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1. Introduction

To elucidate the details, the Zagros region was divided into 11 zones and seismic
strain tensorsin each zone were calcul ated in time interval between 1963 and 2016.
The symmetric and anti-symmetric strain tensors are also calculated to investigate
dilatation, shear and rotational strains individually. Seismic strain and b-value are
used to quantify seismic potential in the Zagros region (Iran). Small to medium
b-values (0.66, 0.72 and 0.80) are accompanied with medium to large strain
rates (2.87x10° 3.02x10° and 2.83x10% ) in southeastern parts of the Zagros
indicating more frequent moderate to large earthquakes. Medium b-values (0.72,
0.79 and 0.79) are accompanied with medium to large strain rates (2.52x 107,
4.33x10° and 9.20x10°) in central parts of the Zagros indicating more frequent
moderate to large earthquakes. Medium to large b-values (0.74, 0.75, 0.76, 0.79
and 1.01) are accompanied with small to large strain rates (1.42x 10°, 2.09x 10°,
2.19x10°%, 4.15x10° and 1.24x10%) in northwestern parts of Zagros indicating
less frequent moderate to large earthquakes. Recurrence intervals of large
earthquakes (M>6) in southeastern parts of Zagros (17, 43 and 48 years) and
central parts of Zagros (24, 27 and 59 years) are shorter than northwestern
parts (27, 51, 79 and 130 years).

The Zagros tectonic province is formed due to
the continuous convergence between the continental
Arabian plate and the continental microplate of
Central Iran since 12 to 15 million years ago [1-2]
(Figure 1). The present velocity of Arabian plate
with respect to Eurasia increases from west to east
along the Persian Gulf from 18 to 25 mm yr* [3-4].
Roughly half of this convergence between Arabian
plate and Eurasian plateis accommodated by crustal
shortening, thrusting and folding in the Zagros [5].

Earthquakes focal mechanism solutions demonstrate
shortening and thickening through major thrust
faultsisresponsible for deformation in Zagros[6-7].
Because of evaporate ductile layers in sedimentary
part of the crust, no coseismic surface rupture is
observed in this region [8]. In fact, there are several
visiblefoldsin Zagros[9-11].

On the basis of rate and state of deformation
deduced from GPS surveys, Zagros has been divided
into three parts: the Northwestern Zagros, the
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Figure 1. Seismicity map (Mw~0.4-6.9) of Zagros region for time period of 1963 to 2016 (ISC [27] and IRSC [28] bulletins). 'KF'
is right-lateral strike-slip Kazerun Fault that is considered as the border between the Northwestern Zagros and the

Central Zagros [4].

Central Zagros and the Southeastern Zagros [4]
(Figure 1). Right lateral strike slip Kazerun Fault
is considered as a border between the Northwestern
Zagros and the Central Zagros [4, 5, 9]. In the
Northwestern Zagros, present deformation is
composed of a 3-6 mm yr! shortening perpendicular
to the Zagros strike, and a 4-6 mm yr! strike slip
motion paralld to the Zagros strike. In the Central
Zagros and the Southeastern Zagros, the present
deformation is 8 + 2 mm yr* shortening perpendicu-
lar to the Zagros strike [4]. Large portion of the
deformation is observed in southern part of Zagros,
while seismicity is more widdly spread all over the
region. Accordingly, it is believed that evaporate
ductile layers decouple the surface sedimentary
layers from the seismogenic basement [11].
Therefore, the shallow deformation observed by
GPS isrdated to the deformation of the sedimentary
cover and does not represent the basement
deformation [4]. Seismic strain of the Zagros has
been investigated as well [12-15]. Jackson and
McKenzie [12] used earthquakes with magnitudes
M_>6.0 in Zagros in the time interval of 1908 to
1981. They estimated maximum velocity values 3.83
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mmyr?, 1.34mmyr?, 0.16 mmyr?in S40°E, N5SO°E
and Up directions respectively. Most of the Zagros
deformation is aseismic [14-15]. Infact, only 10 per
cent of total deformation in Zagros is released by
earthquakes [12].

Parameter b-value is the slope of frequency-
magnitude distribution (log, /N=a - bM), where b-
valuerevealstheratio of number of smaller to larger
earthquakes [16]. 'N is the number of events with
magnitude larger or equal to M, and 'a’ is a constant.
The eguation is applicable to a catalog in which
magnitude of completeness is constant during time
span of thecatalog. Spatial distribution of b-valuesis
very heterogeneous. The heterogeneity can be
observed even in 1 to 30 km distances [17-18],
which may be due to heterogeneity in material
properties of the source region [19] and stress
distribution [20]. The b-value often varies in the
range of 0.60to 1.30 in different areas with different
tectonic regimes [21]. Higher b-values have been
observed in areas which smaller earthquakes are
more frequent than larger ones whereas lower
b-values are estimated in areas which larger earth-
guakes are abundant [22]. Since a large number of
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small earthquakes is characteristic of regions of
low strength and large heterogeneity in the crust
materials, higher b-values are corresponded to this
kind of regions. On the other hand, lower b-values
are expected in homogeneous and resistant regions
[19, 23]. High b-values are also observed in regions
with decreased shear stress [24] and extensional
stress [21]. In contrast, Low b-values are related to
increased shear stress, and higher seismic moment
release [20, 25]. Moreover, thrust zones have b-
values smaller than 1, strike-dlip zones have b-values
around 1, and normal faulting is associated with
b-values larger than 1 [26]. In this paper, seismic
strain and b-value are studied during 1963-2016 in
the Zagros region. Finally, earthquake potential in
the Zagros region is evaluated by means of the
seismic strain rates and b-values.

2. Data Set

To estimate b-value, a data set for Zagros is
prepared consisting two parts. The first part was
compiled from the International Seismological
Center (1SC) bulletin [27] between January 1963
and January 2016 (hereafter called ISC part). The
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second part was compiled from the Iranian
Seismological Center (IRSC) bulletin [28] from
January 2006 to January 2016 (hereafter called
IRSC part). IRSC has published local catalog of
events, which have occurred since January 2006.
Earthquakes from IRSC part which are reported in
ISC part simultaneously were removed. Since for
events with M<5, the difference between various
magnitude scales is not significant [29], magnitude
scales of events with M <5 were simply considered
to be equal to moment magnitude Mw. For events
with M>5, special reations for Zagros [30] were
applied to convert various magnitude scales to
Mw. Therefore, magnitude scale of all events in our
data set is homogenized to Mw. The final identical
data set of Zagros contains 17009 earthquakes
from 1963 to 2016 with magnitude range 0.4 t0 6.9
(Figurel).

Global Centroid Moment Tensor (GCMT)
catalog data [31] for earthquakes with M > 4.8 in
time interval of January 1976 to January 2016
(Figure 2 and Appendix 1) and those obtained by
several authors for earthquakes with M >2.5 in
time interval of January 1963 to January 2016
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Figure 2. Focal mechanisms (GCMT catalog [31]) of earthquakes with M > 4.8 occurred in time period 1976-2016, which have been
used to estimate the strain tensors in the Zagros region. Thrust faulting is dominant in Zagros. Strike-slip faulting can
also be observed in central and northwestern parts of the region.
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(Appendix 1) are used to deduce seismic strain in
the studied region.

3. Methods
3.1. Seismic Strain

Strain tensor in volume 'V of crust is defined as
[32]:

1 N gk
€ = WZk:l Mj (1)

where ' stands for the shear modulus or rigidity of
the crustal rock (U=3x10'N/m?). 'N istotal number
of events. ‘M,.].‘ is the moment tensor of an earth-
quake:

M =Moy(n.d;) 2)

where ' M, ' is scalar moment of the earthquake. n,
d are respectively normal and slip vectors of
corresponding fault plane defined as [33]:

SinSSin(p\;
n=|sindcosq= 3)
cosd

—CosAcos@ —sinAcosdsing |
cosAsing —sin} cos8cosg (4)
sinising bl

d:

where ¢, 3, A are strike, dip, and rake of the fault
plane respectively.

The asymmetric second rank strain tensor €; can
be written as sum of symmetric (¢;) and anti-
symmetric (w;;) tensors as follows [33]:

€ =&; T O ®)
where
1
& =5 (67/ + e/-,-) (6)
1
o = E(ei' - e/-,-) (7)

The ¢; tensor contains dilatation and shear
components of the strain while the ®; tensor
involves rotation components of the strain.

3.2. b-Value
Assuming catalog can be divided into 's sub-
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catalogs with different magnitude of completeness,
thelikelihood function of seismicity parameters 6 in
the whole span of catalog is defined as the product
of likelihood functions of seismicity parametersin's
subcatalogs[34]:

LO] X):H:'S:OLi(el Xi) (8)

where 0=(B,), B isrelated to b-valueas b=f log,,
and 'é is the Neperian number. A is earthquake
activity rate, and X, are magnitudes in the ith
subcatalog. If the magnitude of earthquakes is
independent from earthquakes number, the likelihood
function of seismicity parameters 6 inith subcatalog
can be written as the product of likelihood functions
of parameters B and A (i.e. Li(0]X;)=L;.L;),
hence, Eq. (8) can be rewritten as:

LO]X) =TT;oLip-Lan 9)

Using maximum likelihood method, estimating
parameter B is accompanied with putting first
derivation of the likelihood function in terms of
parameter 3 equal to zero:

aInL®©|X)/p=0 (10)

3.3. Recurrence Interval

The recurrence interval for earthquakes larger
than Mw can be estimated from the b-value and
seismic moment rate as [35]:

10L5+D) My +9.05

b
TMw) = [1.5+ b} W (11)

0PV imac _ 10bMW]

seism'c[
'‘M_ stands for the maximum possible earthquake
magnitude. ' M .. represents seismic moment
rate, which is defined as:

Mseismic: 2IJ'AI_Is'émax (12)

where W' is rigidity (3x10'° N/n), 'A' represents the
surface area over which strain release is distributed,
'H, isthickness of the sdsmogenic layer. "¢, ' stands
for the largest absolute eigenvalue of seismic strain
rate tensor.

4, Results and Discussion
4.1. Seismic Strain

In order to estimate the seismic strain of Zagros
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in details, based on the density of earthquakes with
M=>5, Zagros area was divided into 11 zones
(Figure 3), coordinates of which are listed in
Table (1). Thickness of seismogenic layer in Zagros
is considered to be 20 km [36]. Therefore, the
volume of each zone can be easily obtained via
multiplying surface dimensions by the thickness of
seismogenic layer (Table 1). Fault plane solution
and scalar moment of earthquakes with M_>2.5
occurred during time period of 1963 to 2016
(Appendix 1) were employed to obtain moment

Table 1. Coordinate, thickness of seismogenic layer (Hs) and
volume of 11 zones in Zagros (Figure 3).

tensor of earthquakes in each zone (Egs. (2), (3),
and (4)). The coordinate system has been consid-
ered such that 'X, 'Y, and 'Z axes are respectively
oriented in North, West, and Up directions. The
asymmetric strain tensor €; was calculated for each
zone from Eq. (1). The symmetric (g;) and anti-
symmetric (o;) tensors were obtained using Egs.
(6) and (7). The resulted strain tensors for the 11
zones can be seen in Tables (2) and (4).

The symmetric (g;) tensor has six independent
eements. Three diagonal eements of the ¢;; tensor
represent compression (for negative el ements) or
extension (for positive elements) of the crust in
North, West, Up directions. Theanti-symmetric (©;;)
tensor has only three independent elements that
represent clockwise rotation (for positive eements)
or counterclockwise rotation (for negative e ements)
of the crust around Up, West and North axes.
Eigenvalues and corresponding eigenvectors of
the ¢; tensor, which represent the amplitude and
direction of the principal strains, are listed in Table
(3). Rotation around Up, West, and North axes are
deduced from three independent elements of the
anti-symmetric (o;) tensors (Table 4).

According to the sign of diagonal eements of ¢

Central Iran

Zone Latitude Range Longitude Range Hs Volume
. (Degree) (Degree) (Km)  (Km®)
1 27-28.5 53-54 20 369630
2 26.5-28.5 54-55 20 492840
3 26.8-28.5 55-56 20 418910
4 27-28.5 56-57 20 369630
5 28-29 51.2-53 20 443560
6 29-30 50.7-52.8 20 517480
7 30-31 49.5-51.5 20 492840
8 31.3-32.2 49-51.2 20 487910
9 32.4-33 46.5-48 20 221780
10 32.4-33 48-49 20 147850
11 33-34 47-49 20 492840
36°
34°
32°
30°
28°
26°

46° 48° 50°

52° 54° 56°

Figure 3. Dividing Zagros into 11 zones based on the density of earthquakes with M > 5 to estimate strain tensor in time interval
of 1963 to 2016. Coordinate of the 11 zones are listed in Table (1).
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Table 2. The asymmetric el./. and symmetric € strain tensors
of 11 zones in Zagros in time interval 1963-2016.

Zone ey g
-7.7E-08 4.3E-08 1.1E-07 -7.7E-08 6.3E-08 3.2E-08
1 83E-08 -2.0E-08 -1.3E-07 6.3E-08 -2.0E-08 -5.3E-08
-54E-08 3.0E-08 8.1E-08 3.2E-08 -53E-08 8.1E-08
-1.0E-07 3.5E-08 1.1E-07 -1.0E-07 6.8E-08 1.8E-08
2 1.0E-07 -2.0E-08 -16E-07 68E-08 -2.0E-08 -6.9E-08
-7.8E-08 2.8E-08 1.0E-07 1.8E-08 -6.9E-08 1.0E-07
-5.0E-07 9.7E-11 79E-07 -5.0E-07 2.6E-07 22E-07
3 52E07 49E-08 -85E-07 2.6E-07 49E-08 -42E-07
-3.3E-07 1.0E-08 5.2E-07 22E-07 -42E-07 5.2E-07
9.0E-07 -54E-08 1.3E-06 -9.0CE-07 2.6E-07 52E-07
4  58E-07 9.5E-08 -1.7E-06 2.6E-07 9.5E-08 -8.7E-07
-2.9E-07 -3.6E-08 9.0E-07 5.2E-07 -8.7E-07 9.0E-07
44E-07 24E-07 45E-07 -44E-07 4.7E-07 -64E-08
5  7.0E-07 -3.7E-07 -7.3E-07 4.7E-07 -3.7E-07 -2.1E-07
-5.8E-07 3.0E-07 6.1E-07 -64E-08 -2.1E-07 6.1E-07
-1.5E-07 2.2E-07 7.1E-08 -1.5E-07 1.5E-07 8.7E-09
6 B.1E-08 1.2E-07 -1.1E-07 1.5E-07 1.2ZE-07 -5.2E-08
-5.3E-08 1.1E-08 2.1E-08 8.7E-09 -5.2E-08 2.1E-08
-5.6E-08 6.6E-08 7.7E-08 -56E-08 64E-08 7.6E-09
7 6.1E-08 -4.6E-08 -8.1E-08 6.4E-08 -4.6E-08 -6.0E-09
-6.2E-08 6.9E-08 7.8E-08 7.6E-09 -6.0E-09 7.8E-08
-7.7E-08 6.1E-08 -6.7E-08 -7.7E-08 -2.6E-08 -6.4E-09
8 -1.1E-07 99E-08 -1.8E-07 -2.6E-08 9.9E-08 -1.1E-07
54E-08 -5.1E-08 1.0E-07 -64E-09 -1.1E-07 1.0E-07
-3.2E-07 2.5E-07 6.6E-07 -3.2E-07 29E-07 22E-07
9  33E07 -1.7E-07 -59E-07 29E-07 -1.7E-07 -23E-07
-2.1E-07  1.2E-07 4.0E-07 22E-07 -23E-07 4.0E-07
-29E-07 1.5E-07 4.6E-07 -29E-07 23E-07 1.1E-07
10 3.2E07 -14E-07 -49E-07 23E-07 -14E-07 -1.8E-07
-23E-07 1.2E-07 3.3E-07 1.1E-07 -1.8E-07 3.3E-07
-7.2E-08 6.4E-08 3.1E-08 -7.2E-08 2.1E-09 1.5E-08
11 -59E-08 64E-08 6.6E-09 2.1E-09 6.4E-08 T7.1E-10
-7.2E-10 -52E-09 8.6E-09 1.5E-08 7.1E-10 B.6E-09

tensors (Table 2), in zones 1, 2, 5, 7, 9, 10 the
compression is observed in both North and West
directions while the extension is observed in Up
direction. Inzones 3, 4, 6, 8 and 11, the compression
is observed in North direction while the extension is
observed in both West and Up directions. Large
compression in North direction is accompanied
by the small extension in West direction indicating a
small strain partitioning in zones 3 and 4. Amplitude
of compression in North direction is approximately
equal to amplitude of extension in West direction in
zones 6, 8 and 11 indicating a significant strain
partitioning in these zones. The resulted significant
strain partitioning in zones 6, 8 and 11 are also
observed by geology [37] and geodesy [4] studies.
The first principal strains (g;) have N36°W,
N32°E, N28°E, N25°E, N44°W, N24°W, N42°W,
N14°W, N38°W, N38°W, N1°E azimuth in zones 1
to 11 respectively (Table 3 and Figure 4). In al
zones, the first principal strains (g;) oriented in
North direction have negative values (compression)
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Table 3. Amplitude (Am), Azimuth (Az), and Plunge (PI) of
principal strains for 11 zones in Zagros in time interval
of 1963 to 2016. Negative signs of 'Am' values indicate
compression while positive signs demonstrate exten-
sion in the corresponding direction.

Zone Am Az Pl
£ -1.33E-07 324 15
1 £ 1.23E-08 50 16
£ 1.04E-07 360 68

& -1.52E-07 32 11

2 £ -2.83E-09 53 21
€ 1.40E-07 173 65
& -1.25E-07 28 18

3 £ 1.95E-08 54 23
£ 7.75E-07 174 60

£ -1.25E-06 25 21
4 £ -1 47E-07 55 22
£ 1.50E-06 165 59

£ -8.98E-07 316 4
5 £ 1.75E-09 45 18
£ 6.92E-07 148 72

£ -2.29E-07 336 7
6 £ 1.42E-08 40 74
£ 2.03E-07 157 14

£ -1.16E-07 318 3

7 £ 1.27E-08 47 1
& 7.90E-08 30 87

£ -1.65E-08 346 11
8 £ -1.75E-09 65 42
& 1.25E-07 176 45

£ -6.58E-07 322 17

9 £ 5.27E-08 49 5
& 5.05E-07 147 72

£ -5.21E-07 322 14

10 £ 6.59E-09 49 11
£ 4.05E-07 78 72

£ -7.54E-08 1 10

11 3] 1.14E-08 354 79
£ 0.44E-08 89 1
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Figure 4. Azimuth/Plunge of first principal strain (€,) in 11 zones of the Zagros area.

Table 4. Anti-symmetric ;; strain tensors and rotational
nanostrain around Up, West, North axes for 11 zones
in Zagros in time interval of 1963 to 2016. Positive signs
indicate clockwise rotation while negative signs
demonstrate counterclockwise rotation around the
corresponding axis.

Zone (o1 Up West  North
0.0E+00  -19E-08 B.6E-08

1 1.9E-08 0.0E+00 -8.3E-08 -19 +86 -83
-8.6E-08 8.3E-08 0.0E+00
0.0E+00  -3.2E-08  9.6E-08

2 3.2E-08 0.0E+00 -9.8E-08 -32 +06 -98
-9.6E-08 9.8E-08  0.0E+00
0.0E+00 -2.6E-07 56E-07

3 2.6E-07  0.0E+00 -43E-07 -262 565 -434
-5.6E-07  4.3E-07  0.0E+00
0.0E+00  -3.1E-07 8.2E-07

4 3.1E-07 0.0E+00  -83E-07 317 +825 -836
-8.2E-07  B.3E-07 0.0E+00
0.0E+00  -2.2E-07 5.2E-07

5 2.2E-07 0.0E+00 -5.1E-07 -228  +520 -518
-5.2E-07 5.1E-07  0.0E+00
0.0E+00 7.2E-08  6.2E-08

6 -7.2E-08 0.0E+00 -6.3E-08 +72 +62 -63
-6.2E-08 6.3E-08  0.0E+00
0.0E+00 2.7E-09 7.0E-08

7 -2.7E-09 0.0E+00 -7.5E-08 +2.7 +70 =75
-7.0E-08 7.5E-08 0.0E+00
0.0E+00 B.JE-08 -6.1E-08

8 -8.7E-08  0.0E+00 -6.5E-08  +87 -61 -65
6.1E-08 6.5E-08  0.0E+00
0.0E+00  -3.8E-08 4.4E-07

9 3.8E-08 0.0E+00 -3.6E-07 -38 +441 -362
-4 4E-07 3.6E-07  0.0E+00
0.0E+00  -8.5E-08 34E-07

10 B.5E-08 0.0E100 -3.0E-07 -85 1348 =308
-3 4E-07 3.0E-07  0.0E+00
0.0E+00 6.2E-08 1.6E-D8

11 -6.2E-08  0.0E+00  5.9E-09 +62 +16 +5.9
-1.6E-08  -59E-09 0.0E+00

JSEE/ Vol. 18, No. 4, 2016

(Table 3). Furthermore, according to plunge values
(Table3 and Figure4), thefirst principal strains (g,)

are sub-horizontal in all zones. Therefore, the
first principal strains (g;) indicate thickening and
shortening of the crust of the 11 zones. Zones 1, 2, 3,
4, 5, 9 and 10 are accompanied with counterclock-
wise rotation around Up axis (Table 4) indicating
rotation to East direction. Zones 6, 7, 8 and 11 are
accompanied by clockwise rotation around Up axis
indicating rotation to West direction.

4.2. b-value

Magnitude of completeness (Mc) for the Zagros
data set is not constant with respect to the time
showing a sudden drop in 2006 (Figure 5). In fact,
the Zagros data set is composed of two subcatalogs
with different Mc, one from 1963 to 2006 and
another one from 2006 to 2016 (Figure 5). In cases
such as the Zagros data set, when catalog is
partitioned into more than one subcatalog with
different Mc, Kijko-Sellevall [34] method (section
3.2) can be employed to estimate b-value.

Before estimating b-values, catalog of Zagros
(Section 2) was declustered using Reasenberg [38]
method. Like section 4.1, Zagros was divided into 11
zones (Figure 3). Catalog of each zone is composed
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Figure 5. Variation of completeness magnitude (Mc) of the Zagros data set during 1963-2016. Completeness magnitude during

2006-2016 is lower than during 1963-2006.

of two subcatalogs with different Mc. Therefore,
catalog of each zone was divided into two
subcatalogs. The first subcatalog contains events
occurred between 1963 and 2006, and the second
subcatalog includes events occurred between 2006
and 2016 (Table 5). In Table (5), Mc of subcatalogs
containing less than 500 events were obtained using
the maximum curvature method, while Mc of
subcatalogs containing more than 500 events were
obtained using Entire-magnitude-range method [39].
After removing events smaller than Mc from all
subcatalogs, b-value was estimated using Kijko-
Sdlevoll [34] method discussed in section 3.2. The
resulted b-value and corresponding error of all zones
for time period 1963-2016 are listed in Table (5).
Spatial distribution of b-values arevery heteroge-
neous in Zagros, which may be due to heterogeneity
in material properties of the source region [19] and
stress distribution [20]. It is clear that b-value

changes from 0.66 to 1.01 in Zagros (Table 5) isin
agreement with Frohlich and Davis [21]. Lower
b-values are estimated in areas in which larger
earthquakes are abundant [22]. Lower b-values are
expected in homogeneous and resistant regions
[19, 23]. Moreover, thrust zones have b-values
smaller than 1, strike-slip zones have b-values around
1 [26]. Several authors have discussed that thrust
and strike-slip faulting are dominant in Zagros [6, 7,
9]. The b-values are smaller than or equal to 1 in
Zagros (Table 5), which is in agreement with
Schorlemmer et al [26].

4.3. Recurrence Interval of Large Earthquakes
(M>6)

The strain rate tensor (€;) during time interval
"T" can be obtained through dividing strain tensor (&)
by the time interval 'T' [32]. The dataset contains
earthquakes occurred in time period 1963 to 2016.

Table 5. Number of earthquakes, Mc, b-value and corresponding error of 11 zones in Zagros.

N Mec N Me Error of

Zone 1963 2006) (1963-2006) (2006-2016) (2006-2016) b-Yalue b-Value
I 236 3.9 426 2.9 0.79 0.04
2 290 3.9 440 2.9 0.66 0.03
3 265 45 554 3.1 0.80 0.04
4 353 47 555 29 0.72 0.03
5 279 40 1333 27 0.72 0.02
6 495 41 1658 2.4 0.79 0.02
7 299 4.7 1083 2.3 0.74 0.02
8 296 41 1789 2.1 0.79 0.02
9 93 48 649 2.8 0.75 0.04
10 144 4.5 470 2.6 1.01 0.05
1 126 45 1250 23 0.76 0.03

206

JSEE/ Vol. 18, No. 4, 2016



Evaluation of Earthquake Potential in the Zagros Region (Iran) Using Seismic Srrain and Seismicity Parameters

Therefore, the strain ratetensors (¢;) were obtained
by dividing strain tensor (¢;;) ineach zoneby T=53
years (Table 6). Largest absolute eigenvalue of
sesmic strainratetensor isconsideredas ¢, (Table
6). Thereafter, seismic moment rates (M ;) Were
obtained from Eq. (12) (Table 7). As mentioned
earlier, the thickness of seismogenic layer in Zagros
is considered to be 20 km. Maximum possible
earthquake magnitude (M__) is estimated from

Table 6. The strain rate tensor € ;j and corresponding eigenval-

ues () of 11 zones in Zagros in time interval of 1963
t0 2016. ' € 'is the largest absolute eigenvalue.

frequency-magnitude plot for each zone (Figure 6
and Table 8). In fact, 'M,__ ' can be obtained from
extrapolating the straight linefitted to the frequency-
magnitude plot [16]. Recurrence interval of earth-
quakes with M>6 for 11 zones are calculated using
Eq. (11) (Table 8).

Figure (3) shows that a large earthquake (M> 6)
occurred during 1963-2016 in zone 1. Resulted
recurrence interval of large earthquakes (M>6) for
zone 1 is 59 years (Table 8). A large earthquake
occurred during 1963-2016 in zone 2. Resulted
recurrence interval of large earthquakes for zone 2
is 43 years. A large earthquake occurred during

Zone sii A émax H 1
ST R T AT T 1963-2016 in zone 3. Resulted recurrence interval of

1 LIE09 -3.8E-10 -1.0E-09  232E-10 252E09  largeearthquakes for zone 3 is 48 years. Threelarge
_61' 19EE1(?9 }2582 ;25?2 129867],55%99 earthquakes occurred during 1963-2016 in zone 4 (a

2 1.2E-09 -3.8E-10 -1.3E-09 -5.34E-11  2.87E-09 17_year average recurrence |nterva]) Resulted
34E-10 -13E-09 2.0E-09 2.65E-09 )
04E-09 49E-09 42E09  3.02E-09 recurrence interval of large earthquakes for zone 4

3 49E-09 92E-10 -8.0E-09  3.69E-10 3.02E-09
42E-09 -8.0E-09 9.8E-09  146E-09
-1.7E-08  4.9E-09  9.9E-09 -2.37E-08 Table 7. Area (A), thickness of the seismogenic layer (Hs) and

4 49E-09  18E-09 -1.6E-08  -2.77E-09 2.83E-08 seismic moment rate (M g,,.) Of 11 zones in Zagros
J N S for time period 1963-2016. ', ' is the largest

5 9.0E-09 -71E-09 -4 1E-09 331E-11  9.20E-09 absolute eigenvalue of the strain rate tensors &
A12E-09 -41E-09 1.IE-08  1.30E-09 (See Table 6).
29E-09 29E-09 1.6E-10  -4.33E-09 .

6 29E-09 23E-09 98E-10  2.69E-10 4.33E-09 Zone ¢ A Hs Meismic
1.6E-10 -9.8E-10 4.1E-10  3.84E-09 max (km®) (km) (Nm/yr)
-1.0E-09  1.2E-09  14E-10  -2.19E-09 1 2.52E-09 18481 20 5.60E+16

7 12E09 -86E-10 -1.IE-10  2.40E-10 2.19E-09
14610 -11E.10 14E09  LA9E.00 2 2.87E-09 24642 20 8.48E+16
14E-09 -49E-10 -12E-10  -1.61E-09 3 3.02E-09 20946 20 7.60E+16

8  -49E-10 1.8E-09 -22E-09  -126E-10 4.15E-09 4 5 830-08 18481 20 6280117
J12E-10 -22E-09 1.9E-09  4.15E-09
51509 56E00 49E00 124508 5 9.20E-09 22178 20 2.45E+17

9  56E-09 -32E-09 -44E-09  9.95E-10 1.24E-08 6 4.33E-09 25874 20 1.34E+17
42E-09 -44E-09 7.6E-09 9.94E-08
09 14509 23E00 209000 7 2.19E-09 24642 20 6.48E+16

10 44E-09 -2.8E-09 -3.5E-09 1.24E-10  2.09E-09 8 4.15E-09 24395 20 1.21E+17
2.2B-09 -3.5E-09 6.4E-09 1.65E-09 9 1.24E-08 11089 20 1.65E+17
J13E-09 3.9E-11 29E-10  -1.42E-09

11 39E-11 12E-09 13E-11  2.16E-10 1.42E-09 10 209609 73927 20 1.86E+16
29E-10 13E-11  1.6E-10 1.21E-09 11 1.42E-09 24642 20 421E+16

Table 8. The seismic moment rate (M saismic) » Maximum earthquake magnitude from frequency-magnitude plot (M. (Theoretical)),

maximum earthquake magnitude from catalog (M__ (Observed)), maximum possible earthquake magnitude (M

max) ’

b-value, and recurrence interval (T) for earthquakes larger than M, = 6 for 11 zones in Zagros.

Zone  Mggigmic (NM/Yr) My, (Theoretical) Mmax(Observed) — My, b-Value T (Year)
1 5.60E+16 6.1 6.0 6.1 0.79 59
2 8.48E+16 6.5 6.0 6.5 0.66 43
3 7.60E+16 6.3 6.5 6.5 0.80 48
4 6.28E+17 6.6 6.9 6.9 0.72 17
5 2.45E+17 6.3 6.7 6.7 0.72 24
6 1.34E+17 6.5 6.1 6.5 0.79 27
7 6.61E+16 6.1 5.8 6.1 0.74 51
8 1.21E+17 6.1 6.1 6.1 0.79 27
9 1.65E+17 5.7 5.6 5.7 0.75 -
10 1.86E+16 6.2 5.8 6.2 1.01 130
11 4.21E+16 5.7 6.1 6.1 0.76 79
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Figure 6. Frequency-magnitude plots of 11 zones in Zagros for ti

ime period 1963-2016. Theoretical maximum earthquake magnitude

'M,,,. (Theoretical)' can be obtained from the intercept of the best fitted line to magnitude axis..

is 17 years. Two large earthquakes occurred during
1963-2016 in zone 5 (26-year average recurrence
interval). Resulted recurrence interval of large
earthquakes for zone 5 is 24 years. Two large
earthquakes occurred during 1963-2016 in zone 6
(26-year average recurrence interval). Resulted
recurrence interval of large earthquakes for zone 6
is 27 years. No large earthquake occurred during
1963-2016 in zone 7. Resulted recurrence interval of
large earthquakes for zone 7 is 51 years. Two large
earthquakes occurred during 1963-2016 in zone 8
(26-year average recurrence interval). Resulted
recurrence interval of large earthquakes for zone 8
is 27 years. No large earthquake occurred during
1963-2016 in zone 10. Resulted recurrence interval
of large earthquakes for zone10is 130 years. A large
earthquake occurred during 1963-2016 in zone 11.
Resulted recurrenceinterval of large earthquakes for
zone 11 is 79 years. Therefore, estimated recurrence
intervals of large earthquakes in all zones are in
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agreement with recurrence intervals expected from
saismicity behavior during 1963-2016.

Zones 2, 3 and 4 that are situated in the South-
eastern Zagros (Figures 1 and 3) have small to
medium b-values (0.66, 0.72 and 0.80) and medium
to large strain rates (2.87x10°, 3.02x10° and 2.83x
10®), which results in short recurrence intervals of
large earthquakes (M>6) in the Southeastern Zagros
(17,43 and 48 Years). Zones 1, 5 and 6 that are situ-
ated in the Central Zagros (Figures 1 and 3) have
Medium b-values (0.72, 0.79 and 0.79) and medium
to large strain rates (2.52x10°°, 4.33x10° and 9.20x
10°), which results in short recurrence intervals of
large earthquakes (M>6) in the Central Zagros (24,
27 and 59 Years). Zones 7, 8, 10 and 11 that are situ-
ated in the Northwestern Zagros (Figures 1 and 3)
have Mediumto large b-values (0.74, 0.76, 0.79 and
1.01) and small to medium strain rates (1.42x10°°,
2.09x10°, 2.19x10° and 4.15x10°), which results
in long recurrence intervals of large earthquakes

JSEE/ Vol. 18, No. 4, 2016
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(M>6) in the Northwestern Zagros (27, 51, 79 and
130 Years).

5. Conclusions

The predominant state of deformation in most
parts is shortening of the basement. On average, the
Southeastern Zagros and the Central Zagros have
higher seismic strain than the Northwestern Zagros.
In the Southeastern Zagros, the main principal strain
axes have sub-horizontal plunge with Northeast-
Southwest direction, upright to strike of the tectonic
structures. The Southeastern Zagros is accompanied
by motions perpendicular to tectonic structures and
purethickening. Theresults obtained from this study
indicatethat the Southeastern Zagrosis under-thrust-
ing beneath the Central Iran at a sub-horizontal angle.
On the other hand, in the Central Zagros and the
Northwestern Zagros, the main principal strain axes
havesub-horizontal plungewith Northwest-Southeast
direction. Deformation state of the Central Zagros
and the Northwestern Zagros is composed of both
thickening perpendicular to tectonic structures and
extension along the strike of the Zagros. It is
concluded that the significant strain partitioning is
occurred in the Central Zagros and the Northwest-
ern Zagros, which indicates that central parts (zone
6) and northwestern parts (zones 8 and 11) of Zagros
are rotating to west.

The b-value was also investigated in the Zagros
region in time interval 1963-2016. The b-values in
the Southeastern Zagros and the Central Zagros are
lower than the Northwestern Zagros. Seismic
moment rate variations in the Southeastern Zagros
and the Central Zagros are similar to the Northwest-
ern Zagros. However, Lower b-valuesis responsible
for more frequent large earthquakes in the South-
eastern Zagros and the Central Zagros. Recurrence
intervals of large earthquakes (M>6) confirm this
conclusion. The recurrence intervals in the South-
eastern Zagros and the Central Zagros are shorter
than the Northwestern Zagros.
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Appendix 1

Zagros earthquakes with M_> 2.5 occurred
between 1963 and 2016. Coordinates of the 11 zones
are listed in Table (1) and Figure (3). Columns
indicate date, latitude, longitude, strike, dip, rake
(Fault plane), strike, dip, rake(Auxiliary plane), depth,
scalar moment, and Mw. References are: TJ=[7],
BJP=[9], EE=[13], H=[31], MJPB=[36], B=[40],
THG=[41], YHT=[42], YHFP=[43], AM=[44],

GYH=[45], YHG=[46], SYT=[47]. Singlestarsindi-
catethat latitude and longitude arereported from |SC
catalog [27]. Double stars indicate that latitude and
longitude arereported from I IEES catalog [48]. 'S’ in
Mw column indicatesthat theoriginal magnitudescale
(M,) is converted to Mw using M, = 0.701x M, +
1.656 [30]. 'HK" in M, column indicates that scalar
moment is obtained from corresponding M, using
M, = %Iog M,-10.7 [49].

zl,:::f, Lat. (°N) |Long. CE) | s; | di | vy | s2 | d2 | r: | Depth (km) Mo(x10'%) M, Ref.
1968/9/14 | 28.43 5318 [288] 30 [ 90 [108] 60 | 90 7 0.562(HK) 5.8 Tl
1983/ 2/18 27.95 53.85 272 | 20 94 15 0.0688 5.2(H) EE
1985/ 8/ 7 27.86% 53.05*% 303139116 | 91 55| 70 15 0.256 5.5 H
1986/5/2 | 28.03 53.02  |331] 52| 121 [107] 47 | 57 15 0.239 5.5 H
1986/ 5/ 3 28.02% 53.34% 325|062 | 108 | 111] 33| 60 15 0.0755 5.2 H
1996/5/24 | 27.74 53.12 |289] 68 | 91 [107] 22| 88 15 0.0775 5.2 H
1997/5/5 | 27.16 5342 [296] 52128 | 64 [ 52] 52 15 0.0467 5.0 H
1997/11/14 | 27.90 53.15 [295] 65| 81 [135] 26 | 108 18 0.0005(HK) 3.8(8) | THG
1997/11/16 | 28.32 5328 [129][ 80 ] 85 [335] 11 [ 115 12.8 0.0005(HK) 3.8(S) | THG
1997/11/16 | 28.37 53.10 | 165] 65 |-168| 70 | 79 | -25 10.7 0.00005(HK) 3.1(8) | THG
1997/11/19 | 28.28 53.57 |350 80 |-153[255] 63 | -11 18.0 0.00005(HK) 3.1(S) | THG
1997/11/19 | 28.29 5356  |350| 80 |-153[255] 63 | -11 12.5 0.0001(HK) 3.3(S) THG
1997/11/21 | 27.93 53.14 | 105 40 | 90 [285] 50 | 90 9.1 0.00005(HK) 3.1(S) | THG
1997/11/22 28.31 53.30 3251 75 0 55 | 89 | 179 12.5 0.00003(HK) 3.0(8) THG
1997/11/26 28.41 53.08 3200 35 [ 110 | 115 57 | 76 13.8 0.00001(HK) 2.8(5) THG
1997/11/27 28.41 53.08 3201 35 | 110 | 115 | 57 76 139 0.00001(HK) 2.8(S) THG
1997/11/28 28.08 53.27 110 | 70 86 [ 300| 20 99 13.6 0.0001{HK) 3.4(8) THG
1997/11/30 28.03 53.04 110 50 | 103 [270| 41 74 10.1 0.00001(HK) 2.8(5) THG
1997/11/30 | 28.24 5326 | 120 65 | 101 [275] 27 | 67 15.8 0.0001(HK) 35(S) | THG
1997/12/1 28.02 53.05 85 | 50 | 41 [325] 59 [ 131 11.8 0.0001(HK) 33(S) | THG
1997/12/3 28.29 53:31 250 | 65 | -11 |345| 79 | -154 12.7 0.00005(HK) 3.1(S) THG
1997/12/4 | 2827 5335 [335| 75161 |70 [72] 15 15.0 0.0002(HK) 3.6(S) | THG
1997/12/10 | 28.17 53.16 2850145 ] 86 [110] 45| 93 12.3 0.00007(HK) 3.2(S) THG
1997/12/11 | 28.14 53.04 |145[75] 75 [ 10 [ 20 | 133 13.2 0.00007(HK) 32(8) | THG
1997/12/11 28.15 53.04 145 75 75 10 | 20 | 133 13.8 0.00005(HK) 3.1(8) THG
1997/12/14 | 28.46 53.19 | 100 40 | 68 [307] 53 | 107 13.9 0.0022(HK) 42(S) | THG
1997/12/14 | 28.29 5357 [290] 75 ] 0 [20[ 89179 18.0 0.0001(HK) 35(S) | THG
1997/12/15 28.28 53.61 70 | 65 11 |335]| 79 | 154 19.0 0.0001{HK) 3.3(8) THG
1997/12/18 28.33 53.25 70 | 60 54 |305] 45| 135 14.0 0.00007(HK) 3.2(8) THG
1997/12/21 28.37 53.18 330 | 60 |-137|215] 53 | -38 114 0.0002(HK) 3.6(85) THG
1997/12/21 28.35 53.27 265 | 55 55 |135] 47 | 128 15.2 0.00005(HK) 3.1S) THG
1997/12/22 28.11 53.46 340 75 | 161 75 | 72 15 8.3 0.00002(HK) 2.9(8) THG
1997/12/22 | 28.12 5346 |340( 75 | 179 [250] 89 | 0 10.5 0.0001(HK) 33(S) | THG
1997/12/22 | 28.11 5346 [340]80 15375 [ 63 ] 11 9.5 0.00003(HK) 3.0(8) | THG
1997/12/22 28.12 5345 340 80 | 153 | 75 | 63 11 8.6 0.00001(HK) 2.8(5) THG
1997/12/22 | 28.12 5346 | 345| 80 | 179 [255[ 89 | 0O 10.6 0.00005(HK) 3.1(8) | THG
1997/12/23 28.12 5345 350 | 80 |-153|255| 63 | -11 15.2 0.0007(HK) 3.9(8) THG
1997/12/24 28.13 53.47 260 | 85 | 179 | 350 | 89 0 10.5 0.00005(HK) 3.1(S) THG
1997/12/25 28.35 53.06 240 | 50 36 125| 63 | 134 12.2 0.00005(HK) 3.1(S) THG
1997/12/25 | 28.13 5347 [350] 80 [-153[255] 63 | -11 10.2 0.00007(HK) 32(8) | THG
1997/12/26 28.10 53.46 3600 70 [ 179 | 90 | 89 0 12.7 0.0063(HK) 4.5(8) THG
1997/12/26 | 28.09 5346 |345(80 | 179 [255] 89| 0 9.6 0.00007(HK) 3.2(8) | THG
1997/12/26 | 28.08 5345 345|800 | 179 [255[ 89| 0O 8.6 0.0003(HK) 3.7(8) | THG
1997/12/26 28.09 53.47 340 | 80 0 250 | 89 | 179 13.9 0.0007(HK) 3.9(8) THG
1997/12/26 | 28.09 5345 |345| 80 | 179 [255] 89 | 0 92 0.0001(HK) 33(S) | THG
1997/12/26 | 28.09 5345 (34580 ] 0 [ 7589179 10.2 0.0001(HK) 33(8) | THG
1997/12/26 | 28.08 5346 |345|80 | 179 [255] 89| 0 15.0 0.0063(HK) 45(8) | THG
1997/12/26 28.08 53.45 340 75 0 250 89 | 179 9.6 0.0001{HK) 3.3(8) THG
1997/12/26 | 28.08 5346 |345| 80 |-153[250] 63 | -11 14.1 0.0002(HK) 3.6(8) | THG
1997/12/26 28.10 53.46 340 | 80 |-153|245] 63 | -11 12.7 0.0001{HK) 3.5(5) THG
1997/12/26 28.08 53.47 90 | 75 18 |355| 72 | 164 15.6 0.001 I{HK) 4.0(S) THG
1997/12/26 28.10 53.46 90 | 75 18 |355| 72 | 164 14.1 0.0011{HK) 4.0(S) THG
1997/12/26 | 28.08 53.46 90 | 75 | 18 [355]| 72 | 164 12.0 0.0005(HK) 38(S) | THG
1997/12/26 | 28.10 5346 [345[80 | 179 [255] 89 0 14.4 0.0002(HK) 3.6(S) | THG
1997/12/26 | 28.11 5346 |345|80 ] 179 [255] 89| 0 13.0 0.0007(HK) 3.9(S) | THG
1997/12/26 | 28.11 5347 [350[ 80| 0 [260] 89 179 10.1 0.0001(HK) 33(S) | THG
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Date Lat. (°N) [ Long. (°E) | s1 [ dl | rl | s2 | d2 | r2 | Depth (km) MO(x1018) Mw Ref.
1997/12/27 28.10 53.48 340 | 85 | 179 | 250 | 89 0 14.2 0.0003(HK) 3.7(S) THG
1997/12/27 28.09 53.47 345 80 | -153 | 250 | 63 | -11 153 0.0005(HK) 3.8(5) THG
1997/12/27 28.10 53.47 335 | 80 0 |245] 89 | 179 12.5 0.0003(HK) 3.7(S) THG
1997/12/27 28.06 53.49 340 | BO | 153 [ 75 | 63 | 11 13.5 0.0011{HK) 4.0(5) THG
1997/12/27 28.31 53.30 250 | 55 | -17 | 350 | 76 |-143 13.6 0.00002(HK) 2.9(S) THG
1997/12/27 28.09 53.46 335| 80 0 245|189 | 179 11.0 0.0001{HK) 3.5(8) THG
1997/12/28 28.12 53.45 340 | 80 | 179 | 250 | 89 0 12.1 0.0005(HK) 3.8(S) THG
1997/12/28 28.12 53.45 335 80 | 179 | 245 89 0 13.8 0.001 1{HK) 4.0(S) THG
1997/12/28 | 28.12 53.45 335| 80 | -153 240 63 [ -11 12.4 0.0011(HK) 4.0(5) THG
1997/12/28 28.09 53.46 335] 85 0 [265] 89| 179 13.1 0.0016(HK) 4.1(S) THG
1997/12/28 28.11 53.46 320 B0 | 153 [ 55 | 63| 11 11.1 0.0007(HK) 3.9(8) THG
1997/12/28 28.10 53.46 335|175 [ 161 | 70 | 72 | 15 11.1 0.0001{HK) 3.5(85) THG
1997/12/28 28.13 53.47 325 | 80 0 |235]| 89| 179 11.5 0.0002(HK) 3.6(S) THG
1997/12/29 28.10 53.47 335|175 (161 | 70 | 72| 15 14.7 0.0022(HK) 4.2(S) THG
1997/12/29 28.10 53.47 320 65 | 168 | 55 | 79| 25 12.6 0.0011{HK) 4.0(S) THG
1998/11/13 27.76 53.62 318 32 | 120 [ 104 ]| 63 | 73 7 0.16(H) 5.4 Tl
1999/ 4/30 27.81% 53.56*% 321 53 | 134 | 82 | 55| 47 449 0.0597 5.1 H
2010/ 7/20 27.03* 53.89* 269 33| 59 |124] 62 | 109 12 0.574 5.8 H
2012/5/13 | 27.06* 53.95% |306| 34 [ 112 |100| 58 | 76 12 0.0619 5.1 H
2012/9/6 27.11* 53.99* 146 | 73 | 175 |237| 85| 17 12 0.0862 5.2 H
2015/ 4/29 27.15 53.34 200 | 28 | 95 | 104 | 63 | 87 17 0.026 4.9 H

Zone 2
1966/9/18 27.82 54.27 269 | 34 | 96 | B2 | 56 | 86 12 0.794(HK) 5.9 Tl
1970/2/23 27.82 54.47 286 44 | 90 [ 106 46 | 90 9 0.281(HK) 5.6 TI
1971/11/8 27.01 54.46 300 42 | 90 |120] 48 | 90 9 0.794(HK) 5.9 41
1977/10/19 27.79 54.88 117] 41 | 120 15 0.216 5.5(H) EE
1984/12/22 27.83 54.44 116 | 41 | 84 49 0.054 5.1{H) EE
1997/10/ 3 27.79 54.73 2811 9 [ 102 | 89 | 81 | B8 4 0.101(H) 53 L),
2001/ 4/13 28.20* 54.86* 205 67 | 64 | 166 34 | 135 26.1 0.0551 | H
2003/ 7/10 28.35 54.10 27733 | 93 | 93 | 57| 88 15 0.479 57 H
2003/ 7/10 28.26 54.05 3100 65 | 114 | 83 | 34 | 49 15 0.359 5.6 H
2003/10/24 | 28.25% 54.03* | 128 |39 | 70 [333] 54 | 105 33 0.0401 5.0 H
2003/11/28 | 28.26* 54.02% 2551 74 | 100 | 43 | 19| 60 3 0.0378 5.0 H
2003/12/15 | 28.25* 54.12* 272143 | 90 | 92 | 47 | 90 15 0.0485 5.1 H
2006/ 9/10 27.54 54.29 3211 52 [ 147 | 73 | 65| 43 23.1 0.0367 5.0 H
2008/ 5/ 5 28.36* 54.08*% 200 36 | BB | 113 | 54 | 92 12.4 0.07 5.2 H
2008/10/25 | 26.63%* 54.80%% 1249 | 31 | 45 |119| 69 | 113 12 0.154 5.4 H
2010/ 4/27 27.09 54.80 156 | 76 |-175| 64 | 86 | -15 20 0.0374 5.0 H
2011/10/19 | 27.92 54.31 282 | 51 | 87 |107| 39| 94 15.5 0.0722 5.2 H
2013/7/2 27.10 54.92 2861 49 | 79 |122] 42| 102 22.8 0.0291 49 H
2014/1/2 26.95 54.36 329 | 54 [ 141 | B5 | 59 | 43 12 0.113 53 H
Zone 3

1965/6/21 28.10 55.84 313|160 [ 110 | 97 | 36 | 59 8 1.122(HK) 6.0 Tl
1971/4/12 28.26 55.61 261135 90 | 81 | 55| 90 10 0.794(HK) 5.9 TI
1974/12/2 28.09 55.86 268 | 27 | 110 | 65 | 65| 80 7 0.09 5.2 B
1975/12/24 27.02 55.48 260 | 34 | 90 | BO | 56 | 90 8 0.199(HK) 5.5 T]
1976/3/16 27.33* 55.00% 253140 1 90 | 73 | 50| 90 9 0.070(HK) 52 TI
1987/ 5/12 27.95 5592 278 | 34 [ 104 | BO | 57 | 80 15 0.175 54 H
1990/11/6 28.32 55.46 2751 30 | 101 7 7.1 6.5 MIPB
1991/ 5/22 27.38 55.77 288 | 18 | 80 |118] 72| 93 13 0.12(H) 5.4 Tl
1992/ 5/19 28.05 55.35 254140 | 99 | 63 | 51 | 83 15 0.294 5.6 H
1993/7/9 28.39 55.33 277169 | 83 |[115] 22 | 107 16 0.0742(H) | Tl
1995/ 1/24 27.64 55.65 217131 | 56 | 75 | 64 ] 109 15 0.0312 4.9 H
2005/11/27 | 26.80* i i 257139 | 83 | 86 | 51 | 96 12 1.03 5.9 H
2005/11/27 | 26.83%* | 55.82%*% |[124| 53 | 126 | 254 | 49 | 52 14.6 0.0351 5.0 H
2005/11/27 | 27.00%* 55.79%* | 308 | 88 |-177 |218| 87 | -2 12 0.213 5.5 H
2005/11/30 26.81 55.58 258 62 | 62 |127] 39| 132 21.9 0.012 4.7 H
2006/ 3/25 27.57 55.76 308 30 | 95 | 113] 60 | 100 17 0.672 5.9(H) AM
2006/ 3/25 27.48 55.68 276 | 35| 89 | 98 | 55| 91 12 0.214 5.5 H
2006/ 3/25 2741 55.66 267130 | 70 [ 110 62 | 101 12 0.081 52 H
2006/ 3/25 2753 55.62 261 | 33 | 59 |116] 62 | 108 12 0.0357 5.0 H
2006/ 3/25 27.44 55.36 256 | 34 | 57 |114[ 62 [ 110 19.3 0.0269 4.9 H
2006/ 6/ 3 26.91** 55.91%* 1260 49 | 69 |111[ 45| 112 12 0.0651 5.1 H
2006/ 6/28 26.86* 55.82* 2471 33 | 96 | 59 | 57 | 86 12 0.642 5.8 H
2007/ 2/27 27.97 55.23 280 42 | 108 | 76 | 50 | 74 228 0.0344 5.0 H
2007/ 3/23 2748 55.12 265 42 | 69 | 113| 51 | 108 12 0.0347 5.0 H
2007/ 7/24 27.14 55.65 2700 21 | 81 |100] 69 | 94 20.5 0.0336 5.0 H
2008/ 9/10 | 26.93%* 5573%% 23433 | 76 | 71 | 58| 99 12 1.74 6.1 H
2008/ 9/17 | 27.20%* 55.94%% 1245| 45| 59 | 106 53 | 117 12 0.0944 5.2 H
2008/12/7 26.82 55.74 217153 | 69 | 69 | 41 | 115 12 0.154 5.4 H
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Date Lat. (°N) [ Long. (°E) | s1 [ dl | rl | s2 | d2 | r2 | Depth (km) MO(x1018) Mw Ref.
2008/12/ 8 26.83 55.76 2381 49 | 59 [100] 50 | 120 12 0.0597 5.1 H
2008/12/9 26.81% 55.82* 241 33| 73 | 81 | 59 [ 101 14 0.0432 5.0 H
2012/ 1/9 26.86 55.65 242 45 | 36 |125| 66 | 129 17.2 0.0288 4.9 H
2014/11/10 27.75 55.71 79 190 | 49 [349| 41 | 80 15 0.0838 5.2 H
2014/11/15 28.04 55:13 2471 41 | 66 | 97 | 53 | 109 22.2 0.0203 4.8 H

Zone 4
1964/12/22 28.16 56.89 2721 14 | 90 | 92 | 76 | 90 18 0.199(HK) 55 LI
1970/2/28 27.83 56.31 2641 40 | 90 | B4 | 50 | 90 - 0.199(HK) i) Tl
1971/12/9 27.29 56.37 276 | 40 | 55 | 138 58 [ 116 0.562(HK) 5.8 Tl
1975/3/7 27.48 56.23 90 | 60 | 90 |270| 30 | 90 11 1.584(HK) 6.1 Tl
1977/ 1/ 5 27.46 56.20 204 | 43 | 40 29 0.052 5.1(H) EE
1977/ 3/21 27.61 56.39 267 | 27 | 98 18.8 14 6.7(H) EE
1977/ 3/21 27.60 56.52 241 | 26 | 77 19.3 1.81 6.1(H) EE
1977/ 3/22 27.60 56.42 77 | 34 | 112 12 1.5 6.0 MJPB
1977/ 3/23 27.62 56.59 260 | 41 92 10 0.228 5.5(H) EE
1977/3/24 27.66 56.60 30230 90 [122] 60 | 90 - 0.10(HK) 53 TI
1977/ 4/ 1 27.55 56.33 262 | 44 | 90 10 0.956 5.9(H) EE
1977/12/10 27.68 56.60 291 | 28 | 138 18 0.29 5.6 MIPB
1980/11/17 27.36 56.08 251 30 | 87 15 0.0867 5.2(H) EE
1980/11/28 27.59 56.50 311 37 | 134 15 0.136 5.4(H) EE
1981/4/16 27.73 56.35 221 | 42 8 15 0.0524 5.1(H) EE
1983/ 7/12 27.61 56.40 227 50 | 75 17 1.00 5.9 MIPB
1987/ 4/29 2742 56.11 265 41 | 112 10 0.37 5.6 MIJPB
1987/12/18 28.15 56.66 160 | 44 | -145| 43 =52 10 0.672(H) 5.8 B
1988/ 6/ 9 27.67 56.10 310 11 [ 139 | 81 | 83 | 82 15 0.0806 5.2 H
1997/4/19 28.00 56.87 219 47 | 13 19 0.21 5.5 MIPB
1997/ 7/27 27.41 56.56 108 | 76 | 175 | 199 | 85| 15 33 0.0582 51 H
1998/ 8/ 1 27.74 56.51 280 52 | 93 | 95 | 38 | 86 9 0.0637(H) 5.1 L),
1999/ 12/7 27.83 56.45 90 | 70| 90 270 20| 90 15.0 0.000006(HK) 2.5(S) YHFP
1999/ 12/ 11 2745 56.86 250 [ 75 | -7 | 342 82 |-184 38.0 0.0016(HK) 4.1(S) YHFP
2000/ 3/ 5 27.95 56.47 313 44 | 101 | 117] 47 | 80 12 0.163(H) 54 TI
2002/ 4/17 27.30 56.66 117 68 | 123 [ 237 | 39 | 36 33 0.0911 5.2 H
2003/ 2/14 2748 56.77 288 | 18 | 97 |100] 73 | 88 25 0.292 5.6 H
2003/11/5 27.09 56.15 231152 [ 78 | 70 | 39 | 105 33 0.0266 4.9 H
2005/12/27 28.01 56.18 257132 [ 76 | 94 | 59| 99 18.3 0.0196 4.8 H
2006/ 2/28 27.86 56.87 302(19 | 118 | 93 | 73 | 81 254 1.37 6.0 H
2006/ 3/ 5 27.90 56.47 192150 | 69 | 43 | 44 | 113 12.0 0.0022(HK) 4.2(S) | YHG
2006/ 3/ 5 28.17 56.92 88 | 90 | 60 | 358 | 30 |-180 19.6 0.0045(HK) 44(S) |GYH
2006/ 3/ 6 28.14 56.90 205 | 43 | -49 |335| 58 | -122 18.7 0.0126(HK) 47(S) | GYH
2006/ 3/ 7 28.11 56.86 1041 90 | 70 14 |1 20 | 180 18.9 0.0011{HK) 4.0(8) | GYH
2006/ 3/ 7 28.12 57.00 76 | 71 | 68 |306| 27 | 136 18.1 0.0005(HK) 3.8(S) | GYH
2006/ 3/ 8 28.15 56.92 2201 17 | 55 | 76 | 75| 100 19.0 0.0178(HK) 4.8(S) | GYH
2006/ 3/9 28.08 56.90 54 | 79 | 44 |314| 46 | 165 16.8 0.0011{HK) 4.0(S) | GYH
2006/ 3/ 9 28.09 56.94 178 61 | -11 | 274 | 80 | -151 18.1 0.0001(HK) 3.3(S) | GYH
2006/ 3/ 10 28.09 56.91 141 60 | 42 | 26 | 54 | 142 18.6 0.0003(HK) 3.7(S) | GYH
2006/ 3/ 10 28.04 56.82 254 | 48 | 48 | 127 | 56 | 127 14.7 0.0003(HK) 3.7(8) | GYH
2006/3/11 | 28.09 56.94 [147| 74 | 48 | 41 [ 43 157 17.0 0.0001(HK) 3.5(S) [GYH
2006/ 3/ 11 28.08 56.93 102 84 | 90 |282| 6 90 21.6 0.0355(HK) 5.0(S) | GYH
2006/ 3/ 14 27.89 56.51 133 34 | 42 |260| 67 |-117 18.3 0.0001({HK) 3.5(5) | GYH
2006/ 3/ 18 28.10 56.94 189 | 71 | -23 | 287 | 67 | -159 18.0 0.0005(HK) 3.8(S) | GYH
2006/ 3/ 20 28.07 56.88 98 | 70| 90 |278| 20 | 90 16.1 0.0001{HK) 3.5(S) |GYH
2006/ 3/ 21 27.55 56.54 20 | 48 | -31 | 140 67 | -134 9.0 0.0005(HK) 3.8(S) | YHG
2006/ 3/ 21 27.95 56.70 70 | 54 | 37 |315] 61 | 138 9.0 0.0011(HK) 4.0(58) | YHG
2006/ 3/ 23 27.95 56.74 63 | 81 | 60 |319| 31 | 163 23.0 0.0022(HK) 4.2(S) | YHG
2006/3/24 | 27.96 56.74 245 | 28 | 43 | 14 [ 71 [-111 22.0 0.0011{HK) 4.0(S) | YHG
2006/ 3/ 24 28.16 56.96 70 | 90 | 60 |340| 30 |-180 20.2 0.0089(HK) 4.6(S) | GYH
2006/ 3/ 25 28.08 56.96 91 | 56 | 53 |324| 48 | 131 21.7 0.0001{HK) 3.5(S) | GYH
2006/ 3/ 25 27.95 56.75 204 | 65 | -2 |295] 88 |-155 19.0 0.0001(HK) 3.5(5) | YHG
2006/3/25 | 28.09 56.96 264 | 82 | 29 | 170 61 | 171 204 0.0001(HK) 3.5(S) |GYH
2006/3/25 | 28.09 56.96 67 | 64 | 16 [329] 75| 153 234 0.0003(HK) 3.7(S) | GYH
2006/ 3/ 25 28.10 56.96 25 |1 35| 30 |270| 72 | 121 20.8 0.0003(HK) 3.7(S) | GYH
2006/3/25 | 28.06 56.96 19 | 38 | 20 [273] 77| 127 20.2 0.0003(HK) 3.7(S) |GYH
2006/ 3/ 25 28.09 56.96 55 [ 72 | -16 | 150| 74 | -161 23.1 0.0063(HK) 4.5(S) | GYH
2006/ 3/ 25 28.10 56.96 19 | 39| 23 |271 | 75 | 127 21.6 0.0054(HK) 4.4(8) | GYH
2006/ 3/ 25 28.08 56.96 77 | 61 8 171 | 82 | -150 21.2 0.0003(HK) 3.7(S) | GYH
2006/ 3/ 25 28.09 56.95 260 83 | 13 | 169 76 | 173 21.1 0.0003(HK) 3.7(S) | GYH
2006/ 3/ 25 28.10 56.96 2651 75| 26 | 167 64 | 163 213 0.0001(HK) 3.3(S) | GYH
2006/ 3/ 25 28.08 56.96 76 | 69 | 22 | 174 | 69 | -157 22:5 0.0011{HK) 4.0(8) | GYH
2006/ 3/ 25 28.09 56.96 85 | 84 | -17 | 177| 72 |-174 21.6 0.0005(HK) 3.8(5) | GYH
2006/ 3/ 25 28.09 56.95 260 83 | 13 |169]| 76 | 173 Z1:5 0.0011{HK) 4.0(S) | GYH
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Date Lat. (°N) [ Long. (°E) | s1 [ dl | rl1 | s2 | d2 | r2 | Depth (km) MO(x1018) Mw Ref.
2006/3/25 | 28.10 | 35696 |251] 83 | -39 |346] 50 |-171] 213 0.0016(HK) 2.1(5) | GYH
2006/3/26 | 28.10 | 35696 1276190 | 25 | 186] 65| 180 | 214 0.0005(HK) 3.8(5) | GYH
2006/3/27 | 28.10 | 5691 | 52 | 86 | 44 [319] 45 | 175 | 187 0.0054(FIK) 44(S) |GYH
2006/3/28 | 2808 | 35696 | 64 | 71 | 23 [162] 67 [-159] 219 0.0007(HK) 39(5) | GYH
2006/3/29 | 2809 | 35696 | 72 | 64 | 16 [334] 75 | 153 | 216 0.0007(HK) 3.95) |GYH
2006/3/29 | 2796 | 56.87 |239] 80 | 28 |334] 62 |-169] 25.0 0.0022(HK) 42(5) | YHG
2006/3/20 | 2809 | 35696 | 81 | 86 | 14 [172] 75 |-176 | 208 0.0007(HK) 3.9(5) |GYH
2006/3/29 | 27.79 | 5672 | 30 | 48 | 31 |279] 68 | 134 | 170 0.0007(HK) 3.9(S) | YHG
2006/3/30 | 28.09 | 35695 |258] 74 | -13 |352] 77 |-164| 216 0.0063(HK) 4.5(5) | GYH
2006/4/23 | 27.62 | 5662 | 62 | 41 | 41 |299] 64 | 124 | 120 0.0022(HK) 42(5) | YHG
2006/5/17 | 27.60 | 5647 |251] 55 | 84 | 82 | 35| 99 12.0 0.00003(HK) 3.05) | YHG
2006/6/3 | 27.64 | 5660 | 8 | 44 ] 49 [239] 58 [ 122  13.0 0.0022(HK) 42(5) [ YHG
2007/4725 | 2804 | 5634 |282] 34 | 94 | 98 | 56 | 87 18.6 0.0892 52 H
20077825 | 28.05 | 5674 | 314] 85 |-178 | 224 | 88 | 5 235 0.0444 5.0 1
20001173 | 27.04 | 5616 |246]30] 63 | 96 |64 | 105 132 0.0387 5.0 i
2015/1/25 | 2727 | 5614 [299]36 [ 11292 | 57| 75 12.6 0.0292 49 1
2015/3/5 | 2782 | 5666 [260] 271 91 | 79 631 90 | 311 0.0289 4.9 0

Zone 5

1972/4/10 | 2843 | 5282 [288] 49| 99 9 844 66 BIP
1972/4/10 | 2843 | 5282 |322] 40| 98 10 3.60 6.7 BJP
1976/4722 | 2871 | 52.12 |312] 52 | 80 7 038 57 BJP
1985/2/2 | 2822 | 5348 284158 | 95 [114] 32| 81| 216 0.183 54 i
1990/12/16 | 29.05 | 5131 | 144] 67 | 87 [332] 23| 97 5 0411 57 i
1993/3/29 | 28.00°* | 52.74** [305] 64 ] 99 [104| 28 | 72 20 0.0733 52 0
1994/3/30 | 2896 | 5260 |148] 71 | 177 |239] 87| 19 33 0.158 54 i
1994/4/3 | 2001 | 5272 |142] 79 |-159| 47 | 69 | -1 33 0.0807 52 i
1997/11/16 | 2858 | 5298 |11s| 65| 70 |335|31 | 125] 158 0'(??]2?5 3.0 | THG
19971117 | 2805 | 5296 |[300]20| 99 |110| 70 | 86 12.8 “'3?2?? 328) | THG
19971117 | 2804 | 5296 |[300] 20| 99 |110| 70 | 86 123 “'(‘:?2?2 298) | THG
19971117 | 2804 | 5297 |140| 45 | 116 |285] 50 | 66 16.8 “'(0}‘]]2?3 308 | THG
1997/11/17 28.05 5297 150 | 50 132 | 275 55 51 14.5 0(?_?2?5 3A(8) THG
1997/11/17 | 2805 | 5207 |155] 60 | 143 [265] 59| 35 122 0.0001(HK) 358 | THG
1997/11/20 | 2833 | 5296 |315]30 | 121 [100| 64| 73 14.6 0'(??]2?3 3.08) | THG
19971122 | 2822 | 5297 |330] 65| 147 | 75 | 61 | 28 15.1 “'3?2‘;5 31(8) | THG
19977122 | 2822 | 5296|310 75 |61 215] 72| 15 | 134 0.0001(1K) 33(5) | THG
1999/9/24 | 28.49 | 51.06 | 294] 65| 74 | 148] 29 | 121 33 0.0927 52 i
2000/3/1 | 2840 | 5285 |267] 69106 ] 49 | 26| 55 s 0.0403 5.0 i
2002/2/17 | 2800 | 51.68 | 288] 68 | 83 126 23 | 106 33 0.116 53 1
2004/3/2 | 28.90%* | 51.17%* | 33 | 90 |-161 303 | 71 | 0 6.1 0.0548 5.1 H
2005/8/9 | 2890 | 5252 [139] 75 | 117 |257] 30| 31 6.1 0.055 5.1 H
2010/11/26 27.94 52.47 281 | 42 70 128 | 51 107 12 0.204 5.5 H
2012725 | 2853 | 5132 |312] 42 75 |152] 50103 ] 182 0.0254 4.9 0
2013/4/9 | 2827 | 51.62 [303] 54 | 69 |157] 41 | 117 B 35 63 i
201374710 | 2824 | 5165 |289] 621 61 159 39 | 133 B 0.195 55 i
2013/4/10 | 28.01 | 5173 [324] 59 | 112 [106] 37| 58 B 0.0562 5.1 i
2013/4/10 | 2839 | 5151 [318] 45 | 76 |156| 47 ] 103 | 133 0.0813 52 m
2013/4/10 | 2824 | 5165 |289] 62| 61 159|390 | 133 2 0.195 55 o
2013/4/10 | 28.11 | 5173|324 59 | 112 [ 106] 37 | 58 B 0.0562 5.1 m
2013/4/11 | 2828 | 5162 | 338] 54 [ 105 |134] 39| 7i 20 0.0423 5.0 0
2013/5/1 | 2807 | 5178 [327] 58 | 130 ] 90 | 49 | 45 B 0.0347 5.0 i
2013/5/6 | 2833 | 5155 [324] 37 93 |140] 53 | 88 179 0.039 5.0 H
2014/4/16 | 2848 | 5150 [ 102] 86 | <11 [193| 79 |-176] _19.1 0.0254 49 1
2014/10/28 | 2832 | 5291 325|353 | 135 | 86 | 56 | 47 18.9 0.0395 5.0 i
2014/12/30 | 28.54 | 51.88 | 230] 36 |-173 | 134 86 | -54 7 0.0477 5.1 i
2015/ 1/10 | 2864 | 5185 |311]87] 25 [219] 65| 177]  21.8 0.0202 4.8 i

Zone 6

1968/6/23 | 2081 | 5106 |136] 45 | 88 9 023 53 BIP
1971/4%6 | 2980 | 5188 | 6279 2 6 0.072 53 BIP
1981/4/1 | 2885 | 5150 |351] 34 | 144 B 0.0777 52(0) | EE
1986/7/12 | 29.96 | 5158 | 4 | 73 |-159 2 026 5.5 BJP
1986/12/20 | 2998 | 51.62 | 344 65 | 163 8 0.11 53 BJP
1988/ 8/11 | 2997 | 5157 | 3 |69 ]-175 7 024 5.5 BJP
1988/8/11 | 29.97 | 51.67 |350] 82 |-166 9 0.65 5.8 BIP
1988/8/30 | 29.06°* | 51.72°* |337] 83 |-147|242| 57 | 9 B 0.0612 5.1 i
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Rohollah Madahizadeh, Mehrdad Mostafazadeh, and Shobyr Ashkpour-Motlagh

Date Lat. (°N) [ Long. (°E) | s1 [ dl | rl1 | s2 | d2 | r2 | Depth (km) MO(x1018) Mw Ref.
1988/12/6 | 29.94 51.65 | 357[ 74 [ 198 10 0.32 5.6 BJP
1989/5/3 | 29.64 5142 |153[ 55 [-166 ] 55 | 78 | -36 15 0.0814 5.2 H
1992/9/11 | 29.96 5101 [302[33 [ 67 [148] 60 | 104 15 0.121 5.3 H
1993/1/6 | 2931 5202 [339]90 [-166 [248[ 76 [ © 15 0.149 5.4 H
1994/3/1 | 29.14 5263 [239[87 [ 15 [149[ 75177 13 1.37(H) 5.9 Tl
1994/3/29 | 29.20 5136 | 334] 40 [ 104 [136] 52 [ 79 7 0.0535(H) 5.1 Tl
1994/ 6/20 | 29.05 5267 |255[ 74| 3 7 0.60 5.8 MJPB
1996/11/18 | 29.76 5112 |177[ 62 [-177] 85 [ 87 | 28 33 0.085 5.2 H
1999/5/6 | 29.50 51.88 | 142[ 78 [-167| 49 [ 77| -12 7 2.80(H) 6.1 Tl
1999/10/31 | 2936 5148  |324[ 58 [105|117] 34 | 67 33 0.0688 5.2 H
2000/5/3 | 29.57 5018 [277[ 77 [ 45 |174[ 47 ] 162 33 0.0448 5.0 H
2000/ 6/23 | 29.93 5125|180 75 [ 175 [272] 85 [ 15 33 0.0612 5.1 H
2001/3/28 | 30.20 5043  [327[80] 97 [113] 12 ] 56 15 0.113 5.3 H
2002/6/1 | 29.57 5123|170 88 [ 148 [261 [ 58 [ 2 33 0.0378 5.0 H
2003/ 1/11 | 29.17 50.94 [ 104[ 83 [ -31 [199] 60 |-171 33 0.0713 5.2 H
2003/5/27 | 2945 5150|290 79 [ 45 [189] 46 [ 165 33 0.0973 5.3 H
2010/9/27 | 29.56 5162 [309] 6 [ 100 [119]85 [ 89 17.1 0.938 5.9 H
2011/1/7 | 30.03 51.64  [343[ 84 [-164[252] 74 [ -6 23.6 0.043 5.0 H
2012/6/8 | 29.69 50.62  [315]36 ] 87 [139] 54 [ 92 13.3 0.0369 5.0 H
2012/10/10 | 29.11 5256|316 52 [120 | 93 [ 47 [ 57 14.9 0.0258 4.9 H
2013/11/28 | 29.22 51.09 2 [s0]1st]112] 68 44 13.1 0.334 5.6 H
2014/5/21 | 29.58** | 50.88** |303] 35| 94 |118] 56 [ 87 14.5 0.0965 5.3 H
2014/5/21 | 2951 5088 [315[38 s 1o1[s7[ 70 18.6 0.0405 5.0 H

Zone 7
1979/3/28 | 3049 4948 [317]42] 92 [135[ 48] 89 15 0.0745 5.2 H
1988/3/30 | 30.29 4984 [296[32 ] 90 [116] 58] 90 15 0.744 5.8 H
1989/5/27 | 29.86 50.69  [332[ 57 [122[103] 45 [ 51 15 1.25 6.0 H
1991/11/4 | 30.06 4971 [314] 49| 84 [143] 41 ] 97 21.7 0311 5.6 H
1993/3/26 | 30.54 5065 |152] 88 [-164| 61 | 74| 3 33 0.0518 5.1 H
1993/6/22 | 30.01 5040 [278] 70 | 85 [112] 21 [ 104 15 0.126 5.3 H
1993/10/21 | 30.36 50.95 [271] 50 [ 80 [105] 41 | 101 15 0.0359 5.0 H
1995/4/22 | 30.87 4946 [318] 60 [ 101 [117]32] 72 39.5 0.0975 5.3 H
1998/9/21 | 30.90 51,07 |343[ 78 [ 160 | 78 [ 71 [ 12 3 0.0496 5.1 H
2011/3/5 | 29.99 51,05 [302[49 ] 87 [126] 41 [ 93 12 0.102 53 H

Zone 8
1977/4/6 | 31.96 5067 [112] 64 [ 132 [228] 48 [ 36 6 1.3(H) 5.9 B
1978/12/14 | 32.14 49.65 | 150] 34 [ 100 15 1.95 6.1(H) EE
1985/3/27 | 31.66 4994 [ 71 [ 31 [-116 83.8 0.0593 5.1(H) EE
1985/9/18 | 31.59 4944 [143[36 | 74 11 0.110 5.3(H) EE
1992/3/4 | 31.64 5071 12279 [173 [213[ 83 [ 12 33 0.0572 5.1 H
1998/ 6/15 | 31.71 5077|294 26 [123 |78 [68 [ 75 5 0.0797(H) 5.0 Tl
2002/4/23 | 31.66 51.21 65 |85 90 [245] 5 [ 90 13.9 0.00005(HK) 3.1(8) | YHT
2002/4/23 | 31.66 5120 |90 [85] 90 [270] 5 [ 90 13.9 0.00001(HK) 2.8(S) | YHT
2002/ 5/1 31.83 5090 | 75 [ 83 [ 35 [340[ 54 ] 171 6.0 0.00002(HK) 29(8) | YHT
2002/5/3 | 3197 5067 |45 [ 75 [ 18 [310[ 72 ] 164 12.8 0.0001(HK) 33(8) | YHT
2002/5/5 | 31.73 5112 [ 70 [ 75 [ 7 [338[ 82 164 8.9 0.0005(HK) 3.8(S) | YHT
2002/5/7 | 3171 51.10 | 80 [65] 22 [340] 69 [ 153 10.1 0.0001(HK) 33(5) | YHT
2002/5/10 | 31.62 5109 |95 [45] 90 [275[45] 90 10.4 0.000008(HK) 2.6(S) | YHT
2002/5/11 | 31.79 5095 | 60 [ 75 | 34 [320] 57 | 162 1.9 0.00002(HK) 29(8) | YHT
2002/ 517 | 31.90 5092 [ 30 [ 65 [-168295] 79 [ -25 1.5 0.00002(HK) 29(8) | YHT
2002/5/22 | 32.04 50.64 | 30 [ 75 [ -18 [125] 72 | -164 7.1 0.0001(HK) 3.5(8) | YHT
2002/5/26 | 31.68 5110 [ 35 [65 [ 11 [300] 79 ] 154 1.5 0.00001(HK) 2.8(8) | YHT
2002/5/26 | 31.76 50.87  [210] 80 [-153[115] 63 | -11 5.5 0.00003(HK) 3.0(8) | YHT
2002/ 527 | 31.69 5110|140 75 [ 145 [240] 57 [ 18 6.0 0.00001(HK) 2.8(S) | YHT
2002/5/27 | 32.17 50.82  [100] 75 [ 90 [280] 15[ 90 6.6 0.0001(HK) 33(S) | YHT
2002/5/27 | 31.80 5116 | 80 [ 65] 22 [340] 69 [ 153 10.5 0.0001(HK) 34) | YHT
2002/5/30 | 31.74 5090 [ 70 [ 75 [ 18 [335[ 72 ] 164 13.1 0.00003(HK) 3.0(8) | YHT
2002/ 6/1 31.74 51.04 |45 [65 [ 11 [310] 79 ] 154 10.8 0.000006(HK) 25(8) | YHT
2002/6/4 | 31.90 5083 [ 90 [65] 90 [270] 25 90 13.5 0.0022(HK) 42(8) | YHT
2002/6/9 | 3198 5058 | 55 [ 80 | 26 [320] 63 | 168 20.1 0.0001(HK) 33(S) | YHT
2002/9/25 | 32.04 49.10 [303[ 46 | 78 [141[45] 103 15 0.302 5.6 H
2005/10/20 | 31.77 5047 [131[ 83152 [224][ 62 8 29.1 0.0444 5.0 H
2005/12/26 | 3233 49.12  [323[ 85| 88 [169] 5 [ 115 12 0.0468 5.0 H
2006/ 9/26 | 32.01 5072 |147] 79 [ 168 [239] 78 [ 11 24.8 0.026 4.9 H
2012/7/1 | 3167 5090 25458 73 [103]35][ 115 16.8 0.0519 5.1 H
2012/7/24 | 31.72 5092 [253]57 ] 72 [104] 37 [ 115 17.8 0.0346 5.0 H
2013/1/12 | 31.75 50.95 [247[ 61 [ 40 [135] 56 | 144 212 0.033 4.9 H
2013/ 125 | 31.71 51,03 [295[44 (11087 [50[ 7 20.9 0.0385 5.0 H

Zone 9
1988/1/26 | 3233 [ 4685 [306]20] 79 [137]70] 94 | 199 ] 0.262 [ 55 ] H
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Evaluation of Earthquake Potential in the Zagros Region (Iran) Using Seismic Srrain and Seismicity Parameters

Date Lat. (°N) [ Long. (°E) | s1 [ dl | rl | s2 | d2 | r2 | Depth (km) MO(x1018) Mw Ref.
1989/ 4/ 2 32.89 47.62 351 | 85 |-130 | 256 | 40 | -7 15 0.142 5.4 H
2001/ 3/23 32.78 46.29 301 [ 42| 74 | 142 50 ] 104 15 0.145 54 H
2001/4/3 32.58 47.80 270 62 | 77 | 116 31 | 113 30.7 0.0746 5.2 H
2001/9/1 32.81 47.58 288 | 60 | 83 | 121] 31 | 101 15 0.0413 5.0 H
2008/9/3 32.44 47.10 294 | 34 | 78 | 128 57 | 98 12 0.057 5 H
2012/ 2/28 32.58 46.81 208 45 | 78 | 134 46 | 101 12 0.0359 5.0 H
2012/3/8 32.79 46.73 294 | 30 | 81 |125] 61 | 95 15.6 0.0428 5.0 H
2012/ 4/18 32.54 46.85 30143 | 84 [ 129 47| 95 12 0.0405 5.0 H
2012/ 4/18 32.52 46.93 328 | 47 | 129 | 98 | 55| 56 12 0.0275 4.9 H
2012/ 4/20 3253 46.83 208 | 37| 85 |124| 53| 93 12 0.0813 52 H
2012/ 4/20 32.63 46.73 202142 | 73 [135] 50 | 105 12 0.0873 5.2 H
2012/ 4/20 32.50 46.90 292 34 | 78 |127]| 57 | 98 12 0.0436 5.0 H
2012/ 4/20 32.53 46.83 208 | 37 | 85 | 124 | 53| 93 12 0.0813 5.2 H
2012/ 4/21 32.54 46.75 285 31 | 43 |156]| 69 | 114 18.9 0.0753 52 H
2012/5/3 32.66 47.60 303 | 40 | 101 [ 109 51 81 21.1 0.161 5.4 H
2014/ 8/17 32.62 47.34 311 30 | 107 [111] 62| 8O 20.2 0.0178 4.8 H
2014/ 8/18 32.59 47.53 317127 | 111 [ 114] 65| 80 12 2.57 6.2 H
2014/ 8/18 32.59 47.60 331 | 38 | 137 | 98 | 65 | 60 18 0.595 5.8 H
2014/ 8/18 32.56 4745 274 | 32 | 78 | 109 59 [ 97 12 0.0737 5.2 H
2014/ 8/18 32.68 47.38 70 | 83 | 31 |336] 59| 171 16.5 0.183 5.4 H
2014/ 8/18 32.50 47.57 300 30 [ 108 | 99 | 62 | 80 12 1.06 6.0 H
2014/ 8/19 32.63 47.32 289129 | 84 |116] 61 | 93 12 0.0954 53 H
2014/ 8/20 32.51 47.62 310 22 [ 109 | 109 ] 69 | 82 13.9 0.32 5.6 H
2014/ 8/22 32.68 47.54 203 | 44 | 98 | 101 ] 46 | 82 28.7 0.0262 4.9 H
2014/ 8/23 32.57 47.64 347 52 | 149 | 98 | 66 | 43 18.9 0.14 5.4 H
2014/ 8/24 32.61 47.76 3281 90 | 156 | 58 [ 66| O 24.7 0.0493 5.1 H
2014/10/15 32.45 47.87 272|153 | 92 | 89 | 37 | 88 12 0.628 5.8 H
2015/ 2/15 32.74 46.65 3101 23 [ 100 [ 119] 68 | 86 17.3 0.0263 4.9 H

Zone 10
1977/ 4/26 32.10 48.63 203129 ] 93 |110] 61 | 88 19.6 0.197 5.5 H
1977/ 6/ 5 31.85 47.72 293 34| 91 111] 56 | 89 10 1.55 6.1 H
1977/ 6/ 5 32.13 48.09 289 | 33| 91 | 108 57 | 89 10 0.129 5.3 H
1980/10/19 32.16 48.13 203 | 36 | 106 | 94 | 56 | 78 15 0.55 5.8 H
1981/1/2 3222 47.82 277124 | 95 | 92 | 66 | 88 15 0.0981 53 H
1983/ 5/28 32.45 48.36 314 | 38 [ 113 | 106 ] 56 | 73 293 0.253 55 H
1990/ 8/ 3 32.80 48.24 318 64 | 111 | 96 | 33 | 53 15 0.11 53 H
1990/10/11 3241 47.89 308 45| 90 |128] 45| 90 15 0.0355 5.0 H
1994/ 7/31 32.53 48.00 309 41 [ 114 | 99 | 53 | 71 18 0.249 5.5 H
1994/ 9/20 32.18 48.60 286 | 65 | 91 | 103 | 25 | 87 15 0.0786 5.2 H
2010/ 2/23 32.52 48.18 286 | 33 | 72 |127] 59 | 101 16.6 0.0288 49 H
2010/ 2/23 32.60 48.21 307 | 55 [ 111 | 93 | 40 | 62 15.5 0.0697 52 H
Zone 11

1987/ 5/29 33.54 47.76 128 | 88 | 170 | 218 | 8O 2 15 0.10 53 H
1998/10/ 4 33.32 47.26 288 | 53 | 88 [ 111 | 37| 92 9 0.115(H) 52 TI
1998/10/ 5 33.26 47.26 200 | 51 | 84 |119] 39| 97 7 0.137(H) 53 T
2004/11/21 33.23 47,75 310 26 | 112 | 106 | 66 | 80 12 0.0681 5.2 H
2004/11/22 3321 47.82 30829 [ 111 |105] 63| 79 12.1 0.0371 5.0 H
2004/11/27 33.18 47.80 330 | 38 [ 145 | B9 | 69 | 57 203 0.0244 4.9 H
2005/ 5/ 3 33.73 48.64 36| 74 |-161 | 220 71 | -17 216 0.0316 4.9 H
2006/ 3/30 33.65 48.78 321 70 [-167 | 226 | 77 | -20 19.5 0.0621 5.1 H
2006/ 3/31 33.74 48.73 313 | 78 [-174 222 | 84 | -12 17 1.71 6.1 H
2006/ 3/31 33 48.75 319 | 67 [-168 |224| 79 | -24 25.7 0.0538 | H
2006/ 4/8 33.80 48.71 332 65| 90 |152] 25 | 90 54 0.0011({HK) 4.0(5) SYT
2006/ 4/29 33.78 48.85 206 13 | 90 | 26 | 77 | 90 23 0.0001{HK) 3.3(S) SYT
2007/ 6/27 33.57 48.92 17 | 38 | 41 |252] 66 | 120 6.4 0.00002(HK) 2.9(5) SYT
2007/ 6/29 33.96 48.59 2371 23 | 44 |105] 75 | 107 10.8 0.0005(HK) 3.8(S) SYT
2007/ 6/30 33.88 48.74 261190 | 18 |171] 72 |-180 8.9 0.00003(HK) 3.0(S) SYT
2007/ 6/30 33.88 48.74 83 [ 47 | 15 [343] 80 | 136 9.4 0.00003(HK) 3.0(5) SYT
2007/ 6/30 33.88 48.75 69 | 64 | -16 | 166| 76 |-153 10.0 0.0001(HK) 3.4(5) SYT
2007/ 6/30 33.87 48.74 44 140 | 0 [314] 90| 130 8.8 0.00003(HK) 3.0(5) SYT
2007/ 7/1 33.88 48.74 58 | 40 0 |328] 90| 130 9.6 0.00003(HK) 3.0(S) SYT
2007/ 7/1 33.88 48.74 58 | 40| 0 [328( 90 130 9.5 0.0003(HK) 3.7(8) SYT
2007/ 7/1 33.88 48.74 81 | 75 | -33 | 181 | 58 |-162 10.0 0.0007(HK) 3.9(S) SYT
2007/ 7/1 33.88 48.74 64 | 71 | -24 | 162 | 68 | -160 10.0 0.0007(HK) 3.9(S) SYT
2007/ 7/1 33.88 48.75 55 | 54 | -38 | 169 61 |-138 9.7 0.0007(HK) 3.9(S) SYT
2007/ 7/1 33.89 48.74 250 90 | 30 |[160]| 60 |-180 10.3 0.0002(HK) 3.6(8) SYT
2007/ 7/1 33.88 48.75 |223|86 | 22 |131| 68 | 176 9.4 0.00001(HK) 28(S) | SYT
2007/ 7/1 33.88 48.74 2501 90 | 30 |160]| 60 | -180 9.8 0.00005(HK) 3.1(S) SYT
2007/ 7/1 33.88 48.73 50 | 44 | 222 | 156 75 | -132 10.0 0.0001{HK) 3.4(8) SYT
2007/ 7/1 3379 48.80 58 [ 52 | 27 |311]| 69 | 139 6.0 0.0001{HK) 3.5(S) SYT
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Date Lat. (°N) | Long. (°E) | s1 | dl | rl | s2 | d2 | r2 | Depth (km) MO(x1018) Mw Ref.
2007/ 7/2 33.87 48.74 256 | 40 | 90 | 76 | 50 | -90 8.8 0.0002(HK) 3.6(8) SYT
2007/ 772 33.87 48.73 247190 | 30 [ 157 ] 60 |-180 8.0 0.0005(HK) 3.8(5) SYT
2007/ 7/2 33.88 48.74 217 62 | -11 | 312 | 80 | -151 11.4 0.0001(HK) 3.4(8) SYT
2007/ 7/2 33.87 48.74 71 | 40 0 [341] 90| 130 10.6 0.00003(HK) 3.0(5) SYT
2007/ 7/11 33.97 48.56 251 | 86 | -15 [342| 76 | -176 9.8 0.0001{HK) 3.5(S) SYT
2007/ 7/15 33.64 48.99 31 | 89 | -30 | 122] 60 |-178 8.4 0.0001(HK) 3.5(5) SYT
2007/ 7/17 33.63 48.94 48 | 33 | -13 | 149 83 | -122 4.9 0.0003(HK) 3.7(S) SYT
2007/ 7/18 33.76 49.00 222 59 | -30 [329] 65 | -145 14.8 0.0005(HK) 3.8(8) SYT
2007/ 7/18 33.76 49.00 85 | 36 | 37 [324| 69| 120 15.7 0.00007(HK) 3.2(5) SYT
2007/ 7/18 33.76 49.00 219 72 | -21 |315] 70 | -161 15.7 0.0001(HK) 34(8) SYT
2007/ 719 33.90 48.64 97 | 58 | 90 |277| 32| 90 32 0.00007(HK) 3.2(8) SYT
2007/ 7/24 33.70 48.91 2511 73 | -6 | 343 | 85 |-163 6.8 0.0007(HK) 3.9(5) SYT
2007/ 7/25 33.78 48.82 64 | 64 | 56 |300| 41 | 139 8.4 0.00005(HK) 3.1(S) SYT
2007/ 7/25 3379 48.83 193 | 75 | 48 | 299 | 44 | -158 9.2 0.0001{HK) 3.3(S) SYT
2007/ 7/27 33.73 48.87 172 ] 58 | -81 | 334 33 |-105 6.6 0.00007(HK) 3.2(S) SYT
2007/ 7/29 33.91 48.67 69 | 77 | 83 |279| 15| 119 5.1 0.0001{HK) 3.5(5) SYT
2007/ 7/30 33.80 48.78 119] 49 | 90 [299] 41 | 90 4.6 0.0002(HK) 3.6(8) SYT
2007/ 7/30 33.65 48.93 2181 60 | 0 |128] 90 | 150 54 0.0001(HK) 3.5(5) SYT
2007/ 7/31 33.90 48.65 233 74 | -12 327 79 | -163 5.6 0.0011(HK) 4.0(5) SYT
2007/ 8/1 3372 48.80 77 | 60 0 |347] 90 | 150 4.0 0.00007(HK) 3.2(S) SYT
2013/ 1/22 33.07 48.60 323 | 44 [ 134 | 90 | 60 | 56 212 0.0219 4.8 H
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