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Abstract 16 

The Gutenberg-Richter (GR) law is a well-known empirical relation in seismology, which describes the 17 

frequency of earthquake occurrence as a function of the magnitude. The 𝑏-value anomalies may indicate 18 

the high or low-stress levels in the heterogeneity or the crust's thermal gradient. Some researchers have 19 

examined the spatial and temporal anomalies of the 𝑏-value before the mainshock and the aftershocks' 20 

spatial variability. The variations of the magnitude completeness (𝑀𝑐) have estimated from the different 21 

earthquake catalogues. The high-resolution map of the GR 𝑏-value, 𝑀𝑐 and stress variance have analysed 22 

in the different seismic regions in the Eastern Mediterranean and Caucasus. This study considered the 23 

spatial anomalies and correlation models between the 𝑏-value, faulting styles, and stress regime and 24 

moment release. Lower 𝑏-values (𝑏 ≤ 1) were observed along with the Main Marmara Fault (MMF), 25 

eastern Turkey, western Alborz, northern Zagros, southeast Iran and the northeast Caucasus, which 26 

indicates the active seismic region. The 𝑀𝑐  level in most of Turkey is in and around 2.8, and in the 27 

Caucasus is 𝑀𝑐=3, while Iran has 𝑀𝑐=3.5 value. This work includes a stress inversion map in the region 28 

based on the focal mechanisms. The normal, strike-slip and a few thrust fault solutions were observed in 29 
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the research area. Consequently, the spatial pattern of the 𝑏-values and stress regime can be used as a tool 30 

for predicting the forthcoming seismic hazard regions.  31 

Keywords: Magnitude completeness (𝑀𝑐) ; 𝑏 -value; Stress variance; Hazard; Eastern 32 

Mediterranean; Caucasus. 33 

 34 

 1. Introduction 35 

 36 

The Eastern Mediterranean and Caucasus are complex tectonic active regions associated 37 

with major lithospheric plates, Eurasian, Arabian, Nubia and Somalia (McKenzie, 1970; 38 

McKenzie, 1972) (Fig.1). The Eastern Mediterranean connected in the interaction zone of the 39 

Arabian, the Eurasian and Anatolian plates to the westward from the various intense 40 

convergence zone (Wdowinski et al., 2004). The plate motion includes thrust faults related to 41 

the Caucasus and the eastern Anatolian. The tectonic development of the region was formed 42 

by continental collision in the east of Turkey and subduction in Greece (Hellenic) (Jackson and 43 

McKenzie, 1984; Le Pichon and Angelier, 1979). The Anatolian block is placed among the 44 

African and Eurasian, and the Arabian plates since the collision (Jackson and McKenzie, 1984; 45 

McKenzie, 1972). The main tectonic settings of central Anatolian include intraplate pull basins 46 

and strike-slip faults. The North Anatolian Fault (NAF) describes the northern boundary with 47 

the Eurasian plateau, including a principal strike-slip fault (Barka and Kadinsky‐Cade, 1988).  48 

Previous studies have quantified regional deformation in interplay zone of the plate in 49 

the region (Ahadov and Jin, 2017, 2021; Aktuğ et al., 2013; Alchalbi et al., 2010; Mahmoud et 50 

al., 2005; McClusky et al., 2000; Meade et al., 2002). During history, the Mediterranean region 51 

has been hit by various destructive earthquakes. The seismicity of Turkey is different from Iran, 52 

as there are significant earthquakes in areas far from the three belts. Seismic activity in the 53 

western Anatolia was the most unusual geodynamic features in the region. There have been 54 



3 

 

large earthquakes with the magnitude of 𝑀𝑤≥6 due to historical seismic activity in the region 55 

(Table 1).  56 

Many statistical studies have investigated the seismicity in distinct regions. (Mousavi, 57 

2017b; Öztürk, 2015; Telesca et al. 2017; Öztürk, 2018). The seismic activity can present 58 

essential and reliable information about the stress concentration of earthquakes and Earth's 59 

formation in the region. The 𝑀𝑐 value is an essential parameter for most questions related to 60 

seismicity. The 𝑀𝑐 changes over time depending on the techniques of investigation and the 61 

number of seismic stations. The 𝑏-value can be implemented to evaluate the seismic hazard in 62 

a region to classify the stress. Therefore, the relationship between earthquakes and differences 63 

in the value of 𝑏 is playing a role in earthquake prediction. High 𝑏-value is observed around 64 

volcanic chambers and while low 𝑏-value in the grooves section (Wiemer and Wyss, 2002). 65 

Many studies have noted that the value of 𝑏 changes due to stress and heterogeneity in the crust 66 

(e.g. Khan and Chakraborty, 2007; Mogi, 1962; Mousavi, 2017b; Scholz, 1968; Wiemer and 67 

Katsumata, 1999; Wyss, 1973). The range of 𝑏-values between 0.3-2 has been published 68 

concerning tectonic events ( Schorlemmer et al., 2005; Utsu, 1971). Earthquakes can be 69 

associated with energy release relevant to the fault dimensions, slip, and stress drop. The theory 70 

has been explained that measuring the magnitude of earthquake quantities and the results of 71 

the destruction (Kanamori, 1983).  72 

The significance of this study is that the spatial model of b-value and seismotectonic 73 

features and their relation to tectonic settings in the Eastern Mediterranean and Caucasus have 74 

analysed. This study contributes a high-resolution map of the 𝑏-value between the released 75 

seismic moments, the fault mechanism, and the stress variability, which is the most relevant 76 

and integral part of seismicity. The conclusions can contribute significant constraints on crustal 77 

stress and hazard assessment in the region. 78 

 79 
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2. Data and Methods 80 

The mapped 𝑏-value of the recurrence magnitude relationship of earthquakes from the 81 

background seismicity catalogues was based on 𝑀𝑙  scale that was recorded by Kandilli 82 

Observatory, Earthquake Research Institute (KOERI, www.koeri.boun.edu.tr/sismo), 83 

International Seismological Centre (ISC, www.isc.ac.uk/iscbulletin) and International Institute 84 

of Earthquakes Engineering and Seismology (IIEES, www.iiees.ac.ir/en) from 1998 to 2020 85 

(𝑀𝑙 ≥1, Fig. 2) in the Turkey, Caucasus and Iran, respectively. In order to provide the 86 

frequency of earthquakes in the G-R relation, the first determined clusters and separate 87 

dependent events from the catalogues. The extent of earthquakes in the catalogue shows an 88 

almost linear increase over time. The relation between the amplitude of shock and the effects 89 

correlated with its existence called FMD, has been defined as (Gutenberg and Richter, 1944): 90 

bMaMN )(log10
    (1) 91 𝑁 is the number of events with a given magnitude 𝑀 while 𝑎 and 𝑏 are constants, the constant 92 𝑎 is related to the earthquake activity.  93 

Wiemer and Wyss (1997)  showed that low 𝑏-value along a fault zone corresponds to the 94 

features that regulate earthquake behaviour.  𝑀𝑐 is determined at every grid node using the 95 

Best Combination approach (Wiemer, 2001) in the study region. The 𝑀𝑐  value's standard 96 

deviation was achieved using the Bootstrapping process proposed by Schorlemmer et al., 97 

(2005). 98 

The maximum likelihood relationship of G-R applied to calculate 𝑏-value, which has 99 

been observed  more positive correlation with tectonic formations  (Aki, 1965). Moreover, low 100 

stress has experienced in the seismogenic zone inducing episodic variations in the tectonic area 101 

(Wyss, 1973). The maximum likelihood approach provides a robust calculation of 𝑀𝑐 in most 102 

cases and can be expressed as (Wiemer and Wyss, 1997): 103 b = log10e(Mmean−Mmin)   (2) 104 

 105 𝑀𝑚𝑒𝑎𝑛  is mean value of magnitude and 𝑀𝑚𝑖𝑛 is the minimum rate of the completeness in the 106 

catalogues. The uncertainty of this assessment is provided by Eq. (3) as proposed by Shi and 107 

Bolt (1982): 108 

 109 
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σ(b) = 2.30b2√∑ (Mi − Mmean) n(n − 1)⁄ni=1      (3) 110 

 111 

where 𝑛 is the complete number of events in the catalogue. 112 

Earthquakes were collected from distinct catalogues and applied the corresponding 113 

interpolation technique (Wiemer and Wyss, 1997) to characterise the spatial accumulation 114 

value of 𝑏. The investigation is conducted on non-declustered and declustered catalogues. For 115 

each region, created a 𝑏-value map using the radius 𝑅𝑚𝑎𝑥 = 80, 90, 140 km and determined 𝑏-116 

value if at least 𝑅𝑚𝑖𝑛= 20, 15 and 15 events were available for individual grid node in Turkey, 117 

Caucasus and Iran, respectively. A bootstrap approach implemented to consider the reliability 118 

and quality of the 𝑏-value and Mc results.  The number of events detected using 0.10𝑥0.10 grid 119 

node to compute the 𝑀𝑐  and 𝑏-value, the density of data providing multiple events to be 120 

selected.  121 

Different stress inversion techniques have been used to estimate the stress direction of 122 

the earthquake focal mechanism. Well-known methods of Gephart and Forsyth (1984) and 123 

Michael (1984) intend to determine the stress which minimizes the difference between the 124 

defined shear stress direction and the slip rate for a particular dataset.  These algorithms explain 125 

the direction of the major stress arrows and the appropriate dimensions of stress,  R =126  (σ2 − σ3) (σ1 − σ3)⁄ .  Here, σ1, σ2 , σ3  symbolises maximum, intermediate and minimum 127 

principal compressive stress, respectively.  128 

In this study, stress inversion has produced using Michael’s method. In a slick rule of 129 

Michael (Michael, 1984) the stress tensor is calculated applying a linear least-squares inversion 130 

technique. The algorithm uses each nodal planes to classify the fault plane while obtaining a 131 

particular stress tensor accurately. The algorithm's critical point is to determine the confidence 132 

threshold for the orientation of the principal stress arrows. Reliability thresholds have 133 

calculated by adopting a statistical tool known as bootstrap resampling. Maps of stress regime 134 

and variance have figured using six events per node with 0.20𝑥0.20 grid range.  135 

In addition, estimated the seismic moment (𝑀0) from moment magnitude (𝑀𝑤) to 136 

understand the stress accumulation by applying the standard relation from Kanamori and 137 

Brodsky (Kanamori and Brodsky, 2001), 138 𝐿𝑜𝑔𝑀0 = 1.5𝑀𝑤 + 9.1  (4) 139 

Different methods compute diverse scales of the magnitude and have other saturation states. 140 

We used an empirical relationship with additional references (Kadirioğlu and Kartal, 2016; 141 



6 

 

Mousavi-Bafrouei et al., 2015) to convert various magnitude scales (𝑀𝑙  to 𝑀𝑤 ) in each 142 

database. 143 

 144 

3. Results and discussions  145 

3.1 Magnitude of completeness (𝑀𝑐) 146 

The actual estimation rate of 𝑏-value depends on the completeness of the magnitude (𝑀𝑐).  147 

Mc is changing between time and space, with the earthquake catalogues and involves its 148 

assessment. Evaluation of earthquake completeness catalogues is an essential step to learn in 149 

all seismicity (Woessner and Wiemer, 2005). The variability of 𝑀𝑐 depends on the seismic 150 

activity and sensitivity of stations. The  𝑀𝑐  is a fundamental parameter for all seismic 151 

processing and may create an error while estimating the 𝑏-value because of the heterogeneity 152 

of 𝑀𝑐 values in the area. Since the study area is seismically active, 𝑀𝑐 is estimated based on 153 

the combined frequency-magnitude database.  From the 𝑀𝑐  map, it is seen that KOERI 154 

catalogue in most of Turkey is resolved to 𝑀𝑐=2.8, in most of Caucasus the completeness level 155 

is at 𝑀𝑐=3 from ISC catalogue, and in the IIEES catalogue of Iran it is 𝑀𝑐=3.5 (Fig.3). Most 156 

of the areas were observed within the standard deviation of 0-0.1 in Iran and Turkey, while the 157 

Caucasus is associated with higher errors ~ 0.3. Determination of Mc-value is desirable since 158 

most applications demand many decisions when defining parameters such as seismicity rate or 159 𝑏-values (Wiemer, 2001).  160 

3.2 𝑏-value 161 

The value of 𝑏 is considered correlated with developed heterogeneity of stress on the 162 

crust (Mogi, 1962; Wiemer and Wyss, 1997) and a range of 0.5-1.5 (or with the error limits, 163 

between 1.30 and 1.64) for tectonic earthquakes (Olsson, 1999). Several researchers (Mousavi 164 

2017a; Öztürk 2011) have investigated spatial differences of 𝑏  in the different seismic 165 

regions. Öztürk (2011) evaluated seismic activity from several earthquake catalogues with an 166 
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average (~1) variations on diverse segments along the NAF.  The map displays (Fig. 4 a, b) of 167 

the calculated Mc and 𝑏 -values from non-declustered and declustered catalogues using a 168 

smaller radius with higher resolution. The epicentre of earthquakes is associated with low-169 

value areas (𝑏 < 1).  The 𝑏-values are observed mainly less than one in Izmit, Erzurum and 170 

Van. Low value ranges coincided by the spatial distribution in rupture area of earthquakes. 171 

However, some cases have been considered in a good relationship between the 𝑏-values and 172 

the rupture zone that occurred in 1999 the Izmit and in 2011 the Van earthquakes.  173 

Mousavi (2017a) described the relationship between the moment release and 𝑏-value in 174 

Iran between 2006-2016. The calculated values were observed between 0.8-1.5. Higher values 175 

were observed in eastern and central Iran, while lower rates change in the northern Tabriz and 176 

central Alborz. The calculated 𝑏-values of this study mainly ranged between 0.2-1.5 in Iran 177 

(Fig. 5a, b). Due to significant tectonic stress and local variations on plate tectonic activity, 178 

lower rates (below 1) observed in westernmost Kermanshah, southern Bam and eastward 179 

Alborz. We see that larger values prevail in SSW Zagros, northern Kermanshah, and central 180 

Iran. The value of 𝑏 in the northwestern Alborz region and Mashhad is close to the hypothesis 181 

that seismic energy falls for further severe earthquakes. The low value in the western 182 

Kermanshah is reasonable to be a significant change in the Zagros region on the Iraqi-Iranian 183 

border, has reported in the 2017 Sarpol-e Zahab earthquake. There are transparent connections 184 

between high values from small earthquakes and dense fractures. Low values in some areas 185 

indicate that mainly large-scale earthquakes were released energy.  186 

The spatial mapping of the 𝑏 value can investigate the seismotectonics of the region. A 187 

recent study was used local network data by Telesca et al. (2017) found that higher values were 188 

varied between 0.9-1.2 in the south and that lower value variation was observed in northern 189 

Azerbaijan.  In this study, the value of 𝑏 estimated from different methods and data applying 190 

declustered and non-declustered catalogues is more consistent with previous studies in a wide 191 
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area. The rates in the Caucasus generally range between 0.6-1.7. The current trends show that 192 

higher values (1.3-1.6) in Armenia while lower values (below 0.8) were observed in Zaqatala, 193 

Oghuz and Shamakhi along the MCTF in Azerbaijan (Fig. 6 a, b). Higher values may be 194 

correlated with less intensive rocks that encounter inelastic failure at under stress levels. 195 

          Besides, the 𝑏 -values were learned in depth (Fig. 7). The maximum value observed at a 196 

depth of 14 km in Iran. We can also see that the low values (𝑏 < 1) were at 15-40 km and a 197 

sharp increase at 33 km depth. A higher value was observed at a depth of 6 km in Turkey. The 198 

sharp variations between ~ 1.1 and 1.6 are also present in the Caucasus at a depth of 12 km. 199 

The depth of 𝑏 value gives us a model of stress accumulation at different depths.  200 

Fig. 8 describes that the b-values are extending from 0.6 to 2 along the main faults. The 201 

profile (C-C') shows the highest values at a depth of 20-25 km along the EAF. When high 202 

values are loaded with cracks, the response to the existing fault cracks reduces large 203 

earthquakes due to the collapse (Wiemer and Wyss, 2000).  An impressive observation involves 204 

low-value areas in the southern Bitlis-Zagros and the eastward Greater Caucasus, indicating 205 

high stress in the area. The low value was seen along the Marmara (E-E') at 20 km. A lower 206 

value in the seismogenic zone has been agreed with a significant reduction in stress levels 207 

before the mainshock (Kanamori, 1981). 208 

3.3 Stress Tensor Inversion 209 

In this study, a total of 1020 Focal Mechanism Solutions were selected from the Global 210 

Centroid Moment Tensor database. The spatial occurrence of earthquakes suggests that the 211 

data has sufficient resolution to indicate the stress regime and measure the variability in the 212 

region. The distribution of the earthquakes is linked to the combination of existing faults, and 213 

these mechanisms are compatible with the understanding of changes along the faults. The 𝑏-214 

values usually vary with the source mechanism of the earthquakes. The highest values confirm 215 
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normal fault events, average values indicate strike-slip events, and the lowest values show 216 

thrusts events, respectively (Schorlemmer et al., 2005). Fig. 9 reveals the colour bars displaying 217 

horizontal compression directions and associated tectonic structures. In addition to normal 218 

faults, some areas have a complex strike-slip fault, such as western Anatolian, some parts of 219 

the Caspian Sea and south-eastern Iran. The low 𝑏-values indicate regions, including strike and 220 

inverse slip faults corresponding to the features of the tectonic zone. It is an essential 221 

consequence of 𝑏 closer to a low value in Turkey, the Great Caucasus, Zagros, Kopet-Dagh 222 

and eastern Alborz. These zones are associated with the thrust and strike-slip faulting, which 223 

is under a higher stress regime. Stress variability in the region is also different in several areas 224 

(Fig. 10). The stress variance is completely under this limit except for the confined area of the 225 

study region. The variation map shows that highly variable areas overlap with high 𝑏-values 226 

and correlates with low-stress variability and where the variance is less than 0.2. The stress 227 

difference is more than 0.2 means a different stress area or a decreased resolution of data. 228 

 229 

3.4 Comparison with seismic moment release 230 

Most of the area leads to a correlation between the 𝑏-value and the seismic moment's 231 

release. The seismic moment release (Fig.11) was calculated on each grid node with an interval 232 

of  0.50𝑥0.50 and compared with the 𝑏-value map.  A lower value variation and higher moment 233 

release were observed in Izmit, Van and Erzurum, which indicates the location of high-stress 234 

zones. The Eastern Caucasus have intermediate value changes with an average moment release. 235 

The observation shows a lower 𝑏-value (~0.7) and high seismic moment rate (~18) on the 236 

Bitlis-Zagros thrust belt.  237 

 238 

 239 
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4. Conclusion  240 

In this study, the spatial changes of the 𝑏-value were evaluated by analysing earthquake 241 

events within 1998-2020 years from the different catalogues such as the ISC, KOERI and 242 

IIEES.  The investigation of seismicity is essential for evaluating seismic hazards and a better 243 

understanding of the different tectonic features in the seismogenic zone. The estimated 244 

completeness of the magnitude level is 2.8 in most of Turkey, 𝑀𝑐=3 in the Caucasus, and it 245 

was observed 3.5 in Iran. 𝑏-value was investigated by the time and space up to a wide variety 246 

of long-term and different earthquake catalogues. Obtained results from the non-declustered 247 

and declustered catalogues are better correlated with other 𝑏-value studies in the geodynamics 248 

and structure of the region. Higher values were found in the western Turkey, eastern and central 249 

Iran and the south western Caucasus. In certain areas, lower values were associated with 250 

extensive faulting result in low heterogeneity and large earthquakes. The 𝑏-value is not only 251 

indicated the relative size of small and large earthquakes also related to the stress state over the 252 

region. The 𝑏-values characterised the earthquakes and stayed around one. Therefore, it may 253 

be assumed that most of the region is low value and seismically active. Completed results are 254 

coherent with the tectonic formation of the area when the overall region was considered. 255 

Mainly strike-slip movements and the principal stress directions support the adjustment of the 256 

focal mechanisms. The low and medium b-values in the region are under the impact of the 257 

tectonic process from the African, Arabian and Eurasian Plates presented by the strike and 258 

thrust slip deformations. The 𝑏-value mapping is a relevant tool for displaying different levels 259 

of stress across large areas. As a result, a massive earthquake has occurred in the high-stress 260 

areas (low-value), and there was no significant earthquake in the high-value areas. Therefore, 261 

spatial maps of the 𝑏-values and stress mode maps can be appropriated as a tool for consequent 262 

seismic hazard and earthquake zones. 263 

 264 
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 384 

Fig. 1 Tectonic and topographic/bathymetric map (SRTM30 plus) of the research area, 385 

including the interplay zone of the Eurasian, Arabian and Nubia plates. Abbreviations: AG 386 

(Aegean), NAF (North Anatolian Fault), EAF (East Anatolian Fault), DSTF (Dead Sea 387 

Transform Fault), NEAF (North-East Anatolian Fault), CF (Chalderan Fault), NTF (North 388 

Tabriz Fault). Black beach balls represent the focal mechanism of the earthquakes (𝑴𝒘 ≥ 𝟓. 𝟓, 389 

1976-2020) from global Centroid Moment Tensor CMT). 390 

Fig. 2 The map represents the distribution of the earthquakes in the study region (1998-2020).  391 

Fig. 3 Frequency-magnitude number of earthquakes from. The solid line and triangle marked 392 

as best fit and magnitude of completeness. 393 

Fig. 4 The maps of calculated 𝑏-value and Mc variations from non-declustered (upper) and 394 

declustered (bottom) catalogues for Turkey in the period of 1998-2020 from KOERI catalogue. 395 

Fig. 5 The maps of calculated 𝑏-value and Mc variations from non-declustered (upper) and 396 

declustered (bottom) catalogues in the period 1998-2020 for Iran using IIEES catalogue. 397 

Fig. 6 The maps of calculated 𝑏-value and Mc variations from non-declustered (upper) and 398 

declustered (bottom) catalogues in the period 1998-2020 in the Caucasus. 399 

Fig. 7 The map shows the calculated value of 𝑏 and its error (horizontal bar) at a depth. 400 

Fig. 8 Vertical mapping of 𝑏-values. The left line shows the intersections. In the middle line, a 401 𝑏-value of 150 km is given around each section. In the right line, the pattern of 𝑏-value is 402 

presented. 403 

Figure 9 The direction of horizontal compression, different colors symbolize tectonic modes.  404 

 (NF: Normal, NS: Normal with strike-slip, SS: Strike-slip, TS: Thrust with strike-slip, TF: 405 

Thrust). 406 

Fig. 10  Horizontal compression orientation covered colored stress tensor variance map. 407 
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Fig. 11 The map shows estimated moment release from the different catalogues from 1998 to 408 

2020. 409 

 410 

 411 

 412 

 413 
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Fig. 1 Tectonic and topographic/bathymetric map (SRTM30 plus) of the research area, 415 

including the interplay zone of the Eurasian, Arabian and Nubia plates. Abbreviations: AG 416 

(Aegean), NAF (North Anatolian Fault), EAF (East Anatolian Fault), DSTF (Dead Sea 417 

Transform Fault), NEAF (North-East Anatolian Fault), CF (Chalderan Fault), NTF (North 418 

Tabriz Fault). Black beach balls represent the focal mechanism of the earthquakes (𝑴𝒘 ≥ 𝟓. 𝟓, 419 

1976-2020) from global Centroid Moment Tensor CMT). 420 
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 424 

Fig. 2 The map represents the distribution of the earthquakes in the study region (1998-2020).  425 
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 430 

Fig. 3 Frequency-magnitude number of earthquakes from. The solid line and triangle marked 431 

as best fit and magnitude of completeness. 432 
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 434 

Fig. 4 The maps of calculated 𝑏-value and Mc variations from non-declustered (upper) and 435 

declustered (bottom) catalogues for Turkey in the period of 1998-2020 from KOERI catalogue. 436 

  437 
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 447 

Fig. 5 The maps of calculated 𝑏-value and Mc variations from non-declustered (upper) and 448 

declustered (bottom) catalogues in the period 1998-2020 for Iran using IIEES catalogue. 449 

 450 

 451 
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 452 

Fig. 6 The maps of calculated 𝑏-value and Mc variations from non-declustered (upper) and 453 

declustered (bottom) catalogues in the period 1998-2020 in the Caucasus 454 

 455 

 456 
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 457 

Fig. 7 The map shows the calculated value of 𝑏 and its error (horizontal bar) at a depth 458 

 459 
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 463 

Fig. 8 Vertical mapping of 𝑏-values. The left line shows the intersections. In the middle line, a 464 𝑏-value of 150 km is given around each section. In the right line, the pattern of 𝑏-value is 465 

presented. 466 
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 472 

Fig. 9 The direction of horizontal compression, different colors symbolize tectonic modes.  473 

 (NF: Normal, NS: Normal with strike-slip, SS: Strike-slip, TS: Thrust with strike-slip, TF: 474 

Thrust). 475 

 476 
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 480 

Fig. 10  Horizontal compression orientation covered colored stress tensor variance map. 481 
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 494 

Fig. 11 The map shows estimated moment release from the different catalogues from 1998 to 495 

2020. 496 
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Table 1. Reported strong earthquakes in the research area. 508 

Place Date 

yy/mm/dd 

Longitude 

(deg) 

Latitude 

(deg) 

Magnitude 

(Mw) 

Depth 

(km) 

Erzincan 1939/12/26 39.577 39.771 7.8 20 

Gilan 1990/06/20 49.409 36.957 7.4 18.5 

Erzincan 1992/03/13 39.605 39.710 6.7 27.2 

Khorasan 1997/05/10 59.809 33.825 7.3 10 

Izmit 1999/08/17 29.864 40.748 7.6 17 

Düzce 1999/11/12 31.161 40.758 7.2 10 

Baku 2000/11/25 49.946 40.245 6.2 50.4 

Van 2011/10/23 43.508 39.721 7.1 18 

Khash 2013/04/16 61.996 28.033 7.7 80 

Kermanshah 2017/11/12 45.959 34.911 7.3 19 

Elazığ 2020/01/24 39.061 38.431 6.7 10 

 509 



Figures

Figure 1

Tectonic and topographic/bathymetric map (SRTM30 plus) of the research area, including the interplay
zone of the Eurasian, Arabian and Nubia plates. Abbreviations: AG (Aegean), NAF (North Anatolian Fault),
EAF (East Anatolian Fault), DSTF (Dead Sea Transform Fault), NEAF (North-East Anatolian Fault), CF
(Chalderan Fault), NTF (North Tabriz Fault). Black beach balls represent the focal mechanism of the
earthquakes (M_w≥5.5, 1976-2020) from global Centroid Moment Tensor CMT). Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 2

The map represents the distribution of the earthquakes in the study region (1998-2020). Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 3

Frequency-magnitude number of earthquakes from. The solid line and triangle marked as best �t and
magnitude of completeness.



Figure 4

The maps of calculated b-value and Mc variations from non-declustered (upper) and declustered
(bottom) catalogues for Turkey in the period of 1998-2020 from KOERI catalogue. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 5

The maps of calculated b-value and Mc variations from non-declustered (upper) and declustered
(bottom) catalogues in the period 1998-2020 for Iran using IIEES catalogue. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or



area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.

Figure 6

The maps of calculated b-value and Mc variations from non-declustered (upper) and declustered
(bottom) catalogues in the period 1998-2020 in the Caucasus. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 7

The map shows the calculated value of b and its error (horizontal bar) at a depth. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 8

Vertical mapping of b-values. The left line shows the intersections. In the middle line, a b-value of 150 km
is given around each section. In the right line, the pattern of b-value is presented. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or



area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.

Figure 9

The direction of horizontal compression, different colors symbolize tectonic modes. (NF: Normal, NS:
Normal with strike-slip, SS: Strike-slip, TS: Thrust with strike-slip, TF: Thrust). Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 10

Horizontal compression orientation covered colored stress tensor variance map. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 11

The map shows estimated moment release from the different catalogues from 1998 to 2020. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.


