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ABSTRACT

We used satellite images, earthquake catalogues and field observations to study several active fault systems and
their interactions in Sabzevaran Area in SE Iran. The focus of this study is to verify the link between the active
faults, their kinematics and seismic activity. Field observations and geomorphological analysis highlight the
interaction of the active faults. Moreover, most of the tectonic activity is observed in the area, related to the
Chahmazrae- North Faryab shear zone. Most of the earthquakes in this shear zone are reverse and occur in the
deeper crust while aftershocks dominantly occur in the shallower crust. The Main Zagros Reverse Fault (MZRF) is
the source of reverse events and the Chahmazrae-North Faryab shear zone is source of left-lateral, oblique reverse
faulting events, and strike-slip events. These types of the earthquakes in the study area confirm the idea of
tectonic proximity of the root faults and shear zone. In the interaction area, minor fractures begin to develop and
are progressively linked to the main faults. In the en échelon arrangement of the faults, the minor faults have
grown and linked the en échelon segments of the faults. It seems that the earthquake ruptures can spontaneously
propagate across both extensional and compressional fault steps. This propagation occurs along strike-slip faults

such as Sabzevaran fault and its branches.

1. Introduction

Generally, faults progress as a network, within which the constituent
faults can be presented by a range of lengths, sizes, and orientations.
Different interactions can occur in a network as the fault form geometric
and kinematic links with each other (e.g., Fossen et al., 2005; Frank-
owicz and McClay, 2010; Nixon et al., 2014; Duffy et al., 2015; Peacock
et al., 2017). There has been noticeable interest in the interaction and
linkage of stepping, sub-parallel, synchronously active faults, particu-
larly dip-slip (e.g., Peacock and Sanderson, 1991; Leeder and Jackson,
1993; Walsh et al., 1999) and strike-slip ones (e.g., Wilcox et al., 1973;
Rodgers, 1980; Woodcock et al., 1986; Dooley and Schreurs, 2012).

Some areas with local stress concentration and perturbation are
produced by the fault interaction, which affects the geometry and
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kinematics of faults (e.g., Kattenhorn et al., 2000; Bourne and Willemse,
2001; Maerten et al., 2002; Rashidi et al., 2017, 2018). These stress
concentrations can form the secondary structures in damage zones,
where they typically have different orientations in comparison to the
surrounding areas (e.g., Kim et al., 2004; Fossen et al., 2005; Bastesen
and Rotevatn, 2012; Choi et al., 2016). It can cause a fault network,
producing interactions between coeval faults, including connection of
some faults (e.g., Peacock and Sanderson, 1991; Gawthorpe et al., 2003;
Bull et al., 2006; Fossen and Rotevatn, 2016). Understanding the char-
acteristics of these fault interactions is crucial as they can reveal
convenient information about the tectonic deformation history.

The fault geometry, kinematics, and displacements are influenced by
the way in which a fault interacts with other faults. Peacock et al. (2016,
2017) investigated the fault interactions represented in terms of: 1) The
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Fig. 1. (a) The structural zones of Iran. 1: Khazar-Talesh, 2: Alborz, 3: Central
(Subzone of Makran), 9: Sistan, 10: Tabas (Subzone of Central Iran), 11: Urmieh

Iran, 4: Kopeh Dagh, 5: Lut Block, 6: Makran, 7: Ophiolitic Zone, 8: Jazmurian
-Dokhtar, 12: Yazd (Subzone of Central Iran), 13: Zagros, 14: SanandajSirjan and

ZMP: Zendan-Minab-Palami Fault (b) Topographic map of the Iranian plateau with active faults (Hessami et al., 2013) and stress directions (pink arrows from Zarifi
et al., 2014 & red arrows from Rashidi et al., 2019). The study area is marked by a blue box. ZMS is Zagros Makran Syntaxis. (For interpretation of the references to

colour in this figure legend, the reader is referred to the Web version of this arti

spatial arrangement of the faults, when fault planes have an intersection
line, the interaction between them may or may not be geometrically
linked (i.e. physically connected). 2) Kinematics of displacement dis-
tributions of the interacting faults and how the displacement directions
are, i.e. parallel, perpendicular or oblique to the intersection line. 3) The
status of the displacement in the interaction zones if the faults have
similar or different displacement directions, and if the extension or
contraction dominates in the acute bisector between the faults. 4)
Chronology, i.e. the relative fault ages. This characterization scheme is
used as a suggestion to classify interacting faults. Generally, Peacock
et al. (2016) studied the kinematic, geometric and the topological re-
lationships between faults and concentrated on how they relate to form
networks. They also applied the term interaction to explain any rela-
tionship, where the development of one fault or other type of fracture
affects others. We used their glossary of fault and other fracture net-
works in this paper.

In this paper, we focus on active faults in southeastern Iran (Fig. 1),
where there are several N-S, NW-SE, NE-SW and E-W striking faults
(Fig. 2). This area is a transitional zone between different structural
zones i.e. Zagros, Sanandaj-Sirjan, Urmieh-Dokhtar, and Jazmurian
(Back arc of the Makran subduction zone) (Fig. 1a). We present the
important issue of the fault interactions between these structural zones.
The addressed question is; how the active faults in the study area
interact geometrically and kinematically, covering a range of structures
in relay zones?

cle.)

Previous active tectonic studies in this area only focused on Bam (e.g.
Jackson et al., 2006; Fu et al., 2007), Gowk (e.g. Berberian et al., 2001;
Meyer and Le Dortz, 2007; Walker and Jackson, 2002, 2004; Fattahi
etal., 2014), Sabzevaran-Jiroft (Regard et al., 2005, 2009; Meyer and Le
Dortz, 2007) faults (Fig. 2). However, so far, not so much investigation
has been done on morphotectonics and the interaction between active
faults in Sabzevaran area which are the focus in this paper.

Moreover, the study area and neighboring region were host of
devastating and large intra-mountain and bordering fault earthquakes in
modern history, e.g. the 1977 MS 7.0 Khurgu earthquake (Berberian and
Papastamatiou, 1978), the 2003 MW 6.6 Bam earthquake (e.g.; Talebian
etal., 2004; Fielding et al., 2005; Jackson et al., 2006), the 2006 MW 6.0
Tiab earthquake (Gholamzadeh et al., 2009) and the 2010-2011 MW
6.4-6.2 Rigan doublet earthquakes (Walker et al., 2013; Nemati, 2015).
In the southwestern part of the study area, ~40 instrumental earth-
quakes with aftershocks (5 <M < 6.6; 1962-2020) occurred at different
depths (12 km < d < 94 km), where there are interactions of NW-SE, N-S
and NE-SW faults. It is also crucial to know the role of the active fault
interaction and how they are related to the recent seismicity. To answer
this question as well, we analyzed the geomorphological data related to
each specific faults, field examples and earthquake catalogs.

2. Geology and tectonic setting

Complex tectonic evolution of Iran is related to the multistage
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Fig. 2. Active faults of the study area on shaded relief map. B.F. = Bam Fault, De.F. = Dehno Fault, G.F. = Gowk Fault, N.J.F. = North Jebal-eBarez Fault, DB.F. =
Dehbakri Fault, S.J.F. = South Jebal-e Barez Fault, Ho.F. = Hojatabad Fault, S.F. = Suru Fault, K.S.F. = Kuhe Suzgazi Fault, J.F. = Jiroft Fault, D.F. = Dehpish Fault,
E.S.F. = East Sabzevaran Fault, W.S.F. West Sabzevaran Fault, Ch.F. = Chahmazrae Fault, N.F.F. = North Faryab Fault, H.F. = Heydarabad Fault, S.F.F. = South

Faryab Fault, N.K.F. = North Kahnuj Fault, M.Z.R.F. = Main Zagros Reverse Fault.

history of the Tethys domain (Takin, 1972 and Stocklin, 1974). The
accretion of the small continental blocks of Gondwanian affinity to
Eurasia such as, Afghan, Lut, and Central Iran (sometimes is subdivided
into Yazd and Tabas blocks) has resulted from the opening and closure of
the large oceanic domains such as Neotethys (e.g. Berberian and Ber-
berian, 1981; Meyer and Le Dortz, 2007). The subduction of the Neo-
tethys beneath central Iran, sutured Iran and Arabian plates, and the
subsequent continental convergence built the Zagros Orogenic Belt. This
Orogenic belt (Fig. 1a) consists of three main NW-SE trending parallel
zones: Urmieh-Dokhtar; Sanandaj-Sirjan and Zagros (e.g. Berberian
et al., 1982; Agard et al., 2006, 2011; Shafiei et al., 2009, 2011, 2015).
The study area consists of four structural zones: Urmieh-Dokhtar, San-
andaj-Sirjan, Zagros and Jazmurian (Back arc of Makran subduction)
zones. The emplacement of the Urmieh-Dokhtar magmatic arc occurred
during the Eocene and Oligocene. The Neotethys subduction has
changed into a collisional stage at NW of the Hormoz strait, but con-
tinues actively to the south, offshore Makran (Agard et al., 2005). The
northwest-striking Zagros fold and thrust belt is an active continental
collision zone that corresponds to a continental accretionary prism
within the Arabian Plate, accommodating about 10 mmyr ! of
NNE-trending active shortening, between Arabia and Eurasia (e.g.
Talebian and Jackson, 2002; Blanc et al., 2003; Hessami et al., 2006;
Edey et al., 2020). To the east, the east-striking Makran belt is the
emerged portion of an accretionary prism resulting from the still active
subduction of the Oman oceanic lithosphere beneath the Iranian Plate
(e.g. Byrne et al., 1992; McCall, 1997; Kopp et al., 2000; Nilforoushan
etal., 2003; Burg, 2018). A NNW-striking deformation zone, the oblique
reverse-dextral Zendan-Minab-Palami fault system (ZMP in Fig. 1a),
connects the western Makran to the eastern Zagros deformation domains
(Fig. 1) (McCall and Kidd, 1982; Regard et al., 2004; Derakhshani et al.,
2005, 2011). The NNW-striking reverse-dextral ZMP fault system per-
mits transfer of the deformation from the Zagros to the Makran prisms
(e.g. Regard et al., 2004). The ZMP fault system is located at the plate
boundary and its NNW trend is drastically oblique with respect to the

direction of the convergence (e.g. Ross et al., 1986; Regard et al., 2004,
2009). It could have two major roles on a lithospheric scale: (1) to
accommodate the plate convergence obliquity and (2) to transform the
Zagros collision process into the Makran subduction (Meyer and
LeDortz, 2007). Previous studies show that this transfer is accommo-
dated by combined reverse and right-lateral faulting distributed over a
wide domain (Regard et al., 2004; Rashidi et al., 2019).

The Sabzevaran fault system, as the longest fault in the our study
area, is located at the ENE of ZMP fault, with a slip rate of ~5.7 + 1.7
mm/yr (Regard et al., 2006) and is connected to the Nayband-Gowk
fault system from the north side (Berberian, 1981; Walker and Jack-
son, 2002) (Fig. 1). It has a considerable contribution for transferring of
the convergence deformation of the Iranian plateau northward to the
tectonic settings such as the Alborz and Kopeh-Dagh mountain belts (e.g.
Vernant et al.,, 2004 and Walker et al., 2009). Since a part of the
deformation is accommodated by the numerous thrusts in the western
and eastern compartments (Talebian et al., 2004 and Rashidi Boshrabadi
et al., 2018, Savidge et al., 2019, Nemati et al., 2020), so the overall
strike-slip motion accommodated by the Sabzevaran-Nayband-Gowk
system is decreasing from the South to the North. In the south of
study area, the Sabzevaran and Jiroft faults, are almost parallel (Fig. 2).
These faults do not appear to be marked by any seismicity alignment
even if the local seismicity level is high (Yamini-Fard, 2003).
Sabzevaran-Jiroft faults are characterized by linear fault traces bound-
ing the eastern flank of two ophiolite horsts, of Palaeozoic and Mesozoic
ages (McCall et al., 1985). These East facing frontal fault zones consist of
steep, fresh-looking scarps that mark the fault traces and are separated
by undeformed zone that is about 15 km-wide (Meyer and Dortz, 2007;
Regard et al., 2009). Both faults are segmented and affected the Qua-
ternary alluvial fans and display evidence of geomorphic features. The
linearity of both faults suggests that they are nearly vertical and
accommodate dominantly strike-slip displacements (Regard et al.,
2005).

The local and regional strain and stress fields in the Iranian plateau
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57°50"

Fig. 3. (a) The 5.7 km right-lateral offset of Neogene rock units on the West Sabzevaran fault near Karim-Abad village. (b) ~200 m offsets and tilting of rivers along
the fault. (c) Trace of a minor fault (340°, 40°SW) inside the West Sabzevaran shear zone with reverse mechanism (at 28°32’ N, 57°43'43"E). (d) Slickenline (250°,
90°) on the minor fault in part (c). Numbers 1, 2 and 3 in stereonet denote the orientations of the principal stress axes. Arrow in the stereonet indicates the movement
direction of the hangingwall. (e) A minor fault inside West Sabzevaran shear zone with normal mechanism (at 28°30'11"N, 57°43'45"E).

were estimated and discussed in various studies (e.g. Masson et al.,
2005; Peyret et al., 2009; Zarifi et al., 2014; Khodaverdian et al., 2015;
Jentzer et al., 2017; Raeesi et al., 2017; Rashidi et al., 2019; Khorammi
et al., 2019). The result of Focal Mechanism Stress Inversion (FMSI)
analysis in the west and the south of the Lut block (Rashidi et al., 2019)
shows a mean horizontal stress of N19°E under a transpressional tec-
tonic regime. In the south and the west of the Lut block, the calculated
rotation rates using the GPS velocities imply the maximum amount of
clockwise rotation rate (~37 nanorad/yr) related to the Sabzevaran
fault (Rashidi et al., 2019). Some small earthquakes have been recorded
along the Sabzevaran fault (Fig. 13) and the absence of a main earth-
quake is noticeable.

3. Data and method
To characterize the type of active fault interactions, we used the

offset and tilting of the rock units, especially in the Quaternary land-
forms. We investigated the geometry and kinematic of the faults by the

slickenlines and the geomorphic phenomena along the faults. We used
aerial photographs, digital elevation models, satellite images visualized
in Google Earth and interpreted with the help of our morphotectonic
field surveys. For those faults with kinematic indicator, we determined
the principal stress directions using the kinematic “P” (shortening) and
“T” (extension) axes method. These axes are equated with the principal
stress directions 61 and 63, respectively. This method was reported as
one of the most robust methods (Allmendinger et al., 1989).

Seismic activity data was used to deduce and interpret the mor-
photectonic data. The catalogue of instrumental earthquake in the
period 1900-2006 from IIEES (International Institute of Earthquake
Engineering and Seismology), ISC (International Seismological Centre),
EHB (Engdahl Bulletin) and earthquake data between 2007 and 2019
from IRSC (Iranian Seismological Center) were used.
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Fig. 4. (a) A pressure zone along the East Sabzevaran fault. (b) The ~100 m right-lateral offset of river by this fault. (¢) The 110 m displacement of rock unites in

Neogene along this fault (at 28°25'30"N, 57°49'15"E).

4. Structural evidence for active faulting
4.1. The Sabzevaran fault

The asymmetry between the eastern and western parts of the Zagros-
Makran Syntaxis (ZMS in Fig. 1b) corresponds to shear zones proposed
by Aubourg et al. (2004), in the hypothesis of the Oman peninsula acting
as an indenter. The Sabzevaran fault is one of the main active faults in
the transitional zone between Zagros, Makran and Central Iran (Regard
et al., 2004) (Fig. 1b). This right-lateral transverse fault striking N-S
shows evidence of Quaternary deformation. The Sabzevaran fault is
accounted as a fault zone, which is divided into two parts namely the
east and the west (Fig. 2).

4.1.1. The West Sabzevaran fault

The West Sabzevaran fault is about 300 km long, which in its
southern part joins the ZMP fault (Fig. 1). This fault has cut and moved
the Pliocene-Quaternary sediments. The cumulative offset along the
fault is about 5.7 km in the Neogen deposits, which was estimated close
to the Karim-Abad village (Fig. 3a). Moreover, there are ~200 m Qua-
ternary offsets and deflection of rivers along the fault in alluvial fan
(Fig. 3b). In the West Sabzevaran fault zone, a variety of minor
branching faults with different mechanisms and orientations (reverse

and normal with NW-SE and NE-SW strike, respectively) can be
observed (Figs. 3c and e).

4.1.2. The East Sabzevaran fault

The East Sabzevaran fault with about 50 km long is located between
Jiroft city, in southeast, and Kahnuj city, in northeast (Fig. 2). In some
studies (e.g. Regard et al., 2005), the continuation of this fault in the east
was introduced as Jiroft fault, which ends to 10 km away towards the
east of Kahnuj city. The geometry of these faults are right step over types
which causes a traction area (Fig. 2).

The Sabzevaran fault, especially in eastern part (in the Jiroft plain),
is not traceable. The severe phase of water erosion and agricultural ac-
tivities led to disappearance of this fault zone.

Along this fault, left bend contractional zones are observed, con-
firming the right-lateral movement of this fault zone (Fig. 4a). It also
cuts and moves waterway and alluvial fans in its own way (Fig. 4b).
According to morphotectonic and structural evidence, it is a right-lateral
strike-slip fault with about 200 m displacement in the Neogene rock
units (Fig. 4c).

4.2. The Heydarabad fault

The Heydarabad fault with reverse mechanism is about 30 km long
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Fig. 5. (a) The trace of Heydarabad fault and uplifting in the alluvial fans 1, 2 and 3. (b) 3D image of uplifting in alluvial fans 1, 2 and 3 along Heydarabad fault. (c)
Field photo of the Heydarabad fault zone (at 28°12'41"N, 57°35’ E). (d) and (e) illustrate faulting in closer view.

located in the south of Heydarabad village (Fig. 2) lies almost perpen-
dicular to the West Sabzevaran fault. The surface expression of the
Heydarabad fault is linear with a gentle curvature in the mountain front
zone and the plain. Uplifted alluvial fans along this fault are the most
significant markers which show the active uplift along the fault zone
(Fig. 5a and b). Our observations during the field work also indicated the
Heydarabad fault crosscuts clearly the alluvial fans and their Pliocene-
Quaternary deposits (Fig. 5¢).

4.3. The Kuhe Suzgazi fault

In the east of Sabzevaran fault zone, the Kuhe Suzgazi fault with
curved geometry runs in a mountain ridge with the same name. The
southern segment with NE-SW strike is a right-lateral transpressional
fault. However, the northern segment with attitude 140°, 45°SW, and its
slickenline with striation 200°, 40° act as reverse segment (Fig. 6a and
b).

4.4. The Dehpish fault
The Dehpish fault with about 25 km long and a right-lateral strike-

slip component is located between the West and the East Sabzevaran
faults (Fig. 2). The cutting and uplifting rock units, and the displaced

waterways are the morphotectonic evidences which we could find along
the fault (Fig. 6 c, d, e).

4.5. The North Faryab fault

The North Faryab fault with attitude 55°, 60° NW and 90 km long is
located in the north of Faryab city (Fig. 2). This fault consists of three
main segments arranged in left-step manner, with documented seismic
activity (Fig. 13).

The North Faryab fault potentially can be accounted as a source of
seismic hazards for the Faryab city and surrounding area. The mor-
photectonic evidence along this fault, such as displacement in the rock
units and rivers, confirm its activity in different time. Migration of the
fault scarp on the footwall is one of the significant structural phenomena
(Fig. 7a). In each phase of activity, the exposed area is characterized by
the scarps parallel to the fault strike. The rock units are folded along the
scarps showing the fold related faulting (Fig. 7b).

4.6. The South Faryab fault
The South Faryab fault with attitude 080°, 65° S and its slickenline

with striation 195°, 65° is known as a reverse fault (Fig. 7e and f). The
length of the fault is about 70 km (Fig. 2). The geometry of the alluvial
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Fig. 6. (a) Field photo of the northern segment of Kuhe Suzgazi fault with attitude 140°, 45°SW (at 28°18'15”N, 57°57'13"E). (b) The fault trace from a closer view
with slickenline on its plane (200°, 40°). Numbers 1, 2 and 3 in stereonet denote the orientations of the principal stress axes. Arrow in the stereonet indicates the
movement direction of the hangingwall. (c) Uplifting of Pliestocene rock units along the Dehpish fault (at 28°6'3"N, 57°47'30"E). (d) Faulting in a alluvial fan along

the fault. (e) Right lateral offsets of the rivers by the Dehpish fault.

fans in the western and central parts of this fault is used as indicator to
deduce its reverse faulting mechanism (Fig. 7c). In the alluvial fans, fault
scarps can be observed related to the south Faryab fault (Fig. 7d). The
noticeable high uplifted alluvial fans along the south Faryab fault scarps
indicate the high activity of this fault.

4.7. The Chahmazrae (Esfandage) fault

The Chahmazrae fault with about 25 km long, and attitude 045, 60
SE is parallel to the North Faryab fault (Fig. 2). The rock units have over
thrusted along it (Fig. 8a). The slickenline measurements on the fault
plane (striation: 200°, 35°) indicates a left-lateral strike-slip mechanism
with a reverse component (Fig. 8b). The activity of Chahmazrae fault
and its back thrust (Fig. 8c) led to Pop-Up structures.

The high activity of the Chahmazrae fault formed considerable
shear zones on the hanging wall, manifested by shear zones faults, as

R and R’ (Fig. 8 d, e). In Fig. (8 f, g) a R shear is dextrally offset by a
R’ shear for about 500 m and a R’ shear is sinistrally offset by a R
shear for about 300 m.

4.8. Faults in the Jebal-e Barez Mountain range

In the Jebal-e Barez Mountains (Figs. 2 and 9a), several NW-striking
faults cut through geological units (Babakhani and Alavi Tehrani, 1992).
Morphotectonic evidence (such as the folding and uplifting in the
Quaternary units, displacement and deflection of waterways and rock
units) indicates high activity related to these fault systems. According to
the geometry and mechanisms of the faults in the Jebal-e Barez Moun-
tain range, the positive flower structure is suggested for this part of our
study area (Fig. 9b).
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Fig. 7. (a) The North Faryab fault zone. The fault scarp migration is one of the significant structural phenomena (at 28°12'23"N, 57°19'17"E). (b) Folding related to
the North Faryab fault. (¢) Trace of South Faryab fault (black arrows) with attitude 80°, 65° SE (at 28° 2'18"N, 57°15'60"E). (d) The fault trace from a closer view
with slickenline on its plane (193°, 65°). Numbers 1, 2 and 3 in stereonet denote the orientations of the principal stress axes. Arrow in the stereonet indicates the
movement direction of the hangingwall. (e) Trace of South Faryab fault (yellow arrows) inside alluvial fans. Growth of the young alluvial fans, in central part of the
old alluvial fans, is because of reverse mechanism of South Faryab fault. (f) The 3D images of uplifting the old alluvial fans along the south Faryab fault (at 28°
4'24"N, 57°20'5"E). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

4.8.1. The South Jebal-e-Barez fault

The south Jebal-e Barez fault runs for about 200 km (Fig. 9a), and
reveals a sharp linear trace (Fig. 9¢). We found the youngest plains of the
fault among the Eocene and Quaternary rock units (Fig. 9d). There are
imbricate structures that those consists of a series of overlapping rock
slices separated by sub-parallel reverse faults (Fig. 9e and f). The South
Jebal-e-Barez fault consists of three main segments with left-step ge-
ometry (Fig. 2). Fault segments mechanism are reverse with a little left-
lateral strike-slip component. So, middle segment with attitude 310, 70
NE has slickenline with striation 065°, 70° (Fig. 9f).

4.8.2. The Hojatabad fault

The Hojatabad fault with about 75 km long and attitude 310, 50 NE
lies in the south of the Jebal-e Barez fault, including two segments with
left-step pattern (Fig. 2). In response to its activity, Quaternary units are
folded and formed tear faults (Fig. 10a and b). The uplifted alluvial fans
along the fault indicate the high activity of this fault.

4.8.3. The Suru fault
The Suru fault with about 50 km long is located in the south of
Hojatabad fault (Fig. 2). This fault consists of two left-stepped segments,

in which there are some folds in the crossing location (Fig. 10c). The
rotation of rock units along this fault has caused changing in the alluvial
fans. Recumbent folds in the area between the Suru and the Hojatabad
faults were formed, because of pressure and reverse component of these
faults (Fig. 10d).

4.8.4. The North Jebal-e Barez fault

The north Jebal-e Barez fault with 90 km long and attitude 315, 30
SW is included two left-stepped segments (Fig. 2). The Slickenline of the
fault with striations of 55°/70° show reverse mechanism (Fig. 10f). The
fault has cut rock units especially recent sediments along itself
(Fig. 10e).

4.8.5. The Dehno fault

The hidden Dehno fault with about 70 km long has a curved geom-
etry (Fig. 2). In response to its activity, Quaternary units are uplifted
(Fig. 11a and c). The trace of the Dehno and Bam faults, on the satellite
images, indicate these faults interacted with each other in the northeast
of Ghale- Dokhtar village (Fig. 11b).
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Fig. 8. (a) The trace of Chahmazrae fault and uplifting in the young rock units with attitude 45°, 60° SE (at 28°40'30"N, 57°17'22"E). (b) Slickenline of the fault with
striations of 200°/35°. Numbers 1, 2 and 3 in stereonet denote the orientations of the principal stress axes. Arrow in the stereonet indicates the movement direction of
the hangingwall. (c) The Pop-Up structure related to the activity Chahmazrae fault and its back thrust (at 28°30'54"N, 57° 1'58"E). (d) The Chahmazrae fault with its
surrounding main faulting. The location of shear zones related to the Chahmazrae fault has been shown by a blue box. (e) The shear zones on the hanging wall of
Chahmazrae fault. (f) and (g) The growth of R and R’ faults correspond to the activity of Chahmazrae fault. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)
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Fig. 9. a) The main active faults in the Jebal-e Barez area. b) The positive flower structure is the suggested schematic tectonic model for this area. (c) Sharp trace of
the South Jebal-e Barez fault Zone. (d) Emplacement of Eocene Pyroclastics on the Quaternary units by reverse faulting in the South Jebal- e Barez fault zone (at
28°46/55"N, 57°46' E). (e), (f) Repetition of Eocene rock units by South Jebal-e Barez fault zone (at 28°28'52"N, 58°10'14”E and 28°22'48"N, 58°23'26"E). (g) The
trace of a branch of the South Jebal-e-barez fault in closer view with attitude 310°, 70° NE (h) Slickenline of the fault with striations of 070°/70°. Numbers 1, 2 and 3
in stereonet denote the orientations of the principal stress axes. Arrow in the stereonet indicates the movement direction of the hangingwall.
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Fig. 10. (a) The folding of the Quaternary rock unit along the Hojatabad fault
(at 28°21’41"N, 58°09'51"E). (b) Tear faults on the Hanging wall of Hojatabad
fault (at 28°18'40”N, 58°15'50"E). (c) The rock unit folding between the seg-
ments of Suru fault. (d) Recumbent fold in the area between Suru and Hoja-
tabad faults (at 28°20'29"N, 58°10'8”E). (e) The trace of the North Jebal-e
Barez fault with attitude 135°, 30° SW (at 28°33'50” N, 58°27'40" E). (f)
Slickenline of the fault with striations of 250°/30°. Numbers 1, 2 and 3 in
stereonet denote the orientations of the principal stress axes. Arrow in the
stereonet indicates the movement direction of the hangingwall.

4.8.6. The Dehbakri fault

We believe the continuation of the Gowk fault is the Dehbakri fault
(Fig. 2). This fault with about 80 km long has NNW strike and an ENE-
ward dip (Fig. 11d). There are some nearby earthquakes which could be
related to the Dehbakri fault. Most of the significant earthquakes could
be assigned to this fault e.g. the October 06, 2004 earthquake with
magnitude 5.2 (no. 3 in Fig. 13). According to the focal mechanism
solution of this earthquake (from Harvard CMT), the fault has a right-
lateral strike-slip component. Some folds in the Dehbakri fault can be
observed (Fig. 11d).

4.9. The Bam fault

The N-S striking Bam fault with length of about 100 km passes near
the Bam city (Aghanabati et al., 1993) (Figs. 2 and 12a). The young fault
scarp and displacement of the alluvial fans in the Bam plain indicate the
fault activity in the Quaternary. After the Bam earthquake in 2003
(Mw~6.6), the length of the fault was revised and extended to more
than 100 km (e.g. Talebian et al., 2004; Fielding et al., 2005; Jackson
et al., 2006) (Fig. 12). According to the field observations and the
mechanism of the main shock, mechanism of the fault is right-lateral
strike-slip (Figs. 11b and 12).

In general, our study area is characterized by active fault systems
with different strikes and faulting mechanisms. Their geometry and ki-
nematics were worked out by the field studies and morphotectonic
analysis (summarized in Table 1).

5. Interacting faults in the study area

To characterize the type of fault interaction, we need to know the
fault surface traces and their geometric-kinematic characteristics (sec-
tion 4). The description of the range of different fault interactions in this
section was an attempt to determine fault interactions, applicable to all
fault classes (normal, reverse, strike-slip and oblique-slip) at all scales
and tectonic setting (Peacock et al., 2016, 2017). In this section, we used
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Peacock et al. (2017; Fig. 15), for describing fault patterns, especially in
understanding related deformation patterns. We characterized the
geometric-kinematic relationships, angles between the intersection lines
(the line along which faults meet) and displacement directions, the
strain that occurs at and around the interaction or intersection zones,
and on the relative age relationships of the interacting faults. Using these
parameters, we have presented some relationships/a relationship be-
tween the faults and structural zones (Tables 2 and 3). In two dimensions
some faults have no interaction with other faults (e.g. Hojatabad and
Suru faults). Some faults exposed in the study area are characterized by
their segmentation. For example, the N-S fault zones Bam, Gowk, Sab-
zevaran, Jiroft are composed of a series of interacting and linked
segments.

In the study area the most tectonic deformation are concentrated in
the special structural zones such as: strike-slip zones and transpressional
zone in particular, North Faryab-Chahmazrae. This concentrated
deformation can be in a range of forms, including minor faults such as
Heydarabad fault. In the southwestern of the study area, we suggested a
triple relationship of fault interaction between the MZRF, NFF and ZMPF
where many earthquakes occurred (Table 2, and Figs. 14 and 15).

The faults reviewed in this article have caused a number of the
earthquakes within specific structural zones and at the interaction of
faults (Fig. 13). About 40 instrumental earthquakes and aftershocks (5
< M < 7; 1962-2020) with focal depth between 12 km and 94 km
occurred in the SW of study area (Fig. 14).

6. Seismicity

In the study area, the seismogenic zone has an average of 18 km
depth, while Moho discontinuity is at ~49 km depth (Gholamzadeh
et al., 2014). Seismogenic depth was determined, based on local seis-
mological data of aftershock surveying of the 1990 Darab earthquake
(Walker et al., 2005), the 2003 Bam earthquake (Tatar et al., 2005), the
2006 Tiab earthquake (Gholamzadeh et al., 2009) and the 2010-2011
Rigan earthquakes (Walker et al., 2013) at the west, northeast, south-
west and southeast of the study area, respectively.

In the study area, two distinct earthquakes occurred: firstly the
shallow one (blue symbols with less than 18 km depth in Fig. 13) and
secondly the ones with intermediate depth (green symbols, with more
than 18 km depth in Fig. 13).

Generally, based on the earthquake distribution (Fig. 13), clusters
with a large extent could be recognized. Some of the events in these
clusters are related to the Kahnuj, South Faryab, Heydarabad, Suru,
Dehbakri, Bam faults, and Chahmazrae-North Faryab shear zone. This
Shear zone is 30 km width and 100 km length and appear as a series of
elongated depressions bounded by sets of oblique faults (North Faryab
and Chahmazra faults). This shear zone is expressed as a transpressional
zone with a set of Riedel and normal faults (Fig. 15). Stress accumulation
on the faults and shear zone may be responsible for shallow and deep
seismicity. The number of events increases toward the southwest mostly
inside Chahmazrae-North Faryab shear zone, which is a severe seismic
hazard for neighboring cities. The fault activity of the Chahmazrae, the
North Faryab and their Riedel shear structures could be due to vicinity to
the Main Zagros Reverse fault (MZRF) (Fig. 2), accommodating about
10 mm/yr of shortening (Regard et al., 2005).

The 28 February 2006 Tiab earthquake (My 6.0), is one of the largest
instrumental earthquakes in the SW study area (Table 4) (marked by No.
16 in Fig. 13). Locally, well-located aftershocks of this event were
distributed at 11-22 km depth. The focal mechanism of the main shock
indicates a thrust mechanism, while most of the focal mechanisms of the
aftershocks are dominantly strike-slip, indicating slip partitioning in
depth (Gholamzadeh et al., 2009). The depths of the aftershocks in this
region are well determined by the occurrence of microseismicity in
shallow crust (Gholamzadeh et al., 2009); rather these are almost the
same as focal depths of recorded microseimicity in the transition zone
located in the east of the Zendan- Minab- Palami (ZMP) fault system
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Fig. 11. (a) Trace of Dehno fault and uplifting the alluvial fans along the fault. (b) The crossing location of the Dehno and Bam faults. (c) A field photo illustrating the
uplift in Quaternary sediments by the Dehno fault (at 28°43'25” N, 58°29'5” E). (d) The Dehbakri fault and folding of the rock units along that fault (at
28°56/30"N, 57°53'30"E).
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Fig. 12. (a) The attitude of Bam fault in around Bam and Baravat city. (b) and (c) The rupture of the fault in the 2003 Bam earthquake shows right lateral offset (at
28°40'11” N, 58°21'35" E).
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Fig. 13. Instrumental earthquakes with different depth in the study area. The specifications of focal mechanism solutions are given in Table 4.

Table 1
Specifications of the faults and their mechanism in the study area. See location of the faults in Fig. 2.

Name fault Number of the main Approximate total fault Attitude (or strike) of Fault Mechanism (on the basis of; slickenlines and Related
Segments length (Km) the fault geomorphology data) Figures

West Sabzevaran 3 300 NS Right Lateral Strike Slip Fig. 3

East Sabzevaran 1 50 NS Right Lateral Strike Slip Fig. 4

Heydarabad 1 30 EW Reverse Fig. 5

Kuhe Suzgazi 1 35 N40W, 45SW Reverse and Right Lateral Strike Slip Fig. 6a and b

Dehpish 1 25 NE-SW Right Lateral Strike Slip Fig. 6¢,d,e

North Faryab 3 90 N55E, 60NW left-lateral strike-slip with a reverse Fig. 7aand b

South Faryab 1 70 N8OE,65SE Reverse Fig. 7c—f

Chahmazrae 3 120 N50E, 65SE left-lateral strike-slip with a reverse Fig. 8

(Esfandage)
South Jebal-e-Barez 3 200 N30W, 70NE Reverse with a little Left Lateral Strike-Slip Fig. 9c-h
Hojatabad 2 75 NW-SE Reverse Fig. 10a and
b
Suru 2 50 NW-SE Reverse Fig. 10c and
d

North Jebal-e Barez 2 90 N45W, 30SW Reverse Fig. 10eand f

Dehno 1 70 NW-SE Reverse Fig. 11

Dehbakri 1 80 NS to NW-SE Right Lateral Strike Slip Fig. 12

Bam 2 100 NS to NW-SE Right Lateral Strike Slip Fig. 13

(Yamini Fard et al., 2007). These earthquakes Table 5 could confirm the
idea of tectonic proximity of the root faults and shear zones.

The earthquakes associated with focal mechanism (Fig. 13) could be
assumed within a few different categories, based on their mechanisms
and depths. It is significant that most of the earthquakes #7-16,
occurred within the Chahmazrae-North Faryab shear zone, are reverse
and belong to deeper crust (>18 km). According to their depths, their
distances to the MZRF and MZRF dipping in this area (~50°; Regard
et al., 2009), this fault could be the source of these earthquakes.

In addition, there are no significant earthquakes in the Instrumental
Earthquake Catalogue in the northwestern part of the study area. The
lack of seismicity in this part is questionable and is important because
seismic faults which affect Quaternary sediments can also be traced on
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the satellite images.
7. Discussion

Geometric-kinematic characteristics of the faults, presented in sec-
tion 4, are affected by interaction of fault zones. As mentioned before,
fault interactions are represented in terms of: the spatial arrangement of
the faults, kinematics of displacement distributions of the interacting
faults, the status of the displacement in the interaction zones, and the
chronology (Peacock et al., 2016). Peacock et al. (2016) presented a
rational and consistent set of terms to explain how two or more faults
interact kinematically and geometrically, covering some structures from
relays, through closing and adjacenting fractures, to cross-cutting
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Table 2
Type of interactions that the faults created with each other in the study area.
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Table 3
Structural zones in the study area.

Relationship of the faults Faults

Type of structural zones Faults

Approaching North Faryab_ West Sabzevaran
South Faryab_ North Faryab

West Sabzevaran_ Dehpish

East Sabzevaran. Dehpish

East Sabzevaran_ Hojat Abad

Surw. Kuhe Suzgazi

Hojatabad. Bam

Hojatabad. Dehbakri

Hojatabad. South Jebal-e Barez
South Jebal-e Barez_ Bam

North Jebal-e Barez. Bam

South Jebal-e Barez_ North Jebal-e
Barez

West Sabzevaran_. South Jebal-e Barez
West Sabzevaran. Chahmazrae

West Sabzevaran. Heydarabad

West Sabzevaran. South Faryab

West Sabzevaran. North Kahnuj
Main Zagros Reveres. Chahmazrae
North Jebale Barez. Gowk

Main Zagros Reveres. North Faryab-
Zendan Minab Palami

Bam. Dehno

Dehbakri_ South Jebal-e Barez

West Sabzevaran. Chahmazrae_ South
Jebal-e Barez

Bam. Gowk

Gowk_ Dehbakri

Dehbakri_ East Sabzevaran

Dehbakri_ West Sabzevaran

West Sabzevaran. Gowk

West Sabzevaran. Bam

West Sabzevaran_ Jiroft

Segments of the Chahmazrae
Segments of the North Faryab
Segments of the East Sabzevaran
Segments of the Jiroft

Jiroft_ East Sabzevaran

Jiroft_ East Sabzevaran-Dehbakri-
Gowk

North Jebal-e Barez. Gowk

West Sabzevaran. North Kahnuj
West Sabzevaran. Chahmazrae

Bam. Dehno

Dehbakri_ South Jebal-e Barez

West Sabzevaran South Jebal-e Barez
West Sabzevaran. Heydarabad

West Sabzevaran_ South Faryab

West Sabzevaran. Chahmazrae. South
Jebal-e Barez

Surw Hojatabad. South Jebal-e Barez
with Dehno_ North Jebal-e Barez
West Sabzevaran. Chahmazrae

West Sabzevaran. North Faryab

West Sabzevaran. North Kahnuj
Surw. Hojatabad. South Jebal-e Barez
Dehno. North Jebal-e Barez

West Sabzevaran. Dehpish

East Sabzevaran. Dehpish

North Jebal-e Barez. Gowk

Suruw Hojatabad. South Jebal-e Barez
With Dehno. North Jebal-e Barez
West Sabzevaran. Chahmazrae

West Sabzevaran_ North Kahnuj

Bam. Dehno

Abutting

Triple
Cutting (Crossing)
Mutually cutting (Crossing)

Relay

Arrays

Intersection line parallel to displacement

Intersection line approximately normal to
displacement

Intersection line normal to displacement and
parallel to displacement

Different displacement directions

Antithetic

Synthetic

Neutral intersection
Extensional Y

Contractional Y

Trailing

fractures. In the study area, the faults in some area hardly behave
independently but as a sets or networks, where the adjustment of these
faults cause a variety of different fault interactions. We determined the
kinematic, geometric, topological relationships between faults in the
study area and concentrated on how these faults have formed networks
(Tables 2 and 3).

Shear fractures propagate a short distance out of the main fault.
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West Sabzevaran

Jiroft_East Sabzevaran. Dehbakri_ Gowk
Bam

Chahmazrae

Faryab

Bam. Gowk

Bam. Dehbakri

Bam. East Sabzevaran

Strike Slip Zone

Compressional Zone

Extensional Zone (Pull-

apart) Bam. West Sabzevaran
Dehbakri_ East Sabzevaran
Dehbakri_ West Sabzevaran
Simple Shear Zone North Faryab. Chahmazrae

West Sabzevaran. East Sabzevaran

West Sabzevaran_ Jiroft

Heydarabad. South Faryab

Suru. Hojatabad. South Jebal-e Barez

Dehno_ North Jebal-e Barez

Dehno. North Jebal-e Barez South Jebal-e Barez_
Hojatabad. Suru

Imbricate Zone

Flower Structural Zone

Riedel shear is also used on a large-scale fault pattern and may refer to
three direction of associated fractures (R, P, and R’). Its individual
fractures remain active after the other types developed. Therefore, the
synchronous movements on the all fractures determine the strain in the
fault zone. The geometrical arrangement of the Riedel shears is indica-
tive of the sense of movement within the wrench zone and is therefore
widely used for the interpretation of its kinematic evolution. The Sab-
zevaran fault system, the N-S right-lateral strike-slip fault (length over
300 km), is located in the middle of the study area (Fig. 2). It propagated
the deformation by partitioning of dip-slip and strike-slip components
on its branches (Fig. 2). The geometrical relationship between these sets
and their shear sense demonstrates the assemblage of the Riedel shear
fractures. Fault-related fractures are different sets developing at a spe-
cial angle to main fault. In the North Faryab city, between North Faryab
and Chahmazrae faults, Riedel shears are well developed. In this area,
our proposed tectonic model is transpressional zone, with high seismic
activity (Figs. 13 and 14). For example, the March 4, 1999 Faryab
earthquake (Mw6.6) and its aftershocks were located inside this trans-
pressional zone (marked by no. 9 in Table 4 and Fig. 13). The North
Faryab and Chahmazrae faults in the southwestern part approach to the
MZRF (Fig. 2). This interaction is very young, so that we can see the
uplift of Pliocene rock units (Fig. 14b). It is close to the February 28,
2006 Tiab earthquake (Fig. 14) and therefore, it could be causal fault of
that earthquake.

In the Chahmazrae-Faryab shear zone two clusters of earthquakes
are observed. Events near the MZRF have generally depth less than the
cluster which is located far from the fault (Fig. 14). Regarding to ~ NE
dipping of MZRF in shear zone, it can be suggested that both clusters
occurred in response to the shear at different depths.

An earthquake may propagate from one fault to the next one and it
depends on how strongly the faults are interacting. Interaction ranges
from faults that are mechanically independent to those linked so
strongly as to be acting as a single mechanical unit. Similarly, there is no
simple distinction between interacting faults and segments of a single
fault. For example, the three primary faults ruptured in the Landers
earthquake (June 28, 1992) in the western United States (see Hill et al.,
1993; Sieh et al., 1993); the two segments of Gowk fault ruptured in the
five Gowk earthquakes (1981-1998) (see Berberian, 2001); some seg-
ments of North Anatolian fault, Turkey, ruptured in ten earthquakes,
which occurred between 1939 and 1992 (Yamamoto et al., 2017; Stein
et al., 1997). There are also some examples that show one fault can
activate another fault at their intersection. For example Dashte-e Bayaz
and Zirkuh earthquake sequences in eastern Iran, occurred by two faults
with different strike (Walker et al., 2011); the conjugate faults were the
reason of the two Rigan earthquakes in southeast Iran (Walker et al.,
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Fig. 14. a) The faults and the earthquakes in the southwestern part of the study area. The numbers in the circles are the earthquakes depth (d), Stress directions are
from Zarifi et al. (2014). b) Uplift of Pliocene rock units at interaction of Chahmazrae and MZRF zone. ZMPF= Zendan-Minab-Palami Fault, MZRF= Main Zagros
Reverse Fault.
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O Reverse
(with Strike-Slip Component)

Fig. 15. The 3-D schematic diagram of the faults and earthquakes in the southwestern part of the study area. MZRF = Main Zagros Reverse Fault, CHF= Chahmazrae,

NFF=North Faryab Fault, ZMPF = Zendan-Minab-Palami Fault.

Table 4

The earthquake source parameters in the study area. The labels in the last column refer to the focal mechanisms shown in Fig. 13. CMT_ Centroid Moment Tensor,
Harvard University, United States of America; IIEES_ International Institute of Earthquake Engineering and Seismology, Iran; IRSC_ Iranian Seismological Center;

EHB._ Engdahl et al. (2006); M97_ Mirzaei et al. (1997).

Date (month/day/year) Time Lat. (°N) Lon. (°E) Mag. (Mw) Depth (Km) Ref. Label
From: IIEES, and IRSC

12/26/2003 01:56:00 28.95 58.26 6.6 13 (IIEES) CMT 1
07/22/2004 04:51:39 29.11 58.24 4.7 17.2 CMT 2
June 10, 2004 11:14:31 28.75 57.93 5.2 14 (IIEES) CMT 3
11/16/2018 20:17:05 27.95 58.29 5.1 100 (IRSC) CMT 4
04/18/2012 17:40:42 27.76 57.96 5.1 60 (IRSC) CMT 5
July 03, 2018 14:46:12 28.035 57.746 5.4 28 (IRSC) CMT 6
10/20/1997 06:09:09 28.443 57.278 5.4 28 (EHB) CMT 7
July 10, 2004 12:54:59 28.39 57.26 5.0 14 (IIEES) CMT 8
April 03, 1999 05:38:34 28.271 57.207 6.6 28 (EHB) CMT 9
February 04, 1989 06:42:09 28.171 57.28 5.3 31 (EHB) CMT 10
May 03, 2011 20:42:52 28.298 57.14 5.2 20 (IRSC) CMT 11
December 04, 1993 14:00:52 28.265 57.129 4.9 28 (EHB) CMT 12
02/26/1996 08:08:23 28.274 57.034 5.5 30 (EHB) CMT 13
12/22/1964 04:36:35 28.157 56.898 5.4 42 M97 14
May 03, 2015 22:54:50 28.055 56.959 4.9 16 IRSC 15
02/28/2006 07:32:04 28.18 56.76 6.0 18 1IEES 16
12/19/1991 18:55:21 28.041 57.269 5.4 20 (EHB) CMT 17
September 05, 2014 00:08:45 27.903 57.520 4.7 40 IRSC 18
February 06, 2014 22:51:17 27.838 57.370 4.6 32 IRSC 19
10/24/2014 12:38:56 27.772 57.400 4.8 24 IRSC 20
10/23/2017 00:24:17 27.844 57.125 5.4 17.6 (IRSC) CMT 21
October 11, 2010 13:49:12 27.773 57.041 4.9 29 (IRSC) CMT 22

2013) and three faults were caused by the 1927 Tongo, 1943 Tottori,
and 2000 Tottori-ken earthquakes sequences in Japan (Ishibe et al.,
2011).

Our investigations provide a framework to analyze the interacting
faults based on their geometric and kinematic relationships, which can
have potentially some implications for similar tectonic settings around
the world. To give some examples, we can refer to faults in the San
Francisco Bay region of California (Aydin and Page., 1984), faults in
Eastern Himalayan Syntaxis (EHS) around the indentor (Peter et al.,
2018; Gupta et al., 2015), Moab fault and its branches in southern Utah
(Fossen et al., 2005) and Maridnské-Lazné fault in the West Bohemia
Swarm Region, Czech Republic (Vavrycuk and Adamova., 2018).
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8. Conclusions

Our neotectonic and morphotectonic studies helped us to identify
most of the potentially active faults in the Sabzevaran area. The active
seismogenic faults cut the Quaternary sediments and can be detected on
the aerial photographs and the satellite images. The activity of some
faults such as the Sabzevaran, North Faryab, Chahmazrae, and Jebal-
Barez can potentially cause some earthquakes on other faults. We
found out that there is an increment in the fault scarps height from the
west to the east toward the center, where the intersections are placed.

We suggested the type of fault interactions, by field observations and
geomorphological analysis (Table 2). These types of the fault in-
teractions demonstrate how a possible earthquake, in the Sabzevaran
area, may propagate from one fault to the next. We also determined the
types of structural zones coexisting with each other in the area (Table 3).
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Table 5
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The earthquake source parameters in the SW study area. NOW_ Nowroozi (1985); ISC_ International Seismological Centre, United Kingdom; EHB_ Engdahl et al.
(2006); IIEES_ International Institute of Earthquake Engineering and Seismology, Iran; IRSC_ Iranian Seismological Center, mb= Body-Wave Magnitude, Mw=

Moment Magnitude, ML= Local Magnitude, MN= Nuttli Magnitude (Nuttli, 1973).

D Date (month/day/year) Time Lat. (°N) Lon. (°E) Mag. Mag. Type Depth (km) Ref.

1 09/29/1962 06:54:00 28.29 57.48 5.5 mb 83 NOW
2 November 05, 1964 06:07:41 28.13 57.38 5.3 mb 68 1sC

3 12/22/1964 04:36:34 28.157 56.898 5.7 mb 18 EHB
4 12/23/1964 10:52:24 28.23 56.74 5.0 mb 70 1SC

5 August 11, 1965 01:57:26 27.964 56.89 5.1 mb 27 EHB
6 January 03, 1967 10:12:48 28.083 56.864 5.1 mb 24 EHB
7 12/20/1971 23:27:43 28.323 57.188 5.0 mb 85 IsC

8 March 04, 1972 09:07:14 28.121 57.157 5.0 mb 20 EHB
9 February 08, 1972 23:03:29 28.122 56.803 5.0 mb 20 EHB
10 April 11, 1972 09:32:26 28.143 56.997 5.0 mb 94 1SC

11 08/25/1973 14:58:08 28.113 56.758 5.3 mb 19 EHB
12 11/13/1976 10:12:34 28.208 57.326 5.0 mb 30 EHB
13 02/22/1978 20:18:00 28.113 56.875 5.0 mb 21 EHB
14 02/23/1978 23:24:50 28.139 56.85 5.1 mb 19 EHB
15 June 01, 1981 07:23:40 28.129 56.559 5.0 mb 25 EHB
16 10/15/1982 02:53:52 28.185 57.332 5.0 mb 35 EHB
17 07/25/1986 10:08:07 27.991 57.279 5.2 mb 34 EHB
18 12/18/1987 16:24:04 28.146 56.66 5.9 Mw 21 EHB
19 September 06, 1988 12:09:50 28.29 56.88 5.2 Mw 27 EHB
20 February 04, 1989 06:42:04 28.171 57.28 5.4 Mw 31 EHB
21 12/19/1991 18:55:18 28.041 57.269 5.4 Mw 20 EHB
22 December 04, 1993 14:00:41 28.265 57.129 5.2 mb 28 EHB
23 02/26/1996 08:08:20 28.274 57.034 5.5 Mw 30 EHB
24 04/19/1997 05:53:14 27.946 56.862 5.6 Mw 19 EHB
25 10/20/1997 06:09:05 28.443 57.278 5.5 mb 28 EHB
26 April 03, 1999 07:26:05 28.365 56.951 5.0 mb 30 EHB
27 April 03, 1999 09:52:03 28.377 57.191 5.1 mb 30 EHB
28 April 03, 1999 05:47:51 28.329 57.149 5.5 mb 31 EHB
29 April 03, 1999 05:38:27 28.271 57.207 6.6 Mw 28 EHB
30 May 03, 2000 09:40:06 27.933 56.451 5.4 mb 25 EHB
31 11/25/2001 21:30:55 28.22 57.282 5.1 Mw 35 EHB
32 02/14/2003 10:29:00 28.002 56.797 5.6 Mw 39 EHB
33 July 10, 2004 12:54:56 28.39 57.26 5.0 ML 14 1IEES
34 02/28/2006 07:32:04 28.18 56.76 6.0 Mw 18 IIEES
35 May 03, 2011 12:42:53 28.298 57.14 5.1 MN 19.3 IRSC
36 May 03, 2015 02:54:49 28.055 56.959 5.2 MN 15.7 IRSC
37 08/31/2017 01:30:27 27.821 57.127 5.4 MN 12.1 IRSC
38 10/23/2017 12:24:14 27.844 57.125 5.5 MN 17.6 IRSC
39 01/22/2020 09:23:15 28.015 56.848 5.2 MN 22.4 IRSC
40 03/27/2020 06:40:43 28.297 57.279 5.4 MN 15.1 IRSC

It helped us to better understand the geometrical and kinematical rela-
tionship between different fault sets.

Our investigation suggests that the Dehbakri and Gowk faults are
continuation of the Jiroft and East Sabzevaran faults in the Jiroft plain.
The geometrical relationship between these fault systems are relay in-
teractions. These fault systems with right-step arrangement created
several pull-apart basins. The geometry and kinematics of these faults in
the Jebal-e Barez Mountains suggest a positive flower structure.

In the North of Faryab city, between the North Faryab and Chah-
mazrae faults, a shear zone was recognized and presented. In this area,
our proposed model is a transpressional zone, with high seismic activity.
We suggest that MZRF is the source of reverse events and the
Chahmazrae-Faryab shear zone is the source of left-lateral, oblique
reverse faulting events, and strike-slip events. These types of the
earthquakes in the study area confirm the idea of tectonic proximity of
the root faults and shear zones.
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