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Abstract: Relevance. Azerbaijan is tectonically situated in the Arabian-Eurasian continent collision zone.
Due to this collision activity the seismic pattern of the region is observed with the occurrence of frequent
moderate and occasionally strong earthquakes. Research methods. In this study, we used a catalog of
International Seismological Centre through the Azerbaijan region including the neighbor parts and aquatory
(Caspian Sea). Catalog has been clustered according to the 6 tectonic mega-zones of Azerbaijan. Aim. The
purpose of this paper is to expose the seismicity level of Azerbaijan employing the international catalog of
earthquakes from 1926 to 2022. Results. We estimated the seismicity indicators for each cluster. a- and
b-values of Gutenberg-Richter law have been evaluated for each cluster. We examined the precision of them
computing the maximum magnitude uncertainty and the results seem to be precise enough where the maximum
magnitude uncertainty values are close to 0. We defined magnitude of completeness around or above 4 for the
clusters and the bin was defined 0.1 for each. The highest a- and b-values are observed in cluster | (Gusar-
Shabran and aquatory) and cluster VI (Talysh mountains and aquatory). a-, b- values for cluster | are 6.97
and 1.16 respectively and for cluster VI are 11.89 and 2.17 respectively. The number of earthquakes with
magnitude greater and equal to magnitude of completeness for cluster | and VI is 213 and 30 respectively.
For clusters I, II, Ill, IV, and V, the number of earthquakes (M = M) are 399, 115, 318, 503 respectively.
Conclusions. The seismic activity for each tectonic segment has been demonstrated in terms of the number of
earthquakes with magnitude greater than 3.8, at least.
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Pe3stome: AKTyanbHOCTb paboTbl. Tepputopus AsepbaiipkaHa TEKTOHUHECKI PACOOXeHa B 30He CTOMKHO-
BeHWs ApaBniickon n EBpa3niicKom NiuT. B CBA3M C 3TON KOMIM3MOHHOW aKTUBHOCTbIO CEMCMUYecKas KapTuHa
peruoHa xapakTepusyeTcs BO3HNKHOBEHNEM 4aCTbIX YMEPEHHbIX U MOPOH CUIbHbLIX 3eMneTpsaceHunii. Metogbl uc-
cefoBaHus. B [aHHOM uccneaoBaHum 6bi Ucnonb3oBaH Katanor MexayHapoaHoro Ceicmonoruyeckoro LieHTpa
(ISC) no Azepb6anpkaHy, BKIo4as COCeLHUE TEPPUTOPMI U NPUNEratoLLyto akBaTopuio Kacnuickoro mops. Mpo-
BEZeH KNacTepHbIil aHanM3 Katanora B COOTBETCTBUM C CYLLECTBYHOLLMMN LUECTbI0 TEKTOHUYECKUMMU Mera3oHamu
AsepbaiimpkaHa. Llenbto nccnenoBaHns SBnseTcs OLEHKA YPOBHSA CEMCMUYHOCTW Tepputopun AsepbaimpkaHa no
JlaHHbIM MEXAYHapOAHOro katanora semnetpsicernii ¢ 1926 no 2022 roabl. PesynbTatbl. OLEHeHbl noKasaTenm
CEeNCMUYHOCTH, TaKMe Kak napameTpbl a U b B 3akoHe [yTeHOepra-Puxrtepa ans kaxaoro knacrepa. [posepeHa jo-
CTOBEPHOCTb 3Ha4eHUI, OLIEHBAs CTeNeHb HEONPEAeIeHHOCTU MakCUManbHOM MarHuTybl. bbina onpegenexa se-
NNYMHA NpeacTaBUTeNbHON MarHuTyasl Mc > 4 ans knactepos ¢ uHTepsanom B 0,1 ang kaxaoro knactepa. Cambie
BbICOKME 3Ha4eHMs NapaMeTpoB a u b HabnopatoTes B knactepe | (Mycap-LUa6paH n npuneratoLas aksatopus) 1 B
knactepe VI (TanblLLcKKe ropbl 1 NpuneratoLLas akBatopus). 3Ha4eHns napameTpa a u b ans knactepa | coctaens-
t0T 6,97 n 1,16 cooTBeTCTBEHHO, a Ans knactepa VI — 11,89 n 2,17, cootBeTCTBEHHO. KONNYECTBO 3eMIIETPSACEHNIA
C MarHuTyaon, 60bLUEI U PABHOW BENIMYIUHE NPELCTABUTENIbHON MAarHUTYAbl Ans knactepos | n VI coctasnser 213
1 30, cooTeTcTBeHHO. [ng knactepos |, Il I, IV n V konuyectso 3emnetpsacequin (M > Mc) coctasnset 399, 115,
318, 503, cooTBeTCTBEHHO. BbIBOABL. Takim 06pa3oMm, ¢ Y4eTOM KONUYECTBA 3EMNIETPSACEHMIA OLEHOYHAs CEACMU-
YecKas akTMBHOCTb /151 KQKO0r0 TEKTOHMYECKOr0 CerMeHTa xapakrepuayercs mariutygon M > 3,8.

KntoueBble cnosa: AsepGaiixaH, nokasarenin CeiicMUYHOCTY, napameTp a, napameTp b, HeonpeaeneH-
HOCTb MaKCUMasbHOM MarHuTy/bl, NPEACTABUTEbHAS MarHUTY/A.

bnaropapHocTH: ABTOPbI BbIPAXAarT 671ar04apHOCTE PecnybnnkaHcKoMy LIEHTPY cencMopasBenku Asep-
bavipkana n 00beaUHEHHOMY HAY4YHO-UCCIIEA0BATE/IbCKOMY UHCTUTYTY M0 CENCMOSIOrnn 3a MpeaocTaBieHne
I10/163HbIX OTKPbITHIX CENCMUYECKUX [JAHHbIX. ViccnefoBaHns npoBOAUINCH B 1a60PATOPUN MPOCTPAHCTBEHHO-
BPEMEHHOI0 axanmaa v onacHoctu semsnetpsaceHnit ESTAHL.

Ins yutupoBanus: babaes T.X., Anues 9.H., babaes [.P. KnactepHblin aHann3 MexxayHapoLHOro cencmu-
yeckoro karanora no Asep6angxany 3a 100-neTHuit nepuon. feosorus v reogousuka Hra Poccun. 2025. 15(1):
105-118. DOI: 10.46698/VNC.2025.99.31.009

Infroduction

Azerbaijan’s seismicity is primarily driven by its location within the tectonically
active region, where the Eurasian and Arabian plates are in continuous continent-
continent collision, resulting in significant crustal deformation [Kangarli et al., 2022].
This interaction generates a complex seismic pattern characterized by frequent moderate
and occasional strong earthquakes. The tectonic compression and faulting associated with
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this convergence give rise to a series of active fault systems, most notably the Greater
Caucasus thrust and the Lesser Caucasus fault zones, both of which are major contributors
to the seismic hazard in the region [Zonenshain, Savostin, 1979].

Continuous seismic monitoring plays a crucial role in understanding the seismic
behavior of Azerbaijan. The region experiences frequent tectonic activity due to the
interaction of Africa—Arabia—Eurasia Plate System of which the activity is monitored by
geodetic observations [Kadirov et al., 2024]. The seismicity in Azerbaijan related to these
structural movements is characterized to be high [Kangarli et al., 2022; Khain, 2001;
Azizbekov, 1968].

The aim of this study is the utilization of international catalogue in estimation
of the seismic level of Azerbaijan in terms of seismicity indicators. The 1926 to
2022 international catalog was analyzed in terms of a- and b-values and the validity
of a- and b-values estimations was checked with maximum magnitude uncertainty which
all together are called as seismicity indicators [Ommi, Hashemi, 2024].

Study Area. Azerbaijan

Geotectonics

Azerbaijan is laid on 6 tectonic structures: Samur (Gusar) — Devechi (Shabran),
Eastern Greater Caucasus, Kur depression, Outer Lesser Caucasus, Inner Lesser Caucasus,
Talysh Mountains [Alizadeh et al., 2016]. Samur-Devechi and Eastern Greater Caucasus
megazones are part of the Greater Caucasus Fold-Mountain System. Eastern Greater
Caucasus megazone consists of southern and southeastern slopes. Zagatala, Sheki, Lahich
regions are included to the southern slope while the Bazarduzu, Shakhnabad-Khizi,
Shakhdagh, Tengi-Beshbarmag, Shamakhi, Gobustan, Absheron regions are part of the
southeastern slope. Kur depression is divided into Ganykh-Airichay valley, Jeiranchel-
Ajinour submountain region, Kur-Araz depression, Pre-Lesser Caucasus sloping plain.
Outer Lesser Caucasus and Inner Lesser Caucasus are the megazones of the Lesser
Caucasus. The Outer Lesser Caucasus is divided into northeastern slope, eastern slope,
southwestern slope while the Inner Lesser Caucasus megazone consists of Garabagh
volcanic upland, Near-Araz ridges, Nakhchivan (Middle Araz) depression (fig. 1)
[Alizadeh et al., 2016].
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Fig. 1. Geomorphology map of Azerbaijan [Alizadeh et al., 2016].
Note: The legend of the map is given in table 1
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The legend of the Figure 1

Table 1

depressions and
uplands

(Shabran)

o

Province Region Subregion District
1 2 3 4
The Crimean-Caucasian Mountain Land
Piedmont I Samur-Devechi 1. Samur-Devechi lowland

. Gusar sloping plain

The Greater
Caucasus

II Eastern Greater
Caucasus

I1, Southern slope

. Zagatala
. Sheki
. Lagich

I, Southeastern slope

O 0NN | KW

10
11
12

13.

. Bazardyuzyu

. Shakhnabad-Khizi
. Shakhdagh

. Tengi-Beshbarmag

. Dyubrar

. Shamakhy
. Gobustan
Absheron

South Caucasian
depression

IIT Kur depression

I, Ganykh-Airichay
valley

14.
15.

Ganykh
Ismailly

111, Jeiranchel-Ajinour
submountain region

16.
17.
18.
19.

Jeiranchel
Ajinour
Lengebiz-Alyat
Kharamy

II1; Kur-Araz depression

. Shirvan plain

. Southeastern Shirvan
. Near-Kur plain

. Mughan plain

. Salyan plain

II1, Pre-Lesser Caucasus
sloping plain

. Ganja-Gazakh plain
. Garabagh plain
. Mil plain

Western Asian Highlands

The Lesser
Caucasus

IV Outer western
ridges

IV, Northeastern slope

. Agstafa

. Shamkir

. Dashkesan-Agjakend
. Shakhdagh

. Murovdagh

IV, Eastern slope

. Lower Araz

IV; Southwestern slope

. Kelbajar
. Mykhteken
. Kharmin

V Inner Lesser
Caucasus

V, Garabagh volcanic
upland

. Gyzylbogaz-Ishygly
. Alagel-Chalbayir

. East Goycha

. Yazyn

V, Near-Araz ridges

. Daralagez
. Zangazur
. Bargushad

V; Nakhchivan (Middle
Araz) depression

. Sharur
. Negram
. Ordubad

VI Talysh Mts.

. Lenkaran lowland
. Burovar ridge

. Yardymly

. Peshtasar ridge

. Zuvand

. Talysh
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The Samur-Devechi and Kur structures are mostly covered with Quaternary rocks.
The significant part of Inner Lesser Caucasus and Talysh mountains contain Paleogene
volcanic-sedimentary rocks. Inner Lesser Caucasus also contains Devonian, Cretaceous,
Neogene, Quaternary rocks, while Outer Lesser Caucasus contains mostly Jurassic and
Cretaceous rocks. The Eastern Greater Caucasus range features a diverse geological
composition, including Jurassic, Cretaceous, Paleogene, and Neogene rocks, along with
slight Quaternary formations [Alizadeh et al., 2016].

Geodynamics

GPS measurements are necessary for studying crustal deformations. The deformation
rates in Greater Caucasus Mountains range between 2 and 14 mm/year in the direction of
NW to SE. The GPS observations show that the Earth’s crust along the Kur depression
moves towards the NNE. The GPS measurements state active convergence between the
Lesser Caucasus, Kur Depression and the Greater Caucasus [Kadirov et al., 2024]. The
Arabian Plate together with the Iranian block pushes the Lesser Caucasus towards the Kur
depression which makes the Kur depression move under the Greater Caucasus at a rate of
8 mm/year that results with a thrust fault or a subduction zone [Aktug et al., 2009, 2013;
Yetirmishli, Kazimov, 2022].

Seismicity

In the history of Azerbaijan, a large number of strong and destructive earthquakes
have occurred in the past. The seismicity study in Azerbaijan involves two periods: pre-
instrumental — historic and instrumental periods [Babayev, Agayeva, 2021]. In the historic
period, the destructive and strong earthquakes were noted in ancient Arabic chronicles,
manuscripts and travel books [Ashurbeyli, Bakuvi, 1958]. As the significant strong
historical earthquakes in Azerbaijan following events could be noted: the earthquake of
427, the Ganja (Goygol) 1139, the Ganja 1235, the East Caucasus 1667, the Mashtaga
1842, several Shamakhi earthquakes (1192, 1667, 1668, 1669, 1828, 1859, 1868, 1872,
1902), the Ardabil 1924, the Lankaran 1913, the Caspian earthquakes (957, 1812, 1842,
1852, 1911, 1935, 1961, 1963, 1986, 1989, 2000). These earthquakes are well known
for their severity that resulted with the Earth’s surface relief deformations, buildings
destructions, human losses [Babayev, Agayeva, 2021].

Shamakhi region is one of the seismically active regions of Azerbaijan [Babayev et
al., 2020; Telesca et al., 2017]. Shamakhi region experienced a powerful earthquake with
a magnitude of 6.9 on February 13, 1902 that is known as the Shamakhi earthquake which
is considered the beginning of instrumental seismic studies in Azerbaijan [Babayev,
Agayeva, 2021]. This event reached an intensity of IX in Shamakhi and Ismayilli cities
[Weber, 1903]. The first earthquake in Azerbaijan of which the epicenter was determined
by instrumental data is the Caspian earthquake of June 7, 1911 [Babayev, Agayeva, 2021].

One of the strongest earthquakes in recent history is the November 25, 2000 Baku-
Caspian earthquake. The earthquake which was felt in Baku, occurred in two shocks of
M = 6.5 and 6.3 with three minutes pause and the depth of the earthquake was h =35 km
[Babayev, Agayeva, 2021].

In 2023 and 2024 both the region of Azerbaijan and its neighbors sustain their activity.
In fig. 2 we present the map of epicentral distribution of some selected earthquakes
which occurred in 2023 and 2024 in Azerbaijan and close regions with local magnitude
Ml =>4.1.
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Fig. 2. Epicentral distribution of earthquakes
occurred in 2023-24 years in Azerbaijan
and neighbor regions (locations of the epicenters

o have been obtained from Republican Center

of Seismological Service, RCSS)
(0] /\Q °

|O 2023-2024_events_M>4_RSSC
O
O

40°N . .
5 Figs 3 and 4 represent the ground motion
4 .
levels of those earthquakes occurred in
2023 and 2024 respectively, according to
Co . .
&% their acceleration data taken from IRIS and
e | processed using ObsPy library of Python
38°N
44°E 46°E 48°E 50°E [Beyreuther et al., 2010].
2023-01-14T08:37:15 - 2023-01-14T08:38:15 2023-01-18T10:08:30 - 2023-01-18T10:10:30
o0
0.0015
0.0004
0.0000 0.0002
-0.0015 00000 1
=0.0002
00030 _0.0004 (b)
2023—017"‘T08:37:15 N.B‘?:Sﬂ CB:3I7:4S 8. 3‘8.01! 08:38:15 2023-01-167T10:08:30 10:3:3:00 10: 0‘9.30 m:li!ﬂ! 10:10:30
2023-01-28T18:15:20 - 2023-01-28T18:16:40 2023-06-17T12:31:20 - 2023-06-17T12:32:30
00012 - [AB.DSKN.00.HHZ| 0.00015
00008 000010
00004 0.00005
0.0000 0.00000
=0.0004 -0.00005
-0.0008 =0.00010
(c)
-00012 T T T -0.00015 T T T T
2023-01-287T18:15:30 18:16:00 18:16:30 023-06-17T12:31:30 12:31:45 12:32:00 12:32:15 12:32:30
2023-07-03720:02:00 - 2023-07-03T20:02:30 2023-08-21T10:00:00 - 2023-08-21T10:00:30
s oo
0.0025
004
000 0.0000
008 -0.0025
-0.0050
-0.08
012 (e) -0.0075
2023-07-03720:02:00 10.0‘1:10 Ni;I.ZO 200230 2023-08-21T10:00:00 l.llﬂ;!:lﬂ lO:O;HO 10:00:30
2023-09-03716:36:00 - 2023-09-03716:37:00 2023-11-08T07:08:00 - 2023-11-08707-10:00
0045 1 (A8 ZRNV.00 HAZ o015 | [BashooHZ
0030
0.010
0015 1005
0.000 1 doo 2000 Ly o
0015
=0.005 h
R T T T (g) o010 T T T ( )
2023-09-03T16:36:00 16:36:15 16:36:30 16:36:45 16:37:00  2023-11-08T07:09:00 07:08:15 07:09:30 07:09:45 07:10:00
2023-11-29T15:49:30 - 2023-11-29T15:50:30 2023-12-07T04:15:45 - 2023-12-07T04:16:45
00075
AB.TOVZ.00.HHZ AB.ZRNV.00.HHZ
aoose | BIOZ00HT] 0008 | (ABZRNV.00HHE]
0.0025 0004
00000 _::::'
-0.0025 41.ona
=0.0050 (i) _n'ﬂu (i)
2023-11-29T15:49:30 !5:4‘!:45 15:5‘0:5!1 15:5;1:15 15:50:30 2023-12-07704:15:45 M llli'ﬁl'l 4 llfi:li Dl:lIE:SD 04:16:45

Fig. 3. Acceleration records of the earthquakes occurred in Azerbaijan and neighbor regions in 2023
(IRIS, n.d.; dates and magnitudes of the given earthquakes have been obtained from RCSS); (a)
14.01.2023 M1 4.4 in Georgia-Azerbaijan border, (b) 18.01.2023 Ml 6.0 in Khoy city of Iran,

(c) 28.01.2023 M1 6.1 in Khoy city of Iran, (d) 17.06.2023 Ml 5.1 in Khoy city of Iran,

(e) 03.07.2023 M1 5.6 in Caspian Sea (Khachmaz), (f) 21.08.2023 Ml 4.1 in Armenia,

(g) 03.09.2023 Ml 5.2 in Kurdamir, (h) 08.11.2023 M1 4.7 in Azerbaijan-Iran border,

(1) 29.11.2023 Ml 4.5 in Mingachevir, (j) 07.12.2023 M1 5.6 in Caspian Sea (Altiaghac).
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Fig. 4. Acceleration records of the earthquakes occurred in Azerbaijan and neighbour regions in 2024
(IRIS, n.d.; dates and magnitudes of the given earthquakes have been obtained from RCSS);

(a) 19.01.2024 M1 5.1 in Saatli-Sabirabad regions’ border, (b) 11.05.2024 M1 5.3 and Ml 4.4 in Lenkeran,
(c) 28.06.2024 M1 5.0 in Lerik, (d) 17.07.2024 Ml 4.8 in Georgia (close to the border with Azerbaijan
Balaken region), (e) 22.07.2024 17.07.2024 M1 4.9 in Georgia (close to the border with Azerbaijan
Balaken region), (f) 05.09.2024 Ml 4.5 in Bilesuvar

The selected earthquakes shown in figs 2, 3, 4 have the local magnitude Ml > 4.1.
In 2023, we observe relatively active behavior in Iran (Khoy city), in the shores of the
Gusar-Shabran megazone with relatively high magnitudes (M1 > 5.1). In 2024, we observe
activity in Lower Kur depression and Talish mountains. It is important to note that in
11.05.2024 two shocks of earthquake occurred in Lankaran with M1 5.3 and Ml 4.4 with
~1.5 minutes pause (fig. 4b). Also, In July we observe two shocks of Ml 4.8 and Ml 4.9
in the territory of Georgia very close to Balaken region of Azerbaijan almost in the same
place (figs 2, 4d, 4e). This region is tectonically included to Middle Kur depression (fig. 1).

Methods and Materials

Catalog

Seismicity analysis can be conducted using various catalog-based methods, such as
statistical estimation of the a- and b-parameters of the Gutenberg-Richter law [ Gutenberg,
Richter, 1956], analysis of temporal and spatial b-value variations, and estimation of
maximum magnitude uncertainty. These methods are collectively referred to as seismicity
indicators, which are used to characterize the seismicity level [Ommi, Hashemi, 2024].

For this study, the selection of a catalog has been done from International
Seismological Centre. The catalog has been downloaded from the website of the ISC
Bulletin with 22,239 events [Storchak et al., 2020]. The catalog has been passed through
some filtration steps in order to get ready for the research. The events with unknown
magnitude types and depths have been removed. The events with magnitude type “M”
and “Mn” have been removed, since we regarded them as unknown types. Events with
depth of 0 km have been removed since we supposed that these were the events for which
the depth could not be estimated. The events M > 3 and h (depth) > 5 km are used for this
study. The catalog contains the earthquakes from 1926 to 2022, since the data on or after
2022/09/01 have not been reviewed by the ISC. The earthquakes located in latitudinal
range Lat < 36° and Lat> 43.5° have been removed in order to sustain the research in
Azerbaijan and very close regions. Finally, we converted all the magnitude types to a
uniform format using related equations. At the end, we remained with the 3,916 events
with moment magnitudes (fig. 5). The relations for the conversion of different magnitude
types to a moment magnitude is taken from [Zare et al., 2014]. The relations are shown
in equation (1):
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My, My, : M, = 0.87M, +0.83
M. M,: M, =066M,+211, if28<M, <61
& M, =0.93M, + 045, if6.2< M, <82 (1
My/Mg, My : My = 1.01M; /My — 0.05

* Local (M1) and duration (Md) types are converted with the same equation [Sawires et al., 2023].
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40°N 1

35°N — —

45°E 50°E

Fig. 5. Epicentral distribution of the 3916 events from the catalog between 1926-2022

The next step for the research is to divide the catalog into the clusters. We clustered
the events into 6 segments according to their location in the tectonic megazones of
Azerbaijan (table 2, fig. 6). The catalog has been clustered in a manual way using ArcGIS
10.7 (ESRI, 2017) software. Using the georeferencing method fig. 1 was located into the
coordinates and the epicenters clustered according the tectonic megazones of Azerbaijan
proposed by Alizadeh et al. [2016]. During the clustering 3 events have been lost and the
whole catalog has been left with 3913 events.

+ Clusteri_Gusar_Shabran
+ Cluster2_Eastern_Greater_Caucasus
< « Cluster3_Kur_Depression
« Clusterd_Outer_Lesser_Caucasus
- Cluster5_Internal_Lesser_Caucasus
Clusterg_Talish_Mountains

45°N

40°N

Mé * “;\/

35°N — —

45°E 50°E

Fig. 6. Six clusters from earthquake catalogue according to the tectonic megazones of Azerbaijan
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Table 2
Clusters appropriated to the tectonic megazones
Cluster I II 11 v \% VI
Tectonic  G-S and Eastern GC Kur Depression Talish Mts
Outer LC  Internal LC
MZ aquatory  and auqatory and aquatory and aquatory

* MZ — Megazone, G-S — Gusar-Shabran, GC — Greater Caucasus, LC — Lesser Caucasus,
Mts — Mountains

Upon catalog completion, the following seismicity indicators were assessed for each
cluster: the a- and b-parameters of the Gutenberg-Richter (G-R) law, the completeness
magnitude (M,), the maximum magnitude up to which the G-R law applies (M,,.,),
the number of earthquakes with M > M, (N), and the maximum magnitude uncertainty
(AM).

G-R law is a linear relation (2) presenting frequency-magnitude distribution
[Gutenberg, Richter, 1956]:

logN =a—bM or N =104 ()
where N — is the number of earthquakes greater than and equal to magnitude M, a- and
b- are real constants.

a- and b-values are important parameters characterizing the seismic features. a-value
characterizes the seismic activity, while b-value shows the relation of large to small
quakes [Gutenberg, Richter, 1956].

b-value is the slope of the linear G-R relation and a-value is the intersection of this
linearity with logarithm of cumulative distribution of earthquakes [Popandopoulos, 2018].

The b-value can be estimated by plotting the linear regression of the cumulative
frequency-magnitude distribution for a catalog. In fig. 8, the cumulative number of
earthquakes with magnitudes M > M, (where N is the cumulative number of events,
and M, is the magnitude of completeness) is plotted against magnitude for each cluster.
We defined M, as the magnitude of completeness, M,,,, as the maximum magnitude up
to which the linear fit applies, and the magnitude bin as the interval used for grouping
magnitudes in the cumulative distribution plot [Godano et al., 2014; Papadopoulos, 2018].
For this study, we set the bin size to 0.1.

As a result of linear fitting, a-value is deduced from the G-R relation as follows (3):

a=1ogN +bM,, M > M, 3)

Using a- and b-values, we can find out the number of earthquakes in the catalog with
magnitudes M > Mc.

AM — Maximum magnitude uncertainty, is proposed by Ommi, Hashemi [2024] as
one of the seismic indicators. In this study we estimated AM for each cluster using the
equation below (4):

AM = M35 — My 4)
where M2 is maximum observed magnitude in the catalog and M, is the expected
maximum magnitude which is estimated as follows: E.
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Results and Discussion

Fig. 7 illustrates the G-R law representation of each cluster for defined M, M,

and bin.
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Fig. 7. Linear G-R relation and the logarithm of the cumulative number of earthquakes with magnitudes
M > Mec. Clusters (a) I, (b) II, (c) III, (d) IV, (e) V, (f) VI
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a- and b-values and N (M > M) for

each cluster have been shown in table 3 and the trends of them have been illustrated in

figs 8 and 9.
Table 3
Seismicity indicator estimations for each cluster
Cluster Mc Mmax a-value b-value N M > Mc)
1 4 5 6.97 1.16 213
1I 4 5 6.44 0.96 399
111 4.5 5 5.93 0.86 115
v 3.8 4.7 5.99 0.92 318
\% 4 5.1 6.28 0.89 503
VI 4.8 52 11.89 2.17 30
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Fig. 8. Seismicity Indicators
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Number of earthquakes in each cluster with M > Me
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Fig. 9. Number of earthquakes in each cluster with M > Mc¢

We observe relatively high b-values in clusters I and VI (1.16 and 2.17 respectively),
while the other clusters have b < 1. b-value is an indicator of the dynamics of the tectonic
regime in the study area and decrease of h-value is implied as higher stress in the region
[Popandopoulos, 2018]. To clearly observe this relation, Babayev T. et al. [2023] study
can be viewed which shows the temporal variation of h-value for the Kahramanmaras
region after the disastrous 6™ February, 2023 earthquake till May 2023. From the study,
it is obviously seen that h-value increased, while the number of earthquakes decreased
during February — May, 2023 period which can be interpreted as the stress level decreased
after the disastrous earthquake during several months [Babayev et al., 2023]. Low b-value
signs for the compression zone, whereas the higher b-value signs for the extension zone
[Popandopoulos, 2018]. Therefore, temporal variation of b-value can be useful in earthquake
predictions. Based on Popandopoulos (2018), in 75% cases in several regions over the
world, temporal anomalies in the value of b were observed before strong earthquakes with
magnitudes higher than 5. Moreover, it is stated that time variations of b-value have reverse
proportionality with Vp and Vp/Vs (Vp — P-wave velocity, Vs — S-wave velocity) which
means that Vp and Vp/Vs increase in lower b-value [Popandopoulos, 2018].

Generally, for the whole Earth, b-value is supposed to be around 1 [El-Isa, Eaton, 2014].
Meanwhile, it can vary above and under 1. b-values of clusters I and IV are the closest to
1, 0.96 and 0.92 respectively. Moreover, the clusters have close b-values, except cluster VI,
2.17. During the estimation of b-value for the cluster VI, we firstly defined M, as 3.5 and
M, .. as 4.4. According to the maximum magnitude uncertainty, we explored that b-value
estimated with M_ as 3.5 and M, as 4.4 is wrong which was 0.34 (a-value: 3.29). We
decided to set M, as 4.8 and M, as 5.2 and got b-value 2.17 (a-value: 11.89). We will
mention about this issue when we discuss the maximum magnitude uncertainty.

Meanwhile, we observe close values of a-value among the clusters. Exceptionally,
Cluster VI has the highest value which is 11.89. a-value helps to rate the seismicity
[Anbazhagan et al., 2015]. By a- and b- values, we can imply the number of earthquakes
with the magnitudes above the M with the equation (2). We observe the highest a- and
b-values and lowest N — the number of the earthquakes in cluster VI (table 3). Fig. 8
illustrates that the clusters have almost the linear trend of completeness of magnitude.
Thus, magnitude of completeness for each is > 4 (M- IV = 3.8). We noted that b-value
represents the relation of large to small earthquakes. In Cluster VI, which has the highest
magnitude of completeness and have 30 earthquakes with magnitude above 4.8, which
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can be seen as a high seismic hazard level in terms of magnitude (figs 8, 9), while in the
other clusters more events with smaller magnitudes are observed.
Table 4 shows AM for each cluster.

Table 4
AM for the clusters
Cluster 1 11 111 I\ Vv VI
AM -0.47 -0.40 -0.75 -0.57 0.13 0.48

Minus sign shows that expected maximum magnitude is greater than observed
maximum magnitude. As seen from the values, AM for all clusters is close to zero
(-1 <AM; 1 11, 1v, v, viy <1). Closer AM to 0 means closer maximum observed and expected
magnitudes, which means that expected magnitude estimation is in the acceptable level
of accuracy. Back to the estimation of the a- and b-values of Cluster VI, as noted, we first
defined M as 3.5 and M, as 4.4 for Cluster VI, by which a- and b-values were obtained
3.29 and 0.35 respectively. Using these values, the expected maximum magnitude and
thus, AM was estimated for Cluster VI. We obtained AM = -3.55 for Cluster VI which
is a quite high uncertainty meaning the expected maximum magnitude (9.51) is very
higher than observed maximum magnitude (5.96). As the expected maximum magnitude
is the ratio of a to b, we deduced that estimation of a- and b-values were done incorrectly
(because the uncertainty is quite high). Therefore, we re-defined the range between
completeness and maximum magnitudes where the G-R linearity fitting is sustained.

A comparison of our estimated seismicity parameters with previous studies reveals
consistency in b-value trends while highlighting key methodological differences. Babayev
G. et al. [2020] reported a spatial variation in b-values ranging from 0.5 to 1.1 for the
Eastern Greater Caucasus slope. For the same region, our study estimates a single b-value
0t 0.96. According to Babayev G. et al. [2020], b-values exceed 0.85 in the northern parts
of the slope, whereas the majority of the region exhibits lower values (0.5-0.7), indicative
of subduction or compressional stress exerted by the Kur Depression from the south—an
observation supported by other studies, including Babayev, Aliyev [2019].

Another relevant study by Ahadov, Ozturk [2021] provides a broader-scale assessment,
estimating b-values across the Eastern Mediterranean and Caucasus region, including
Azerbaijan. For Azerbaijan specifically, they report h-values of approximately 0.8 for
the Kur Depression and Eastern Greater Caucasus (corresponding to Clusters I, II, and
III in our study) and 1.0-1.3 for the Lesser Caucasus and Talysh regions (Clusters IV,
V, and VI). These values reinforce the compressional influence of the Kur Depression
and Eastern Greater Caucasus by the Lesser Caucasus and Talysh regions, aligning with
previous studies and our findings. However, the b-values obtained by Ahadov, Ozturk
[2021] are generally lower than those reported in our study, primarily due to differences
in the definition of magnitude of completeness (M,).

To clarify this discrepancy, we recall that the b-value represents the relative
occurrence of strong versus weak earthquakes [Gutenberg, Richter, 1956]. In our study,
the completeness magnitudes for Clusters I, 11, III, IV, V, and VI are 4.0, 4.0, 4.5, 3.8, 4.0,
and 4.8, respectively. This indicates that our b-value estimates are derived from moderate
to large earthquakes. In contrast, Ahadov, Ozturk [2021] define lower completeness
magnitudes (~3.0-3.3), thus incorporating a greater proportion of smaller earthquakes into
their analysis. For example, Cluster VI in our study, which has the highest completeness
magnitude (M.=4.8), also exhibits the highest b-value (2.17). This distinction highlights
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the difference in scope: our study focuses on moderate to large earthquakes, whereas
Ahadov, Ozturk [2021] consider both small and large events.

Despite these differences, our results remain consistent with global seismicity trends.
The b-values for individual clusters, as well as the overall average (b,,,~1.16), generally
cluster around 1.0 (except for Cluster VI), which aligns with the findings of El-Isa,
Eaton [2014]. Furthermore, to our knowledge, no prior studies have reported a-value
estimates for Azerbaijan. Additionally, we introduce the concept of maximum magnitude
uncertainty, adapted from Ommi, Hashemi [2024], to assess the reliability of our a- and
b-value estimations. This parameter has not been previously estimated for Azerbaijan,
making our contribution a novel addition to the region’s seismicity analysis.

Conclusion

In this study, we presented review of modern seismic regime of Azerbaijan in terms of
seismicity indicators. We conducted international catalogue-based analysis and made an
insight to the dynamics of Azerbaijan from 1926 to 2022 in terms of seismicity indicators.
The catalogue has been clustered relevantly to the tectonic meganozes of Azerbaijan
region. We observe that the clusters have almost the linear trend of completeness of
magnitude. Thus, magnitude of completeness for each is > 4 (M_-IV = 3.8). We have
seen the number of earthquakes in each cluster with magnitude greater than and equal to
magnitude of completeness. That means, using the clustering approach, we conceived the
seismic activity in respective tectonic segments in terms of the number of earthquakes
with magnitude greater than at least 3.8. We conclude that the clusters I-V are active in
terms of the events with smaller magnitudes and higher number of occurrences (relatively
less b-value), while cluster VI is active or hazardous in terms of the events with higher
magnitudes and lesser number of occurrences (relatively higher b-value).
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