxin orazilordo aktiv tektonik
quilma vo ya potensial ocaq zonalari miioyyonlogdirilmis vo onlarin seysmik potensiali
giymatlondirilmisdir. Malum olmusdur ki, todgigat sahosine yaxin orazids kifayst godor boyiik
Ol¢iilii iki aktiv qirilma vo ya potensial ocaq zonalasinda ehtimal olunan zalzalslorin maksimum
magnitudu miivafiq olarag Mmax =7,4 Vo Mmax =6,7 toskil edir. Bu ocaq zonalarinda maksimum
magnitudlu zalzalslor tadqiqat aparilan "Taxtakorpii" su anbari orazisindo MSK-64 skalast tizro 8-9
bal intensivlikli seysmik tohliiko yarana bilor.

Acar sozlar: zolzola, aktiv tektonik qirilma, ocaq zonalari, seysmik potensial, magnituda,
seysmoloji kasilis.

2. 05.06.2018-CI ILD® ZAQATALA ZBLZOSINDON ONCD MAQNIT SAHOSININ
ANOMAL DIOYISMOLORI

A.Q. Rzayev, L. A. Ibrahimova, N.B. Xanbabayev, M.K. Mammadova, V.R. Hiiseynova.

Yiiksok geodinamik aktivliyi olan zonalarda hiss olunan Zaqatala zslzolosindon oavval (ml =
5.5; 05.06.2018) seysmomagqnit effektinin yaranma xarakteri dyronilmisdir.

Samaxi-Soki-Balakon geodinamik poliqgonunda lokal geomagnit saha gorginliyinin qeyri-
bircinsli paylanmasi haqqinda malumat verilir.

Acar sozlor: RSXM-Respublika Seysmoloji Xidmat Morkazi, SME-seysmomaqgnit effekt, nTI-
nano Tesla.

3. YERLI ZOLZOLOLORIN MOLUMATLARI 9SASINDA
BIR OLCULU SURST MODELI

Kazimova S.E., Xadici S.N., Hiimmatli S.E.

Qafqgaz-Xozar bolgasi miirokkab tektonik qurulus zonasi kimi xarakterizo olunan regiondur.
Homin orazi seysmik siiratlorin boyiik dalgalanmasi vo seysmik dalgalarin koskin sénmasi ilo
xarakterizo olunur. Belo orazilords doqiq geofiziki modellor iki sobaba goéra prinsipial shomiyyat
dastyir: zalzalo ocaqlarinin daqiq koordinatlarin alinmasi v kolibrovkasi li¢lin (manbonin 6l¢iistini
vo mexanizmini dagiq giymotlondirmok figiin vacibdir). Xiisusilo Kiir vo Xozor hdvzalorinds
¢okiintii layin bdyiik qalinligr vo quruluslarin nizamsiz geometriyasi asag siiratlor zonalar seysmik
dalgalara, xiisuson soth dalgalarina vo regional fazalara giiclii tosir gostarir. Bu tasirlor Qafqazdaki
yer gabiginin qurulusunda doyisiklik vo Anadolu zonasinda dalgalarin yayilmasinin tez sonmasi ilo
miirokkablosir .

Acar sozlor: dalgalarin siirati, siirat modeli, hiposentr, zalzala, Velest programi

4. GPS MOLUMATLARI 9SASINDA AZORBAYCANIN MUASIR
GEODINAMIKASININ GIYMOTLONDIRILMOBSI

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

Mogalods 24 stasionar GPS RSXM stansiyalarda aparilan miisahidalor naticasinds slds
edilon Azorbaycanin tektonik bloklarinin miiasir horizontal yerdsyismolorinin siirat sahalarinin
hesablanmas1 metodologiyasi toqdim olunur. Xarakterik bir cahat odur ki, simal-sorq istigamatinda
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5-18 mm siiratlo nazars carpan horizontal yerdoyigmasidir. Todgigatlar 2017 vo 2018-ci illar iiciin
GAMIT programi iizarindo aparilmisdir. Malumatlarin tohlili gostordi Ki, horizontal yerdoyismoa
stirotlorinin simal vo sorge paylanmasi daimi deyil vo todqiq olunan bdlgadoki yer gabiginin
sathinin qisaldilmasi proseslari do hamg¢in doyisir.

Acar sozlor: GPS stansiyalari, geodinamika, horizontal yerdayismalorin siirat sahalori,
plitolorin tektonikast

5. 4 SENTYABR 2015-CI IL TARIXINDO ML =5.9 OLAN OGUZ
Z9LZIOLOSININ FOKAL PARAMETRLORI

S.E. Kazimova, S.S. Ismayilova

Mogalads 4 sentyabr 2015-ci il tarixinds, saat 04: 49-da Oguz bolgasindo bas veran 7 bal giiciindo
zolzalo tohlil edilmisdir. Episentral saha, habels zalzalolorin doarinliys gora paylanmasi arasdirilmis va osas
tokanin Vo on ¢ox hiss olunan aftersoklarin ocaq mexanizmlori qurulmus vo tohlil edilmisdir. Oguz
zalzalasinin episentrlori Arpa-Samur qirilmasi ilo uzlasir vo homin qirilmanin tosiri altinda sol torofli
horizontal yerdoyisma gorginlik deformasiys kimi xarakterizo olunur. Aftershock sahasinin {ig6l¢iilii modeli
qurulmiisdur. Zslzalalorin enina dalgalarin HG kanallarin asasinda Furye spetktrlart qurulmus. Bu da bucaq
tezlikl fo maksimal saviyyasini, seysmik momenti M,, dairavi yer doyismonin radiusu R, bosalmig garginlik
Ac Vo qirilma tizra yerdayigsmanin giymoti D miioyyan etmays imkan verdi. Yuxarida gostarilonlora asason
21 rogamsal stansiyalarin dalgalarin spektrlarinin nisbatlori hesablanmis, giiclondirmo faktoru tapilmigdir.

Acar sozlori: zalzalo ocagi, seysmik Moment, bucaq tezliyi, Furye spektri.

6. BOZDAG-QOBU PALCIQ VULKANI VO OTRAF ORAZILORDO APARILAN
QRAVIMETRIK TODQIQATLARIN MUQAYISOLI TOHLILI

E.M. Bagiwrov, A.T. Ismayilova

Bozdag-Qobu vulkanina bitisik orazido tikinti islorinin aparilmasi li¢iin qravitasiya sahasinin
gabarmayan variasiyalarina goro konsolido olunmus gabigin qirilma-blok qurulusunun Syronilmasi
Vo geodinamik soraitin giymatlondirilmasi.

Agar sozlor: Bozdag-Qobu vulkani, agirliq qiivvasi, qabarmayan variasiyalar, qravimetrik
saho.

7. QOBU ORAZISINDO KICIK SURDOTLOR ZONASININ TODQIQI (“QOBU”
ELEKTRIK STANSIYASI ORAZISININ TIMSALINDA

E.S.Qaravaliyev, A.V. Agazada

Tikinti-layiholondirma islori zamani orazilorin kigik siiratlor zonasmin todqiqi xiisusi
ohomiyyat dasiyir. Natico olaraq todqiqat sahasindo geoloji kesilisin seysmik xiisusiyyatlori vo
parametrlori miioyyon edilir. Bu ciir todqgiqatlardan biri Qobu orazisindo insa edilocok “Qobu”
Elektrik Stansiyasi orazisinin timsalinda yerino yetirilmisdir. Todqiqat islori zamani Seysmik
kosfiyyatin “Sinan Mikroseysmlor” {isulundan istifado edorok yerin 100 m dorinliyo qodor iist
kasilisi tadqiq edilmisdir.

Acar sozlor: Seysmik kasfiyyat, “Sman Mikroseysmlor” iisulu, enina dalga siirati, GEODE-24
seysmik stansiyasi
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AHHOTAIINN

1. OHEHKA CEUCMHUYECKOUW OITACHOCTHU TEPPUTOPUU
BOJOXPAHWUIHNILA “TAXTAKEPITIO”, IOCTPOEHHOI'O B IIABPAHCKOM
PAVOHE A3BEPBAMIKAHA

I'Joxe. Emupmuwinu, T.A. Mammaonu, P.b. Mypaoos, T.U. /[caghapoe

Ha tepputopun pesepByapa Taxrtakepito, noctpoeHHoro B IIlabpaHckom paiioHe, IpoBe-
JICHBI CEHCMOJIOTMYEeCKHe HcclieioBaHus. Ha OCHOBe MaHHBIX O 3eMIICTPSCEHHSX YCTaHOBIICHBI
AKTUBHBIE TEKTOHWYECKUE pa3liOMbl WJIH MOTCHIMAIBHBIC OYaroBbIe 30HBI, OMPEACICH WX
CEMCMUYECKHI TIOTEHIMAJ. bbUI0O yCTAaHOBIEHO, 4YTO MaKCHMajbHAas MarHuTyla BOJIM3H
TEPPUTOPUU HCCIICIOBAHUS, B JOCTATOYHO KPYIHBIX AKTUBHBIX Pa3IOMaX WM MOTEHIHAIBHBIX
0YaroBbIX 30HaX COCTABIACT Mmax =7,4 u Mmax =6,7. Takue 3eMIeTpsICCHUS ¢ MaKCUMaIbHOM
MarHUTYIOH MOTYT COTpPSICTH TEPPUTOPUU pe3epByapa TaxTakepmio C WHTEHCHBHOCTHIO B 8-9
6ayutoB no mkaie MSK-64.

Kniouesvie cnosa: semnempsicenue, aKmueHvlll MeKMOHUYECKUL pA3Pble, 04a208ble 30Hbl,
ceticMuyecKull NOMeHYual, MaeHumyod, CetcMol02UYeCKUll paspuls.

2. AHOMAJIBHBIE UBMEHEHUS B MAT'HUTHOM HOJIE 10
3AKATAJIBCKOI'O 3BEMJIETPACEHMUA 05.06.2018

A.I'.P3aes, J1.A. Hopacumosa, H.b. Xan6aoaes, M.K. Mammaooea, B.P. I'yceiinosa

N3yueH xapakTep HpOSBIEHUS CEHCMOMAarHUTHOTO >(dexTa mnepen 3araTaabCKUM OILIYTH-
MbIM 3emyieTpsiceHueM (ml=5.5 05.06.2018) B 30He BBICOKON T€OJUHAMUYECKONW AKTHBHOCTH.
[Toka3aHa HEOJTHOPOJHOCTh pacHpeAeIeHNs JOKAIbHONW HANpsKEHHOCTH M€OMarHuTHOIO MOJIs MO
momaau [lamaxer-IIeku-banakenckoro noauroxa.

Kniouesvie cnosa: PL[CC - Pecny6aukanckuii yeHmp Ceucmosocuyeckol CryxHcovl, ceucmo-
MmaznumHulil 2¢pgpexm, HTn - Hano Tecna.

3. OJJHOMEPHAS CKOPOCTHASI MOJEJb ITO JAHHBIM MECTHBIX
3EMJUIETPSICEHUIA

C.3. Kazvimosa, ILI.LH. Xaouoxcu , C.3. I'ymmamau

KaBka3cko-Kacnuiickuii peruoH MpeacTaBiasieT CcOOOH 30HY CIIO0XKHOM TEKTOHMYECKOU
CTPYKTYpBbI, XapaKTEpU3YIOLIYIOCS OOJbIIMMH KOJEOAHUSIMH CKOPOCTEH M PE3KUM 3aTyXaHHEM
ceiicMuyeckux BOJMH. B Takux o0macTax A CEHCMHYECKOr0 MOHHMTOPWHIA HPUHIMIHAIBHO
BaXHBl TOYHbIE Treo(U3MUECKHE MOJENM MO JBYM MPHYMHAM: YIYYIIEHHE MECTOMOJIOKEHUS
celicMUYecKoro coOBITUSI U KAMUOPOBKa MyTH (KPUTUYECKH BAXKHBI JJI1 TOUHOW OLIEHKH pa3mepa U
MexaHu3Ma ouara). B wactHocTH, GonblIas TOJIIMHA OCAJAOYHOIO 4YeXJa W HENpaBUIIbHASA I'eo-
METPHS CTPYKTYpP C HU3KOM CKOPOCTBHIO U HU3KOHU IJIIOTHOCTHIO B Oaccerinax Kypsl u Kacnuiickoro
MOps OKa3bIBAIOT CHJIbHOE BIIMSHUE Ha CEHCMUYECKUE BOJIHBI, 0OCOOEHHO Ha TOBEPXHOCTHBIE BOJIHBI
U peruoHanbHble (azbl. ITH 3PPEKThl yCyryOnsioTcs U3MEHEHUEM CTPYKTYphI 36MHOM KOpbI Ha
KaBkaze u BBICOKUM 3aTyXaHHEM B 30HE AHATOJIMICKOIO IJIaTo.

Kntouegvie cnoea: cxopocmv 60HbI, CKOPOCMHAA MOO€Nb, 2UNOYEHMp, 3eMiempsceHue,
npozpamma «Benecmy.
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4. OLIEHKA COBPEMEHHOM 'EOJJUHAMUKHA A?EPBAﬁﬂ)I(AHA o
JAHHBIM GPS UBMEPEHUU

I'./>te Emupmuwinu, H.3. Kazvimos, A.D. Kazvimosa

B craThe npeacTaBieHa METOIMKA pacyeTa MoJjield CKOPOCTel COBPEMEHHBIX TOPU30HTAIBHBIX
CMEIICHNN TEKTOHMYECKUX OJOKOB A3epOaiikaHa, MOTYYCHHAS MO pe3ysibTaraM HaOIoeHU Ha
24 crammonapubix GPS PLICC craHmusax, XapakTepHbIM aclleKTOM, KOTOPOTO SIBJISIETCSI 3aMETHOE
TOPU30HTAIILHOE CMEIICHHE B CEBEPO-BOCTOYHOM HAIMPABICHHH CO CKOPOCThIO 5—18 mm/ro.
UccnenoBanus nposenensl Ha nporpamme GAMIT 3a 2017 u 2018 rr. AHanu3 JaHHBIX MTOKa3al,
YTO pachpejielieHHe 3HAUeHUM CKOpPOCTEM TOPU3OHTAIBHBIX CMEIICHUNM Ha CEBEP M HAa BOCTOK HE
MOCTOSIHHBI, HE TOCTOSIHHBI TaKXe€ U IPOLIECChl YKOPAuMBaHUS IMOBEPXHOCTU 3EMHOM KOpBI B
pEerruoHe UCCIIeIOBAHUS.

Knouesvie cnosa: GPS cmanyuu, ceoounamuxa, nons ckopocmeii 20pu30HMANIbHLIX
cMewjeHull, MeKmoHUKa naum

5. ITAPAMETPbBI OYAT' A OI'Y3CKOI'O BEMJIETPACEHUSA 4 CEHTSABPA 2015 T
CML =59

C.3. Kazvimosa, C.C. Hcmaiinosa

B craTtbe ananmzupyercs cuibHOE 7-MH OallbHOE 3eMJIETpsiCeHUe, pou3ouie/ee 4 ceHTIO0ps
2015 1., B 04" 49™ B Orysckom paiione. 3ydeHO SMUIEHTPAIbHOE TOJIE, @ TAKXKE PacIpe/IelcHIe
0YaroB 1o I1yOuHE, MOCTPOEHbI M MPOAHAIU3UPOBAHBI PEIICHUS MEXaHU3MOB 04aroB OCHOBHOT'O
TOJIYKa ¥ HanOoJiee OLyTUMOTro apTepiioka. DNUIEeHTPbl Ory3CKUX 3eMIIETPSICEHUM TPUYPOUYEHBI K
Apmna-CamypckoMy paziioMy U MOTYT OBITh TPOMHTEPIPETUPOBAHBI KAaK JIEBOCTOPOHHSS CIBUTOBast
nedopManusi B 30HE T€OJMHAMUYECKOTO BIMSHHS JIEBOCTOPOHHEro Apra-CaMypcKoro pasjioma.
IToctpoena TpexmepHast Mojenb adrepiiokoBoro noss. [lo nudpoBeiM ceiicMorpammam mome-
PEYHBIX BOJIH 3€MJIETPSCEHUN OBLTM MOCTPOEHBI aMIUIUTY/AHbIE CHEKTpbl Pyphe, KOTOphIE JalH
BO3MOXHOCTb OIpPE/EICHUsI TaKUX JUHAMUYECKHUX MapaMeTpoB, Kak yrioBas dactorta fo, ceifc-
MUYECKHIl MOMEHT Mo, pannyc KpyroBoil auciokanuu R, cOpouieHHoe HanpsbkeHue AG, cpenHss
HNoJBMXKKa 1Mo paspeiBy D. Ha ocHOBe BbIllle CKa3aHHOTO OBUIM BBIYMCIEHBI CIEKTPAJIbHBIE
OTHONICHHUS U HaiiieH (pakTop ycuiieHus 11 21 MHUpPOKONOIOCHBIX IIUPPOBBIX CTAHIIHM.

Knrouesvie crnosa: ouae semaempscenus, ceucmMuieckul MOMEHm, yeno06as 4acmomada, CneKmp
QDypve.

6. OCOBEHHOCTU I'PABUTAIIMOHHOTI'O MIOJISI HA BYJIKAHE I'OBY-BO3JIATT
U MIPUJIETAIOIIUX K HEMY OBJIACTEHA

EM. Bazupos, A.T.Ucmaiinosa

W3ydenus cBoiicTBa GJIOK Pa3ioOMOB KOHCOJIUAMPOBAHHOTO CJIOSI C MIOMOIIbIO HENPHIUBHBIX
BapHalMil TPaBUTALIMOHHOTO TOJS C IEJNbI0 BBEJCHHS CTPOUTENBHBIX pabOT Ha HpuiIaraeMbIX
paifonax I'o0y-bo3narckoro BynkaHa.

Knioueswie cnosa: I'0b6y-bozoazckuil 8YIKaH, 2pABUMAYUOHHOE NOJIe, HENPUNUBHbLE APUAYULU.
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7. UCCJEIOBAHMS 30H MAJIBIX CKOPOCTEM HA TEPPUTOPUHU I'OBY («HA
INPUMEPE TEPPUTOPHUHU SJIEKTPOCTAHLIUHU I'OBY»).

3.C.I'apasenues, A.B.Azazaoe

HccnenoBanus 30H MajblX CKOPOCTEH B pailoHE MPOEKTHO-CTPOUTENBHBIX pPabOT HMMEIOT
ocoboe 3HadyeHne. Kak pe3ynbTaT ObUTH ONpPENEICHBl CEMCMUYECKHE OCOOCHHOCTH W TapaMeTphl
reoJIOTHYECKOro pa3pes3a B paiione uccienoBanuil. OHO U3 TaKUX UCCIIEIOBaHHM ObLIO IPOBEICHO
Ha MPUMEpPE TEPPUTOPUU dJeKTpocTaHmK ['00y, KoTopas OyneT moctpoeHa Ha Tepputopuu [00y.
Hcnone3ys meron «llepenominennsie MukpoceiicMbl» ceilicMopa3BeIKU ObLIT UCCIIEIOBAH pa3pe3 OT
MOBepXHOCTU ydacTka 10 100 M riyOuHBL.

Knrouesvie cnosa: ceiicmopazeeoka, memoo «llepenomnennvle Mukpoceticmbly, CKOpOCHib
nonepeunvix 60.H, ceticmocmanyusi GEODE-24.



55
Scope of the Journal

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

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

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

Information for Authors

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

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

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

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

www.seismology.az/journal

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

Republican Seismic Survey Center

of Azerbaijan National Academy of Sciences

Phone: +994 12 492-34-37;

Fax: +994 12 492-31-65;

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


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

56

CONTENTS

G.J. Yetirmishli, T.Y. Mammadli, R.B. Muradov, T.l. Jaferov: Assessment of seismic hazard

in the territory of “Takhtakorpu” reservoir of Azerbaijan................cooiiiiiiiiiii i, 3
A.G.Rzayev, L.A. Ibrahimova, N.B. Khanbabayev, M.K. Mammadova, V.R. Huseynova:
Anomalous changes of magnetic field before the Zagatala earthquake on 05.06.2018.............. 8
S.E. Kazimova, Sh.N. Khadiji, S.E. Gummatl: 1D velocity model by local earthquake data...... 13
G.J.Yetirmishli, I.E. Kazimov, A.F.Kazimova : Assessment of modern geodynamics of

Azerbaijan by GPS measurement data. ............oooviriiiiiiii e 18
S.E. Kazimova, S.S. Ismayilova: Focal parameters of the Oguz earthquake September 4, 2015

Wt ML = 5.0, 23
E. M. Baghirov, A. T. Ismayilova: Comparative analysis of gravimetric studies in Bozdag-

Gobu mud volcano and SUrrOUNAING @r€aS. .........ouveriririe et 33
E.S.Garaveliyev, A.V. Aghazade: Study of the low velocity zones in the territory of Gobu

region (an example of the Gobu power Station)............c..oooiiiiiii e, 40

AN AT ONS . . .ottt e 48

SEISMOPROGNOSIS OBSERVATIONS
IN THE TERRITORY OF AZERBAIJAN

Volume 16, Ne 2, 2019
http://www.seismology.az/journal

Director of publishing house: S.A.Gahramanov
Editor of publishing house: Kh.M.Nabiyev

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

Address: AZ1001, 28, Istiglaliyyat str., Baku



	‎C:\Users\Xalil Nabiyev\Desktop\Seysmologiya_2019_N2\Журнал 2020son\01 Обложка.doc‎
	1. Assessment of seismic hazard in the territory of “Takhtakorpu” reservoir of Azerbaijan.pdf
	‎C:\Users\Xalil Nabiyev\Desktop\Seysmologiya_2019_N2\Журнал 2020son\1. Assessment of seismic hazard in the territory of “Takhtakorpu” reservoir of Azerbaijan.doc‎

	2. ZAQATALA 2018 son version (1).pdf
	‎C:\Users\Xalil Nabiyev\Desktop\Seysmologiya_2019_N2\Журнал 2020son\2. ZAQATALA 2018 son version (1).doc‎

	3. 1D velocity model (1) (1).pdf
	‎C:\Users\Xalil Nabiyev\Desktop\Seysmologiya_2019_N2\Журнал 2020son\3. 1D velocity model (1) (1).doc‎

	4. ASSESSMENT OF MODERN GEODYNAMICS OF AZERBAIJAN (2).pdf
	‎C:\Users\Xalil Nabiyev\Desktop\Seysmologiya_2019_N2\Журнал 2020son\4. ASSESSMENT OF MODERN GEODYNAMICS OF AZERBAIJAN (2).doc‎

	6. Bozdagh-Gobu (2).pdf
	‎C:\Users\Xalil Nabiyev\Desktop\Seysmologiya_2019_N2\Журнал 2020son\6. Bozdagh-Gobu (2).doc‎

	С
	‎C:\Users\Xalil Nabiyev\Desktop\Seysmologiya_2019_N2\Журнал 2020son\С) Scope of the Journal.doc‎




