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GENERAL CHARACTERISATION OF THE WORK

Relevance and state of knowledge of the topic. Modern seis-
mological methods are characterized by a wide range of tasks to be
solved, from standard microzoning to seismic risk assessment. Re-
cently, specialists in the seismological field have contributed to the
improvement of existing methods for assessing the seismic hazard of
various regions. Taking into account the parameters of seismic haz-
ard, when creating buildings and structures in densely populated ar-
eas, made it possible to identify the degree of vulnerability of possi-
ble future buildings and structures.

In the process of seismic hazard assessment, the geological en-
vironment is of great importance, which experiences various loads un-
der the influence of natural and artificial factors. It is necessary to take
into account the fact that the territory of Azerbaijan is a seismically
active region, which is also a region of mud volcanism and an oil-
producing country. The Talysh folded zone is confined to the seismi-
cally active zones of Azerbaijan, which is the object of study of geo-
logical and geophysical processes from the historical period to the pre-
sent day.

In recent years, there has been an increase in seismic activity in
the region, as a result of which the magnitude of tremors can reach up
t0 5.0. The lack of modern microzoning maps of seismic hazard in the
Talysh megazone demonstrates the need to assess the seismic hazard
of the region in order to possibly reduce the degree of destruction from
future earthquakes. Taking this fact into account, there is a need and
relevance for a detailed assessment of seismic hazard and another re-
view of existing maps based on new and modernized approaches.

The object and subject of the research. In this study, the seis-
mic hazard of the Talysh territory is assessed for a certain period of time
of occurrence of seismic events. The object of the presented dissertation
is the seismic hazard of the Talysh zone and the adjacent part of the
Caspian Sea. Seismic impacts, which are determined during seismic
hazard assessment, can be expressed through earthquake intensity and
the peak ground acceleration parameter. Thus, the subject of the study
IS macroseismic intensity, which is expressed in points and the dynamic
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ground acceleration parameter, namely its peak values.

Purpose and tasks of the research. The purpose of the disser-
tation is to develop maps of seismic hazard of the study area, based on
the implementation of existing approaches and elements of determin-
istic assessment of seismic impact in the form of analysis of litholog-
ical-geological, tectonic, seismological data, physical and mechanical
parameters of the soil layer of the Talysh zone and the adjacent water
area of the Caspian Sea.

The following tasks will be solved during the study:

1. Analyze and systematize the seismic regime of the Talysh
zone based on the study of the manifestation of strong and perceptible
earthquakes according to existing catalogs of various sources;

2. ldentify zones of occurrence of earthquake focus, determine
the characteristics for each seismogenic source (fault) indicating the
maximum magnitude of possible earthquakes;

3. Develop a mathematical method for estimating the maximum
possible magnitude of earthquakes using elements of the law of atten-
uation of intensity and the equation of the macroseismic field based on
the analysis of the seismic activity of tectonic elements;

4. Create a set of maps of differentiated areas of possible focuses
of strong earthquakes in the Talysh zone and the adjacent waters of the
Caspian Sea using mathematical modeling;

5. Develop typical models of ground conditions of bedrock and
surface rocks based on lithological features, physical and mechanical
properties of the composition of layers using the integrated use of ge-
ological and lithological maps and geological profiles;

6. Calculate the amplification factors of the seismic wave ampli-
tude of the underlying and overlying layers using modern software, in
order to assess the impact of ground conditions on the maximum val-
ues of seismic shaking accelerations on the surface;

7. Integrate the methodology for calculating the seismic effect in
units of macroseismic intensity and maximum accelerations of shak-
ing of surface grounds (in Gal) based on the macroseismic parameters
of scenario earthquakes selected by the parameters of range and
strength;



8. Make a quantitative assessment of the degree of seismic haz-
ard of the Talysh zone and the adjacent waters of the Caspian Sea us-
ing a deterministic method.

Research methods. The research methodology used in the dis-
sertation is based on the analysis of geological materials, topographic
and engineering-geological features of the territory, geomorphologi-
cal and lithological data. Seismological data, which form the basis of
the research method, are used to assess the intensity of earthquakes
and peak ground acceleration for selected scenario earthquakes. When
assessing the risk of earthquakes using a deterministic approach, it is
advisable to divide the study area into cells of the same size in order
to identify and analyze the seismic effect for each cell. The research
methodology also consists of collecting and analyzing borehole data
and geological profiles. Integration is a process that forms the basis of
the research method in this work, which results in the introduction of
tectonic criteria, lithological and geological data into the seismic haz-
ard assessment methodology.

Seismic hazard analysis is usually carried out to assess the in-
tensity of ground shaking at a given location. There are two method-
ologies for conducting seismic hazard analysis at a given location:
probabilistic seismic hazard analysis (PSHA) and deterministic seis-
mic hazard analysis (DSHA). DSHA considers a critical scenario, as-
suming the occurrence of the most probable earthquake at the closest
possible distance to the location. Therefore, this methodology often
provides an upper bound for the seismic hazard at the study location.
Deterministic seismic hazard analysis is used to obtain ground motion
parameters for engineering design and other applications, especially
in areas with high seismicity.

The dynamic parameters of the seismic wave, such as velocity
and amplification factor, are the key factors in the use of the seismic
hazard assessment method in this study. Thus, the research methods
include: collection, analysis and generalization of literary sources;
cartographic analysis; application of geographic information systems
(GIS technology); analytical studies; mathematical and computer
modeling using software.



The main provisions submitted to the defense.

1. Map of apparent-possible differentiated areas of earthquake
focal zones, based on fault parameters, maximum possible magnitude
and macroseismic intensity;

2. Developed modified approach for seismic hazard assessment
based on the algorithm of dynamic soil properties, seismic and tec-
tonic parameters of the study area.

Scientific novelty of the study. The scientific novelty of the
work is presented in the following main provisions:

1. A differentiated approach to a detailed assessment of macro-
seismic intensity was developed based on the ratio of the maximum
magnitude of earthquakes, the length of faults, the magnitude of seis-
mogenic movements and the epicentral distance;

2. Unified maps of the estimated values of focal intensity and
maximum magnitude (Mmax) of earthquakes in the Talysh zone were
plotted using the empirical relationship between the focal depth and
the length of faults;

3. Typical models of soil conditions were constructed based on
the analysis of bedrock strata located at a depth of 5000 meters and
higher, to the surface, taking into consideration lithological, physical
parameters (elastic wave velocity, density, attenuation constant of the
intensity of shaking) and geometric characteristics of the environment
(thickness and layering);

4. The values of the seismic ground shakings amplitude ampli-
fication were calculated based on lithological data using the methods
of mathematical statistics and software capabilities;

5. An integrated deterministic assessment of the seismic hazard
of the Talysh zone and the adjacent water of the Caspian Sea was car-
ried out taking into consideration ground conditions, on the basis of
which a series of maps of the expected seismic effect in the values of
shaking intensity and peak ground acceleration were created based on
macroseismic data selected from earthquake catalogs (Lerik, 1998;
Caspian, 2000; Iranian, 1980; Oguz, 2015) and adopted in this study
as scenario seismic events.



Theoretical and practical significance of the study. The maps
of peak ground accelerations for bedrock and surface obtained in the
dissertation, as well as the map of expected ground shaking in inten-
sity units (macroseismic) can be used for further detailed seismic zon-
ing of the study area (DSZ), assessment of possible socio-economic
damage from earthquakes, when designing buildings, structures, con-
structing strategically important objects and sites with tourist pur-
poses. According to world practice, the design of earthquake-resistant
buildings begins directly with the microzoning of the study area.

Approbation and application. The research methodology was
reported at the International Conference “CTBT: Science and Tech-
nology” (Austria, Vienna; 2019), at the 25th International Conference
“Students and Young Researchers” (Baku; 2021), at the VIII Interna-
tional Scientific Conference of Young Scientists and Students “Inno-
vations in Geology and Geophysics” (Baku; 2021), at the VIII Inter-
national Conference “Hazardous Natural and Man-Made Processes in
Mountainous Regions: Models, Systems, Technologies” (Russia, Vla-
dikavkaz; 2022), at the International Conference dedicated to the
100th anniversary of leader Heydar Aliyev “Heydar Aliyev and the
Oil Strategy of Azerbaijan” (Baku; 2023), and the research results
were proposed and confirmed as “The Most Important Results™ at the
Institute of Geology and Geophysics, Ministry of Science and Educa-
tion of the Azerbaijan Republic in 2023.

On the topic of the dissertation, 18 scientific papers were pub-
lished in local and international journals, as an author and co-author.

The name of the organization where the dissertation work
was fulfilled. The dissertation work was completed in the department
of “Seismology and seismic hazard assessment” of the Institute of
Geology and Geophysics, Ministry of Science and Education of the
Azerbaijan Republic.

The structure and volume of the dissertation. The disserta-
tion consists of an introduction (14297 characters), 5 chapters (Chap-
ter 1 - 73956 characters, Chapter Il - 36779 characters, Chapter Il -
30036 characters, Chapter IV - 18992 characters, Chapter V - 24675
characters), conclusion (2859 characters), list of references (15528
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characters), list of abbreviations and symbols (1144 characters), and
is presented in a total volume of 202738 characters, 46 figures and 108
titles of literature.

CHAPTER I. GEOLOGICAL AND GEOPHYSICAL STUDY
OF THE TALYSH ZONE

1.1. Geological and tectonic features of the study area

The Talysh megazone, which is located in the northern part of
the Lesser Caucasus-Elburz folded system, is separated from various
structures of the Lesser Caucasus by the Lower Araz transverse de-
pression. Within Azerbaijan, the territory of Talysh is the northeastern
wing, while the southwestern part is the territory of Northern Iran [20].
The Garadagh zone of Iran, characterized by volcanogenic-sedimen-
tary deposits of the Paleogene, is overlapped by Miocene and Pliocene
complexes of magmatic origin of the Savalan volcano. In the structure
of the Talysh zone, structural stages are distinguished that correspond
to the pre-collisional (Cretaceous-Eocene) and collisional (Oligocene
and Miocene) periods of development of the megazone®.

On the territory of Talysh, the most possible area development
and number of sections is only the Eocene stage, in the structure of
which complexes of volcanogenic-sedimentary origin participate,
with an approximate thickness of about 5000 m, united into the fol-
lowing formations of magmatic origin with the composition of their
thicknesses?:

I. Trachybasalt-andesite and trachytic phase of the full Eocene
with the following sequences (Cosmalyan depression):

- lavas, picrites, pyroclasts, and leucite basanites of the lower
and middle Eocene;

- volcanic breccias of andesite-basalt and basalt origin of the
lower and middle Eocene;

! Abadov, B.A., Mommodova, E.A. Daglq Talis orazisinde ekzogen geoloji
proseslorin  intensivliyinin giymotlondirilmasi // - Baki: Baki Universitetinin
Xaobarlori, BDU, Tabiot elmlori seriyast, - 2010. Ne2, - 5. 119-123.

2 Xaun, B.E. I'eonorus Asep6aiimxana. Tom |V, Texronuka / Ax.A.Anusaze,
Baky: Hagra-IIpecc, —2005.-506 c.
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- tuffaceous-sedimentary sequences of the middle Eocene;

- autoclastic lavas and breccias of trachyandesite-basalts and
trachyandesites of volcanic origin, middle Eocene;

- flyschoid sedimentary-tuffaceous, upper Eocene;

- lavas and pyroclasts of trachyandesites and analcime trachyan-
desites of plagioporphyry origin, upper Eocene;

- tuffaceous-sedimentary sequence of the upper Eocene.

I1. Trachybasaltic and phonolite phase of the Upper Eocene with
the following strata (Dyman depressio):

- lavas and pyroclasts of basalts and trachydolites of subalkaline
origin of the Upper Eocene;

- lavas of phonolites of leucite origin of the Upper Eocene.

According to the map of deep faults of the pre-Alpine basement
of the territory of Azerbaijan, faults of various origins are distin-
guished for the Talysh zone: local, longitudinal, regional, etc. (Fig. 1).
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Figure 1. Map of the pre-Alpine basement deep faults
of the Azerbaijan territory?3.

3 Axmenbeitmu, @.C. TekToOHHYECKHe TUIIBI CeIICMUUECKUX 04aroB Asepbaiimkana /
@.C. Axmenoeitmu, A.I'. T'acaHos, - baky: DM, - 2004. - 130 c.
9



Basically, 7 main deep faults have been identified, each of which
is characterized by its own significance and length. For example, the
Astara, Yardimli and Bilasuvar faults belong to the group of transverse
faults. The Talysh and Pre-Talysh tectonic faults belong to the group
of faults of the Pan-Caucasian direction. The Astara-Samur fault,
which is transverse in origin, is characterized by the greatest length.
Part of the Akhvay fault, which also falls on the Talysh zone, is or-
thogonal.

1.2. Geophysical research of the Talysh zone

In petrophysical terms, the Talysh zone is known as the terri-
tory of development of the main volcanogenic (Eocene) and ultra-
mafic intrusive (late Eocene-Oligocene) complexes®.

The radioactivity gradient in the southwestern part of the
Talysh territory, extending in a northwestern direction, called Pre-
Talysh, coincides in space with the transition zone between the Bi-
lasuvar-Karadonlim maximum (+20) and the Nameless minimum
(-8).” The productive thickness of this zone, determined by seismic
exploration data, is characterized by a wedging process, which
explains the presence of geofield anomalies associated with a geo-
logical nature. The boundary for geophysical fields of any type is
the Pre-Talysh fault.

Based on the data on the change in the velocities of longitudinal
seismic waves in both the vertical and horizontal directions, it can be
assumed that the crust of the Talysh zone is characterized by a layered-
block structure. A general study of the data on the distribution of
velocity parameters indicates that in the upper part of the crust of the
Talysh region, blocks of the earth with V, = 6.0-6.50 km/s predomi-
nate, and in the lower part - Vp = 6.60-7.60 km/s. Further, there is an
earth's crust with a thickness of approximately 10 km., with Vp =7.70-
7.90 km/s. The thickness of the Earth's crust, with a thickness of 10
km, lies directly above the Moho boundary and is a transitional region
between the earth's crust and the upper mantle.

4 Ammzane, Ak.A. [eonorus Azep0Oaiimkana. Tom V, Ousnka 3emu / Ak. A.Anu-
3ane. — baky: Hagra-IIpecc, - 2005. — 352.
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1.3. Lithological features of the study area

The oldest deposits of the Talysh region directly relate to the
Eocene epoch. In the studies conducted by F.A. Mustafayev, H.R. Ali-
yev and others in 1979-1982 (mapping at a scale of 1:50000) it is said
that “Lithologically, the territory of Talysh is composed of volcano-
genic and volcanogenic-sedimentary rocks, and the geological struc-
ture of the research area includes Paleogene and Neogene deposits of
the Tertiary period, as well as deposits of the Quaternary period”.
The average thickness of deposits of the 11l period of the Talysh zone
reaches 8-9 km. Of these, volcanic deposits are 3500-4000 m thick.
The thickness of deposits of the IV period varies within several hun-
dred meters.

According to lithological and paleontological features, the Eo-
cene deposits of the Talysh zone are divided into 3 floors: lower, mid-
dle and upper. The alkaline basaltoid formation is the most common
type of deposits of this age. A detailed study of the lithological fea-
tures revealed the presence of trachybasaltic formations.

CHAPTER II. HISTORY OF SEISMOLOGICAL
RESEARCH IN THE TERRITORY OF AZERBAIJAN

2.1. History of the seismicity study in the territory of
Azerbaijan

The plot of maps and schemes of seismic hazard of our Repub-
lic originates from the work of Mikhalevsky (1926). At that time, the
maps of seismic field zoning of the USSR represented a complete
systematic complex of geological hazard, which since 1937 have
been reconstructed almost every 10 years®.

The seismic zoning scheme, which was built in 1978, contains
new parameters and data, such as historical sources of perceptible
earthquakes; indicators of the frequency of oscillations of a certain
intensity; zones of standard intensity, i.e. that required for construc-
tion. Some differences of this map/scheme from the previous one is
that the Nakhichevan seven-point zone and the Talysh eight-point

% Babaes, I'.P. Ouenka ceficMUueCKOT0 pucKa Tepputopun roposa baky: / iucc. 10k-
Topa ¢unocopun o Haykam o 3emie / - baky, 2004. - 149 c.
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zone are not indicated here. The forms of the eight-point zones have
also undergone some changes.

The territory of the Azerbaijani part of the Greater Caucasus,
the Lesser Caucasus region, the Kur Depression, the Talysh mega-
zone and the adjacent water area of our republic (the Caspian Sea),
by the nature of seismic activity and the properties of the location of
the hypocenters of seismic events, are characterized as the most seis-
mically dangerous zones. The uneven distribution of focuses of im-
perceptible earthquakes in these zones is their feature. Focuses of
strong seismic events are mainly attributed to the fault systems of the
Caucasus, of various strikes. At the same time, there is an accumula-
tion of a large number of weak earthquakes at the intersections of the
above faults. The sea depth at which the accumulation of focuses of
weak events occurs reaches 50 km, while on land up to 35 km.

2.2. Research in the field of seismic hazard assessment of the
Talysh zone

It should be noted that, despite the availability of information on
the magnitude of the energy class of earthquakes, the location of epi-
centers and the attenuation factor, there is a need to use modernized
methods of seismic microzoning of the Talysh folding. It is also nec-
essary to take into account an important parameter - the coefficient of
amplification of the amplitude of the elastic wave. This coefficient
factor depends on the speed of wave propagation in the strata, as well
as on the lithology and thickness (power) of the strata. In addition, it
is necessary to study the properties of grounds from a dynamic point
of view and take into account the above-mentioned amplitude factor.
This process will allow creating a seismic model of the Talysh terri-
tory. Today, with the help of special software, it is possible to deter-
mine not only the coefficients of wave amplitudes, but also to deter-
mine the type of deposits lying at certain depths.

In order to modernize the network of observations and instrumen-
tal research in the field of seismology, in 2009-2010, additional stations
of the “Kinemetrics” brand were installed to the existing ones (e.g.,
“Astara”, “Lerik”), in the amount of eleven. 2011 was characterized by
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the introduction of an additional 6 telemetry stations into the network
by the RSSC (named “Gobustan”, “Gabala”, “Gusar”, “Ordubad”,
“Shahbuz”, “Heydarabad”). Since 2011, the number of stations in
Azerbaijan for seismological research has reached 31°.

The seismicity level parameter of the entire territory of Azerbai-
jan was used in the process of placing seismic stations in our country.
According to the RCSS data, seismic stations are located as follows:
“On the southern slope of the Greater Caucasus - three stations
(Pirgulu, Ismayilli and Sheki); on the northern slope and in the eastern
part of the Greater Caucasus - two stations (Guba and Siyazan, respec-
tively); in the southeast of the republic - three stations (Alibayramli,
Jalilabad and Lenkoran, later renamed Lankaran); in the west of the
republic - two stations (Ganja and Barda)”.

CHAPTER II1. SEISMICITY OF THE TALYSH ZONE AND
THE ADJACENT WATER AREA OF THE CASPIAN SEA
3.1. Research of macroseismic fields of the Talysh zone

The study of the macroseismic fields of the Talysh megazone
began with the Iranian earthquake of May 1860, which was felt in the
cities of Shamakhi and Shusha, while the epicenter of the event, lo-
cated at a depth of 35 km, was characterized by a magnitude of 5.2.
The intensity in the adjacent areas of Iran, on the Iran-Azerbaijan bor-
der (near the Talysh region) was estimated in the range of 5-6 points.

The resumption of seismic activity in the Talysh region occurred
after another Iranian earthquake, which was characterized as destruc-
tive. The seismic event of 1879 was felt in the areas of the settlements
of Lankaran, Bilasuvar and Ordubad. The main parameters of the
earthquake of March 22, 1879 are represented by the values of the
depth of the source of 25 km. and the magnitude of 6.5. Despite the
fact that the intensity of ground shaking classified the event as destruc-
tive (intensity - 7 points), no serious damage was detected’.

® AMEA nozdinds Respublika Seysmoloji Xidmot Morkazinin rosmi veb-sayti
[Elektron resurs]. - Baki, 2024; https://seismology.az/ru/stranica/seismologiya.
7 Ismayilova, S.S. Talig struktur zonasinin seysmogeodinamikast: / yer elmlari iizro
folsofo doktoru dis. / - Baki, 2018- 179 s.
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3.2. Seismic regime and distribution of earthquake epicen-
ters in the study area

General seismic situation in the Talysh territory for the period
891-2023 can be obtained on the basis of the map (Fig. 2) of the distri-
bution of earthquake epicenters constructed in this work, according to
the homogenized catalog. In the dissertation work, to represent the
modern seismic situation and general seismicity of the Talysh terri-
tory, a single, homogenized catalog of earthquake epicenters was
compiled. Events for the catalog were used from various local and
foreign sources.

Figure 2. Map of the distribution of epicenters of Talysh zone,
constructed for the period 891-2023 (compiled by Aliyev Ya.N.).

Based on the plotted map, it is possible to reason that the con-
centration of earthquake epicenters, for the specified period, is ob-
served directly in the central part of the Talysh megazone, near the
Lankaran, Lerik and Yardimly regions. Of the seven main regions of
Talysh, the lowest seismicity is observed in the Astara region, which,
in comparison with other regions, is characterized by smaller seismic
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events. The adjacent water area of the Caspian Sea is also characterized
by the presence of seismic events of varying magnitude over time.
Earthquakes have been occurring along the entire Azerbaijan-Iran
border for a long time.

3.3. Dynamics and mechanisms of earthquake focuses of the
Talysh zone and adjacent water area

The map of focal mechanisms of strong earthquakes in this
work was constructed using ArcGIS software, version 10.8. For
seven strong events, a selection was made from the general cata-
log of the focal mechanism, the work of Ismailova S.S. Compres-
sion of most of the territory of Talysh is observed, and shear pro-
cesses are identified in the zones of the Lerik and Yardimly dis-
tricts.
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Figure 3. Map of focal mechanisms of strong earthquakes on the
territory of Talysh for 1990-2023 (compiled by: Aliyev Ya.N.).
Copoc — Normal fault; B3opoc — Reverse fault; Cosur — Strike slip

It is known that during tectonic deformations, stress accumu-
lates in an elastic medium, and the deformation itself can be either
elastic or plastic. In the process of stress release, a tectonic earthquake
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source is formed. In the process of transforming one type of defor-
mation into another, a process of underground vibrations is formed -
that is, earthquakes?®.

The earthquake focal mechanism is one of the most important
parameters that describes an earthquake. In modern seismology, the
mechanism is attributed to the random movement of rocks, resulting
in the dispersion of elastic waves. It is possible to judge the stress state
of the Earth's depths using data on earthquake focal mechanisms,
which also carry information about rupture planes and stress axes ori-
entations.

As a result of the study, comparison and evaluation of instru-
mental data and macroseismic materials, it was revealed that within
the Talysh region, noticeable and strong earthquakes occurred in:
891 (M=6.3); 1990 (M=6.0); 1996 (M=5.4); 1998 (M=6.0); 2007
(M=5.2); 2012 (M=4.0); 2014 (M=4.)5); 2016 (M=4.6); 2023
(M=4.9 and M=5.1).

More than half of all earthquakes, in the process of deformation,
are characterized by the value of PL<30°, the remaining part of seis-
mic events is observed PL<20°. According to these values, upthrust
and strike-slip are the main processes in the territory of Talysh. SLIP
angles, which characterize the immersion indicator, change for posi-
tive directions by 60%, and for negative up to 40%. Based on these
data and materials on fault tectonics, heterogeneity of the lithosphere
in the study area was revealed®.

By integrating the available data on the seismicity of Talysh
zone and the adjacent Caspian Sea area with the values obtained in
this work, it can be argued that earthquake sources in the coastal part
of the Caspian Sea are capable of being generated from the Talysh and
Astara-Derbent faults and sources located within the South Caspian

8 Boponuna, E.B. Mexanuka odara 3emyietpsacenus. Yue6Hoe nocooue / E.B.Bo-
poHmHa. — MockBa: ®uznueckuii gaxymnsrer MI'Y, - 2004. - 92 c.

9 KasbimoBa C., Ka3siMoB 1. I'eopunamuka Tanblickoro pEeruoHa 1o 1aHHbIM Me-
XaHU3MOB o4aroB 3emuterpsicenuii 1 GPS-crannwmii // - ['eonorus u reodusuka
IOra Poccun, - 2020. Ne3, - ¢. 40-55.
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Basin. As a result, seismic processes are frequently activated through-
out the region.

CHAPTER IV. DIFFERENTIATION AND ANALYSIS OF
EARTHQUAKE PROBABILITY FOCUS AREAS

4.1. Calculation of the earthquakes’ maximum possible mag-
nitude parameter of the study area

For landslide areas, it is important to determine the parameter
of possible ground shaking, in the intensity scale. The expected max-
imum shaking of the territory of Talysh and the adjacent water area
of the Caspian Sea were determined based on the equation of attenu-
ation of macroseismic intensity.

The intensity of ground shaking, in macroseismic units, is
one of the main parameters that is determined when solving
engineering and geophysical problems, in addition to seismic
hazard parameters (PGA, PGV, displacement, shaking amplitude).
Mmax - the maximum magnitude of the seismogenic structure earth-
quake was determined based on the data on the length of faults and
lineaments of Talysh, based on the correlation relationship of She-
balin H. Considering the fact that the territory of Talysh is located
in a mountainous region, it is advisable to calculate the maximum
magnitude based on the right limit of the correlation relationship,
which has the form:

M=2LgL+20

Where: L — length of seismogenic structure (km).

Based on the use of a tectonic map, the length L of each of
the seven main faults of the Talysh zone was determined. Using
the Shebalin relation, the value of the maximum possible magni-
tude that can generate faults was determined and a corresponding
map of the distribution of the parameter in the study area was plot-
ted (fig. 4).
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Figure 4. Map of distribution of earthquakes possible maximum
magnitudes (Mmax) in the study area (compiled by: Aliyev Ya.N.).

Ground shaking in intensity is used to determine the seismicity
of seismically active areas in historical proportions, as well as when
compiling seismic zoning maps of various scales.

4.2. Estimation of expected maximum shakings in the Talysh
zone and adjacent water area

Obtained data on the extent of structures and the maximum pos-
sible magnitude of faults (fig. 1) and lineaments, the intensity of
ground shaking was determined on the basis of the ratio (Kuliyev F.T.)
of the macroseismic equation for the territory of Talysh (fig. 5).

Based on the compiled map, it is evident that shakings with an
intensity of VIII are concentrated mainly in the southern continuation
of the Yardimly region, extending in the south-east direction, towards
the Lerik region. More than 85% of the studied territory is character-
ized by probable earthquake focuses, with an intensity of VVII. The ad-
jacent water area of the South Caspian basin, washing the shores of
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the Talysh region, is also confined to the zone of shakings of VII  ac-
cording to fault tectonics.
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Figure 5. Map of differentiated areas of probable sources of strong
earthquakes (in intensity units) (compiled by: Aliyev Ya.N).

Based on maps 4 and 5, it can be stated that the Talysh fault is
capable of generating earthquakes with a maximum magnitude of
Mmax=6.0 and intensity of Jo=VIII; the Pre-Talysh fault is capable of
generating earthquakes with a maximum magnitude of Mmax=6.0 and
intensity of Jo=VII; the Astara fault with a maximum magnitude of
Mmax=5.2 and intensity of Jo=VII; the Yardymly fault - Mmax=5.5, in-
tensity Jo=VIII; the Bilasuvar fault - Mmax=5.6, intensity Jo=VII; the
Akhvay fault - Mmax=5.6, intensity Jo=V1I and the Astara-Samur (Der-
bent) fault generates earthquakes with a maximum magnitude of
Mmax=6.2 and intensity Jo=VII.

Therefore, based on the conducted assessment of the maximum
possible tremors of the Talysh territory, it can be concluded that the
study area is a zone of actual manifested risk. The development of risk
in the territory occurred as a result of earthquakes that generated the
Talysh, Pre-Talysh, Yardymlin and Astara-Samur (Derbent) faults,
which also contributed to the formation of landslides.
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CHAPTER V. SEISMIC HAZARD ASSESSMENT OF THE
TALYSH ZONE AND THE ADJACENT WATER AREA OF
THE CASPIAN SEA

5.1. Application of scenario earthquake in seismic hazard
assessment

In this paper we use an analytical approach to microseismic
zoning based on a sample of local, near and distant earthquakes.
Understanding new methods of seismic hazard assessment that
have emerged in recent years is the subject of close attention by
seismologists, and there is an increasing interest in this area. Today,
there are two main directions in the world that are based on proba-
bilistic and deterministic approaches. The methods are modified by
new additions, and are also enriched and expanded during seismic
monitoring.

The main parameters here are instrumental earthquake data
(magnitude, epicentral distance, earthquake focal depth), physical and
dynamic ground properties. Using them and calculating the peak am-
plitude of ground acceleration of foundation layers, the maximum am-
plitudes of earth surface shakings are calculated, the correlation com-
parison of which with seismic intensity is carried out on the generally
accepted international scale (Trifunac, Brady, 1975)%°.

It is advisable, when conducting a deterministic assessment of
seismic hazard, to divide the study areas into equal cells (squares) and
perform a calculation for each cell of the area (Fig. 6). When obtaining
the values of the elastic wave amplitude amplification, the PGA pa-
rameter of surface rocks is calculated for each cell, as a result of which
a model is plotted. Consequently, in this work, the seismic hazard
models of the Talysh territory and the adjacent Caspian Sea water area
are expressed in peak ground shakings accelerations. As a result of
comparing all models, it is possible to identify zones that are charac-
terized by high hazard.

10 Trifunac, M.D., Brady, A.G. On the correlation of seismic intensity scales with the
peaks of ground motion records // - Bulletin of the Seismological Society of Amer-
ica, - 1975. Ne65(1), - p. 139-162.
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Figure 6. Basemap of the Talysh territory, with the grid of the study
area into cells (17x15 km) (compiled by: Aliyev Ya.N.).
The central cell of the study area is highlighted in red.

5.2. Determination of the seismic wave’s amplification fac-
tor of the ground (soil) layer in the study area

The main focus of the seismic hazard assessment in this paper
is the application of a deterministic approach, the purpose of which
is to define a “maximum earthquake” scenario. This scenario is in-
tended to illustrate the strongest ground movements in the study area
11 The definition of the earthquake scenario mechanism is the basis
for seismic hazard assessment using a deterministic approach. The
choice of a scenario earthquake allows an assessment of the magni-
tude of the earthquake and a possible seismic catastrophe in the fu-
ture.

When assessing seismic hazard using a deterministic approach,
an important parameter is the seismic wave amplification factor,
namely its amplitude. Thus, a seismic wave passing through a thickness
of layers is characterized by different values of the wave amplitude am-
plification factor, depending on the lithological and stratigraphic

11 Babayev, G., Babayev, T., Luciano, T. Deterministic ground motion modeling
with target earthquakes and site effects in eastern Azerbaijan //- Arabian Journal of
Geosciences, - 2024. Ne61, - p.1-12, https://doi.org/10.1007/s12517-024-11866-y.
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features. To calculate the amplification parameter of the Talysh zone
and the adjacent Caspian Sea area, it is necessary to identify the lith-
ological stratigraphic properties of each cell of the study zone. For all
cells of the Talysh folded zone (51 cells), with a dimension of 17x15
km, wave amplification factors (amplitudes) were calculated and
used, which are based on the wave propagation velocity Vs, sediment
density and lithological composition. Naturally, rocks of a looser com-
position will be characterized by higher values of the Amp coefficient,
which corresponds to cells 3, 4, 5, 6, etc. Denser rocks, of the hard
type, which belong to the Oligocene-Miocene era, are characterized
by lower Amp values, down to 0.53.

Calculation of hypocentral and epicentral distances to each cell
of the study area is the next step in seismic hazard assessment using
the deterministic approach, since these distances belong to the group
of macroseismic parameters. Epicentral distance, i.e. from the epicenter
to the observation point (in our case, to the central point of the cells)
is defined as “A simple mathematical concept based on the linearity of
identical values, represented by the Pythagorean theorem”.

5.3. Calculation of the expected seismic effect of the Talysh
zone and the adjacent water of the Caspian Sea

Based on the obtained values of the coefficient Amp, it is possi-
ble to calculate the parameter of peak acceleration of the ground (os-
cillation) directly on the surface of the Earth. Calculations of the pa-
rameter PGA for bedrock were made for the purpose of calculating
the parameter PGA on the surface of the Earth.

In order to fully understand the picture of expected tremors in
PGA units, in this work, maps of the distribution of average PGA val-
ues were constructed for both bedrock and the Earth's surface (Fig. 7
and 8).

Based on the obtained data on peak ground accelerations, it is
evident that according to scenario earthquakes, the study area is char-
acterized by high values of the PGA parameter, practically in all cells.
Each cell, characterized by its own lithology, based on the application
of the wave amplification parameter, is determined by a different
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range of accelerations, in Gal units.
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Figure 7. Map of the peak ground acceleration (PGA) parameter dis-
tribution for bedrock in the Talysh zone (compiled by: Aliyev Ya.N.).
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Figure 8. Map of the peak ground acceleration (PGA) parameter dis-
tribution for surface in the Talysh zone (compiled by: Aliyev Ya.N.).
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According to Figure 7, the bedrock located in the northern part
of the study area is characterized by lower values of peak ground ac-
celeration relative to the entire area (400-500 gal). For the adjacent
Caspian Sea, accelerations are characterized by values above the low-
est, reaching a maximum of up to 700 gal. An increase in acceleration
values is observed when moving in the southwest direction of the
Talysh zone, in the area of the Talysh Mountains and the Lerik region.
Accelerations in this area reach their maximum of 900 gal. The Jalila-
bad-Masalli region is characterized by transitional values of PGA
(500-700 gal). The Lankaran region is also characterized by values
above average, while acceleration in this region reaches the range of
700-850 gal.

The distribution pattern of acceleration values for the soil sur-
face differs from accelerations for bedrock. Thus, according to Figure
8, the entire northwestern part of the Talysh territory is characterized
by the lowest acceleration values, within 200-355 gal.

As a result of applying the seismic wave amplification parame-
ter (its amplitude), the zone of high acceleration values was shifted to
the east, to the coastal sea-land boundary. Thus, the maximum values
of soil acceleration are characterized by a value of up to 670 gal, which
represents this zone as a high-hazard area.

Intermediate acceleration values are observed in the central-
western part of Talysh, in the Jalilabad-Yardymly area, reaching val-
ues of up to 500 gal. The Masalli-Lankaran zone, as a result of apply-
ing the Amp coefficient, is characterized as a zone close to high haz-
ard, since accelerations in this area reach 600 gal.

Based on the obtained values, a map of the intensity distribu-
tion of possible focal areas of high seismic hazard in the Talysh folded
zone was plotted (fig. 9).

According to the constructed map 9 for the Talysh zone, the
greatest intensity is represented by the centers of possible earth-
quake zones of the Lankaran-Caspian Sea region. The intensity in
this zone is characterized by its highest values, reaching intensity
of up to IX (9.4). For the study area, the Bilasuvar-Jalilabad region
is represented by the intensity of tremors in the value of VIII
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points. When comparing the entire study area, it is evident that the
eastern part of the Talysh megazone is more dangerous, compared
to the western part. The values of maximum ground acceleration
and intensity obtained in this work are the main indicator for put-
ting forward this statement.

VIHTEHCMBHOCTb

48 484 4838 4922

Figure 9. Map of distribution of macroseismic intensity (in points)
for the Talysh zone and adjacent water of the Caspian Sea,
from 4 scenario earthquakes (compiled by: Aliyev Ya.N.).

Thus, in Chapter V, the seismic hazard of the Talysh folded
megazone was assessed using the constructed seismic microzoning
maps of peak ground acceleration and earthquake intensity (macro-
seismic). An important parameter in this case is the elastic wave am-
plification factor, namely its amplitude. Thanks to the four selected
scenario earthquakes (Lerik, Iranian, Caspian and Oguz), a wide
range of approaches for deterministic seismic hazard assessment was
covered, ranging from lithological features to dynamic ground (soil)
parameters.

25



Conclusion
Based on the results of the research conducted in this disserta-

tion, the following main conclusions were made:

1.

Based on the existing methods, a unified differentiated approach to
seismic hazard assessment was developed, which takes into account
the ratios of the values of the maximum magnitude of earthquakes, the
size and length of the fault, as well as the epicentral distance;

. According to the analysis of the combined catalog of earthquakes

compiled in the dissertation work with the value of a single repre-
sentative magnitude calculated using correlation formulas, it was
confirmed that the main seismogenerating structures in the Talysh
zone and the adjacent waters of the Caspian Sea are the areas of
intersection and junction of the Astara-Samur (Derbent), Pre-Talysh
and Yardymly faults;

. Based on the analysis of the plotted unified map of the distribution

of macroseismic intensity of the Talysh zone, taking into account
the estimated maximum magnitude Mmax, the length of the faults
and the equation of the macroseismic field, it was revealed that the
Talysh fault is capable of generating earthquakes with an intensity
of VIII and poses the greatest danger to the study area, while it is
shown that most of the Talysh zone is subject to seismic hazard of VI,

. The developed models of ground (soil) conditions from the deep

strata of the Paleogene-Neogene age to the soil surface, developed
in this study, taking into account the lithological, physical parame-
ters and geometric characteristics of the environment, were used in
calculating the amplification factors of the amplitude of seismic
waves in layered packs and in constructing the corresponding map
of the distribution of the coefficient using the methods of mathe-
matical statistics and software;

. An integrated seismic hazard assessment was carried out taking into

account the ground (soil) conditions of the Talysh zone and the adja-
cent Caspian Sea, on the basis of which a series of deterministic maps
were created in the values of the peak ground acceleration of the deep
strata of siltstone-sandy composition of the Paleogene-Neogene age
at a five-kilometer depth and for sandy-clayey rocks on the exposed
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soil surface, and the intensity of shaking according to macroseismic
data of scenario (Lerik, 1998; Caspian, 2000; Iranian, 1980; Oguz,
2015) earthquakes;

. According to the results of the seismic hazard assessment based on
scenario earthquakes, the settlements of Masalli, Lankaran and
Astara of the Talysh zone, as well as the adjacent Caspian Sea, are
characterized by a high intensity of IX. However, the western and
northwestern parts of the study area, including the areas of the set-
tlements of Bilasuvar and Jalilabad, are characterized by a lower
intensity of VIII;

. A comparative analysis of the series of maps of the expected seis-
mic effect obtained in this work using the two integrated and uni-
fied methods developed by us made it possible to reveal that the
Talysh zone and the adjacent southern part of the Caspian Sea are
characterized by seismically dangerous zones with an estimated
maximum magnitude of Mmax = 5.2 = 6.2, with a peak ground ac-
celeration on the surface within 220-670 gal and a calculated shak-
ing intensity in the range of VII-VIII-IX, which significantly in-
creases the reliability of the characteristics of seismic effects.
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