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1. Introduction
In recent decades, present-day crustal stress state has been 
the subject of several studies (e.g., Delvaux and Barth, 
2010; Hardebeck and Okada, 2018; Heidbach et al., 2018). 
Earthquakes in the crust are concerned with slip along 
fault surface in relation to the stresses acting on. The stud-
ies on P-wave first-motion polarities of the earthquakes 
reveal geometry and mechanism of faulting (Hardebeck 
and Shearer, 2002). Hence, earthquake focal mechanisms 
are the major database in active stress state analysis (e.g., 
Heidbach et al., 2018; Hardebeck and Okada, 2018). To 
reconstruct the present-day stress field from earthquake 
focal mechanisms, some inversion methods have been de-
veloped (e.g., Angelier, 2002; Delvaux and Barth, 2010). 
With the assumption that the stress state is uniform in time 
and space, and also faults slip parallel to maximum shear 
stress (Wallace, 1951), the methods try to minimize the 
angular difference between the observed and theoretically 
modelled slip direction, α (Angelier, 2002). The results are 
defined by four parameters: σ1, σ2, σ3, and stress ratio ϕ, as 
defined by Angelier (2002), ϕ = (σ2 – σ3)/(σ1 – σ3). 

Knowledge of stress state is an essential prerequisite for 
(i) describing deformation style and geodynamic of an area 
(Heidbach et al., 2018), (ii) discussing on rupture path, its 
propagation and associated earthquakes (Hardebeck and 

Okada, 2018), (iii) explaining faulting pattern in different 
areas of a region (Simpson, 1997), and (iv) evaluating slip 
and reactivation tendency of a fault (Lisle and Srivastava, 
2004; Leclère and Fabbri, 2013). 

To aid in the enhancement of knowledge in the tec-
tonic regime of the NW Iran-SE Turkey, present-day ac-
tive stress field was determined. To better understand the 
kinematic and faulting features of this region, results were 
combined with previous studies and discussed.

2. Regional structure and active deformation
Present-day structural framework of the Iranian-Turkish 
plateau and adjacent area is connected to the collisional 
evolution of the Arabian-Eurasian plates since Late Cre-
taceous-Early Palaeocene time (Berberian and King, 
1981). Bitlis-Zagros thrust fault zone specifies the associ-
ated suture zone. However, the timing of the collision is a 
point not agreed upon. The collision develops a compres-
sional stress regime and consequently, this regime mostly 
changed to strike-slip one. Development of the strike-slip 
system has been probably dominant since Miocene time 
(Allen et al., 2004). 

Present-day convergence between the Arabian (in the 
south) and the Eurasian (in the north) plates determined 
20 to 30 mm/year (Reilinger et al., 2006). This rate toward 
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NW Iran-SE Turkey decreases to ~13 mm/year (Reilinger 
et al., 2006). The convergence is partitioned into right-
lateral movements in NW Iran-SE Turkey and thrusting 
in the Greater Caucasus (Jackson, 1992). Northward mo-
tion of the Arabian plate enforces westward escape of the 
Anatolian block along the North and East Anatolian faults 
(Allen et al., 2006) and N-S shortening in the Caucasus 
(Jackson, 1992; Copley and Jackson, 2006). NW Iran is a 
portion of this tectonically active region sandwiched be-
tween the Zagros Mountains in the south, the Caucasus in 
the north, and the Caspian block in the east. The related 
active deformation in this area is reflected in active fault-
ing, folding, seismicity, and Quaternary volcanoes (Berbe-
rian, 1997, 1994; Dhont and Chorowicz, 2006).

The study area is located between the Pambak-Sevan-
Sunik fault in the north, the Talesh fault zone in the east, 
the Çobandede fault zone in the west, and the Bitlis-Za-
gros fault in the south (Figure 1). In a general view, the 
study area comprises different types of active faults: NW-
SE-striking right-lateral faults as major fault set have got 
more attention (e.g., North Tabriz fault) (Berberian, 1997; 
Faridi et al., 2017) and associated NNE-SSW-striking left-
lateral conjugate faults (e.g., Aras fault) (Faridi et al., 2017), 
~E-W-striking thrust faults mainly accommodated in the 
Transcaucasian region (Berberian, 1997), and ~NNW-
SSE-striking normal faults (e.g., Serow fault) (Karakha-
nian et al., 2004). 

In this region, most of the deformation accommodates 
along the faults (Jackson et al., 1995; Djamour et al., 2011). 
In this framework, seismic slip along the NW-SE-striking 
right-lateral faults are noticeable (Berberian, 1997). The 
strike-slip faulting fade toward north, as in Caucasus, 
thrust faulting is dominant ( Jackson, 1992; Jackson et al., 
1995).

3. Data and methodology 
To compute the optimum stress tensor using earthquake 
focal mechanisms, 277 mechanisms were collected from 
various sources, including Jackson et al. (1995), Mostri-
ouk and Petrov (1994), Bernardi et al. (2004), Pinar et 
al. (2007), Siahkali Moradi et al. (2009, 2011), Irmak et 
al. (2012), Görgün (2013), Nemati (2013), Kalafat et al. 
(2014), Ansari et al. (2015), Donner et al. (2015), Tseng 
et al. (2016), Afra et al. (2017), Momeni and Tatar (2018), 
Solaymani-Azad et al. (2019), Hosseini et al. (2019), Lukk 
and Shevchenko (2019), Global Centroid Moment Tensor 
(GCMT), Kandilli Observatory and Earthquake Research 
Institute (KOERI), International Seismological Centre 
(ISC), and United States Geological Survey (USGS). One 
difficulty concerning the gathered data set is the different 
focal mechanism solutions reported for the same event. In 
this case, a well-constrained report which was more com-
patible with the computed stress tensor was selected. Type 
of the focal mechanisms determined using the Frohlich 
triangle diagram (Frohlich, 1992) (Figures 2 and 3a).    

Figure 1. General tectonic map of the NW Iran-SE Turkey and adjacent areas. (a) The location of the study area (colored as green rect-
angle) in the Arabia-Eurasia collision zone (Baniadam et al., 2019). (b) The major active faults map of the NW Iran-SE Turkey prepared 
based on Karakhanian et al. (2004), Dhont and Chorowicz (2006), Aziz Zanjani et al. (2013), and Faridi et al. (2017). ChF: Çaldıran fault, 
GSCKF: Gailatu-Siah Cheshmeh-Khoy fault, NTF: North Tabriz fault, PSSF: Pambak-Sevan-Sunik fault, SAF: South Ahar fault, TFZ: 
Talesh fault zone and WCF: West Caspian fault. SHmax axes are from the World Stress Map (Heidbach et al., 2018).

http://www.isc.ac.uk/
http://www.isc.ac.uk/
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Inversion of focal mechanisms solutions was per-
formed using the method proposed by Delvaux and 
Barth (2010), which is implemented in the WINTEN-
SOR software (Delvaux and Sperner, 2003) (version 5.8.9, 

2019/09/05). To select the preferred seismic fault planes 
as the actual plane from the auxiliary one, we use the mis-
fit function (F5) value, as defined by Delvaux and Barth 
(2010). F5 value shows facility of slip on fault planes under 

Figure 2. Earthquake focal mechanisms used to compute stress state. (a)  represents the mechanisms used to estimate the 
regional stress state together with mechanisms in (b), (c), (d), and (e). (b), (c), (d), and (e) show mechanisms used to reconstruct 
the state of stress along the NTF, SAF, Van fault, and GSCKF, respectively. The color of focal mechanisms indicates their types 
based on the Frohlich triangle diagram (Frohlich, 1992), (f) Frohlich diagram modified by Soumaya et al. (2015) and this study. 
SS: strike-slip, TF: thrust, U: unknown, NF: normal, TS: thrust to strike-slip, and NS: normal to strike-slip faulting type.
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the given stress field by 1: maximizing the resolved shear 
stress magnitude in order to favour slip and 2: minimizing 
the resolved normal stress magnitude in order to reduce 
the friction on the given plane. The value is independent 
from the ratio σ1/σ3 and ranges from 0 for the perfect fault 
plane as a more potential plane for shearing to 360 for the 
perfect misfit plane as a more stable plane. For reliable in-
version results, we computed the stress tensor by at least 
30 focal mechanisms (Hardebeck and Michael, 2006). The 
orientation of the maximum horizontal compressive stress 
(SHmax) was estimated following Lund and Townend (2007) 
and stress regime determined based on Ritz and Taboa-
da (1993). To define the deformation type, we utilize the 
Aϕ parameter (Simpson, 1997). Aϕ values vary smoothly 
from 0 (radial normal faulting) to 1.5 (strike-slip faulting) 
and 3 (radial reverse faulting). The Index Aϕ is defined nu-
merically as follows:

Aϕ = (n + 0.5) + (–1)n (ϕ – 0.5)                                                                                       (1)
Where, ϕ is the shape ratio of the stress state and n is 

0 for normal, 1 for strike-slip, and 2 for reverse faulting.
Finally, we use the normalized slip tendency (Lisle and 

Srivastava, 2004) and 3-D reactivation (Leclère and Fabbri, 
2013) analysis to test instability of the selected fault planes, 
which are the base of our proposed kinematic model. 

4. Results
Considering the stress state is a fundamental control on 
reactivation of preexisting faults (Lisle and Srivastava, 
2004; Leclère and Fabbri, 2013), stress state analysis was 
carried out in both regional and local (along-fault) scales. 
4.1. Regional stress state
The focal mechanisms along the four selected faults were 
used to compute the regional stress state together with 
those located outside the four fault zones (Figure 2). The 
277 mechanisms mostly show thrust to strike-slip faulting 
(Figure 3b). The reduced stress tensor that was computed 
on all 277 selected nodal planes (Figure 4) is compatible 
with a transpressional stress tensor with an N158° (1σ 
= 7.9°) directed SHmax. Estimated Aϕ equals 2.09, which 
shows mixing of reverse and strike-slip faulting (Table).
4.2. Local (along-fault) stress state
4.2.1. North Tabriz fault (NTF)
Seismically active right-lateral strike-slip NTF is a clear 
NW-SE-trending tectonic structure with a roughly verti-
cal trace in the north of Tabriz city (Solaymani-Azad et al., 
2015). GPS measurements indicate 7 ± 1 mm/year right-
lateral motion, which takes place along the NTF (Djamour 
et al., 2011). Neotectonic activity along this fault is high-

Figure 3. Definition of the different faulting types on the Frohlich diagram (a) and contoured triangle diagram plots of the earthquake 
focal mechanisms used to analyse the stress field in NW Iran-SE Turkey (b) and along the NTF (c), SAF (d), Van fault (e), and GSCKF 
(f), respectively.

https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2009GL039332
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lighted by right-lateral displacements, historical earth-
quakes, and microseismicity (Berberian, 1994, 1997; Siah-
kali Moradi et al., 2011; Solaymani-Azad et al., 2015). 
The earthquake focal mechanisms used to construct the 
on-going stress field on the NTF mostly show strike-slip 
to thrust faulting features (Figures 2b and 3c). Stress state 
along this fault (Figure 4) is described by a transpressional 
stress tensor. SHmax is directed in N161° with a small dis-
persion (1σ = 5.3°) fitting well to the selected fault planes 
(Table). 
4.2.2. South Ahar fault (SAF)
Roughly E-W-striking SAF, sometimes known as 
Qoshadagh fault (Faridi et al., 2019), lies in the south of 
Ahar city. The SAF is characterized by right-lateral strike-
slip movements with a component of thrust motion 

(Copley et al., 2013). The fault probably is the southeastern 
prolongation of the Nakhchivan fault (Faridi et al., 2019). 
This fault is the cause of the 2012 August 11 Ahar-
Varzegan earthquakes (Mw 6.4 at 12:23 UTC and Mw 6.3 
at 12:34 UTC). Indeed, the SAF is previously unknown 
and the earthquakes have led it to get attention as an active 
fault (Copley et al., 2013; Donner et al., 2015; Ghods et 
al., 2015). The slip at a rate of 1.9 ± 0.1 mm/year along 
it (Faridi et al., 2019) has right-laterally produced ≈2 km 
displacement in channels (Donner et al., 2015).

The focal mechanisms (70) were reported along the 
SAF characterized by a combination of strike-slip and 
thrusting types. (Figures 2c and 3d). These mechanisms 
describe a stress tensor belonging to a transpressional 
tectonic regime. This stress tensor affects the SAF by an 
NW-SE-trending SHmax (137°, 1σ = 10.1°) (Figure 4, Table). 

Figure 4. Stress inversion results (left) and stereoplot of the selected nodal planes (right) on the lower hemisphere equal-area projection 
for NW Iran-SE Turkey and NTF, SAF, Van fault, and GSCKF. Lengths of the maximum (SHmax) and minimum (Shmin) horizontal stress 
are relative to the isotropic stress.
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4.2.3. Van fault
Van basin has been regarded as a ramp basin of the 
compressional Bitlis-Zagros belt that its active tectonic is 
highlighted by Plio-Quaternary volcanoes associated with 
roughly N-S trending fissures (Dhont and Chorowicz, 
2006). Both roughly northward motion of the Arabian 
plate and westward escape of the Anatolian block affect 
this area (Allen et al., 2006; Dhont and Chorowicz, 2006). 
The Van fault is a north dipping blind-oblique-slip fault 
with predominant thrust movement (Akoğlu et al., 2018). 
Right-lateral movements from 8 ± 2 mm/year along the 
Çaldıran fault decrease to 2–3 mm/year in the south of the 
Lake Van (Copley and Jackson, 2006). 

Selected focal mechanisms along the Van fault zone 
mostly show thrust to strike-slip faulting (Figures 2d and 
3e). Computed stress tensor acts as compressional stress. 
The optimum reduced stress tensor is characterized by an 
N165° (1σ = 10.1°) SHmax acting roughly perpendicular on 
the Van fault (Figure 4, Table). 
4.2.4. Gailatu-Siah Cheshmeh-Khoy fault (GSCKF)
The active NW-SE-trending right-lateral strike-slip 
GSCKF probably is the northwestern termination of the 
NTF (Berberian, 1997; Karakhanian et al., 2004; Siahkali 
Moradi et al., 2011). Right-lateral movements along this 
fault take place at a rate of ~8 mm/year (Selçuk et al., 
2016). The NTF in contribution with the GSCKF plays a 
key role in transferring the right-lateral movements from 
NW Iran toward SE Turkey (Djamour et al., 2011). Toward 
north, active WNW-ESE-striking Çaldıran fault branches 
from the GSCKF (Selçuk et al., 2016; Berberian, 1997). 

Selected 35 focal mechanisms for simulating the stress 
state along the GSCKF mostly show strike-slip and oblique-
slip faulting (Figures 2e and 3f). These mechanisms explain 
a transpressional stress tensor with a well-constrained (1σ 
= 3.2°) N170° SHmax fitting well to the fault planes. 

5. Discussion
5.1. Compatibility of the inferred stress state with the 
structural framework 
The geological and geomorphological evidence, source 
parameters of large magnitude earthquakes, and GPS 
measurements indicated deformation in the NW Iran-SE 
Turkey mostly accommodate by oblique-slip movements 
along the discontinuous faults (Karakhanian et al., 2004; 
Copley and Jackson, 2006; Reilinger et al., 2006; Djamour 
et al., 2011; Solaymani-Azad et al., 2015, 2019). That the 
activity of the region is resulted from the convergence 
between the Arabian and Eurasian plates is an accepted 
fact (Jackson, 1992; Allen et al., 2006, 2004; Reilinger et al., 
2006; Djamour et al., 2011).    

 Based on the inversion of earthquake focal 
mechanisms, in the regional scale, the dominant stress 
state estimated from 277 focal mechanisms enforces this 
area to activity by an N158° SHmax. The direction of the SHmax 
is in line with the moving direction of the plates affecting 
the area (Reilinger et al., 2006; Djamour et al., 2011) and 
kinematic of the well-known faults, such as NTF, GSCK, 
and Çaldıran faults, as well (Karakhanian et al., 2004; 
Copley et al., 2013; Faridi et al., 2019, 2017; Solaymani-
Azad et al., 2019, 2015) . 

NTF is affected by a transpressional stress regime. 
Value of the index Aϕ (2.19) shows deformation along the 
NTF accommodates by thrusting with strike-slip faulting. 
Some studies point out folds that developed roughly 
parallel to the NTF (Nouri Mokhoori, 2013; Mesbahi et al., 
2016). These show both ductile and brittle contractional 
structures have been accommodated a part of the on-
going deformation. 

According to the extensional structures developed 
in Tabriz city, Karakhanian et al. (2004) concluded that 
Tabriz city (in the southern side of NTF) is located in 
an active pull-apart basin. Ahmadzadeh et al. (2014) 

Table. Parameters of the stress tensors. NTF, SAF, and GSCKF refer to North Tabriz, South Ahar, and Gailatu-Siah Cheshmeh-Khoy 
faults, respectively.

Name n σ1 σ2 σ3 ϕ α Aϕ SHmax 1σ DT
All data 277 03/158 32/249 58/063 0.09 32.7 2.09 158 7.9 RS
NTF 40 06/340 34/246 55/079 0.19 27 2.19 161 5.3 RS
SAF 70 03/137 65/041 25/228 0.18 14.7 1.82 137 10.1 SR
Van f. 79 02/165 15/075 75/261 0.3 30 2.3 164 10.1 R
GSCKF 35 31/170 52/310 20/068 0.02 25.2 1.98 170 3.2 SR

n: number of the nodal planes used in the stress inversion, σ1, σ2, and σ3: orientation of the principal stress axes given as plunge/trend, 
ϕ: stress ratio, α: misfit angle, Aϕ: faulting type index, SHmax: orientation of the maximum horizontal stress axis, 1σ: standard deviation 
and DT: deformation type, RS: reverse with strike-slip, SR: strike-slip with reverse, R: reverse. 
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believed the structures are developed in the Miocene to 
Plio-Quaternary sedimentary units. According to Faridi 
and Khodabandeh (2012), these units are covered by the 
younger ones without any extension structures. Besides, 
studies on the seismotectonic of the NTF show there is 
no seismic evidence of extension (Siahkali Moradi et al., 
2011). Therefore, it can be concluded that the pull-apart 
associated extension in the Tabriz area (Karakhanian et al., 
2004) is not active now.

The activity of the SAF derives from N137° SHmax. 
Considering SHmax direction relative to the SAF, oblique-
slip movement is expected for this fault. Right-lateral 
movements are highlighted by right-lateral offsets (Donner 
et al., 2015) and transtensional horsetail structures 
splaying from terminations of this fault (Faridi et al., 
2019). Structural studies on the Quaternary units adjacent 
to this fault (Ghods et al., 2015) show roughly ESE-
WNW-trending contractional structures are developed. 
These structures can accommodate a portion of the 
compressional component of the on-going deformational 
phase. 

Based on the estimated stress tensor, the Van fault 
zone is dominated by N164° SHmax, roughly perpendicular 
to the Van fault zone. This orientation enforces this fault 
zone to dominant thrust faulting (Aϕ = 2.30). Dhont and 
Chorowicz (2006) showed several Quaternary volcanoes 
aligned with roughly N-S orientation. The estimated stress 
state is consistent with roughly N-S fissures. However, 
Dhont and Chorowicz (2006) linked them to ~E-W-
trending extension resulted from the westward escape of 
the Anatolian block (Allen et al., 2006). 

Stress state around the GSCKF is characterized by 
a roughly N-S-oriented SHmax (N170°) belonging to a 

transpressional tectonic regime. GSCK fault is a right-
lateral structure with an NNW-SSE-oriented strike. 
Northwestern termination of this fault forms horsetail 
structures containing a number of normal faults 
(Karakhanian et al., 2004). Indeed GSCKF contains a series 
of right-lateral faults. Right-lateral movements associated 
pull-apart basins along these faults are the remarkable 
feature of this fault (Karakhanian et al., 2004), which are 
highlighted in earthquake focal mechanisms (Figures 2e 
and 3f). 
5.2. Kinematic model 
Copley and Jackson (2006) proposed a simple model of 
fault and fault-bounded blocks rotation for kinematic of 
the central part of the study area. In this model, NW-SE-
striking right-lateral PSSF, GSCKF, and Nakhichevan fault 
(NF) bounded two blocks. Left-lateral movements across 
the area on NE-SW planes enforce the faults and fault-
bounded blocks to anticlockwise rotation (Figure 5a). 
This model reasonably explains slip sense along the block 
bounded faults, as well as slip rate along them (Copley and 
Jackson, 2006).  In the study area, other three faults, namely 
Akhourian, Garni, and Maku faults, activate in a uniform 
sense and roughly parallel to PSSF, NF, and GSCKF (Figure 
6a). We extend the model to the blocks bounded by 
these six NW-SE-striking right-lateral faults (Figure 6a). 
Sufficient evidences for rotation of a block can conclude by 
paleomagnetic and GPS studies. The paleomagnetic study 
carried out in the Van area (Gülyüz et al., 2020) is restricted 
to Miocene time, and therefore the results of this study 
cannot handle as evidence for active rotation of the area. 
Farther west, in the Sivas and Gümüşhane areas, as well as 
in Kırşehir block, paleomagnetic and GPS studies indicate 

Figure 5. (a) A simplified model for kinematic of  the central part of the study area containing NW-SE-striking PSSF, GSCKF, and NF 
(modified after Copley and Jackson (2006)). (b) Simplified kinematic model proposed for the area, especially SAF located in west of 
the Caspian Sea [modified after Ghods et al. (2015)]. Northward motion of the area relative to the South Caspian Basin cumulatively 
increases from west to east by displacement along the subsidiary NNE-SSW-striking left-lateral faults.

https://pubs.geoscienceworld.org/ssa/bssa/article/66/4/1249/101877
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counterclockwise rotation of the region, which has taken 
place from Miocene (Kissel et al., 2003). Unfortunately, 
GPS network used to study the active deformation in 
NW Iran-SE Turkey is not dense enough to evaluate local 
deformation. GPS measurements show left-lateral shear 
through NE-SW-striking faults take place at the rate of ~8 
mm/year [for detail, see Copley and Jackson (2006)] and 
active right-lateral movements along the NW-SE-striking 
faults are documented, as explained above.

Structural evolution and activity of the Talesh range 
are mainly affected by the rigid south Caspian block (SCB) 
(Berberian, 1983). Ghods et al. (2015) believed, rigidity of 
the SCB hampers eastward motion of the northern part of 
the SAF along this and other WNW to E–striking dextral 
faults. Therefore, all movement driven by large-scale plate 
motions cannot accommodate along these right-lateral 
faults. For accommodating of movements have remained, 
other structures, especially NNE-SSW-striking faults 
activate sinistrally (Figure 5b).  

Considering the left-lateral slip sense of the NNE-SSW-
striking Aras fault and right-lateral slip sense of the roughly 
N-S-striking Talesh fault zone located, respectively, in west 

and east of the Talesh, it can be expected that Talesh region 
experiences roughly NNE motion (Didon and Gemain, 
1976) (Figure 6a), which is in agreement with plates 
motions (Reilinger et al., 2006). 

The inferred stress state can be completely illustrated 
by a stress ellipsoid (Ritz and Taboada, 1993), as shown 
in Figure 6b. Stress state analysis highlights two dominant 
sets of faults. The first set contains NW-SE-striking right-
lateral faults and the second one contains NNE-SSW-
striking left-lateral faults (Figure 6b). To evaluate the 
instability of these faults, we test slip tendency (Lisle and 
Srivastava, 2004) and 3D reactivation potential (Leclère 
and Fabbri, 2013) of these faults. Assuming cohesion on 
the faults equals 0 and μ~0.6 (as typical value of Byerlee 
friction coefficient), most of the selected faults achieve a 
high slip tendency value (Figure 7a). 

3D reactivation analysis distinguishes three classes of 
faults (Leclère and Fabbri, 2013): (i) favorably oriented 
faults are those, which show a high tendency to reactivate 
in the given stress field, (ii) unfavorably oriented faults 
are those, whose reactivation can be attained by one or 
combination of two mechanisms: magnitude of pore fluid 

Figure 6. Simplified illustration of the present-day kinematic of the NW Iran-SE Turkey 
region. Bookshelf model and anticlockwise rotation of the blocks, which are bounded 
by AF, PSSF, GF, NF, MF, and GSCKF are presented. Considering the left-lateral move-
ment of the NE-SW-striking Aras fault and right-lateral movement of the ~N-S-striking 
Talesh fault zone, NNW motion of the Talesh region located between these two fault 
zones, is expected. Inferred kinematic model from stress inversion is presented on the 
stress ellipsoid. Diameters of the stress ellipsoid are based on the relative magnitude of 
the maximum and minimum horizontal stress axes (Ritz and Taboada, 1993). Rose dia-
gram shows two sets of faults which are highly instable. The NW-SE-striking right-lat-
eral strike-slip and the NNE-SSW-striking left-lateral strike-slip faults are represented 
on the stress ellipsoid.
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pressure remains higher than zero and lower than those 
of the minimum principal stress (0 < pf < σ3), or tectonic 
loading lead to an increase in the magnitude of the 
maximum principal stress, and (iii) severely misoriented 
faults are those, whose reactivation can only be attained 
if pore fluid pressure achieves a magnitude larger than 
those of the minimum principal stress (pf ˃ σ3). (Leclère 
and Fabbri, 2013). 3D reactivation analysis under the 
same conditions to slip tendency analysis indicates most 
of the selected fault planes to analyse the stress state are 
favorably oriented with respect to the inferred stress field 
(Figure 8). As represented in Figure 6, we propose present-
day deformation of the study area accommodates by these 
two sets of faults. These sets of unstable faults are in good 
agreement with field observations (Faridi et al., 2017).

6. Conclusion
As revealed by the result of the stress inversion using the 
277 earthquake focal mechanisms, the regional stress 
state of the NW Iran-SE Turkey is characterized by a 
transpressional tectonic regime with N158° maximum 
horizontal compressive stress (SHmax). The stress 
inversion results in the regional scale show the relative 
magnitudes of the intermediate and minimum principal 
stresses are close to each other (ϕ = 0.09), and therefore 
stress permutation between axes of σ2 and σ3 can take place. 
Present-day kinematic of the area is mostly summarized in 

NW-SE-striking right-lateral and NNE-SSW-striking left-
lateral faulting.  
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Figure 7. Stereographic and Mohr plot expression of the normalized slip tendency analysis integrated with poles to the selected 
fault planes.

Figure 8. The results of the 3-D reactivation analysis. Stereoplot shows the three class of fault planes and stereographic expression of 
the contoured Q values. The side colored bar shows how prone the fault planes are to reactivation. Black dots represent the poles to the 
planes.
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date time lat long depth(km) strike1 dip1 rake1 reference Mw Mb Ms Mn Ml
1931.04.07 39,48 46,09 135 90 180 Jackson et al., 1995 6,4
1935.05.01 40,5 43,3 115 74 180 Jackson et al., 1995 6,2
1952.01.03 39,9 41,6 102 90 180 Jackson et al., 1995 6
1964.06.05 00.11.51 39,13 43,19 42 229 49 35 Mostriouk and Petrov, 1994 4,6
1965.02.10 16.09.54 37,66 47,09 45 192 23 -16 Mostriouk and Petrov, 1994 5
1966.03.07 01.16.08 39,2 41,6 26 208 65 -9 Mostriouk and Petrov, 1994 5,2
1966.08.09 39,17 41,56 304 64 163 Jackson et al., 1995 6,8
1966.08.19 12.22.10 39,17 41,56 0 39 56 53 Mostriouk and Petrov, 1994 5,8
1966.08.19 13.54.25 38,99 41,77 32 235 62 -4 Mostriouk and Petrov, 1994 5,2
1967.01.30 12.25.04 39,41 41,49 76 150 53 -30 Mostriouk and Petrov, 1994 4,6
1968.04.29 17.01.55 39,24 44,23 17 197 56 -18 Mostriouk and Petrov, 1994 5,3
1968.06.09 00.56.32 39,09 46,1 31 207 82 -9 Mostriouk and Petrov, 1994 5
1968.09.01 05.39.45 39,14 46,2 24 253 30 -4 Mostriouk and Petrov, 1994 5
1970.02.17 02.59.56 38,65 43,36 47 202 86 -18 Mostriouk and Petrov, 1994 4,7
1970.03.14 01.51.47 38,62 44,8 50 253 64 -6 Mostriouk and Petrov, 1994 5,2
1972.07.16 02.46.51 38,23 43,36 46 323 71 -20 Mostriouk and Petrov, 1994 4,9
1976.01.12 22.41.51 38,61 43,2 56 255 39 28 Mostriouk and Petrov, 1994 4,9
1976.04.02 16.58.04 39,85 43,69 15 204 48 -49 Mostriouk and Petrov, 1994 4,6
1976.11.24 12.22.25 39,12 44,03 115 74 180 Jackson et al., 1995 7,2
1976.11.24 13.18.08 39,09 43,71 49 197 48 -10 Mostriouk and Petrov, 1994 4,9
1976.11.24 15.04.05 39,18 43,71 46 124 55 135 Mostriouk and Petrov, 1994 4,9
1976.11.24 20.46.07 39,08 44,13 55 230 51 -3 Mostriouk and Petrov, 1994 4,9
1976.11.24 15.11.07 39 44,19 62 172 57 -29 Mostriouk and Petrov, 1994 5
1976.11.24 12.36.48 39,1 44,2 63 250 56 12 Mostriouk and Petrov, 1994 5,5
1976.11.25 09.49.26 38,96 44,28 38 251 57 -71 Mostriouk and Petrov, 1994 5
1976.12.04 04.10.36 39,31 43,66 53 300 37 -113 Mostriouk and Petrov, 1994 4,9
1976.12.12 07.54.20 39 44,26 41 225 73 -33 Mostriouk and Petrov, 1994 4,8
1977.01.02 19.37.26 39,29 43,62 46 220 47 -56 Mostriouk and Petrov, 1994 4,9
1977.01.17 05.19.24 39,27 43,7 40 195 50 -24 Mostriouk and Petrov, 1994 5
1977.05.26 09.50.24 38,89 44,35 41 255 61 -8 Mostriouk and Petrov, 1994 4,9
1977.05.26 01.35.13 38,92 44,38 38 224 56 19 Mostriouk and Petrov, 1994 5,2
1977.11.03 19.46.16 39,31 43,53 38 50 86 45 Mostriouk and Petrov, 1994 4,9
1979.04.11 12.14.27 39,12 43,91 44 49 65 73 Mostriouk and Petrov, 1994 4,9
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date time lat long depth(km) strike1 dip1 rake1 reference Mw Mb Ms Mn Ml
1980.10.10 11.09.53 38,4 45,91 47 293 76 -30 Mostriouk and Petrov, 1994 4,8
1980.12.11 00.14.36 40,31 46,07 18 148 61 145 Mostriouk and Petrov, 1994 4,8
1981.01.04 07.19.46 38,48 44,91 38 28 73 64 Mostriouk and Petrov, 1994 4,6
1982.03.27 19.57.24 39,23 41,9 38 172 51 -8 Mostriouk and Petrov, 1994 5,4
1982.05.19 13.32.58 40,06 42,26 62 231 28 -120 Mostriouk and Petrov, 1994 4,7
1982.05.29 14.22.01 39,4 43,72 33 77 74 168 Mostriouk and Petrov, 1994 4,8
1982.10.13 03.51.31 39,19 41,92 41 27 53 124 Mostriouk and Petrov, 1994 4,7
1983.12.15 07.17.42 40,24 46,11 5 259 7 91 Mostriouk and Petrov, 1994 4,4
1984.06.29 19.55.18 38,42 45,16 40 262 5 15 Mostriouk and Petrov, 1994 4,6
1985.11.07 08.26.18 39,75 41,68 10 233 58 22 CMT 5,2
1986.01.01 06.09.06 39,13 41,83 36 88 86 106 Mostriouk and Petrov, 1994 4,8
1986.04.11 04.10.34 40,01 43,34 33 201 52 -48 Mostriouk and Petrov, 1994 4,9
1986.07.12 17.00.54 38,4 45,15 45 333 50 122 Mostriouk and Petrov, 1994 4,8
1986.08.10 17.47.57 38,48 43,43 53 279 69 -79 Mostriouk and Petrov, 1994 4,7
1988.01.27 03.47.00 39,84 45,12 36 30 49 45 Mostriouk and Petrov, 1994 4,7
1988.04.20 03.50.08 39,11 44,12 48 229 33 8 Mostriouk and Petrov, 1994 5,1
1988.04.21 10.01.48 39,09 44,1 40 248 59 -19 Mostriouk and Petrov, 1994 4,6
1988.06.25 16.15.38 38,5 43,07 49 189 51 -33 Mostriouk and Petrov, 1994 5,3
1988.12.07 09.34.34 40,93 44,08 8 22 56 33 Mostriouk and Petrov, 1994 5
1988.12.07 07.41.24 40,96 44,16 5 44 74 57 Mostriouk and Petrov, 1994 6
1988.12.07 18.05.42 40,9 44,21 2 79 84 89 Mostriouk and Petrov, 1994 4,4
1988.12.07 08.06.29 40,83 44,23 16 165 86 -39 Mostriouk and Petrov, 1994 4,7
1988.12.08 07.46.03 40,91 44,42 22 10 51 -40 Mostriouk and Petrov, 1994 4,8
1988.12.31 04.07.09 40,95 44,05 2 72 78 98 Mostriouk and Petrov, 1994 4,7
1989.01.04 07.29.40 40,93 44,26 3 18 89 78 Mostriouk and Petrov, 1994 4,9
1989.12.02 04.51.59 38,45 45,42 20 175 65 75 Mostriouk and Petrov, 1994 4,5
1989.12.03 07.39.12 38,44 45,35 40 290 6 -2 Mostriouk and Petrov, 1994 4,8
1990.05.27 18.27.58 40,92 44,24 14 16 51 81 Mostriouk and Petrov, 1994 4,9
1990.12.16 15.45.35 40,53 43,18 17,6 239 81 -1 CMT 5,4
1991.03.27 22.17.54 40,43 45,43 26 53 56 55 Mostriouk and Petrov, 1994 4,3
1991.06.03 10.22.41 40,07 42,85 34 264 67 -6 Mostriouk and Petrov, 1994 5
1991.06.16 11.07.12 40,1 42,97 29 225 24 37 Mostriouk and Petrov, 1994 4,5
1997.02.28 12,57 38,1 47,49 9 183 81 -1 Jackson et al., 2002 6



date time lat long depth(km) strike1 dip1 rake1 reference Mw Mb Ms Mn Ml
1997.03.02 18.29.45 37,86 47,87 15 200 41 2 CMT 5,3
2000.11.15 15.05.37 38,35 42,93 18 217 20 37 Bernardi et al., 2004 5,6
2000.11.15 16,06 38,48 42,89 18 76 56 113 Pınar et al., 2007 4,5
2000.11.15 16,43 38,45 42,91 15 85 75 130 Pınar et al., 2007 3,9
2000.11.15 17,07 38,46 42,94 12 114 43 142 Pınar et al., 2007 3,5
2000.11.15 17,44 38,48 42,94 15 89 50 110 Pınar et al., 2007 3,5
2000.11.15 18,16 38,48 42,92 15 90 59 127 Pınar et al., 2007 3,8
2000.11.15 19,3 38,42 42,87 15 109 63 130 Pınar et al., 2007 4,3
2000.11.15 21,17 38,46 42,94 15 49 42 104 Pınar et al., 2007 3,6
2000.11.16 21,13 38,41 42,89 15 73 55 129 Pınar et al., 2007 4,1
2000.11.17 0,27 38,42 42,9 15 109 55 124 Pınar et al., 2007 4,3
2000.11.17 9,36 38,39 42,92 15 117 46 136 Pınar et al., 2007 3,5
2000.11.19 0,02 38,24 42,86 15 131 65 149 Pınar et al., 2007 3,7
2000.11.25 0,59 38,28 42,86 15 125 64 147 Pınar et al., 2007 3,5
2000.11.25 1,19 38,27 42,86 15 130 68 157 Pınar et al., 2007 3,5
2000.11.30 10,3 38,24 42,85 12 123 51 127 Pınar et al., 2007 3,4
2001.05.29 13.14.30 39,8 41,65 21 19 88 10 ISC 4,9
2001.05.29 14.15.54 39,84 41,96 24 98 51 137 ISC 4,9
2001.06.12 01.46.49 39,02 47,26 15 97 47 110 ISC 4,5
2001.07.10 21.42.06 39,88 41,59 31 284 71 -170 Bernardi et al., 2004 5,3
2001.10.23 10.41.28 38,64 43,4 12 246 38 60 CMT 7,1
2001.12.02 04.11.48 38,43 43,25 18 72 50 83 ISC 4,7
2002.03.14 12.56.58 39,35 44,12 21 46 89 17 ISC 4,5
2002.04.07 22.50.31 38,38 45,26 15 42 37 126 ISC 4,7
2003.08.11 20.12.08 38,83 44,88 24 34 62 11 ISC 5
2003.10.20 06.26.51 38,65 44,57 21 52 79 3 ISC 5,1
2004.01.24 04.40.47 38,07 44,92 12 217 20 86 ISC 6
2004.04.27 17.30. 38,67 46,77 21 195 70 14 Siahkali Moradi et al., 2011
2004.05.01 23.40.34 38,15 45,9 17,26 255 41 132 Siahkali Moradi et al., 2009 1,4
2004.05.01 23.40. 38,15 45,88 19 255 40 42 Siahkali Moradi et al., 2011
2004.05.05 06.32.35 38 46,8 13,2 107 61 -171 Siahkali Moradi et al., 2009 2,8
2004.05.05 06.23. 37,99 46,81 12 350 45 -27 Siahkali Moradi et al., 2011
2004.05.05 06.32. 37,99 46,8 14 340 70 -53 Siahkali Moradi et al., 2011



date time lat long depth(km) strike1 dip1 rake1 reference Mw Mb Ms Mn Ml
2004.05.05 08.06. 37,99 46,8 7 100 30 -107 Siahkali Moradi et al., 2011
2004.05.07 00.11.42 38,44 45,64 7,9 287 63 82 Siahkali Moradi et al., 2009 2,9
2004.05.07 17.58.30 38,44 45,65 18,21 288 51 164 Siahkali Moradi et al., 2009 2,5
2004.05.07 20.22.43 37,88 46,94 16,31 189 73 25 Siahkali Moradi et al., 2009 2
2004.05.07 00.11. 38,44 45,61 18 105 70 165 Siahkali Moradi et al., 2011
2004.05.07 17.58. 38,43 45,6 17 300 60 160 Siahkali Moradi et al., 2011
2004.05.07 20.22. 37,87 46,94 15 200 60 19 Siahkali Moradi et al., 2011
2004.05.18 11,29 38,43 45,27 16 340 60 -19 Siahkali Moradi et al., 2011
2004.05.23 21,27 38,13 46,33 20 250 70 133 Siahkali Moradi et al., 2011
2004.05.24 03.16. 38,48 46,47 21 210 80 -26 Siahkali Moradi et al., 2011
2004.05.29 05.52. 38,13 46,44 5 90 80 -153 Siahkali Moradi et al., 2011
2004.06.01 23,13 37,92 46,63 12 90 70 165 Siahkali Moradi et al., 2011
2004.06.04 13,15 37,87 46,96 5 115 80 -153 Siahkali Moradi et al., 2011
2004.06.14 22,54 38,26 46,03 11 100 70 -152 Siahkali Moradi et al., 2011
2004.06.21 21.49.52 38,14 46,43 17 293 60 145 Siahkali Moradi et al., 2009 1,7
2004.06.22 23.39.41 38,15 46,38 13,9 294 86 170 Siahkali Moradi et al., 2009 1,3
2004.06.25 15,31 38,06 46,25 16 265 70 165 Siahkali Moradi et al., 2011
2004.07.01 22.30.13 39,65 43,83 13,2 300 50 152 CMT 5,1
2004.07.07 07.25. 38,11 46,38 5 120 80 134 Siahkali Moradi et al., 2011
2004.07.08 11.21.20 38,37 45,76 15,9 280 60 149 Siahkali Moradi et al., 2009 2
2004.07.09 09.09. 37,95 46,64 6 90 75 161 Siahkali Moradi et al., 2011
2004.07.09 00.17. 38,15 46,9 4 210 75 34 Siahkali Moradi et al., 2011
2004.07.09 00.19. 38,11 46,88 20 270 80 90 Siahkali Moradi et al., 2011
2004.07.10 21.17.24 37,92 46,62 7,5 100 75 -180 Siahkali Moradi et al., 2009 1,3
2004.07.13 02.26.13 38,34 45,67 18,32 266 59 60 Siahkali Moradi et al., 2009 2,7
2004.07.13 02.26. 38,36 45,66 14 290 70 -152 Siahkali Moradi et al., 2011
2004.07.20 09.53. 38,05 46,86 13 340 50 90 Siahkali Moradi et al., 2011
2004.07.30 07.14.07 39,63 43,97 24 31 82 -8 ISC 4,9
2004.09.26 21.03.14 38,61 43,31 15 88 41 94 ISC 4,5
2005.03.13 40,19 45,52 10 278 60 -55 Lukk and Shevchenko, 2019 4,5
2007.01.21 07.39.02 39,6 42,72 14,7 302 78 -177 CMT 5,1
2008.04.29 05.20.38 40,29 45,96 12 124 89 121 Tseng et al., 2016 3,6
2008.09.02 20.00.54 38,69 45,79 15,4 113 80 -179 CMT 5



date time lat long depth(km) strike1 dip1 rake1 reference Mw Mb Ms Mn Ml
2009.07.25 20.06.39 40,08 43,2 13 241 32 46 Tseng et al., 2016 3,8
2011.09.03 00.30.51 37,55 47,82 7,5 154 90 169 Ansari et al., 2015 4 4
2011.10.23 20.45.34 38,63 43,08 5 248 71 90 Irmak et al., 2012 5,7
2011.10.23 10,48 38,75 43,59 10 47 51 107 Kalafat et al., 2013 5,6
2011.10.23 10,56 38,82 43,42 12 221 34 123 Kalafat et al., 2013 5,5
2011.10.23 11.32.41 38,81 43,3 15 255 60 90 Gorgun, 2013 6,1
2011.10.23 18.53.48 38,41 43,34 5 219 57 25 Irmak et al., 2012 4,9
2011.10.23 19.06.06 38,79 43,3 5 228 64 -90 Irmak et al., 2012 4,9
2011.10.24 15,28 38,69 43,17 5 252 44 49 Kalafat et al., 2013 4,8
2011.10.24 06.46.41 38,8 43,62 15 195 90 0 Gorgun, 2013 4,4
2011.10.24 20.15.49 38,88 43,47 5 259 56 36 Irmak et al., 2012 3,6
2011.10.24 16.24.19 38,92 43,51 3,7 289 56 43 Irmak et al., 2012 3,6
2011.10.25 00.32.17 38,5 43,3 5 270 45 30 Gorgun, 2013 4,3
2011.10.25 15.05.25 38,79 43,49 14 60 90 0 Gorgun, 2013 4,5
2011.10.25 16.56.18 38,59 43,51 15 75 90 165 Gorgun, 2013 4,5
2011.10.25 14,55 38,79 43,54 8 264 53 68 Kalafat et al., 2013 5,4
2011.10.25 03.28.51 38,84 43,67 2,2 283 57 43 Irmak et al., 2012 3,7
2011.10.25 00.16.40 38,55 43,11 5 126 74 -34 Irmak et al., 2012 3,7
2011.10.25 00.26.26 38,9 43,47 5 285 57 42 Irmak et al., 2012 3,6
2011.10.25 02.39.38 38,74 43,21 4 115 61 146 Irmak et al., 2012 3,5
2011.10.26 03.16.20 38,75 43,29 30,6 102 36 127 CMT 4,8
2011.10.29 22.24.25 38,83 43,52 19,4 298 77 -172 CMT 5,1
2011.10.29 18.45.49 38,7 43,1 20 180 90 -15 Gorgun, 2013 4,3
2011.11.02 20.48.21 38,9 43,3 20 255 30 75 Gorgun, 2013 4,4
2011.11.02 04.43.20 38,87 43,57 5 171 58 -61 Irmak et al., 2012 4,8
2011.11.06 02.43.16 38,82 43,5 15,8 277 64 -176 CMT 4,7
2011.11.08 22,05 38,75 43,05 8 271 44 69 Kalafat et al., 2013 5,1
2011.11.09 19.23.34 38,43 43,23 5,8 223 55 63 Irmak et al., 2012 5,6
2011.11.09 22.38.18 38,45 43,21 5 238 43 90 Irmak et al., 2012 4,5
2011.11.18 17,39 38,87 43,82 24 33 90 29 Kalafat et al., 2013 4,9
2011.11.30 00.47.21 38,51 43,41 2,8 174 81 -32 Irmak et al., 2012 5
2011.12.03 01.30.55 38,8 43,5 5 60 75 30 Gorgun, 2013 4,5
2011.12.04 22,15 38,47 43,29 28 209 82 6 Kalafat et al., 2013 4,7



date time lat long depth(km) strike1 dip1 rake1 reference Mw Mb Ms Mn Ml
2012.12.23 06.38.58 38,49 44,93 11 70 68 149 Hosseini et al., 2019 5 4,9
2012.01.06 0,16 38,74 43,55 32 114 78 13 Kalafat et al., 2013 4,5
2012.01.20 9,57 38,94 43,69 5 238 61 99 Kalafat et al., 2013 4,4
2012.01.21 00.45.00 39,92 41,71 18,4 44 82 54 ISC 3,4
2012.01.29 4,14 38,98 43,38 14 91 87 -24 Kalafat et al., 2013 4,6
2012.01.29 9,59 39,03 43,62 5 235 75 44 Kalafat et al., 2013 4
2012.02.17 9,32 38,72 43,33 22 354 89 46 Kalafat et al., 2013 4,5
2012.02.24 13,07 38,84 43,62 8 297 40 163 Kalafat et al., 2013 4,4
2012.03.23 15,43 38,97 43,65 10 137 77 -140 Kalafat et al., 2013 4,2
2012.03.24 6,57 38,94 43,52 8 63 67 21 Kalafat et al., 2013 4,3
2012.03.26 10.35.35 39,15 42,2 19,5 82 44 94 CMT 5,2
2012.03.31 10,38 39,08 43,81 20 355 46 -180 Kalafat et al., 2013 4
2012.04.04 9,41 38,93 43,6 20 274 85 -166 Kalafat et al., 2013 4,4
2012.04.13 0,04 39,04 44,09 12 40 84 -166 Kalafat et al., 2013 4,4
2012.04.13 4,22 38,66 43,18 4 248 50 75 Kalafat et al., 2013 4,3
2012.04.18 23,3 38,89 43,49 22 327 78 -115 Kalafat et al., 2013 4,6
2012.06.24 20,07 38,55 43,52 8 294 55 116 Kalafat et al., 2013 5
2012.07.20 16,2 38,67 43,37 6 72 60 83 Kalafat et al., 2013 5
2012.07.24 22,53 38,71 43,14 14 115 78 -162 Kalafat et al., 2013 4,4
2012.08.11 12.23.16 38,4 46,84 6 265 45 166 Donner et al., 2015 6,4
2012.08.11 12.34.35 38,42 46,78 12 257 61 125 Donner et al., 2015 6,2
2012.08.11 15.21.15 38,46 46,83 10 80 79 164 Donner et al., 2015 4,6
2012.08.11 15.43.19 38,42 46,72 14 251 33 118 Donner et al., 2015 4,7
2012.08.11 19.52.43 38,44 46,79 10 279 65 140 Donner et al., 2015 4,3
2012.08.11 22.24.02 38,44 46,71 12 252 77 148 Donner et al., 2015 5,1
2012.08.11 13.14.05 38,43 46,68 6 259 75 113 Donner et al., 2015 4,8
2012.08.13 01.56.10 38,45 46,68 10 271 74 -173 Donner et al., 2015 4,4
2012.08.14 14.02.26 38,51 46,78 12 274 89 162 Donner et al., 2015 4,9
2012.08.14 15.48.20 38,38 46,64 3,2 217 48 58 Momeni and Tatar, 2018 3,9
2012.08.14 12.33.18 38,42 46,73 10,8 8 77 52 Momeni and Tatar, 2018 3,2
2012.08.14 20.10.56 38,38 46,77 10,8 31 56 88 Momeni and Tatar, 2018 3,4
2012.08.15 17.49.05 38,44 46,67 8 214 55 87 Donner et al., 2015 5
2012.08.15 16.28.54 38,37 46,76 11,8 356 77 7 Momeni and Tatar, 2018 3,2



date time lat long depth(km) strike1 dip1 rake1 reference Mw Mb Ms Mn Ml
2012.08.15 13.34.33 38,4 46,76 11,3 201 50 -23 Momeni and Tatar, 2018 3,2
2012.08.16 17.14.13 38,46 46,73 12 271 82 149 Donner et al., 2015 4,8
2012.08.16 04.39.47 38,39 46,62 5,9 49 56 70 Momeni and Tatar, 2018 3,3
2012.08.16 19.48.46 38,42 46,7 12,3 12 80 47 Momeni and Tatar, 2018 3
2012.08.16 16.59.08 38,42 46,71 11,8 5 61 28 Momeni and Tatar, 2018 3
2012.08.16 21.00.22 38,42 46,71 11 15 72 55 Momeni and Tatar, 2018 3,4
2012.08.16 15.15.35 38,43 46,71 12,2 257 76 153 Momeni and Tatar, 2018 4,1
2012.08.16 05.05.03 38,38 46,78 8,1 224 32 82 Momeni and Tatar, 2018 3
2012.08.17 19.34.08 38,41 46,59 4,4 166 87 -48 Momeni and Tatar, 2018 3,2
2012.08.17 03.34.20 38,39 46,66 4,2 230 44 64 Momeni and Tatar, 2018 3,1
2012.08.17 04.48.15 38,38 46,67 4,5 345 37 44 Momeni and Tatar, 2018 3,8
2012.08.17 08.09.51 38,39 46,86 5 202 84 -46 Momeni and Tatar, 2018 3,6
2012.08.18 05.45.22 38,42 46,7 13,2 11 55 33 Momeni and Tatar, 2018 3,7
2012.08.18 13.20.29 38,39 46,79 9,7 44 45 79 Momeni and Tatar, 2018 3,1
2012.08.19 11.37.16 38,38 46,62 5,7 220 43 72 Momeni and Tatar, 2018 4,1
2012.08.19 01.58.30 38,38 46,63 5,9 197 57 61 Momeni and Tatar, 2018 4
2012.08.20 08.49.37 38,42 46,69 12,4 0 64 21 Momeni and Tatar, 2018 3,1
2012.08.20 08.48.17 38,42 46,69 12,9 10 76 30 Momeni and Tatar, 2018 3,4
2012.08.20 13.47.33 38,42 46,7 12,3 5 63 37 Momeni and Tatar, 2018 3
2012.08.21 06.48.23 38,41 46,77 13,5 35 60 31 Momeni and Tatar, 2018 3
2012.08.22 19.44.59 38,39 46,62 5,5 222 61 78 Momeni and Tatar, 2018 3,1
2012.08.22 02.35.47 38,37 46,65 4,9 36 39 65 Momeni and Tatar, 2018 3,4
2012.08.22 03.45.27 38,42 46,7 13 9 65 22 Momeni and Tatar, 2018 3
2012.08.22 05.28.35 38,42 46,7 12,4 8 63 19 Momeni and Tatar, 2018 4,3
2012.08.23 12.14.46 38,39 46,63 4,1 22 80 48 Momeni and Tatar, 2018 3
2012.08.23 15.01.08 38,42 46,79 12,9 35 52 87 Momeni and Tatar, 2018 3
2012.08.24 16.22.54 38,41 46,67 12,8 15 53 43 Momeni and Tatar, 2018 3,4
2012.08.25 21.52.12 38,38 46,65 5,9 340 34 -7 Momeni and Tatar, 2018 3,2
2012.08.25 19.29.40 38,43 46,79 11,5 26 82 50 Momeni and Tatar, 2018 3
2012.08.25 09.27.25 38,37 46,91 6 13 72 -8 Momeni and Tatar, 2018 3,3
2012.08.25 02.56.45 38,37 46,92 6,5 13 57 13 Momeni and Tatar, 2018 3
2012.08.26 13.08.36 38,38 46,65 5,5 31 62 67 Momeni and Tatar, 2018 3,5
2012.08.26 16.46.41 38,41 46,75 11,3 195 40 27 Momeni and Tatar, 2018 3,2



date time lat long depth(km) strike1 dip1 rake1 reference Mw Mb Ms Mn Ml
2012.08.26 05.27.49 38,41 46,78 11,8 9 53 39 Momeni and Tatar, 2018 3
2012.08.27 01.16.54 38,4 46,81 9,7 2 44 49 Momeni and Tatar, 2018 3
2012.08.27 23.56.31 38,4 46,87 9,1 7 78 -9 Momeni and Tatar, 2018 3,5
2012.08.28 17.58.52 38,39 46,63 5,8 196 67 48 Momeni and Tatar, 2018 3,7
2012.08.30 06.25.50 38,38 46,67 5,9 77 25 128 Momeni and Tatar, 2018 3
2012.08.31 20.35.56 38,38 46,67 6,1 173 54 4 Momeni and Tatar, 2018 3,6
2012.08.31 08.34.03 38,38 46,69 12,9 179 79 51 Momeni and Tatar, 2018 4,2
2012.09.01 05.04.04 38,38 46,76 9 54 62 85 Momeni and Tatar, 2018 3,8
2012.09.02 04.11.26 38,39 46,73 12,9 222 44 65 Momeni and Tatar, 2018 3,3
2012.09.02 08.50.11 38,4 46,75 9,2 325 86 30 Momeni and Tatar, 2018 4,1
2012.09.02 09.03.17 38,4 46,75 8,8 175 65 37 Momeni and Tatar, 2018 3,6
2012.09.23 09.10. 38,71 42,94 6 116 86 -60 Kalafat et al., 2013 4,5
2012.10.08 08.25.54 38,45 46,63 4 353 45 36 Nemati, 2013 4,1
2012.10.16 07.10.00 38,45 46,59 4 11 31 17 Nemati, 2013 4,1
2012.10.26 22.31.15 38,46 46,65 10 162 86 46 Nemati, 2013 4,3
2012.10.27 03.56.41 38,39 46,64 8 83 71 166 Afra et al., 2017 4,3
2012.11.07 06.26.31 38,45 46,6 4 9 89 51 Donner et al., 2015 5,6
2012.11.08 09.43.59 38,41 46,57 10 347 88 48 Nemati, 2013 4,2
2012.11.10 13.51.22 38,49 46,62 4 212 59 16 Nemati, 2013 4
2012.11.16 03.58.25 38,47 46,59 6 39 20 35 Donner et al., 2015 5
2012.12.23 07.12.31 38,41 44,84 20 83 61 147 Afra et al., 2017 4,1
2012.12.23 06.38.57 38,48 44,93 14 76 82 174 Afra et al., 2017 5,2
2013.01.26 15.10.49 38,36 46,84 9 9 72 37 Hosseini et al., 2019 4,9 4,6
2013.04.18 10.39.38 38,43 45,36 7 204 83 28 Hosseini et al., 2019 4,9
2013.11.08 10.12.34 37,81 47,17 6 311 79 -173 Hosseini et al., 2019 4,4
2013.03.03 20.50.03 38,4 46,68 6,4 4 48 31 Nemati, 2013 4,1
2013.03.08 13.45.42 38,37 46,68 4 49 49 46 Nemati, 2013 4
2013.06.12 19.02.55 38,52 43,62 10 290 48 178 GEOFON 4,5
2013.09.18 18.22.40 39,69 41,65 9 46 70 -162 ISC 5,6
2013.11.22 03.29.19 38,59 43,34 10 93 38 100 ISC 4,4
201510.29 09.46.40 39,1 43,78 20 120 66 162 Hosseini et al., 2019 4,8 4,7
2015.01.21 13.53.03 38,24 42,85 22 285 89 -173 KANDILLI 4,5
2015.04.11 22.01.05 39,32 42,16 11 58 65 48 KANDILLI 3,7



date time lat long depth(km) strike1 dip1 rake1 reference Mw Mb Ms Mn Ml
2015.04.28 14.01.01 38,9 43,58 23 309 78 166 KANDILLI 4,1
2015.06.23 22.35.21 38,58 43,15 22,2 87 44 82 CMT 4,8
2016.06.22 16.56.58 38,5 44,85 9 304 88 -166 Hosseini et al., 2019 4,3 4,3
2016.01.07 02.01.45 38,9 43,53 22 198 89 2 KANDILLI 4,5
2016.03.24 51.35.09 37,29 47,15 18,9 317 55 -30 SoleymaniAzad et al., 2019 4,2
2016.11.23 12.14.23 38,53 43,82 4 24 87 6 ISC 4,4
2016.12.12 22.42.08 38,51 43,83 5 45 80 29 KANDILLI 4,2
2017.02.10 12.27.30 39,78 42,52 8 132 80 -179 KANDILLI 4,2
2017.05.01 16.30.40 38,27 42,92 20 312 72 -170 KANDILLI 4,4
2017.08.27 23.14.52 37,87 47,14 17,5 116 72 -177 CMT 5
2018.06.23 03.50.02 38,53 44,34 9 113 61 133 KANDILLI 4,7
2018.07.21 06.25.14 39,05 44,09 12 115 67 36 KANDILLI 4,6
2019.11.07 22.47.05 37,81 47,56 10 311 75 -168 USGS 6
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