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Abstract—In this paper seismic hazard for the sourthern slope
of the Greater Caucasus (Azerbaijan) was assessed by using five
major parameters: moment magnitude, simulated peak ground
acceleration (PGA) from four target earthquakes, intensity sce-
nario, amplification factor and b value. The deterministic scenario-
based seismic hazard assessment method was applied by using the
seismic catalogues compiled by the Republican Center of Seis-
mological Survey at Azerbaijan National Academy of Sciences.
Additionally this study presents hazard assessment analysis on 67
active faults tracing in the southern slope of the Greater Caucasus,
considering the fault’s location, size and length, and calculating the
magnitude for those faults and lineaments estimated by empirical
correlations. Our findings are: (1) maximum earthquake of Mw 8.0
is estimated for the western area zone and is used to generate one of
the seismic scenarios of the region; (2) intensity distribution clas-
sifies the region into the highest hazard level with intensity value of
7 and over in the westward part and also in the eastward of the
studied territory, in contrast to some areas in the southern part of
the region which has the lowest level with intensity value of 6 and
over; (3) the b value distribution shows that lower values are
observed in the western part of the region (Zagatala, Sheki), in the
Shamakhi area and on some areas of the northern part indicating
higher stress in those areas; (4) PGA map from scenario earth-
quakes demonstrates that the very high PGAs are scattered in the
west and east parts of the study area, while independently from the
epicenter of the target earthquakes, the low and very low PGA is
scattered in the central part of the study area. Such seismic hazard
analysis with consideration of one of the main five parameters and
target earthquake scenarios could help the region’s sustainable
development against earthquakes.

Keywords: Seismic hazard, PGA, b value, intensity, esti-
mated magnitude, Greater Caucasus.

Geology and Geophysics Institute, Azerbaijan National
Academy of Sciences, H. Javid Ave 119, AZ1143 Baku,
Azerbaijan.

2 National Research Council, Institute of Methodologies for
Environmental Analysis, C. da S. Loja, 85050 Tito, PZ, Italy.
E-mail: luciano.telesca@imaa.cnr.it

1. Introduction

The study area is the southern slope of the
Greater Caucasus (Fig. 1) situated in an intraplate
setting within the Eurasian plate and characterized
by relatively strong seismicity and focusing on the
area with location in 40° 10’ 20.63"/41° 46’ 39.64"
N latitudes and 46° 17" 15.18"/49° 30’ 13.52" E
longitudes.

The main objective of the paper is to carry out
seismic hazard analysis to quantitatively estimate and
empirically define the expected hazard in the south-
ern slope of the Greater Caucasus (Azerbaijan). In
this study, we perform a strong ground motion sim-
ulation for the southern slope of the Greater Caucasus
from the integrated analysis of seismicity, geology,
effects of soil and rock to seismic wave amplification,
attenuation characteristics and site response. Site
characterization and identification of the types of
sediments, thickness and variations of underlying
rock layers was determined by measurement of the
P-wave velocities in several boreholes. Shear wave
velocity (Vs) was estimated from the empirical rela-
tionship with the Vp value. A number of studies
concluded that shear wave velocity was an important
parameter for evaluating the dynamic behaviour of
soil in the near surface depth (Kanli et al.
2006, 2008). Subsurface shear wave velocity values
are one of the significant values in calculating seismic
hazards (Kanli 2010). Applying the macroseismic
parameters of the target earthquakes and empirical
equations, we develop particular earthquake scenar-
ios based on PGA values and consequently hazard
level is established considering the spatial distribu-
tion of intensity, amplification factor and b values. A
seismic hazard map which depicts PGA distribution
helps in deciding the location of important and crit-
ical objects and other structures. Besides to the
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Figure 1
Location map of the study area (I—Balaken—Zagatala, [I—Sheki—Oguz—Gabala, III—Ismailli—-Shamakhi)

earthquake scenarios, we apply the approach in which
the source responsible for the potential hazards in the
area is accepted as the causative source representing a
maximum seismic “threat” for the area. Here, we
perform seismic hazard analysis in terms of maxi-
mum magnitude the source (faults and lineaments)
can generate using empirical relationship between
magnitude and the length of the faults and
lineaments.

2. Seismotectonics of the Study Area

As part of the Alpine-Himalayan orogenic belt,
Azerbaijan is situated in the active continent collision
of the Arabian-Eurasian plates and involved in
dynamics of lithospheric structural units of those
plates (Jackson et al. 2002). Mountains of the Greater
Caucasus extend between the Black and Caspian
seas. The Greater Caucasus is wholly situated in an

intraplate setting within the Eurasian plate. Southern
slope of the Greater Caucasus is characterized by two
mountain ranges, with an average elevation of about
4466 m (Alizadeh et al. 2016).

Seismically, the territory of southern slope of the
Greater Caucasus is characterized by a high seismic
activity (Fig. 2a) (Babayev et al. 2019). Strong and
catastrophic earthquakes, which happened several
times in this area from ancient times till now caused
large number of human losses and destructions.
Seismically active block I (Fig. 2a) is located in the
north-western part of Azerbaijan Greater Caucasus.
This area is shaken both by local focal zones within
this block, by Georgian focal zones and by those from
Russian part of the Greater Caucasus (Babayev et al.
2019). The historical catalogues registered the local
earthquakes in this area since 1853 with intensity of
IV-V (Kuliyev 1986; Kondorskaya and Shebalin
1982). The strongest historical Zagatala earthquake
occurred in this block in 1936 with intensity of VII
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<«Figure 2
a Seismicity of Azerbaijan 1963-2018 with MI range 3.0-6.6; b a
velocity model of Caucasus region and adjacent territories with the
95% reliable ellipses of the root mean square error level
(Nilforoushan et al. 2003; Reilinger et al. 2006; Kadirov et al.
2012; Alizadeh et al. 2016)

(Babayev et al. 2019). Seismically active block II
(Fig. 2a) is characterized by the strongest earth-
quakes which were mainly registered in Sheki and
Gabala city areas in 1903, 1928, 1953, 1963 years
with intensity of VII. Prior to 1828 year, there
occurred 35 earthquakes with weak seismic effect
(Babayev et al. 2019). The strongest earthquakes
which are framed by block III (Fig. 2a) mainly
occurred in Shamakhi and Ismailli city areas
(Babayev 2010; Babayev et al. 2010; Babayev and
Telesca 2014; Kadirov et al. 2012, 2013; Telesca
et al. 2013, 2017; Yetirmishli et al. 2013). The city of
Shamakhi (situated about 110 km westward from
capital of Azerbaijan, Baku city) was struck by strong
seismic events in the past: in 1191, 1667, 1859 and
1902 (Veber 1904; Kondorskaya et al. 1982). Some
of them have the magnitude of 6.0-6.9. Those
earthquakes were felt in the epicenter with the
intensity IX (according to the MSK-64 scale). Some
earthquakes with M ~ 5.0 also occurred in this
region with intensity in the epicenter at VII (MSK-
64).

Within contemporary period between 2000 and
2018, the most felt earthquakes occurred in 2012 in
Sheki—Gabala zone, in 2015 in Sheki-Oguz zone, in
2016 and 2018 in Zagatala zone with local magnitude
M = 4.5 ~ 5.5. The strongest one occurred in 2014,
2016, 2019 in Shamakhi—Ismailli zone with local
magnitude M = 6.0-6.9.

The GPS data indicates that total convergence
across the central and western Lesser Caucasus and
Greater Caucasus is ~ 10 £+ 2 mm/year (McClusky
et al. 2000). Repeating GPS measurements in Azer-
baijan show active convergence between the Lesser
Caucasus/Kur Depression and the Greater Caucasus
with strain concentrated along Main Caucasus Thrust
(MCT, blue line in Fig. 2b) (Philip et al. 1989; Rei-
linger et al. 2006; Kadirov 2000; Kadirov et al. 2012;
Telesca et al. 2017). The Balaken—Zagatala zone and
the Ismailli-Shamakhi zone are characterized by the
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extension, giving rise to mainly normal dip slips and
normal dip slips with strike slip motion (Babayev
et al. 2017; Agayeva et al. 2009). Sheki—Gabala zone
is mostly compression with the thrust and reverse
faults (Kadirov et al. 2013).

3. Materials and Methods

3.1. Basemap and Meshing the Study Area

Using the geological map of Azerbaijan (Alizadeh
2008; Alizadeh et al. 2016) as a basemap, the study
area with blocks [I, II and III, respectively (see
Fig. 2)] was framed considering specific geological
features (Khalilov et al. 1987), tectonic peculiarities
(Kangarli and Akhundov 1998; Khain et al. 2005),
and then was meshed into 46 cells with a step of
10 x 10 km? (Fig. 3).

Geologically, the area is represented by Quater-
nary system (Holocene and Pleistocene), Neogene
and Paleogene of Cenozoic, Cretaceous and Jurassic
systems of Mesozoic (Alizadeh 2008). The lithology
of the study area consists mainly of argillites,
limestone, marlstone, sandstone, dolomites, aleurolite
and clayey shales. Lithological factor is one of the
important steps in seismic hazard assessment and is a
necessary parameter in deterministic seismic hazard
analysis (Babayev et al. 2010; Babayev and Telesca
2016). We will come back to that factor below in the
respective section of the present paper.

3.2. Average Earthquake Magnitude Estimated
for Various Sources

To assess the moderate maximum magnitude
potential of the various faults and lineaments tracing
in the study region empirical formulas of Shebalin
(1961), Gubin (1974), Riznichenko (1965), Utsi
(1961), Mammadli (2007), Bonilla et al. (1984) were
applied (Fig. 4). The Scordilis’ formula (2006) was
applied to convert the magnitudes to moment mag-
nitude Mw in the equations of Shebalin (1961),
Gubin (1974), Riznichenko (1965), Utsi (1961),
Mammadli (2007) and Bonilla et al. (1984).

The length of each fault and lineament was
calculated by applying ArcGIS 10.0 (ESRI 2011)
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Figure 3
Basemap and meshing the study area (scale 1:500,000). Target earthquakes for this study are demonstrated by circle of respective colors. See
text for detail below

software. The rupture length of the faults and
lineaments was taken as one-third of the fault length
according to (Baghbani et al. 2016). Totally, in the
study area there were 67 fault and lineament parts.
The length of the faults and lineaments in the study
zone, the estimated magnitude based on empirical
relations are shown in Table 1.

It is observed that the estimated maximum
magnitude of 8.0 is spread in the western area zone
and is used to generate one of the seismic scenarios of
the region (Fig. 5).

3.3. Earthquake Scenario. PGA Distribution

Four target earthquakes for PGA and intensity
scenarios were considered: M = 6.8 Ganja earth-
quake occurred in 1139 with focal depth (h) of 15 km
as near-field event (Fig. 3, marked in red color),
M = 6.8 Shamakhi earthquake occurred in 1902 with
h =15 km as local-field event (Fig. 3, marked in
blue), M = 5.9 Sheki—Oguz earthquake occurred in
2015 with h = 13 km as local-field event (Fig. 3,
marked in pink) and M = 5.5 Zagatala earthquake

occurred in 2018 with h = 10 km as local-field event
(Fig. 3, marked in yellow). The selection of the target
earthquakes was based on the distance from the study
area (Ganja earthquake) and various epicenters in the
study area (the rest target earthquakes), their magni-
tude, their effect on the study area, their location with
respect to the regional fault system (Babayev et al.
2010; Babayev and Telesca 2016).

Macroseismic ~ parameters (magnitude, focal
depth, epicentral/hypocentral distances to each cell
of the study area) of above-mentioned four target
events were used in modelling ground motion for
each cell at bedrock and surface level (Babayev et al.
2010). The expected bedrock PGA was estimated
with Eq. (1) that is the relation between the peak
ground acceleration A (in gal) (in gal = 10> m s_z),
the magnitude M, and the hypocentral distance R (in
km):

logA = 0.28M — 0.8logR + 1.7 (1)
for A > 160 gal (for local and near-field events).

Derived empirically by Aptikayev and Kopnichev

(1979), the Eq. (1) is well suited for soft to hard
bedrocks, typical for the bedrocks in Azerbaijan. A
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Figure 4

Fault map of the study area. Some faults are compiled from geologic maps and divided into thrusts and remaining fault types. Some faults are

interpreted from gravity data (from Kadirov 2000; Nemcok et al. 2011). Faults: 1-1 Makhachkala-Krasnovodsk, 2-2 Akhty-Nyugedi-Kiliazin,

3-3 Siyazan, 4-4 Zangi-Kozluchay, 5-5 Vandam, 6-6 Alazan-Agrichay-Alat, 7-7 Kur, 8-8 Pre-Caucasus, 9-9 Bashlybelsky, 10-10 Gektana-
Akerinskiy, 11-11 Sharur-Ordubad, 12-12 Gizilagach, 13-13 Arpa-Samur

horizontally multi-layered structure, where shear-
wave velocity, thickness, and density depend on the
layers, is used to model the subsurface structure down
to the seismic bedrock (Babayev et al. 2010; Babayev
and Telesca 2016). The subsurface ground model for
each cell and the identification of the types of
sediments, their thickness and variations of underly-
ing rock layers was developed by means of the
measurement of the P-wave velocities in several
boreholes (Babayev and Telesca 2014). P-wave
velocity test was performed in the laboratory, on-site
and on the samples retrieved from the boreholes
(Kangarli and Akhundov 1998). Rock blocks were
collected from various stone quarries located around
Shamakhi, Sheki, Oguz, Gabala. Each rock block was
inspected in order to guarantee that it would provide
standard testing specimens without macroscopic
defects, alteration zones and fractures (Babayev and
Telesca 2014, 2016). Vp is measured on samples by

direct transmission using ultrasonic nondestructive
tester that measures the time of propagation of
ultrasound pulses (Babayev and Telesca 2016). The
subsurface models used in our study are presented in
Table 2. Shear wave velocity Vg (m sfl) averaged
over top 30 m of the soil are estimated from
empirical relationship with the V, value in Eq. (2).
In its turn, V, value was measured for the specific
soils by experimental method (Seed et al. 1969).

Vs = Vp/(4.34 — 0.49Vp) (2)
For hard sedimentary rocks, the amplification

factor within a layer has been calculated by using the
Eq. (3) (Midorikawa et al. 1992):

logApga = 1.11 — 0.421log Vs (3)

where Apga is the amplification factor of peak
ground acceleration between target layer and the
layer with Vs = 440 m/s. Shear wave velocity (Vs)
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Table 1

Magnitude calculations for various faults and lineaments (Fig. 4) estimated by empirical correlations

No. L (km) Shebalin (1961) Gubin (1974) Riznichenko (1965) Utsi (1961) Mammadli (2007) Bonilla et al. (1984) Av (Mw)

1 30 5.0 6.5 6.5 6.6 6.4 7.1 6.3
2 35 5.1 6.7 6.6 6.7 6.6 7.1 6.5
3 88 59 7.6 7.1 7.5 7.7 74 72
4 13 4.2 5.7 6.1 5.8 55 6.8 5.7
5 22 4.7 6.2 6.4 6.3 6.1 7.0 6.1
6 35 5.1 6.7 6.6 6.7 6.6 7.1 6.5
7 17 4.5 59 6.2 6.1 5.8 6.9 59
8 19 4.6 6.1 6.3 6.2 59 6.9 6.0
9 34 5.1 6.7 6.6 6.7 6.6 7.1 6.4
10 11 4.1 55 6.0 5.7 53 6.8 55
11 22 4.7 6.2 6.4 6.3 6.1 7.0 6.1
12 18 4.5 6.0 6.2 6.1 5.8 6.9 59
13 23 4.7 6.3 6.4 6.3 6.1 7.0 6.1
14 7 3.7 5.0 5.7 53 4.7 6.6 52
15 20 4.6 6.1 6.3 6.2 6.0 7.0 6.0
16 22 4.7 6.2 6.4 6.3 6.1 7.0 6.1
17 20 4.6 6.1 6.3 6.2 6.0 7.0 6.0
18 20 4.6 6.1 6.3 6.2 6.0 7.0 6.0
19 35 5.1 6.7 6.6 6.7 6.6 7.1 6.5
20 10 4.0 5.4 59 5.6 5.1 6.7 5.5
21 15 44 5.8 6.1 6.0 5.6 6.9 5.8
22 20 4.6 6.1 6.3 6.2 6.0 7.0 6.0
23 30 5.0 6.5 6.5 6.6 6.4 7.1 6.3
24 40 52 6.8 6.7 6.8 6.8 72 6.6
25 11 4.1 5.5 6.0 5.7 53 6.8 5.5
26 23 4.7 6.3 6.4 6.3 6.1 7.0 6.1
27 8 3.8 52 5.8 5.4 49 6.7 53
28 5 3.4 4.7 5.5 5.0 43 6.5 4.9
29 6 3.6 4.9 5.6 52 4.5 6.6 5.1
30 35 5.1 6.7 6.6 6.7 6.6 7.1 6.5
31 5 3.4 4.7 55 5.0 43 6.5 4.9
32 40 52 6.8 6.7 6.8 6.8 72 6.6
33 20 4.6 6.1 6.3 6.2 6.0 7.0 6.0
34 20 4.6 6.1 6.3 6.2 6.0 7.0 6.0
35 40 52 6.8 6.7 6.8 6.8 72 6.6
36 35 5.1 6.7 6.6 6.7 6.6 7.1 6.5
37 20 4.6 6.1 6.3 6.2 6.0 7.0 6.0
38 10 4.0 5.4 5.9 5.6 5.1 6.7 5.5
39 8 3.8 5.2 5.8 5.4 49 6.7 53
40 18 4.5 6.0 6.2 6.1 5.8 6.9 59
41 30 5.0 6.5 6.5 6.6 6.4 7.1 6.3
42 20 4.6 6.1 6.3 6.2 6.0 7.0 6.0
43 27 4.9 6.4 6.5 6.5 6.3 7.1 6.3
44 20 4.6 6.1 6.3 6.2 6.0 7.0 6.0
45 20 4.6 6.1 6.3 6.2 6.0 7.0 6.0
46 14 43 5.7 6.1 59 5.5 6.9 5.7
47 200 6.6 8.5 7.6 8.2 8.7 7.7 79
48 30 5.0 6.5 6.5 6.6 6.4 7.1 6.3
49 36 5.1 6.7 6.6 6.7 6.7 7.1 6.5
50 7 3.7 5.0 5.7 53 4.7 6.6 52
51 46 53 7.0 6.8 6.9 6.9 72 6.7
52 37 5.1 6.7 6.6 6.7 6.7 72 6.5
53 85 59 7.6 7.1 7.5 7.7 74 7.2
54 70 5.7 7.4 7.0 7.3 7.4 73 7.0

55 8 3.8 5.2 5.8 5.4 49 6.7 53
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Table 1 continued

No. L (km) Shebalin (1961) Gubin (1974) Riznichenko (1965) Utsi (1961) Mammadli (2007) Bonilla et al. (1984) Av (Mw)

56 40 52 6.8 6.7
57 50 54 7.0 6.8
58 65 5.6 7.3 7.0
59 38 52 6.8 6.7
60 8 3.8 52 5.8
61 10 4.0 5.4 59
62 14 43 5.7 6.1
63 22 4.7 6.2 6.4
64 16 44 59 6.2
65 58 55 72 6.9
66 10 4 5.4 59
67 30 5.0 6.5 6.5

6.8 6.8 7.2 6.6
7.0 7.0 72 6.8
7.2 7.4 73 7.0
6.8 6.7 72 6.5
5.4 49 6.7 53
5.6 5.1 6.7 5.5
59 55 6.9 5.7
6.3 6.1 7.0 6.1
6.0 5.7 6.9 5.8
7.1 7.2 7.3 6.9
5.6 5.1 6.7 5.5
6.6 6.4 7.1 6.3

41
40 -+ -+ -+
46 47 48 49
Figure 5

Moment magnitude Mw based for various faults and lineaments

has the advantages of reflecting the stiffness of soils
(Babayev and Telesca 2014, 2016).

Consequently, Vs is an important parameter in
subsoil exploration (Babayev and Telesca 2016).
Shear wave velocity (Vs) by itself is a useful
parameter for seismic classification of soils (Babayev
and Telesca 2016). The reference site condition for
which the current research is done equals to 440 m/s
which is represented by hard rock (Dobry et al. 2000),
typical in the study area. For soft sedimentary rocks

and soils, the amplification factor in a subsurface
layer were estimated from shear-wave velocities,
density, and thickness of the layer using the SHAKE
(Orddnez 2003). The measured and calculated seis-
mic wave velocities, density value, calculated
amplification factor for the principal site units used
in the ground modelling are demonstrated in Table 2.

Each layer is homogeneous and isotropic with
characteristic values of thickness, mass density, shear
modulus and damping factor (Babayev and Telesca
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Table 2

Lithology and physical parameters of ground units for the study area

Age Lithology Vp Vs Density Amplification
(km/s) (km/s) (kg/srn3) factor
Cenozoic Holocene (modern deposits) Argillites, limestone, marlstone, sandstone 1.50 0.35 1.9 1.10
Cenozoic, Quaternary, Upper Pleistocene Thin-layered sandstone 3.30 2.02 2.35 0.53
Cenozoic, Quaternary, Lower Pleistocene Argillites and sandstone 2.10 0.50 2.00 0.95
Cenozoic, Neogene Dolomite, marlstone, sandstone 2.67 0.88 1.98 0.75
Cenozoic, Paleogene Limestone, aleurolite, marlstone 2.23 0.69 1.87 0.83
Mesozoic, Cretaceous Sandstone, aleurolite and clayey shales 3.93 1.63 2.38 0.58
Mesozoic, Jurassic Aleurolite, marlstone 4.18 1.82 2.49 0.55
m (PGA), gal
160
155
150
145
140
135
130
414 B
Q
(]
o
/
40 + + + :
46 47 48 49

Figure 6
Generalized PGA index map of the study area based on PGAs of four target earthquakes

2016). Since the analysis takes into account the non-
linearity of the soils using an iterative procedure, an
important role is played by dynamic soil properties
(Babayev and Telesca 2016).

The assumptions of the SHAKE method are: (1)
the soil system extends infinitely horizontally; (2) the
soil responses are due to the upward propagation of
shear waves from the underlying rock stratum. Non-
linear site effects, like increasing damping and
decreasing shear wave velocity with the increase of
input strength, are observed in the dynamic loading of
soils (Idriss and Seed 1968).

The amplification function at a site is controlled
by the wave velocity and damping in the soil layer
hence nonlinear site effects can be expected in
strong-motion seismology (Panza et al. 2001, 2011).
With the extrapolation of parameters of the target
earthquakes, peak ground accelerations for scenario
earthquakes were calculated at the magnitudes of
selected earthquakes. In conclusion, PGA values
from four target earthquakes considering amplifica-
tion factors for soft rocks derived from SHAKE2000
and for hard rocks derived from Eq. (3) are used to
prepare the generalized PGA index map at surface
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Figure 7

Intensity distribution map for the study area using existing correlation relationship between peak ground acceleration and intensity MSK-64
(Murphy and O’brien 1977; Trifunac and Brady 1975)

level for the study area. The generalized predicted
surface PGA derived from the parameters of the
target earthquakes and intensity level are plotted in
Figs. 6 and 7, respectively. The plotted models show
the level of ground shaking over the study area and
identify regularities in the attenuation of intensities
(Babayev and Telesca 2014). The very high PGA is
distributed in the north-eastern part of the study area.
Between western part with the very low PGA of
45-50 gal and central part of the study area in Oguz
city with the PGA of 60 gal, there is a zone with
increasing PGA up to about 100 gal.

Figure 8 shows the amplification factor distribu-
tion map of the study area based on the amplification
factor values of Table 2. The very high amplification
factor was observed in the south-eastern part of the
area, while between low value of amplification factor
in the western and middle parts, there is increasing
spot of amplification factor: this is due to the
increasing soft soils, namely soft-cemented sand-
stone—clay deposits. Such pattern is also scattered in
the north and north-eastern parts.

3.4. b value

The b value is one of the important components in

the Gutenberg—Richter empirical relation log;o(N) =
a — bM (Gutenberg and Richter 1944, 1956). This

relation represents the frequency of occurrence of
seismic events as a function of their magnitude. The a
value describes the seismic productivity, while the b
value measures the proportion of number of weak to
strong events and indicates the dynamics of the
tectonic stress of an area.

Telesca et al. (2017) showed that the seismicity of
Azerbaijan from 2003 to 2016 was characterized by a
bimodal non-cumulative frequency—magnitude distri-
bution that indicates that seismicity is quite spatially
heterogeneous, thus affecting the estimation of the
completeness magnitude. Through the Aki’s (1965)
formula, the b value of the Gutenberg—Richter law
can be calculated as (4):

. logy(e)
- (M. — AMn ) Y
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Figure 8

Spatial distribution of amplification factor through study area

where (M) is the mean magnitude of the seismic
dataset, Mc is the completeness magnitude and
AMbin is the bin size of the non-cumulative fre-
quency—magnitude distribution.

Thus, as it is clearly seen from the formula above,
the estimation of b value depends on that of the
completeness magnitude. By using several methods
(Wiemer and Wyss 2000). Telesca et al. (2017) found
that the more conservative choice of completeness
magnitude of the area under study was 2.9. Therefore,
in this study we calculated the spatial variation of the
b value, considering only the events with magnitude
larger or equal to 2.9.

Figure 9 shows the spatial variation of the b value
through the region. The lowest b value was estimated
in southeast and west which have relatively the
highest seismic activity in the studied region.

4. Discussion and Conclusion

In the present study, we applied three main
methodological approaches. First, estimation of

potential magnitude that each fault and lineament
might produce considering rupture zone (focus of
earthquake). Second, development of strong motion
model in the values of peak ground acceleration on
the basis of the deterministic (scenario-based) seismic
hazard assessment approach (DSHA), and third,
Gutenberg—Richter relation which is empirical rela-
tion in seismology, representing the frequency
magnitude distribution considering b value in that
equation. The ground acceleration due to strong
ground motion depends on an integrated combination
of the magnitude, duration, frequency content,
hypocentral distance, site effect and site response.
Based on the analysis of seismic hazard with the
methods applied in the present study, the southern
slope of Greater Caucasus of Azerbaijan represents
moderate to high seismic hazard. Estimated maxi-
mum magnitude potential of the various faults and
lineaments tracing in the study region are observed in
the western, eastern zones and some small part of
north which have relatively highest risk score among
the others. Increasing intensity is observed in the
areas with soft-cemented sandstone—clay deposits,
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Figure 9
Detailed distribution of Gutenberg—Richter b value in the study area

although in those area there are inclinations of
sandstone, limestone and sandy marl of various
thicknesses. Such areas are in the western part (Za-
gatala—Sheki), in the northern part (Ismailli—
Shamakhi) and eastern part of the studied region.
Those zones are also characterized by high amplifi-
cation factor compared to other zones of the studied
region. Amplification factor varies in the range of
0.88-1.00, taking the highest values in the western
and eastern zones. The most important fact here is a
decrease of amplification factor down to 0.48
between western and eastern (mainly in the center)
parts, while simultaneously an increase up to 0.78
scattering in the form of stripe in the northern part.
The very high PGA is distributed in the north-eastern
part of the study area. Among high values of PGA,
there are areas with sharp decrease of PGA, which is
most probably interlinked with damping factor of the
ground. Intensity map demonstrates that ground dis-
placements are various and not obviously oriented
towards seismic source. The lowest b value was
clearly observed in west and southeast, where large
earthquakes occurred in Zagatala and Ismailli-Sha-
makhi areas.
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