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The study of seismic stress distribution in subduction zones is done from two
viewpoints: vector quantity study (purpose of the present study) and numerical
quantity, which are important topics in seismology. The structural zone of the Makran,
with the accretionary wedge as its main structure, is a kind of incremental wedge
located in the hanging wall of a shallow subduction zone. In this study, earthquakes
from the Harvard University Seismic Catalog (GCMT) with magnitudes equal to or
greater than 5 were used. In the simultaneous inverse solving algorithm, several
earthquakes were used and the stress field for different zones was calculated by
the inversion method. Results of stress field analysis in the Makran zone, show
heterogeneous stress fields throughout the region. Makran zone was divided
into nine separate units based on structural morphology and seismic clusters. The
inversion solution was performed simultaneously with several earthquakes in
Michel's inverse solution algorithm, and the seismic stress field was calculated
for each zone by the inversion method separately for depths less than and more
than 20 km. The results of the analysis of the stress field in the Makran region
show the heterogeneous spatial distribution of stress (horizontal and depth) through-
out the region. The obtained stress field was compared with extended faults in
each zone and active fault groups were determined. The seismic activity of the Makr
an zone and its border with the adjacent tectonic zones is concentrated in several
areas, which is probably due to the complex behavior of fault intersections and the
interaction between fault systems. Seismic activity is concentrated in the eastern
and western borders of Makran and the place where the compressive mechanism of
faults (in the fold and thrust area of Makran) is converted to strike-slip regime.
Another group of earthquakes occurred at the intersection of fault systems in the
center of Makran and between Jazmurian depression and Moshbal, which shows
the complexity of the structure at the intersection of the Sistan suture with the
Makran thrust system.
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ABSTRACT

1. Introduction

The Makran area, with a length of about 900 km,
is located in the southeast of Iran and the southwest
of Pakistan as a part of the Alpine-Himalayan
seismic belt (Figure 1). The seismicity of Makran
is relatively low compared to other subduction
zones [1].  The Makran area continues to the Las
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Bella axis on the eastern border after passing
through Baluchistan, Pakistan. Along the axis of Las
Bella, there are the main left-lateral Chaman,
Ghazaband and Ornach Nal left-lateral faults,
representing a transition zone between the Makran
subduction zone and the Indo-Eurasian collision
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Figure 1. The Geographic location of the study area.

Figure 2. The location of the main faults and the distribution of instrumental earthquakes taken from the earthquake catalog
(1964-2017) in the Makran zone.

zone. The Chaman fault is active in Pakistan and
Afghanistan with an 850-km length. This transform
system is a left-lateral strike-slip fault and forms
the boundary between the Eurasian and Indo-
Australian plates. Its slip rate equals the relative
displacement between the above two blocks and
more than 10 mm per year. This area, in addition
to the strike-slip displacement component has a
compressive component as a result of the collision
of the Indian plate with Eurasia and forms a
transpression plate boundary. This fault system
starts from the south from the triple junction of the

Arabian, Eurasian and Indo-Australian plates
across Pakistan. Moreover, in Pakistan's
Baluchistan, it extends to the north along the
northeast direction to the interior of Afghanistan
and joins the Pamir system.

The Makran zone on the western border is
separated from the Zagros collision zone by the
Zandan-Minab-Palami fault system. This system is
the border between the two convergent continental
plates of Zagros and the active oceanic crust of the
Oman Sea (Figure 2). The structure of accretionary
wedges of Makran has been bordered by steep
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reverse faults. The operation of this structure
has caused fault sheets to be driven from the
hinterland in the North-East to the foreland in the
South-West [2-3]. Makran subduction rate in-
creases slightly from west to east [3]. This rising
rate is not the same throughout the length of
Makran (Western and Eastern Makran).

Normand et al. [4] obtained the uplift rate
between 0.05 and 1.2 mm per year in the east-
west direction. The geodetic observation data has
shown the convergence rate between the Makran
coast (Chabahar GPS station) and the Eurasia is
about 8 mm per year, equal to the rate of shortening
within the accretionary wedge. The continuity of
convergence and subduction of the oceanic crust of
Oman is confirmed by the continuous rise of the
coastal terraces in the present time along with the
advance of the coastline towards the sea [5].
These pieces of evidence indicate the functioning
of the subsurface tectonics and the activity of
hidden thrusts along and above the active de-
tachment thrust surfaces (Detachment fault-
Decollement) and the dominant right-lateral
strike-slip deformation in the West Makran (in
Iran) around the Minab fault system was the
cause of seismic ruptures in this part of Makran [6].

The main purpose of this research is to deter-
mine the seismic stress tensors in the Makran
region using the earthquakes' mechanisms. Since
the stress tensor cannot be  accurately determined
using the focal mechanism of only one earthquake,
the simultaneous inverse solution algorithm of
several earthquakes has been used.

2. Tectonic and Seismicity

The Makran subduction zone, as an Arc-Trench
system, has the most extended length of its
kind [7]. The Makran accretionary wedge has
been created as a wedge with a low slope due to
the active subduction of the oceanic lithosphere of
the Oman Sea under the Lut and Afghan continental
blocks, since the Cretaceous [7-12]. The distance
between the arc and trench reaches 500 km.
Ocean trenches develop in subduction zones with
a depth of about 2-4 km on the ocean floor [13-15].

The active subduction of Makran is associated
with the folding, shortening and regression of the
coastline. The deformation in the Makran region

with two main horizons of Middle Miocene shales
and Upper Oligocene shales as detachment surfaces
is of thin skin type of tectonics. On the other hand,
seismic data in the marine part indicate the presence
of an active detachment thrust at a depth of 10-15
km under the inner Makran [16]. The epicenter of
the earthquakes and the seismic data in the marine
part show that the subduction of the oceanic lithos-
phere is done with a slope of less than 3 degrees
towards the north. The depth of this plate under
Jazmurian depressions reaches 30 km [1, 17].

Based on the observations of coastal geology
and seismology, in some studies, the subduction
zone has been considered to include two different
areas that are located in the east and west of the
Sistan suture, a structure that is the continuation of
the Sonia fault system located in the sea [17-19].
Burg [20] and Dolati and Burg [16] divided
Makran into four separate units that are separated
by Beshagard, Qasr Ghand and Chah Khan
Thrust fault zones (Figure 2).

Mokhtari et al. [21], in the analysis of tomo-
graphy data, obtained a gentle slope of 3-5 degrees
in the distance of 50 to 150 km north of the Coast
of the Oman Sea for the subduction plate. The
results show that the subsurface part of North
Makran (at a depth of 20 km) has medium or even
higher crustal velocities. This anomaly indicates
the mixing of mafic ophiolitic materials and meta-
morphic rocks, which has a high-velocity anomaly.
In the southern parts, a sudden change of anomaly
has taken place in the parts with lower seismic
speed. This unit corresponds to the Beshagard
fault, which is the boundary between the northern
unit of Makran and the internal unit.

Despite the different seismicity, the main
structural elements inside the accretionary wedge
in the east and west of Makran have a dip towards
the north [14, 22-24]. The basic structures of the
region include folds and faults. Makran folds have
an approximate east-west trend, which is in
harmony with the direction of maximum shortening
and maximum stress in the northeast direction.
Shortening is mainly associated with thrusting so
the boundary of many stratigraphic units is thrust
type. Often, the anticlines are narrow and reversed
and are seen along with asymmetric synclines with
an east-west axial direction. At each stage of
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convergence, a slice of the sedimentary wedge is
added to the north continental block during the
over-thrusting phenomenon. Therefore, from south
to north, an increase in age, uplift rate, height,
the density of active faults and folds, as well as
deformations and metamorphism, can be seen in
flysches [11].

In the Makran area, the mechanism of con-
tinental crust earthquakes are of all three types
strike-slip, thrust, and normal (mainly with a depth
of less than 50 km) (Figure 3). Due to the north-
south compressive tectonic regime, there are three
types of fracture and faulting systems in Makran:
1- Reverse faults with east-west direction, the
main large faults of the region are formed by the
reverse mechanism with a dip towards the north.

These faults seem to be caused by the continued
activity of the imbricate faults in the accretionary
wedges. The Beshagard fault system and the Qasr
Khand fault can be mentioned as examples of this
type of faults. Makran strike-slip faults are mostly
left-lateral and the rake angle of their slikenlines
is less than 20 degrees. The strike-slip faults
along the NW-SE direction are generally right-
lateral, and the rake angle of their slikenlines is
less than 20 degrees. These faults have acted as
conjugate faults and cut the east-west trend of the
structures and prove a convergence towards the
north inside the accretionary wedge.

King et al. [25] presented that the depth of
normal faults is up to 20 km. Minor normal faults
extend in the east-west direction in the two coastal

Figure 3. The focal mechanism of earthquakes in the Makran Zone based on Appendix 1 (GCMT).
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areas and the edges of the Jazmurian depressions.
The main dip of the coastal normal faults with
Quaternary age is towards the south and the dip of
most of the normal faults of the Jazmurian margin
is towards the north. The linearity of the northern
edge of the marine terraces and the rising of the
Makran coast are the result of the action of these
faults, and the vertical movements of these faults
have caused the marine terraces to be formed at
different levels [26].

Almost all earthquakes in the western part of
Makran occur within the subducting plate and at
medium depths, and they often have a normal
mechanism. The lack of plate boundary earthquakes
in West Makran can indicate aseismic subduction
or the current locking of the plate boundary [8, 17]
and the occurrence of earthquakes with a very
long return period. The finite element adhesive
elastic model results show that high friction coeffi-
cient and low convergence speed can slow down
the process of shear stress accumulation and
affect the seismic behavior in the forearc environ-
ment. This factor can justify the low seismic activity
[27]. The presence of negative and strong gravity
anomalies and the parallel topography of the
trench in the west of Makran indicate a strong
coupling in this region [27]. Due to the high friction
coefficient at the plane boundary, the abducted
bedrock is pulled down with the subducted
bedrock. Studies [28-30] show that large earth-
quakes often occur in areas with strong negative
gravity anomalies. Based on this, areas in the
fore-arc with TPTA (Trench Paralle Topography
Anomaly) less than 750 meters below the open sea
level and TPGA (Trench Parallel  Gravity Anomaly)
less than -40 milligal are prone to large earthquakes.
The amount of TPTA and TPGA in the west of
Makran is strongly negative compared to the east.
According to the research of Pacheco et al. [31],
the presence of large earthquakes (such as the
1945 earthquake) in the east of Makran is con-
sistent with more positive values of TPTA and
TPGA in the forearc regions.

Shallow seismic activities start from the coast
and continue inland up to a distance of about 70
kilometers from the coast. The earthquakes become
deeper due to the beginning of the bending slab.
The depth of the hypocenters continues to the

south of the volcanic arc and reaches 80 kilometers.
At the bottom of this depth, only a few earth-
quakes between 80 and 100 km have been
recorded [2, 32]. On the other hand, the large
earthquakes located in the north of Makran and
Jazmurian and Mashkel depressions have medium
depth [17].

Normal faults limit the southern border of these
depressions with a dip to the north [20]. These
earthquakes are generally classified as intraslab
earthquakes. The study of seismicity, solving focal
mechanisms and geological evidence in the
Makran area shows that normal faulting causes
moderate-depth earthquakes. Normal faults
parallel to thrust faults with seismic activity in this
area have an approximately parallel direction.
These faults are mainly located in the coastal
and northern parts of the accretionary wedges in
the hanging wall of the subduction zone.

Some consider normal earthquakes related to
the intersection of the normal faults south of the
Jazmurian and Mashkel depressions with the
wedges [6]. Normal faults of the same age and
parallel to the thrusts are formed independently
of the thickness of the crust, height and scale
[33-34].

The mechanism of smaller earthquakes is
compatible with the Strike of Faults and their
epicenter is placed on the faults [35-36]. Lin et
al. [37], based on the distribution of seismic
coupling in abduction of the East Makran fault
from 2003 to 2010, concluded that seismic
coupling occurred in the central part of the eastern
Makran at the site of the 1945 earthquake. The
change of the axis of maximum seismic stress
based on previous studies in Makran region is
shown in Figure (4). According to the previous
results (38-39), the maximum stress axis rotates
from the west to the east of Makran (38-39). In
the western part of Makran, the maximum hori-
zontal stress orientation was 17.6±4, parallel to
Zagros, and showed the effect of the continent-
continent collision between Arabia and Eurasia
plates. In Central Makran, this direction showed
a clockwise rotation and became 38.2±3. In the
eastern part, which is under the influence of the
continent-continent collision between Indian and
Eurasian plates, the direction was 157.0±4.
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Mehr et al. [40] calculated Coulomb stress
changes along the splay faults following a
hypothetical earthquake (Mw = 7.2) on the mega-
thrust (Figure 5). The amount of slip that transfers
from the plate boundary onto the splay faults
during a large subduction earthquake and the
pattern of slip partitioning between them are
calculated. The results show that the slip on mega-
thrust increases stresses in some surrounding
areas. Some splay faults are located in these
areas that can be loaded in shallow depth and
are likely the sources of aftershocks.

According to the kinematic studies of the faults
in eastern Iran [41], at 61 degrees to the σ1-axis
in the east of Lut block, it has experienced

Figure 4. Seismotectonic map of the Makran structural zone. Black bars are the maximum stress direction from earthquake focal
mechanisms [38]. These directions showed a variation  acceptable according to the region's tectonic state and previous studies in
the  area. Blue arrows represent the direction of the maximum compressive stress obtained by Rostam et al. [39]. The earthquakes
are obtained from the IIEES earthquake catalog.

Figure 5. Coulomb stress changes due to the hypothetical earthquake (Mw=7.2) assumed at a depth of 10 km for µ'=0.4  [40].

65 degrees counterclockwise rotation in less than
10 million years. The azimuth of the maximum
stress axis was 90 degrees in the Miocene, 60
degrees in the late Pliocene, and 25 degrees in the
Plioquaternary. Therefore, at present, in the
northern parts of the Sistan suture (at approxi-
mately 32 degrees latitude), there is a strong
pressure field that is in agreement with the con-
vergence direction of the Iranian and Arabian
plates and the effective stress transfer from the
Zagros collision zone to Sistan and the shortening
in the direction of the Sistan suture. Nevertheless,
the change of the stress field in the southern splay
faults of the Sistan suture fault can be related to
the subducting slab boundary earthquakes.
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This area has been subjected to several
studies, including [42] the depth and geometry of
the fault in Qeshm Island, located in the western
part of the transitional border. The results of the
analysis of radar interferometric data and tele-
seismic data and local network on three major
Qeshm earthquakes (November 2005, June 2006
and September 2008), the relationship between
buried thrust faults and surface fold structures was
determined. Seismic faults in large earthquakes are
generally perpendicular to the axial plane of the
folded Zagros. Furthermore, probably the structure
of deep faults and surface folds are separated
along the weak marl or evaporite layers in the
middle part of the sedimentary cover [43].

On the western edge of the Lut structural
block, the Zandan-Minab-Palami fault system
consists of several faults corresponding to the
transpressional tectonic regime. The Zandan-
Minab-Palami fault system consists of several
faults corresponding to the transpressional tectonic
regime. The surface manifestation of this deep
fault system is the north-south right-lateral strike-
slip Jiroft-Sabzevaran fault system, which is
composed of smaller faults that together form a
strike-slip fault system (Wrench fault) on the
lithospheric scale. The Jiroft-Sabzvaran fault
system connects to the Gowk-Nayband fault
system (western border of Lut block) towards the
north.

3. Data

In this study, more than 150 earthquakes taken
from the Harvard Seismic Catalog (CMT) were
included in the calculations. All earthquakes with a
magnitude equal to or greater than 5 in Makran and
adjacent areas are shown in Appendix (1). In the
Harvard seismology network, the recorded seismic
data is analyzed based on the algorithm provided
by Dezinovsky [44]. In this center, the waveform
data can be used not only to extract the earthquake
source mechanism but also to determine the
coordinates of the subsurface center (stress
saturation density center) at a certain frequency.
Thus, two classic problems of seismology are
combined in a single method. Considering the
estimation of origin time, central coordinate and
depth, the initial moment tensor is described in

detail by Dziewonski et al. [44]. The upper limit of
the magnitude of earthquakes that can be processed
using this particular approach appears to be 8.0
and the lower limit is approximately 5, but this can
be extended by extending the passband to periods
shorter than 45 seconds [44].

4. Method

Some researchers study stress in the crust and
determined tectonic stress from focal mechanisms
of earthquakes in the past [45]. The most ordinary
used algorithm have been expanded by [46-48]
with changing and added proposed by [45, 49-51]
and others. These inversion algorithm usually
assume that (1) tectonic stress is uniform
(homogeneous) in the region, (2) earthquakes occur
on pre-existing faults with varying orientations
and (3) the slip vector points in the direction of
shear stress on the fault (the so-called Wallace-
Bott hypothesis) [52-53]. If the above foresaid
assumptions are content, the stress inversion
methods are capable of determining four para-
meters of the stress tensor: three angles defining
the directions of principal stresses, σ1, σ2 and σ3,
and shape ratio R [47]:

2 1

3 1
R σ − σ

=
σ − σ                                                      (1)

The methods are weakly to meliorate the
residual two parameters of the stress tensor.
Therefore, the trace of the stress tensor is usually
assumed to be zero [46]:

1 2 3 0( )Tr = + +σ σ σ =τ                                       (2)

and the stress tensor is normalized.
The stress inversion method developed by [46]

employs expressions for normal and shear tractions
on a fault nσ  and :τ

n i i ij i jT n n nσ = = τ                                            (3)

( )
i i n i

i j jk j k i kj j ik i k

N T n

n n n n n n n

τ = − σ =

τ − τ = τ δ −                 (4)

where ikδ  is the Kronecker delta, T is the traction
along the fault, n is the fault normal and N is the
unit direction vector of shear stress along the fault.
Subsequently, Equation (4) is modified to read:
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( )kj j ik i k in n n Nτ δ − = τ                                        (5)

In order to be able to evaluate the right-hand
side of Equation (4), Michael [46] applied the
Wallace-Bott assumption and identified the direction
of shear stress N with the slip direction s of shear
motion along the fault. He further assumed that
shear stress τ  on activated faults has the same
value for all studied earthquakes. Since the method
cannot determine absolute stress values, τ  is
normalized to be 1 in Equation (5). Subsequently,
Equation (5) is expressed in matrix form:

At s=                                                                 (6)

where t is the vector of stress components,

[ ]11 12 13 22 23
Tt = τ τ τ τ τ                                             (7)

A is a 3 × 5 matrix calculated from fault normal n,

2 2 2 2
1 2 2 2 1 3 1

2 2
1 2 3 1 2 3

2 2 2
2 1 3 1 2 1 2 3

2 2 2
2 1 3 3 2

2 2 2
3 1 2 1 2 3 1 3

( 2 ) (1 2 ) (1 2 ) ... 

( ) 2

( 2 ) (1 2 ) 2
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+ − −

− +

− + −

+ −

− + −
2 2 2

3 1 2 2 3

.

( 2 ) (1 2 )n n n    n n− − −

    (8)

and s is the unit direction of the slip vector.
Extending Equation (8) for focal mechanisms

of K earthquakes with known fault normals n and
slip directions s, we obtain a system of 3K linear
equations for six unknown components of the stress
tensor. Finally, we include Equation (2) and solve
the system using the generalized linear inversion
in the L2-norm [54].

As follows from the above Equation, the basic
drawback of Michael's method is the necessity to
know the orientations of the faults [55]. If Michael's
method is used with incorrect orientations of the
fault planes, the accuracy of the retrieved stress
tensor is decreased. Michael [55] performed a
series of numerical tests and found that, in parti-
cular, the shape ratio can be distorted. On the
other hand, the method is relatively fast and can be
run repeatedly. Therefore, the confidence regions
of the solution can be determined using a standard
bootstrap method [55]. If the orientation of fault

planes in focal mechanisms is unknown, each
nodal plane has a 50 percent probability of being
chosen as the fault during the bootstrap re-sampling.

4.1. Differential Stress

Considering the seismicity analysis by Spada et
al. [56] for magnitudes greater than 2.5 in various
continental domains and for different styles of
deformation, Scholz [57] defined a relationship
between b-value and differential stress (σ1-σ3) as
follows:

( )( )1 31.23 0.06 – 0.0012 0.0003 –b n n= ± ±             (9)

where (σ1-σ3) is in mega Pascal. The author shows
that this relationship explains that both the
seismicity distribution with depth and the type of
focal mechanism are related to the b-value.

This equation outlines the negative correlation
between the two variables, i.e. a high b-value
corresponds to a low differential stress and a low
b-value to a high differential stress.

It is worthy to note that, in Equation (9), if b-
value is greater than 1.23, (σ1-σ3) is negative,
which is physically unusual. It must be kept in
mind that Equation (9) results from the linear fit of
a large number of scattered data where some b-
values exceed 1.23. It is thus a simplified model.
This marks the limits of the use of this relation as
values of b greater than 1.23 are not rare.

5. Results

Makran area is divided into nine separate units
based on morphological and structural units,
earthquake clusters and geological studies. The
stress field for each zone is calculated by the
Michel inversion method [46] defined in Zmap
software. The results of stress field analysis in the
Makran zone show non-uniform stress fields
throughout this area (Figures 6 to 13 and Tables 1
and 2).

Zone No. 1 is located on the Sistan suture zone
and at the intersection of the north-northwest-
south-southeast strike-slip faults of Iran's eastern
border with the Makran fold and thrust zone.
The change in the direction of the faults can be
considered as splay faults of the north-south faults
in the east of Iran. The present study shows the
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Figure 6. From left to right (a) the ratio of changes in stress difference (R), (b) the ratio of histogram shape (R). (c) the calculated
error rate related to the maximum stress (σ1) For seismic zones (depth < 20km).

Table 1. It shows the extracted values from the inverse solution for earthquake source with depth < 20 km.

seismic stress field at two depths of less than
20 km and more than 20 km separately. The
results of the stress inversion can be seen in
Figures (8) and (9) in terms of the azimuth and
plunge of the maximum (σ1), medium stress (σ2)
and minimum (σ3) principal stress axes (where
σ1 > σ2 > σ3). Earthquakes at a depth of less than
20 km, have generally occurred in the com-
pressive oblique stress field with the right lateral
strike slip component. The trend of the maximum

horizontal stress axis was 9 degrees with a plunge
angle of 35 degrees, a trend of 108 degrees and a
plunge of 12 degrees, and a trend of -145 degrees
and a plunge of 52 degrees, respectively, for the
average and minimum main horizontal stresses.

Our stress inversion results for zone  no 1 (depth
< 20 km) indicate that the σ1 axes are orientated
N_S, with plunge equal to 34.8°, suggesting a
compressional tectonic. This is confirmed by the al-
most vertical 63 axes. The results indicate that the
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Figure 7. From left to right (a) the ratio of changes in stress difference (R), (b) the ratio of histogram shape (R). (c) the calculated
error rate related to the maximum stress (σ1) For seismic zones (depth > 20km).

seismic stress field at a depth of more than 20 km,
the σ1 axes are orientated E-W, with plunge equal
to 6.1°, suggesting a compressional tectonic.

Zone 7 is located in the east of the Lut block
and in the north of zone 1. This area includes Sistan
suture (28-29 degrees north latitude) between the
area studied by Jentze et al. [41] and zone 1.

Our stress inversion results for zone no7 (depth
< 20 km) indicate that the ?1 axes are orientated
NE_SW, with plunge equal to 0.8°, suggesting a

Table 2. It shows the extracted values from the inverse solution for earthquake source with depth > 20 km.

compressional to transpressional tectonic. This is
confirmed by the almost vertical 63 axes. No
earthquake with a magnitude of more than 5 at a
depth of more than 20 km has been recorded in
this zone.

The zone No. 4 is located at the transitional
boundary of the Zagros and Makran Subduction
Zones and is at the intersection of the Oman
structural line, the Zendan-Minab fault zone and
the Faults of Zagros Zone. The seismic stress field
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Figure 8. It shows the results of seismic stress inversion in the three-dimensional plane of the stereonet (depth < 20 km). The
white square shows the maximum stress level (σ1), the white triangle shows the average stress level (σ2). The white circle
shows the minimum stress level (σ3).

Figure 9. It shows the results of seismic stress inversion in the three-dimensional plane of the stereonet (depth > 20 km). The
white square shows the maximum stress level (σ1), the white triangle shows the average stress level (σ2). The white circle
shows the minimum stress level (σ3).
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in this zone has a small rotation with depth changes
and according to the fault strike direction located
in the Zagros zone is a compressive field with a
small strike-slip component. The Stress Field
obtained in Depth < 20 km is effective on com-
pressive structure and thrust faults and can be
attributed to their activity. The stress field in
depth > 20 km is probably affects the left lateral
faults of structural zone of Oman [58]. The in-
teraction between the Oman structural zone and
the Zagros folded zone faults explains the bending
along the Zagros thrust faults on the eastern edge
of the Zagros.

The stress field calculated in area No. 5,
located in the western part of the Lut block, is
the right-lateral strike-slip fault zone. The main
faults in this area are compressive and right-lateral
strike-slip faults on Bam, Delfa Gowk, Sardoyeh,
oblique-slip faults, Rain (compressive and right-
lateral strike-slip fault), Shahdad and Khardum
faults, Mahan faults, Jabal Barez and Chah
Mazraeh with an unknown mechanism. The
general direction in this area is north-northwest-
south-southeast. The results of our study shows
that the seismic stress in the west of the Lut
block (zone no. 5) at a depth of less than 20 km
is oblique slip and Compressive. The stress field
undergoes slight rotation with increasing depth.

Zone 6 is located in the right-lateral tectonic
regime with splay faults in the West Makran.
Based on the calculated stress field, the effective
tectonic structures of this part are probably buried
and have the northeastern-southwestern strike
and effect similar to the dominant deformation of
zone no. 5 On the west side of Lut block [59].
Figures (8) and (9) indicate the variation in plunge
of the σ3 axes at depth > 20 km and depth < 20 km
Earthquakes at a depth of less than 20 km, have
generally occurred in the transpression tectonic.
The trend of the maximum horizontal stress axis
is 30.4 degrees with a plunge angle of 4.8 degrees.
As the depth increases, the compressive com-
ponent of the seismic stress field increases.

Our stress inversion results for zone  no 1 (depth
< 20 km) indicate that the σ1 axes are orientated
N_S, with plunge equal to 34.8°, suggesting a
transpression tectonic. This is confirmed by the
almost vertical 63 axes. The results indicate that

the seismic stress field at a depth of more than 20
km, the σ2 axes is vertical,  suggesting a transpression
tectonic.

Zone 7 is located in the east of the Lut block.
This area includes Sistan suture (28-29 degrees
north latitude) between the area studied by Jentzer
et al. [41] and zone 1. Our stress inversion results
(depth  <  20 km) indicate that the σ3 axes is
vertical, suggesting a compressional to transpres-
sional tectonic. This is confirmed by the almost
vertical σ3 axes. No earthquake with a magnitude of
more than 5 at a depth of more than 20 km has
been recorded in this zone.

The seismic stress field in the northern parts
of Chaman and Ghazaband transform faults is
dependent on the depth change. At a depth of
less than 20 km, the strike-slip stress field with a
partial compressive component is dominant, and
with increasing depth, the seismic stress field
becomes compressive. This situation is different
from the western border of the Makran zone,
which is probably because the eastern border of
the Makran zone is more strongly affected by the
Indo-Eurasian convergence forces.

The comparison of the stress fields at the
southern end of the eastern border of the Makran
zone in two depth ranges (less than and more than
20 km) shows that the stress field is almost
constant (right-slip with a partial component of
dip-slip with steep nodal surfaces) and with partial
rotation. The stress field increases with depth of
earthquakes. The trend and plunge of the axis of
the maximum stress at a depth less than 20 km are
equal to 151 degrees and almost horizontal. At
depth of less than 20 km, the angles of the trend
and axis of the average stress are equal to -91 and
77 degrees, respectively, which indicate the
strike-slip stress field. In contrast to the seismic
stress field at a depth of more than 20 km, the
angles of the trend and inclination of the
maximum stress axis are -165 and 4 degrees
respectively, and the trend and inclination of the
minimum stress axis are -44 and 81 degrees
respectively, which indicate the field compressive
stress.

In the east of Makran (areas no. 2, 3 and 9), the
main left-lateral Ornach Nal fault, Ghazaband
fault and the Bela-Chaman fault zone extend and
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are effective. The trend of maximum stress axis
in the east of Makran zone from 35 to 60 degrees.

In these three zones, the seismic stress field at
a depth of less than 20 km is strike-slip (the
maximum stress is northwest-southeast striking
and almost horizontal). Therefore, it causes the
displacement of left lateral strike-slip on the
transform faults of the eastern margin of Makran,
on the other hand, it causes the compressional
displacement on the ENE-WSW striking splay
faults and thrusts of Makran zone. The stress field
at a depth of more than 20 km is compressive in
zones 2 and 3, and the maximum stress is parallel

to the convergence of the plates.
Our stress inversion results for zones no 1

(depth  <  20 km) indicate that the σ1 axes are
orientated N_S, with plunge equal to 34.8°, suggest-
ing a transpression tectonic. This is confirmed by
the almost vertical 63 axes. The results indicate
that the seismic stress field at a depth of more
than 20 km suggesting a transpression tectonic
(the σ2 axes is vertical).

Horizontal orientation of S1 (blue and black)
principal stress axes and stress tensor vector for
focal mechanisms of selected earthquakes (H ≤ 20
km and H > 20 km) in Makran zone prepared in

Figure 10. Distribution of selected seismic zones in the Makran area. Blue arrows represent the direction of the maximum com-
pressive stress at depth < 20km and black arrows represent the direction of the maximum compressive stress at depth > 20km.

Figure 11. It shows stress tensor vectors and the type of dominant mechanisms in the studied zones.
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Figure (10) and Figure (11), respectively.
Referring to our latest study [60], the Makran

zone was evaluated by considering the concepts of
seismicity parameters considered in the Gutenberg-
Richter relationship. In other words, the statistical
characteristic of earthquakes is considered in
accordance with their spatial and temporal dis-
tribution. For this purpose, the basic data of fault
and seismicity associated with the magnitude of
earthquakes are investigated by the distribution of
earthquakes and faults. Considering the b-value
quantity at any point, the map of differential stress
(σ1-σ3) for depth sources of less than 20 km and
more 20 km are calculated according to MPA
(Figures 12 and 13).

5. Discussion and Conclusion

Examining the seismic stress structure from

Figure 12. Contour map of differential stress field (σ1-σ3) for earthquake source with depth of less than 20 km in Makran region.

Figure 13. Contour map of differential stress field (σ1-σ3) for earthquakes with depth of more than 20 km in Makran region.

two quantification perspectives (the aim of this
study) and its numerical quantity are important
topics in seismology. Studies on the numerical
quantity of seismic stress in different tectonic areas
by Scholz [57] have proven a logical correlation
between the seismic parameter (b-Value) and the
numeric quantity of the stress parameter. This
correlation in the subduction areas shows good
adaptation to the age of Slabs (less than 80 million
years). On the other hand, the age of the subducting
plate is also affected by the mechanism of negative
buoyancy (slab tensile force). In the subduction
zones, the age and length parameters of the sub-
ducting slab are the main parameters. Due to the
existence of friction between the plates, the
reduction of the tension difference in other parts
will not be far from expected. Therefore, at the
same time, there is an inverse linear relationship
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(2017) Megathrust and accretionary wedge
properties and behavior in the Makran sub-
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7. Stoneley, R. (1974) 'Evolution of the continental
margins bounding a former Tethys'. In: Burk,
C.A., and Drake, C.L. (Eds.). The Geology of
Continental Margins. Springer, New York, NY,
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8. Farhoudi, G. and Karig, D.E. (1977) The Makran
of Iran and Pakistan as an active arc system.
Geology, 5(11), 664-668.

9. Platt, J.P., Leggett, J.K., and Alam, H.R.S. (1985)
Large-scale sediment underplating in the
Makran accretionary prism, southwest Pakistan.
Geology, 13, 507-511.

10. DeJong, K.A. (1982) Tectonics of Persian Gulf,

between the b-value and stress in the adjacent
continental parts. For this reason, for a more
detailed study of the Makran region, it will be
essential to investigate the stress structure in
terms of numerical quantity.

Based on the study of changes in seismicity
parameters in the Makran zone [60] and clustering
of large earthquakes that form areas with high-
stress concentration, the heterogeneity of seismicity
parameters covers a significant part of the study
area. Large b-values indicate the random occur-
rence of small earthquakes, indicating low-stress
structures in parts of the region. Heterogeneity of
seismic zones leads to changes in the value of b.
Based on the seismicity parameters calculated in
the Makran zone, the highest concentration of
seismic potential for destructive earthquakes with
probability is located in the southern terminal of
Nehbandan, Bam, Gowk fault systems (connection
zones of Nehbandan fault system terminal, Chaman,
OrnachNal and Qazband with the thrust faults of
Makran zone).

According to the stress fields calculated in the
Makran zone, the stress axes mainly rotate locally
at depths less than 20 km. The rotation of the
maximum seismic stress axis at a depth of less
than 20 km is affected by the direction and
mechanism of continental crust faults. While the
trend of the maximum stress axis in the seismic
stress field calculated for a depth of more than
20 km is almost constant and has a northeast-
southwest trend and is controlled by the conver-
gence of the tectonic plates in the subduction zone
of the Oman plate. The exception in the central
part of the Makran zone indicates the interaction
of the Makran subduction zone and the Sistan
suture.
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Appendix 1. Seismic data used for stress inversion.
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