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ABSTRACT

In this paper, we study the tectonic stress around the South Caspian Basin (SCB), which includes the
Kopeh Dagh, Alborz, Talesh, eastern Greater Caucasus mountain belts, the Apsheron sill, and the
Balkhan-Ashkabad fault zone. We apply the stress inversion to focal mechanisms of 410 main-
shocks that have occurred over the last 69 years. These mechanisms indicate that the surrounding
fault zones of the SCB exhibit diverse types of faulting, ranging from thrust to strike-slip, normal,
and their combinations. The results of the stress inversion align with the kinematics of the major
fault zones bounding the SCB and emphasize the spatial heterogeneity of the stress field in this
region. The region is predominantly under compression, but transpressive and strike-slip regimes
are also present. This highlights the role of obliquely oriented basement faults with respect to the
maximum horizontal compressive stress (Symax) in accommodating deformation through conver-
gent zones. The orientation of the Sy,qx is in the NE to NNE direction in the Kopeh Dagh, Alborz,
Talesh, and Ashkabad-Balkhan fault zones, being rotated to NNE-N in the Greater Caucasus. The
orientation of the Sy,,. relative to the convergence direction of the Arabian and Eurasian plates
indicates that the Arabian-Eurasian oblique convergence-derived tectonic stress is the primary
contributor to the total stress and deformation in this region.
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1. Introduction

The South Caspian Basin (SCB) is a relatively stable block
with a rigid oceanic basement in the northern part of the
active Alpine-Himalayan orogenic belt (Figure 1) (Priestley
et al. 1994; Jackson et al. 2002; Allen et al. 2003, 2003). The
SCB is confined by the Apsheron-Balkhan sill to the north
and the continuous arcuate-shaped Talesh-Alborz-Kopeh
Dagh fold-and-thrust belt wrapping around it (Figure 1)
(Berberian 1983; Jackson et al. 2002; Hollingsworth et al.
2010; Aziz Zanjani et al. 2013; Madanipour et al. 2018; Mattei
et al. 2019). Shortening in this region has been accommo-
dated by folding and oblique left-lateral thrust faulting
along the western and southern edges of the South
Caspian block (Stocklin 1974b; Berberian 1983; Allen et al.
2003; Hollingsworth et al. 2010; Mousavi et al. 2013;
Madanipour et al. 2018; Mattei et al. 2019; Naeimi et al.
2022).

An overview of the present-day geodynamics of the
South Caspian block was provided by Jackson et al.
(2002). According to Jackson et al. (2002), the ENE-WSW-
striking left-lateral faulting along the Shahroud fault system
in the eastern Alborz to the south and the right-lateral

faulting along the NW-SE-striking Ashkhabad fault to the
north allow the South Caspian block to extrude westward
(Figure 1). The right-lateral and left-lateral slip rate along the
Ashkabad fault and the Shahroud fault system at ~ 56°E are
estimated by the Global Positioning System (GPS) to be ~ 5
and ~3.7 mm/yr, respectively (Khodaverdian et al. 2015;
Khorrami et al. 2019). The largest portion of the westward
motion of the SCB is accommodated by northward subduc-
tion of it's basement beneath the North Caspian Basin
along the Apsheron-Balkhan sill (Figure 1) (Jackson et al.
2002). Shortening along the northern margin of the SCB
was estimated to be ~6 mm/yr by Djamour et al. (2010). The
velocity vector of the SCB at an average rate of ~7 mm/yr
(Mousavi et al. 2013) changes from N45°W in the south to
N in the north relative to Eurasia (Djamour et al. 2010).
Approximately from the beginning of Pliocene, the
sedimentation rate in the SCB underwent a dramatic
increase by about one order of magnitude with a reach
in turbidite value due to subsidence of the basin. The
subsidence was 1.5-10 times higher than in other typical
foreland basins (Nadirov et al. 1997; Allen et al. 2002).
This is interpreted as initiation of the tectonic activity of
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Figure 1. Structural map of the study area (after Ghassemi (2005), Jackson et al. (2002), Aziz Zanjani et al. (2013), and Nouri Mokhoori
et al. (2021)). AF: Aras fault, WCF: West Caspian fault, DF: Doruneh fault, SHFS: Shahrud fault system, BQFS: Bakharden—Quchan fault
system, Ap-Bal S: Apsheron-Balkhan sill. GPS velocities (orang arrows) are relative to Eurasia fixed framework (Tavakoli 2007; Djamour
et al. 2010, 2011). Inset: tectonic map of the Arabian-Eurasian collision zone (after Nouri et al. (2023) and referenes therin). The red
rectangle shows the location of the study area. Blue arrows show the GPS-derived plate velocities (mm/yr) relative to Eurasia fixed

framework (Reilinger et al. 2006). ZFTB: Zagros fold-and-thrust belt.

the SCB (Nadirov et al. 1997; Allen et al. 2002; Jackson
et al. 2002; Hollingsworth et al. 2008, 2010).

As suggested by current rates of strain inferred from
GPS measurements (Khorrami et al. 2019), seismotec-
tonic studies (e.g, Jackson and McKenzie 1984; Jackson
1992, 2001; Priestley et al. 1994; Jackson et al. 2002;
Hollingsworth et al. 2008, 2010; Aziz Zanjani et al. 2013;
Nemati et al. 2013; Azad et al. 2019; Walker et al. 2021)
show that the SCB is a relatively aseismic block bounded
by three seismic zones known as the Alborz, Talesh, and
Apsheron-Balkhan-Ashkabad fault zones (Figure 1). The
seismicity in these zones is associated with the reactiva-
tion of the basement faults in response to the far-field
stress that is derived from ~NNE-trending convergence
between the Arabian and the Eurasian plates (e.g,
Berberian 1983; Priestley et al. 1994; Jackson et al.
2002; Javidfakhr et al. 2011; Aziz Zanjani et al. 2013;
Nemati et al. 2013; Tadayon et al. 2019; Tibaldi et al.
2020). GPS measurements (Vernant et al. 2004;
Reilinger et al. 2006; Khorrami et al. 2019) sustain an
oblique convergence between these plates. The rate of
the convergence is estimated to ~26 mm/yr at 56°E in
the south of Iran (Khorrami et al. 2019).

Geology and tectonics of the SCB and its surrounding
tectonic domains has been studied by many authors (e.g,
Stocklin 1974a, 1974b; Berberian 1983; Allen et al. 2002,

2003, 2003; Brunet et al. 2003; Hollingsworth et al. 2006,
2008; Guest et al. 2007; Hollingsworth 2007; Azad et al.
2011, 2019; Madanipour et al. 2018; Tibaldi et al. 2020;
Aflaki et al. 2021; Naeimi et al. 2022; Trexler et al. 2022;
Malekzade and Bellier 2023). However, the present-day
stress of the region is not well understood. A few studies
have locally addressed the stress state in this region being
mostly focused on south and southeast of the SCB.
Zamani et al. (2008) and Shabanian et al. (2010) studied
the active stress in the Kopeh Dagh fold-and-thrust belt,
and Javidfakhr et al. (2011) analysed the stress in the
central-eastern part of the Alborz, between longitudes
52° and 57°E, based on a limited number of earthquake
focal mechanisms (EFMs). Malekzade (2018, 2023) esti-
mated the active stress in the study area, but their results
suffer from some deficiencies that will be discussed later.

To thoroughly identify the variation of background
stress in this region, we employ considerably larger
number of mainshock focal mechanisms than in the
previous studies. Additionally, we use an iterative joint
stress inversion method that allows to compute more
accurate results and to identify which of nodal planes is
the fault (Vavrycuk 2011, 2014, 2015). The main purpose
of the study is to reveal the active stress field, tectonic
regime, orientation of the maximum horizontal com-
pressive stress (Symax) and its spatial variation in the



study area. In addition, we interpret the stress field in
relation to the structural framework of the area.

2. Tectonic setting

The main features of the SCB are the absence of a granitic
layer, a relatively high crustal velocity (Vp =6.6-7.1 km/s)
and ocean-like basement, a low seismicity, minor deforma-
tion, negative Bouger anomalies, and thick sedimentary
cover (up to ~25 km) (Berberian 1983; Priestley et al. 1994;
Nadirov et al. 1997; Allen et al. 2002; Jackson et al. 2002;
Brunet et al. 2003; Granath et al. 2007; Guest et al. 2007;
Hollingsworth et al. 2008). The origin of the SCB is not well
understood. Stocklin (1974b) considered the SCB as
a remnant of the northern Paleotethys. Berberian (1983)
believed that it may be a part of the Paleozoic-Triassic
ocean, or a marginal sea behind a Mesozoic-Palaeogene
ocean that is survived in the form of the present-day SCB
compressional depression. Brunet et al. (2003) explained
the SCB in the context of a back arc basin that developed
in the Middle-Late Jurassic and probably reactivated during
Cretaceous (Agard et al. 2011). In another interpretation,
Adamia et al. (1977) proposed that the SCB resulted from
a rifting process during Palaeogene. Apol'sky (1974)
believed that the SCB and the Black Sea were formed by
a sinistral transtensional dynamics at the southeastern and
northwestern end of a left-lateral fault, respectively, during
Late Jurassic-Early Cretaceous. Sengdr (1990) considered
the SCB as a pull-apart basin that developed between the
large-scale Kopeh Dagh-Alborz and Caucasus-Apsheron-
Balkhan strike-slip fault system during Cretaceous time.
Berberian (1983) believed that the uplift of the surround-
ing mountains of the SCB due to compressional tectonic
regime indicated the downward motion of the basin from
Cenozoic Era. However, recent studies (Nadirov et al. 1997;
Allen et al. 2002) reveal that the basement of the basin has
underwent a flexural subsidence. The subsidence and ero-
sion of the surrounding uplifted area provide an opportu-
nity for sediments to accumulate rapidly in this basin.
According to Nadirov et al. (1997), the age of the sediments
goes back to Jurassic. About 10 km of them have been
deposited since Late Miocene and a bulk of them was
deposited during the Plio-Quaternary time (Nadirov et al.
1997; Allen et al. 2002; Brunet et al. 2003; Guest et al. 2007).
Depending on the distribution of the pre-Pliocene sedi-
mentary units in the basin, the SCB contains one or more
detachment layers (Allen et al. 2003). The detachment hor-
izons allow the sedimentary cover to deform into buckle
folds (Nadirov et al. 1997; Allen et al. 2002, 2003; Brunet et al.
2003). The dramatic increase of the sedimentation since
Pliocene was interpretated as a result of the Plio-
Quaternary subsidence of the basin due to initiation of
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the subduction and underthrusting of the south Caspian
basement beneath the northern and western margins,
respectively (Nadirov et al. 1997; Jackson et al. 2002; Allen
et al. 2002, 2003). Jackson et al. (2002) and Hollingsworth
et al. (2008) proposed that roughly westward extrusion of
the West Kopeh Dagh-SCB between the right-lateral
Ashkabad and left-lateral Shahrud fault systems enforces
the basement of the SCB to northward subduction along
a thrust fault, roughly coinciding with the Apsheron-Balkan
sill. Jackson et al. (2002) suggested that the absence of
seismicity in the north of the thrust fault at depths greater
than 100 km implies that the subduction has not yet pro-
gressed far.

The Talesh-Alborz-Kopeh Dagh belt (TAKB) has experi-
enced long-term polyphase tectonic events over the time
(e.g., Stocklin 1974a, 1974b; Berberian and King 1981;
Sengdr 1990; Ritz et al. 2006; Hollingsworth et al. 2010;
Chu et al. 2021). Although the Pan-African ductile deforma-
tion is reported for the region (Chu et al. 2021), Precambrian
of the belt is not well known (Berberian and King 1981).
Tectonically, this region is a result of the Eo-Cimmerian
orogeny and the Late Mesozoic inversion of the Early
Mesozoic extensional system (e.g, Berberian and King
1981; Lyberis 1999; Madanipour et al. 2018; Naeimi et al.
2022). The basement of the region is overlain by a thick
sediment cover, ranging in age from the Late
Neoproterozoic-Cambrian to Quaternary, mostly deposited
in a subsiding marine environment (e.g, Berberian and King
1981; Allen et al. 2003; Chu et al. 2021). This region under-
went a calc-alkaline magmatic activity, deformation, and
sedimentation during Paleozoic Era (Berberian and King
1981). Rifting of the basement took place during Late
Ordovician and Silurian. The extensional phase lasted pre-
sumably to upper Devonian-lower Carboniferous. The
resulting ocean known as Paleo-Tethys reached its highest
width at this time (Berberian and King 1981; Chu et al. 2021).
The northward motion of the Iranian plate due to opening
of the Neo-Tethys Ocean along the Main Zagros thrust fault
enforced the Paleo-Tethys to northward subduction during
Permian and consequently closer to the ocean in the
Triassic period (e.g, Berberian and King 1981; Muttoni
et al. 2009; Madanipour et al. 2018; Chu et al. 2021).
During Middle Jurassic, post-collisional subsiding basins
were produced due to stretching along the basement nor-
mal faults (Berberian and King 1981; Lyberis 1999; Allen
et al. 2003; Robert et al. 2014; Madanipour et al. 2018; Chu
et al. 2021; Naeimi et al. 2022). The subsidence is high-
lighted by ~7 km-thick sedimentary successions accumu-
lated in the Kopeh Dagh basin during Middle Jurassic-
Tertiary (Berberian and King 1981; Lyberis 1999; Robert
et al. 2014). Due to the collision of the Arabian and Iranian
plates during Late Cretaceous-Paleocene, the crust of Iran
underwent a NE to NNE-trending compressional tectonic
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regime. The compression enforced the extensional tectonic
of the TAKB, causing it to invert from normal to thrust
kinematics. Subsequently, there was shortening and uplift
of the belt through thrusting and folding (Berberian and
King 1981; Allen et al. 2003; Madanipour et al. 2018). The
overall structure of the region is (sub)parallel to the
Paleotethys suture zone at present, implying the impor-
tance of the inherited geological structure in the future
structural evolution of this region (Berberian and King
1981; Lyberis 1999; Hollingsworth 2007, 2010; Robert et al.
2014). Geological studies (Lyberis 1999; Madanipour et al.
2018; Naeimi et al. 2022) show that the uplift in different
parts of the belt did not occur simultaneously. Studies of
the thermal history (Rezaeian et al. 2012) indicate that
a major acceleration of exhumation in the central Alborz
initiated in the Middle Eocene (35 + 5 Ma) and Late Miocene
to Early Pliocene (from 17 +2 to 6 + 1 Ma). Similar results
were obtained for the western Alborz at 40 Ma and at 6 Ma
(late Miocene-Early Pliocene) (Axen et al. 2001). To the east,
in the Kopeh Dagh, geological studies indicate significant
uplifts during Eocene-Oligocene (Robert et al. 2014) and
post-Pliocene (Lyberis 1999).

3. Data and method

We compiled available well-constrained EFMs for the study
area from: (1) online catalogues including Centroid
Moment Tensor catalogue (CMT) (Dziewonski et al. 1981;
Ekstrém et al. 2012), Iranian Seismological Center (IRSC)
(Hosseini et al. 2019), International Seismological Centre
(ISO) (Lentas 2018; Lentas et al. 2019), Kandilli Observatory
and Earthquake Research Institute (KOERI) (Cambaz et al.
2019), and Zurich Moment Tensors (ZUR_RMT) (Bernardi
et al. 2004), and (2) published literature (Fara 1964;
Jackson and McKenzie 1984; Jackson 1992, 2001; Priestley
et al. 1994; Gao and Wallace 1995; Jackson et al. 2002; Tatar
and Hatzfeld 2009; Nemati et al. 2011, 2013; Donner et dl.
2013, 2014; Ansari et al. 2015; Yetirmishli et al. 2019; Azad
et al. 2019; Khosravi et al. 2019; Hosseini et al. 2019; Niksejel
et al, 2021; Tibaldi et al. 2020; Walker et al. 2021). Then, by
declustering (Reasenberg 1985) the EFM dataset, we cre-
ated a catalogue of declustered (mainshock) focal mechan-
isms containing 410 focal mechanisms of earthquakes with
a magnitude >2.5MS (see the Supplementary file).
Reasenberg’s method (Reasenberg 1985) is a strict space-
time declustering approach designed to distinguish back-
ground/main events from foreshocks and aftershocks of
a region by connecting events into clusters based on adap-
tive space-time interaction zones. This strategy eliminates
events resulting from interactions between faults, and sup-
presses both spatial and temporal perturbations of stress
produced by large earthquakes (Stein 1999; Soh et al. 2018;
Heidbach et al. 2018; Hardebeck and Okada 2018). These

earthquakes took place between 1953 and June 2021 with
magnitudes (ML) ranging from 2.5 to 7.6. 73% of data are
characterized by a depth of less than 20 km and others
cover a depth between 20 and 63 km. About the methods
used for determining the focal mechanisms see
Supplementary file. In this study, the term ‘mainshock
events' refers to declustered events.

The EFM data set was subdivided into 23 subsets based
on the structural patterns and geometry of major faults. For
the areas with dense distribution of the focal mechanisms,
we applied the K-means clustering algorithm (Aggarwal
and Reddy 2014) on epicentres of earthquakes. This algo-
rithm classifies n earthquakes to K clusters regardless of the
data similarity and/or associated structural pattern of the
earthquake locations. However, it ensures that each earth-
quake is assigned to a cluster with the nearest centre to the
earthquake epicentres. Each of the 23 subsets consisted of
at least 10 focal mechanisms (Figure 2) to obtain reliable
results (Balfour et al. 2011).

For each subset of focal mechanisms, we controlled
the homogeneity and/or best-fitting of stress by the
following parameters:

(1) Low average deviation angle of the subset. In this
study, the computed stress field is assumed
homogenous, provided the average deviation
between the actual and modelled directions of
the slip is lower than 35° (Michael 1991).

(2) Clustered 95% confidence and the value of the
stress ratio. Clustered 95% confidence regions of
the principal stress axes and/or overlapped 95%
confidence regions of oy-axis and o0,-axis with
a high stress ratio or overlapped 95% confidence
regions of 0,-axis and os-axis with a low stress ratio.

(3) Stability of the Sy,ax Orientation. When defining
the subsets, we checked repeatedly the Syax
orientation of subgroups to obtain a stable and
well-constrained orientation, which did not
change by adding or rejecting mechanism(s).

(4) Homogeneity of the structural pattern. Since the
structural pattern of a large-scale region is not
homogenous, the focal mechanism data of such
region cannot be inverted altogether in term of the
homogenous stress state. Hence, to study a regional
variation in stress, the target region should be
divided into sub-areas.

We determined the type of the focal mechanisms by the
plunge angle of their pressure (P), null (B), and tension
(T) axes (Frohlich 1992). Inversion of the EFM data for
stress is performed by the iterative joint inversion
method proposed by Vavrycuk (2014). This method esti-
mates directions of the principal stresses (o4, 05, and o3,
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Figure 2. Spatial distribution of 410 mainshocks together with their focal mechanisms assembled into 23 subsets for the stress
inversion. Colours of epicentres refer to different subsets. (a) and (b) present EFMs of subset 1 to 9 and 10 to 21, respectively. Type of
the mechanisms is coloured based on the background colour of the Frohlich’s triangle diagram (Frohlich 1992) presented in (c). SS:
strike-slip, T: thrust, N: normal, NS: normal to strike-slip, TS: thrust to strike-slip, and other: other type of faulting.

where 07 = 0, = 03), and the stress ratio ¢. The stress display a higher fault instability are selected as the
tensor is determined in iterations: true faults. Then, the Michael's method (Michael
1987) is applied again to refine the stress.
(1) Orientations of the principal stress axes and the (3) Step 2 is repeated until the process converges to
stress ratio are initially determined using the the optimum final stress.
Michael’s method (Michael 1987) with randomly
selected nodal planes as the faults. In addition, the stress inversion is run on a grid of friction
(2) The fault instability parameter is evaluated (Lund values to maximize the overall fault instability.
and Slunga 1999; Vavrycuk 2011, 2014, 2015) for Once the optimum stress tensor was determined, the

nodal planes of all inverted EFMs using the stress method of Lund and Townend (2007) was used to calcu-
determined in step 1, and the nodal planes that late the Spmax direction, and the Simpson’s index A¢,
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(Simpson 1997) was determined. Index A¢ classifies the
type of faulting and the stress regime: it is O for the radial
extension faulting/radial extensive regime, 0.5 for the
pure normal faulting/pure extensive regime, 1.5 for the
pure strike-slip faulting/pure strike-slip regime, 2.5 for
the pure reverse faulting/pure compressive regime, and
3 for the pure compressive faulting/radial compressive
regime. The value of index A¢ is defined as

Ap = (k+0.5) + (-1)*(¢p —0.5), (1)

where ¢ is the stress ratio showing the relative magni-
tude of the principal stresses (Angelier 1975, 1989)

¢ = (0, — 03)/(07 — 03), (2)

k=0, 1, and 2 for the normal, strike-slip, and reverse
faulting, respectively.

4. Results

As shown in Figure 2, the mechanisms display a large varia-
bility in faulting style, except for those with normal faulting,
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which are mostly missing. We determined the stress for the
23 spatial subsets shown in Figure 2. The inversion results
for each subset are shown in Figure 3 and Table 1 (see
Supplementary file), and the orientation of the Sy, is
plotted for each subset on the structural map of the region
in Figure 4. The stress in all subzones can be considered
homogenous based on the criteria defined in Section Data
and Method. Hence, the stress inversion should yield accu-
rate and reliable results.

The highest accuracy is achieved for the orientation
of the o;-axis, which consistently displays small 95%
confidence regions for its trend and plunge angles. In
contrast, the 0,-axis and os-axis show rather high scat-
ter and larger confidence regions in several subzones
(Figure 3). The size of the confidence regions is primarily
controlled by: (1) the extent and quality of the data set
inverted, and (2) the stress ratio in the studied subzone
(Balfour et al. 2011; Nouri et al. 2023). The effect of the
value of the stress ratio on the size of the confidence
regions is well-documented in subzones 4, 6, 7, and 22,
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Figure 3. Stereonets of the inversion results of the 23 subsets shown in Figures 2a, b. The red, green, and blue areas indicate 95%
confidence region for the g;, 0, and a3, respectively. The numbers in the upper-left corner of each stereonet refer to the associated
subset and A¢ shows stress regime.
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Table 1. The results of the stress inversion for each subset presented by the principal stress axes g4, g5, and 03 given as trend/plunge in
degree and the shape ratio ¢. n: the serial number of the subset, N: the number of EFMs of the subset used in the inversion for stress,
a: the deviation angle (°), and A¢: the Simpson’s index (Simpson 1997). The latitude and longitude of the centre of each subset is
indicated by lat. and lon. respectively.

ns N Lon. (°) Lat. (°) 0, (°F°) 0, (°F) o3 (°/°) ¢ al) Ad Stimax ()
1 23 60.420 36.054 190/01 100/07 287/84 0.36 18.93 2.36 010
2 19 55.803 37.064 021/08 289/13 142/74 021 22.41 221 022
3 16 54.525 37.209 024/38 290/05 193/52 0.23 30.62 2.23 026
4 21 52731 35.844 202/00 103/90 292/00 0.01 25.12 1.99 022
5 24 51.669 36.173 036/05 305/05 170/83 0.07 25.14 2.07 036
6 21 49.940 36717 243/08 338/36 142/53 0.08 21.41 2.08 063
7 16 49.440 36.932 081/07 344/45 179/44 0.06 25.93 1.94 081
8 11 48.994 37.775 212/07 114/49 308/40 052 3122 1.48 034
9 13 48.824 38.865 058/12 150/12 283/74 0.28 19.15 2.28 057
10 16 56.918 37.937 019/00 289/57 109/33 0N 11.38 1.89 019
1 15 54.559 39.465 193/10 286/13 066/73 0.33 21.82 2.33 012
12 12 52.756 40316 213/42 112/12 010/46 036 20.96 236 047
13 12 51.774 40.135 254/75 111/12 019/09 0.47 16.60 047 107
14 15 49.788 40.443 168/49 291/26 037/30 0.42 2330 0.42 145
15 26 48.660 40.516 015/15 233/71 108/11 0.20 28.07 1.80 016
16 11 48.657 40518 20211 041/78 292/04 0.19 27.63 1.81 022
17 15 48.487 40.732 187/34 011/56 278/02 0.46 27.09 1.54 008
18 20 47.907 40.926 029/03 139/80 298/09 022 28.26 1.78 029
19 25 47.334 41.154 184/02 093/12 283/78 0.14 28.64 2.14 004
20 17 46.599 41.356 179/08 348/82 089/02 0.40 31.94 1.60 179
21 19 46.448 41.804 188/05 310/81 097//84 0.15 30.21 1.85 008
22 30 45.869 41.870 183/03 087/65 274/25 0.05 2095 1.95 003
23 13 45319 42.568 180/13 287/52 080/35 0.21 30.74 1.79 178
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Figure 4. The Symax for each subset plotted on structural map of the study area in centre of each subset. Colour of the Sy,q indicators
is based on the colour bar of the stress regime, and the related numbers refer to subsets (Figure 2). Pink bars show the Symax
orientations derived from the breakout investigations in wells (Heidbach et al. 2018). The rose diagram is for the borehole breakout-
derived Symax and the arrow presents the mean orientation of the Sy;,..x. Abbreviations have the same meaning as in Figure 1.
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which are characterized by an extremely low stress ratio
(¢ <0.1). At the same time, their confidence regions of
the o,- and os3-axes are so large that they overlap each
other. Similarly, subzones 2, 10, 15, 16 and 23 display
a rather low stress ratio (0.1< ¢ <0.2) and their confi-
dence regions of the 0,- and os-axes are still significantly
scattered. The reason for this relation is clear: low values
of ¢ indicate close magnitudes of the intermediate and
minimum principal stresses and a possibility that the o,-
and osz-axes can be mutually replaced.

In contrast, a high scatter of the 0;-axis is observed for
subzone 8, associated with an anomalously high stress
ratio (¢ =0.5), the highest value among all subzones.
Obviously, since the principal stress o, is less dominant
than in other subzones, the confidence region of its axis is
more scattered. It is worth noting that the o;y-axis of the
most subsets is close to horizontal (Figures 3, Table 1),
implying the presence of a compressive stress regime. The
dominance of the compressive stress is decreased by low
values of the stress ratio ¢ (eq 1) (Simpson 1997).

According to the inversion results of the EFMs sets,
broad consistency in orientations of the Sy,,,4 across the
study area suggests that stress in the region is controlled
by large-scale processes. The orientations of the Sypax
can be grouped into two distinct sets (Figure 4): (1) the

48° 52

N to NNE orientations crossing the Greater Caucasus,
and (2) the NNE to NE orientations with a few local
perturbations crossing the Kopeh Dagh, Alborz, and
Talesh. Regardless of the Sy,qx Orientations, the stress
regime across the study area is not of a single dominant
type, and it varies from being compressive to strike-slip
and to normal regimes (Figures 3 and 4, Table 1). This
implies that different stress regimes are mixed in the
study region. The most distinct stress state is found
along the Apsheron-Balkan sill, north of the SCB.
According to the gridded stress map (Figure 5) in
the central part of the Alborz, a NNE trend of the
SHmax 1S maintained through the eastern Alborz and
extends to the Kopeh Dagh fold-and-thrust belt.
Toward north of this part of the region, the trend of
the Spymax shows a fan-shape pattern covering the
east of the SCB. Orientation of this pattern relative
to the structural strikes is in agreement with kine-
matics of the structures. In the southwestern edge of
the SCB, large changes in the orientations of Synax
are recognized, and the orientations vary from NNE in
the Central Alborz to ~E-W in the Eastern Alborz.
Another notable feature of the Sy,.x presented in
Figure 5 is a large change in the orientation of the
Stimax from NNE to ~E-W in the north of the SCB.

56° 60°

43°

w0

37°

SHmax:
This study &
Nouri Mokhoori et al., (2021)
World stress map
(Heidbach et al., 2018)

Figure 5. Mean Synqx Orientation in a 0.5° grid map. The orientations are obtained by the algorithm of Carafa et al. (2015) on the focal

mechanisms of this study and those of Nouri Mokhoori et al. (2021).



In the west of the Talesh, the orientation shifts coun-
terclockwise from the NE-SW direction in the Talesh to
the NW-SE direction in the NW Iran with a change in the
strike of the structures, thus becoming oblique to the
structures. To the north of the NW Iran, the orientation of
the Symax change to ~N in the Greater Caucasus
(Figure 5).

5. Discussion

The results of the stress inversion reveal inhomogene-
ities in the stress field in the study region. South, east,
and west of the SCB are mostly governed by transpres-
sive stress, while the most distinct stress is detected in
the north of the SCB, characterized by normal stress. We
find that the Syqx Within the study area is often oblique
to the strike of structures. This points to the prevalence
of oblique-slip movements (strike-slip and thrust), as
concluded by several studies (e.g. Berberian et al. 1992;
Lyberis 1999; Allen et al. 2003; Djamour et al. 2010;
Hollingsworth et al. 2010, 2010; Azad et al. 2011, 2019;
Tibaldi et al. 2020; Aflaki et al. 2021; Trexler et al. 2022;
Malekzade and Bellier 2023).

5.1. Sumax Orientation, A¢ variation, and their
relationship with active tectonics

Inversion for stress of EFM subsets across the study area
reveals a variation in the Sy,4x Orientation. The overall
orientation of the Symax is basically subparallel to the
relative plate motion (Zoback 1992), which is roughly
towards NNE to N. Local variations in the Symax imply
that the stress associated with plate convergence is not
a single contributor to the stress field. A variety of the
tectonic regimes in the region may be attributed to (1)
the reactivation of old or weak faults, structural highs,
flexures in the brittle crust (Priestley et al. 1994; Jackson
et al. 2002; Nemati et al. 2013; Madanipour et al. 2018),
and/or (2) close magnitudes of 0, and 3. The tectonics
of the region is complicated by the wrapping of the
Talesh-Alborz-Kopeh Dagh fold-and-thrust belt around
the SCB, northward and westward subduction/under-
thrusting of the SCB, and the bend in the northward
subducting basement of the SCB.

5.1.1. Kopeh Dagh

Seismotectonic and structural studies in the Kopeh Dagh
(Tchalenko 1975; Hollingsworth et al. 2006; Shabanian
et al. 2009; Walker et al. 2021) revealed that in addition to
thrust faulting, conjugate faulting involved a right-
lateral slip along NW-SE-trending main faults and a left-
lateral slip along NE-SW-trending secondary faults. This
pattern of faulting corresponds to the majority of focal
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mechanisms in subsets 1, 10 and 11 (Figure 2a, b). The
mechanisms of the subset 1 are compliant with the field
studies (Hollingsworth et al. 2010), showing that the
kinematics of the southeast part of the Kopeh Dagh is
marked by active thrust faulting under compressive tec-
tonic regime with ~N-trending Sy nax (N10°E) (Figure 4).
The subset 10 covers major active right-lateral strike-
slip fault systems of Bakharden — Quchan and the central
part of the Ashkabad fault (Figure 2b). The strike-slip
fault plane solutions are closely correlated with the
right-lateral active faults imaged by field studies
(Hollingsworth et al. 2006; Hollingsworth 2007; Walker
et al. 2021). The computed stress is characterized by the
N19°E-directed Symax (Figure 4). The same direction was
found using geological fault-slip data for Late Cenozoic
(Lyberis 1999). This implies that the NNE-trending stress
is quite stable from Late Cenozoic to present.
According to block modelling of Mousavi et al. (2013),
the Bakharden - Quchan fault system (BQFS) accommo-
dates the main part of deformation in the central part of
Kopeh Dagh in form of right-lateral movements and
shortening at a rate of 5.2+ 1.0 and 2.1+ 1.0 mm/yr,
respectively. Hollingsworth et al. (2006) estimated
a ~40 km cumulative right-lateral offset for the BQFS.
The main portion of the cumulated deformation in the
NE Iran due to the northward motion of the Central Iran
is reflected as curvature of the eastern Alborz in the east
of the SCB (Figure 1) (Hollingsworth et al. 2010). The
amount of the oroclinal bending, which took place in
the eastern Alborz, was estimated to 200+ 20 km by
Hollingsworth et al. (2010). The BQFS cuts the eastern
part of the curvature (Figure 1). Besides, the GPS mea-
surements reveal that the Eurasian plate in the east of
this fault zone is relatively stable. This points out that the
BQFS has been transferred a considerable amount of
deformation toward the Ashkabad fault (Figure 1).

5.1.2. Apsheron-Balkhan

Toward the northern part of the Ashkabad fault and the
Great Balkhan region, the structural pattern is character-
ized by ~ENE to ESE-trending contractional structures
(Figure 1) that are increasingly buried by sediments
(Lyberis 1999). The stress computed for subsets 11 and
12 in this area indicates compressive regimes (A¢ = 2.33
and 2.36) with the N12°E and N47°E-directed Symax
respectively (Figure 4). Geological studies in this region
(Lyberis 1999) show that the cumulated 75km
N-S shortening over the last 5.3 Myr has been resolved
into 35 km of right-lateral offset, parallel to the Ashkabad
fault and 70 km of shortening perpendicular to this fault.
According to Lyberis (1999), the compressional tectonic
regime in this region is mainly accommodated by active
folds.
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In the northern part of the SCB, the tectonic activity is
mainly characterized by the ~WNW-ENE-trending eche-
lon folding and normal faulting (Figures 3 and 4)
(Jackson et al. 2002). This indicates that the area is
anomalous with respect to its eastern and western
parts (Priestley et al. 1994; Jackson et al. 2002). The bore-
hole breakout method in the central part of the
Apsheron sill shows that the Sy,qx Orientation with an
average of N85°E varies from SE to NE in shallow depths
(Figure 4) (Heidbach et al. 2018). The resulting stresses
from both the eastern (13) and western (14) subsets of
this region are pure extensive (A¢ = 0.47 and 0.42) with
the ESE and NW-SE-directed Sy max respectively. The o,-
and os-axes achieve a low value of the plunge angle
relative to o;-axis (Figure 3 and Table 1). In such cases,
the orientation of the Sy,,,qx basically follows the o,-axis
(Lund and Townend 2007).

5.1.3. Greater caucasus

Along the Greater Caucasus, index A¢ is mostly low (1.5
to 2) revealing a prevailed oblique faulting with a large
component of the strike-slip faulting. The region is
undergone by the N to NNE-oriented Sy (Figure 4,
Table 1). The majority of the focal mechanisms shows
a right-lateral slip along the fault planes parallel to the
mountain belt (Figure 2). This is supported by field stu-
dies indicating horizontal displacements across the
WNW-ESE-striking thrust faults (Trexler et al. 2022).
Therefore, the current dominant kinematics of the belt
is the right-lateral transpression along the WNW-ESE-
striking faults (Tibaldi et al. 2020).

5.1.4. Alborz

In the eastern Alborz, the Sy,qx and index ¢ determined
for subsets 2 and 3 are similar (Figure 4, Table 1). The
NNE-oriented Symax (N22°E - N26°E) belonging to
a transpressive stress regime with a high tendency
toward a compressive regime (A¢ =2.21-2.23) controls
the kinematics of this part of Alborz. The Sy,,qx is oblique
to the strike of the structures (Figure 4), requiring left-
lateral oblique-slip movements along these structures.
A combination of the left-lateral and thrust movements
along the Shahrud fault system covering this part of the
Alborz is well studied (Hollingsworth et al. 2010;
Hollingsworth et al. 2010; Javidfakhr et al. 2011,
Javidfakhr et al. 2011). The GPS measurements suggest
4.5 + 0.5 mm/yr of left-lateral slip and 1.8 £ 1.0 mm/yr of
shortening across this part of the Alborz range (Mousavi
et al. 2013).

The central part of the Alborz Mountains accommo-
dates shortening between the Central Iran and the SCB
at a rate of 8+2mm/yr (Vernant et al. 2004). Several
mechanisms with oblique-slip faulting (mixed thrust

and right-lateral) are reported in the Alborz Mountains
(e.g, Jackson and McKenzie 1984; Berberian 2014). In the
present study, the stress field computed for subsets 4
and 5 exhibits a horizontal axis 04, and 0, and o5 close in
magnitude (¢=0.01 and 0.07) (Table 1 and
Supplementary file). This allows permutation between
axes 0, and stresses 0s. Currently, the Arabian-Eurasian
convergence-derived deformation along this fault sys-
tem accommodates by left-lateral transpressional move-
ments (Djamour et al. 2010; Azad et al. 2011; Rashidi
2021). Our results from 45 mechanisms (subsets 4
and 5) indicate that the transpressional tectonic regime
affects the area under the ~NNE (N22°E and N36°E) Syjmax
(Figure 4, Table 1).

In contrast to the regional Sy,,,qx pattern, the subsets 6
and 7 in the western part of the Alborz present local
variations in the Sy reflected in a transpressive tec-
tonic regime (Ag = 1.94 and 2.08 (Figures 2(a), 4, Table 1).
The Spmax is oriented at a low angle (<45°) relative to
structures maximizing the left-lateral slip of structures
up to 6.3 mm/yr (Khorrami et al. 2019). Accompanying
longitudinal structures, there is a left-lateral shear sys-
tem best exemplified by the Rudbar-Tarom earthquake
of 20 June 1990 Ms 7.7 (Berberian et al. 1992).

5.1.5. Talesh

The EFMs in the Talesh and west of the SCB show
a range-parallel thrust or right-lateral oblique-slip
fault planes (Figure 2a). The stress for this area is
obtained from subsets 8 and 9 (Figure 2b). The subset
8 is characterized by A¢ values of 1.48 and displays the
strike-slip tectonic regime and faulting with the
N34°E Symax (Figure 4, Table 1). These results are con-
sistent with right-lateral movements along the N -
NNW-trending structures of the region (Barzegari
et al. 2016; Madanipour et al. 2018; Azad et al. 2019).
The same orientation of Sy, (~N40°E) is detected
from geological fault-slip data in west of Talesh for
Quaternary time by Aflaki et al. (2021). Subset 9 is
associated with a compressional regime (A¢ =2.28)
with the N57°E Symax- The orientations of Spax in
Talesh are in agreement with borehole breakouts in
the Kura basin, north of Talesh (Figure 4) (Heidbach
et al. 2018), however, the borehole breakout-derived
Shmax is representative for shallower depths than for
earthquakes. Active tectonics of Talesh is affected by
(1) the NNE motion of the Talesh domain between the
Aras and West Caspian faults (Vernant et al. 2004;
Reilinger et al. 2006; Aktug et al. 2013; Aziz Zanjani
et al. 2013), (2) the WNW motion of the south Caspian
block and consequent underthrusting beneath Talesh
(Allen et al. 2002, 2003; Jackson et al. 2002), and (3) the
right-lateral movements along N-S-trending structures



(Madanipour et al. 2018; Azad et al. 2019). Such com-
plexity can make a sharp variation in the stress field of
the area (Figures 4 and 5). However, Madanipour et al.
(2018) believed that the kinematic variation of the
major faults across the Talesh must be due to change
in the orientation of the Sy,ax.

5.2. Comparison of inversion results with previous
stress studies

The Symax pattern deduced in this study is similar to the
global intra-plate stress pattern published by Heidbach
et al. (2018) (Figure 5). Nevertheless, differences are
observed in the southern part of the eastern Alborz,
Talesh and some parts of the Greater Caucasus. The
orientations of the Sy,,qx do not match closely the GPS-
derived principal axis of the maximum horizontal strain
(eéHmax) (Khorrami et al. 2019) as reported by Balfour et al.
(2011). This disagreement is expected for the following
reasons: (1) The eynqax Mostly reflects the elastic defor-
mation recovered during the next large magnitude
earthquakes, (2) the eymax shows local deformations,
while mainshocks are produced by the regional stress,
and (3) the eymax represents rather short-period defor-
mation, while earthquakes are connected to long-period
deformation.

Zamani et al. (2008) analysed stress in the NE Iran
including the Kopeh Dagh mountains and the Doruneh
fault (Figures 1 and 4) but their study seems to suffer
from several deficiencies:

(1) Duplicate mechanisms of some earthquakes were
used for the stress inversion. For example, the
mechanism of the 30 July 1970 (00:52:00) M 5.7
event was included in the dataset three times,
each from three different sources.

(2) EFMs from different tectonic domains were com-
piled into a single data set, regardless of the
structural patterns of those domains.

(3) Data sets related to stress domains were defined
without considering distance between the epi-
centres of analysed earthquakes. Such partition-
ing of the data sets and the method used might
introduce artificial variations in stress.

Lyberis (1999) calculated the N-trending compression
from a population of geologically identified fault-slips.
The results of our study are consistent with Shabanian
et al. (2010) and show that the kinematics of this area is
characterized by thrust faulting (A¢ = 2.36) in response
to a compressive stress regime with the N10°E-trending
Shmax (Figure 4, Table 1). This might imply that the pre-
sent and past stress patterns are similar.
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Our results for the eastern Alborz are consistent with
Javidfakhr et al. (2011), who found the N19E°-oriented Symax
corresponding to a transpressive tectonic regime with
a tendency toward a compressive regime (A¢ =2.17).
These results do not confirm the strike-slip regime (A¢ =
1.66) reported by Shabanian et al. (2010). The subarea
definition of Shabanian et al. (2010) did not consider differ-
ences in structural domains. The authors incorporated focal
mechanisms of the NNW-SSE-trending BQFS into the those
of E-W-trending arc shaped part of the Alborz. Such
a dataset could lead to a biased mean stress. Our results
also differ from those of Malekzade (2018), who computed
a pure compressive stress regime (A¢ = 2.6) using only 5
focal mechanisms. Since the amount of data was low, his
results were only approximate and rather unreliable. Also,
Pourbeyranvand (2018) reported a more likely local rather
than regional stress pattern. Since a small number of focal
mechanisms and a combination of foreshock, mainshock,
and aftershock focal mechanisms might produce unreliable
results, we computed the stress field by using 10 or more
mainshock focal mechanisms (Michael et al. 1990; Balfour
et al. 2011). Recently, Malekzade and Bellier (2023) tried to
determine the stress in the eastern Alborz by two sets of
EFMs. They found an extensive stress (A¢ =0.5) with
a N100° Sypmax that is not confirmed with our results and
with left-lateral slips of the fault in this region.

The Arabian-Eurasian convergence in the central
Alborz is accommodated by the strike-slip and thrust
mechanisms or their combination (Figure 2b, subsets 4
and 5). Javidfakhr et al. (2011) obtained the Sy,,4x Orien-
tation of N57°E, indicating a pure strike-slip regime (A¢
=1.51) based on 8 EFMs. Malekzade (2018) analysed the
stress from 3 subsets with an average of ~5 EFMs per
subset (14 mechanisms). According to Malekzade (2018),
the stress regime varies in this part of Alborz from nor-
mal (A$=0.7) with a N150°directed Synax tO
a transpressive-strike-slip regime (A¢ = 1.8) with a N66°
E-directed Symax and a radial compressive stress regime
(Ap =2.9) with a N103°-directed Symax- As commonly
known, the local extension can result from small pull-
apart basins formed within the left-stepped zones of
a left-lateral strike-slip fault, as found in NW Iran (Azad
et al. 2015, 2019; Taghipour et al. 2018).

Recently, Malekzade and Bellier (2023, their table 1)
determined the stress field for Plio-Pliestocene and
Quaternary units in the central and the eastern
Alborz. Their directions of the Sy,,qx show high disper-
sion, the Synax fluctuating significantly from N to
N168°. In addition, they determined the stress in the
central Alborz from sets of mixed EFMs. Again, their
results show a large variety of the Sy,,qx Orientations
(from N18° to N150°), which is not confirmed by our
results.
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5.3. Controls on the stress in the study area

The orientation of the Sy,,,4x in the study area varies from
N to NNE in the Greater Caucasus, to NNE to NE in the
Kopeh Dagh, Alborz and in the Talesh, with a few local
perturbations in the eastern Alborz (Figure 4). The varia-
tion in the stress field and diversity of focal mechanisms in
the study region may result from the reactivation of pre-
existing structures, in particular, oblique-slip faults under
laterally variable stresses (e.g, Stocklin 1974a, 1974b;
Berberian and King 1981; Berberian 1983; Priestley et al.
1994; Lyberis 1999; Jackson et al. 2002; Allen et al. 2003,
2003; Djamour et al. 2010; Hollingsworth et al. 2010;
Madanipour et al. 2018; Naeimi et al. 2022; Trexler et al.
2022). The dominant N to NE Sg,,.x orientations are
a consequence of continental collision (Berberian and
King 1981; Vernant et al. 2004; Reilinger et al. 2006) and
may be traced back to the late Alpine shortening phases,
as concluded by Berberian (1976) and Berberian and King
(1981). This implies that the largest portion of the total
stress is imposed by the convergence of large-scale tec-
tonic plates (Heidbach et al. 2018).

5.3.1. Kopeh Dagh

Zamani et al. (2008) determined a dual stress regime with
ShHmax orientations of N172° and 214° for the Kopeh Dagh
by automatically separating stress from EFMs. They
believed that stress partitioning takes place along seismic
structures. As shown in Figure 4, the orientation of Syax
in NE Iran is straightforward, following a NNE trend.
Additionally, the current active faulting in the study area
is likely related to the orientation of the Sy,,q, relative to
the general strike of structures. This may imply that no
strain/stress partitioning has occurred in the Kopeh Dagh,
as suggested by Shabanian et al. (2010).

5.3.2. Alborz
The EFMs along the Alborz Mountains (subsets 2 to 7)
show a prevalence of thrust to strike-slip faulting
(Figure 2a). The coexistence of these mixed mechanisms
implies a transpressional deformation of this oblique con-
vergence zone. In addition, some mechanisms, especially
in subset 3, display a normal faulting component that
indicates local extension (Figure 2a). These mechanisms
are associated with the extension resulting from the
bending of the basement due to the thrusting of the
Alborz mountains over adjacent areas (Nemati et al. 2013).
The retrieved stress in the western Alborz (subsets 6
and 7) exhibits local variations. Our results show that
SHmax is in the ENE direction around some faults (e.g.,
Rudba-Tarom fault). Probably, the stress perturbation in
the eastern Alborz may not be representative for the
regional stress across the study region.

5.3.3. Talesh

The left-lateral kinematics of the Aras fault and the
right-lateral kinematics of the N-S-trending Talesh
fault system induce the northern structural arc of
the Talesh to indent (Figure 1) (Didon and Gemain
1976; Nouri Mokhoori et al. 2021). This may explain
the compressional deformation observed in Talesh.
The right-lateral movements of the Talesh fault sys-
tem are not only accommodated by this indentation,
as suggested in previous studies (Didon and Gemain
1976; Aziz Zanjani et al. 2013; Madanipour et al. 2018;
Nouri Mokhoori et al. 2021) but are also transferred
into the Greater Caucasus through the right-lateral
movements of the West Caspian fault at a rate of
7.1£0.3mm/yr (Aktug et al. 2013). Our results do
not confirm the mean Symnax Provided in the World
Stress Map (WSM) for the Talesh region (Heidbach
et al. 2018). According to the WSM, the N-S-trending
central part of Talesh is dominated by a NW-SE-
oriented Symax Such an orientation of Sy,. cannot
account for the right-lateral kinematic on the
N-S-trending Talesh fault system.

Toward the southwest of Talesh, in NW Iran, where
structures are characterized by a change in the strike of
the structures, the Symax is oriented in the NW direction
oblique to the strike of structures (Figure 4). The stress
analysis from EFMs and geological fault-slip data in this
region (Ghods et al. 2015; Aflaki et al. 2021; Nouri
Mokhoori et al. 2021) revealed that the regional Syax
is obliquely oriented relative to NW-striking faults
(Figure 4). Additionally, eymax (Khorrami et al. 2019) is
obliquely oriented with respect to these structures. This
may be associated with the strike-slip movements
across NW Iran and SE Turkey, enhancing the transfer
of right-lateral movements to SE Turkey (Nouri
Mokhoori et al. 2021). In line with these results,
a recent study on paleostress during the Quaternary
in NW Iran (Aflaki et al. 2021) reveals that o, orienta-
tions follow a divergent pattern in Talesh and NW Iran.
According to Aflaki et al. (2021), the orientations follow
a NE direction in Talesh, while a NW-NNW direction in
NW Iran. The divergence of the o, orientations occurs
approximately east of the eastern termination of the
North Tabriz fault at ~ 57.5°E.

5.3.4. South Caspian basin

Dominant normal faulting under a pure extensive tectonic
regime, in sharp contrast to adjacent areas, is evident in
the northern part of the SCB (Figure 4). The extensional
stress regime in this area can be explained by two scenar-
ios proposed by Priestley et al. (1994) and Jackson et al.
(2002): (1) This stress regime is most likely a result of the
progressive plate bending that occurred in the



lithosphere of the SCB, or (2) this stress regime could be
related to the detachment of a sinking slab that has
broken away from the Earth’s surface. This stress regime
is local and does not correspond to the motion between
the SCB and Eurasia (Priestley et al. 1994; Jackson et al.
2002). The depth of the SCB basement varies from ~ 28 to
~33 km (Jackson et al. 2002). Deep earthquakes (>30 km)
with a magnitude of Mw =5 are mainly concentrated in
subsets 11, 12, and 13. These subsets are located along
the Apsheron-Balkhan sill. This suggests that these earth-
quakes may originate from the bending of the subducted
slab.

The results of this study, along with structural and
seismotectonic studies (e.g, Berberian et al. 1992; Gao
and Wallace 1995; Allen et al. 2003; Aziz Zanjani et al.
2013; Barzegari et al. 2016; Madanipour et al. 2018; Azad
et al. 2019), and GPS measurements (e.g, Djamour et al.
2010; Aktug et al. 2013; Khorrami et al. 2019), allow us to
propose that the southeastern edge of the South Caspian
Block divides the plate convergence-derived deformation
into sinistral slip along south of the SCB, Alborz, and
dextral slip along west of the SCB. This suggests that the
SCB should be considered an important tectonic element
in the region due to its rigidity within the stressed region.

5.3.5. Greater caucasus

The structural complexity of the Greater Caucasus is
reflected in the diversity of focal mechanisms (subsets
15 to 23), including variations in the type of faulting and
orientation of the nodal planes (Figure 2b). This pattern of
faulting suggests a complex style of deformation, includ-
ing thrust faults, conjugate faults, old reactivated faults,
secondary faults, and unrecognized blind and/or
exhumed active faults (Tibaldi et al. 2020; Trexler et al.
2022). The majority of the mechanisms are characterized
by strike-slip faulting or show a tendency toward thrust
faulting. Jackson (1992) proposed that deformation result-
ing from the convergence between the Arabian and
Eurasian plates in NW Iran, SE Turkey and the Greater
Caucasus is partitioned into the right-lateral slip in NW
Iran and SE Turkey and thrusting in the Greater Caucasus.
However, the abundance of strike-slip mechanisms, in
addition to the high tendency of the computed stress
regimes toward the strike-slip type, suggests that such
deformation partitioning may not occur in this region.

6. Conclusions

This paper presents an improved stress pattern around
the South Caspian Basin. Our results primarily stem from
stress field calculations using 10 or more mainshock focal
mechanisms in individual subzones and show that the
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active stress and faulting styles around the South Caspian
Basin are more heterogeneously distributed than pre-
viously assumed. A pure extensive stress regime is
observed along the Apsheron sill associated with the
bending of the South Caspian Basin basement. Thanks
to the relatively high density of focal mechanisms of
earthquakes along the eastern Greater Caucasus fault
system, the results show that the stress is governed by
transpressive to strike-slip deformation, accommodating
different faulting styles. This contrasts with the contrac-
tional tectonics that is commonly considered along this
fault system. In this study, for the first time, a NNE-SSW-
trending strike-slip stress regime is found in the southern
part of the Talesh fault system, while a NE-SW-trending
compressive stress affects the northern part of this fault
system. In the central and the western Alborz fold-and-
thrust belt, compressive stress is combined with a strike-
slip regime, while to the east, the stress exhibits
a tendency toward a compressive regime.

The orientations of the Sy,. deduced from the
inversion of focal mechanisms, distinguish two major
domains: (1) the prevailing NNE to NE orientation is
observed along the Kopeh Dagh, Alborz, Talesh, eastern
Greater Caucasus, and Ashkabad-Balkhan fault zones,
and (2) the dominating N to NNE orientation is present
in the eastern Greater Caucasus. The results indicate that
the Arabian-Eurasian convergence controls the overall
stress and consequent deformation of this region.
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