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I GCMT: Global Moment Tensor Solution
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Fig. 1. a) Historical large earthquakes (M>5.5) (Ambrasis and Melville, 1982) (yellow markers), Iranian cities (gray
squares), ISC earthquakes (red markers) and earthquake mechanism from Jackson (1995) (markers in blue), b) The

mechanism of large earthquakes (M>5.5) in Iran (GCMT, 2022).
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Fig 2. A) Map of major and minor faults with their names, the focal mechanism of earthquakes (M;>4.5) of Seismological
Center of Institute of Geophysics, the University Tehran (gray markers) and the mechanism of earthquakes (M1>5.5) from

GCMT (black markers) around the city of Kerman. b) The map of the resolved mechanisms of earthquakes (M>4.0) in this
research (red markers) around the city of Kerman.
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Table 1. Characteristics of the resolved mechanisms of earthquakes around the city of Kerman.
NO. Date Time Lat. Lon. Mn St. Dip Rake RMS. | N.S.
1 6/15/2007 37:44.2 | 30.319 | 57.603 4 23470 | 45.22 4.98 0.4 11
2 6/4/2008 38:45.0 | 30.31 | 57.559 | 4.5 | 160.30 | 80.42 -39.03 0.5 33
3 5/12/2009 30:51.9 | 30.162 | 57.647 | 4.3 | 193.01 | 43.37 -13.00 0.4 12
4 6/26/2011 47:00.8 | 30.206 | 57.63 | 5.2 | 300.68 | 41.03 74.66 0.5 16
5 1/6/2013 24:15.3 | 30.234 | 57473 | 4.2 | 25575 | 58.68 16.48 0.8 46
6 1/21/2013 48:58.1 | 30.368 | 57.466 | 5.4 | 23347 | 81.46 34.07 0.7 80
7 2/22/2013 39:22.7 | 29.66 57.1 4.2 | 308.65 | 42.04 87.01 0.6 54
8 9/18/2015 06:09.3 | 29.584 | 57.556 4 278.60 | 42.06 31.11 0.6 58
9 6/4/2016 54:13.8 | 30.057 | 57.614 | 4.7 | 240.00 | 90.00 25.00 0.5 65
10 6/24/2018 24:32.1 | 30.476 | 57.084 4 24747 | 61.86 17.99 0.4 37
11 12/11/2018 | 41:00.7 | 30.424 | 57.413 | 4.2 | 250.03 | 47.47 19.50 0.4 53
12 9/19/2019 24:12.6 | 29.872 | 57.762 | 4.1 | 254.14 | 78.56 9.77 0.2 38
3y el (330l g (S0 Jigaes 3 oo Jo gl )g 5w by S5ig Y Joua
Table 2. Characteristics of the resolved mechanisms of earthquakes around the city of Shiraz.

NO. Date Time Lat. Long. | Mag. St. Dip Rake RMS. | NS. | Q
1 9/5/2008 11:47.3 | 29.888 | 51.746 4.4 330.08 | 57.07 55.99 0.4 31 | A
2 10/24/2008 | 22:59.8 | 29.541 | 51.841 4.2 265.87 | 41.24 12.81 0.4 27 | B
3 11/25/2008 | 13:16.9 | 29.848 | 51.729 4.5 289.96 | 43.37 | -13.00 0.3 44 | g
4 11/26/2008 | 02:26.5 | 29.848 | 51.781 4.3 27743 | 41.08 | -48.16 0.4 26 | B
5 10/19/2012 | 10:51.6 | 29.303 | 52.481 4.2 18944 | 74.24 | -37.25 0.6 77 | A
6 5/12/2013 40:31.7 | 29.547 52.7 4.4 21775 | 47.74 | -17.17 0.7 60 | A
7 9/1/2013 58:56.7 | 29.368 | 52.521 4 178.00 | 85.54 | -47.84 0.6 69 | A
8 2/6/2014 35:14.7 | 29.249 | 52.819 4.1 327.00 | 49.97 13.94 0.6 56 | A
9 2/6/2014 09:35.9 | 29.255 | 52.825 4.2 17.93 | 44.14 84.25 0.5 63 | A
10 8/27/2014 51:11.2 | 29.549 | 52.137 4.2 13441 | 25.46 78.30 0.7 62 | g
11 9/4/2014 51:21.2 | 29.539 | 52.143 4.5 306.34 | 45.52 45.51 0.7 81 B
12 5/10/2016 20:20.3 | 29.256 | 52.041 4.2 249.82 | 48.36 | -18.88 0.5 87 | A
13 9/23/2018 22:58.6 | 29.452 | 52.017 4.7 313.73 | 50.93 46.96 0.3 73 | A
14 5/12/2019 46:44.4 | 29.266 | 53.238 4.2 58.39 | 75.07 21.53 0.3 5 | A
15 5/18/2019 48:17.0 | 29.754 | 52.052 4.6 240.19 | 61.98 | -11.17 0.4 80 | A
16 11/13/2019 | 28:38.7 | 29.667 | 51.971 4 91.22 | 56.56 39.62 0.4 4 | B
17 1/27/2020 28:26.0 | 29.609 | 52.091 54 265.84 | 56.02 1.35 0.3 86 | A
18 1/28/2020 24:32.7 | 29.585 | 52.128 5.1 89.11 | 69.30 22.21 0.3 81 | A
19 3/11/2020 24:05.7 | 29.599 | 52.136 4.3 51.00 | 87.27 19.82 0.3 47 | A
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Fig. 3. a) The map of the major and minor faults with their names, the mechanism of earthquakes (M >4.5) of the
Institute of Geophysical (gray markers) (since 2012) and the mechanism of earthquakes (Mr>5.5) from GCMT (black
markers) (since 1976 until now) around the city of Shiraz. MZTF, HZF, MFF and ZFF are Zagros main thrust, Zagros
subduction fault, Zagros frontal fault and Zagros front fault, respectively. b) The map of the resolved mechanisms of
earthquakes (Mr>4.0) in this research (red markers) around the city of Shiraz.
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Abstract

Based on the solution of mechanisms in this study, Golbaf, Kuhbanan and Rafsanjan faults have a
dominant right-lateral mechanism with a reverse component and Sarvestan fault has a pure reverse
dominant mechanism. Earthquakes are mostly scattered around the city of Shiraz near the Sabzpooshan
fault system and Borazjan fault. Solved mechanisms also show that earthquakes with a dominant right-
lateral mechanism are related to the Karebas fault. Some earthquakes, which are related to the
Sabzevaran fault are with the dominant mechanism of strike slip. Earthquakes of the Sabzpoushan fault
are with the dominant mechanism of strike-slip right-lateral (N-S active plain). Mechanism of some
earthquake is not compatible with any known faults in the range. In the interpretation of earthquakes in
of all maps, the location error of the seismicity must also be considered. This error can reach up to ten
kilometers (in some cases) due to the intermediate distance between the stations of the seismological
networks. The mechanism of some of these faults, which were studied in previous works (geologically

or seismologically), are consistent with the mechanism solved in this study.

Keywords: Mechanism, Earthquake, Kerman, Shiraz, Fault

Introduction

Iran is one of the most seismically active
countries in the world and part of the largest
convergent deformation zone on Earth (Alpine-
Himalayan orogenic belt). Shortening and
thickening of the crust in this collision range
have led to the formation of the Caucasus,
Zagros, Alborz, Kopeh Dagh, strike slip belts
along with compressive bends in the east and
Makran subduction in the Iranian plateau. The
presence of these extensional pressure zones
causes small and large earthquakes to always
occur in these areas. However, most kinetic
energy occurs in the form of seismic
deformations, with only about 10% of the stress
release being seismic and accompanied by
earthquakes (Jackson and Mckenzie, 1984).

Materials and methods

Epicenters and the mechanisms of earthquakes
around large cities are very important in
accordance to the seismic risk in these cities.
Scientific agancies such as GCMT; Global
Moment Tensor Solution project, and the
Institute of Geophysics, University of Tehran
solve the mechanism of earthquakes. All

earthquakes with a magnitude of 4.0 to 5.0, and
below are in the category of earthquakes, whose
mechanism is not solved by the mentioned
organizations. On the other hand, the Iranian
Seismological Center, Institute of Geophysics,
University of Tehran has started its earthquake
focal mechanism database in 2012. In this
research, the mechanism of earthquakes around
large cities with a magnitude of 5.0 to 6.0 are
solved and along with other mechanisms of
previous earthquakes, they are brought and
interpreted on maps. Efforts have been made to
ensure that the cities selected for the study of
the mechanisms (Kerman and Shiraz) are
evenly distributed in the seismic states of Iran.

The data required to solve the mechanism of
earthquakes in this study were collected from a
combination of waveform data from the
Institute of Geophysics, University of Tehran
and the International Institute of Seismology
and Earthquake Engineering. After editing the
data, before processing the data, the first P-
wave polarization method for the broadband,
long-period and short-period seismic stations
were used to solve the earthquake mechanism.
The location error of these earthquakes was
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about 5 km and the maximum rotation of the
nodal plains in the mechanisms was considered
5 degrees. These mechanisms have been
processed with the least error in the number of
wrong polarizations for seismic mechanisms
around the most populous and important cities
of Kerman and Shiraz.

Discussion and Results

The solution of the earthquake mechanism is
based on the maximum number of polarizations
of P waves of the stations, their uniform and
proper distribution and the limitation of the
nodal plains within the stations. The degree of
freedom of movement of the nodal plains in the
focal sphere was considered 5 degrees and the
mechanisms were solved with a maximum of
one or two polarization errors in the tensile and
compressive  ranges. Based on above
conditions, these solved mechanisms, based on
the above conditions, were classified into two
categories: good (A) and fair (B) quality. In the
solution of the mechanisms in this study, unlike
some other research works such as Jackson and
Mackenzie (1984), only the scattering of
polarization was used. The reason for using this
method is to compare the results of the two
methods and show the independence and
efficiency of this method. In some works,
mechanisms are solved based on the solution by
the other methods, such as body wave modeling
or seismic moment tensor solution, in order to
estimate the direction of the nodal plane of
those solutions.

Based on the solution of mechanisms in this
study, Golbaf, Kuhbanan and Rafsanjan faults
have a dominant right-lateral mechanism with a
reverse component and the Sarvestan fault has
a pure reverse dominant mechanism.
Earthquakes are mostly scattered around the
city of Shiraz near the Sabzpooshan fault
system and Borazjan fault. Solved mechanisms
also show that earthquakes with a dominant
right-lateral mechanism are related to the
Karebas fault. Some earthquakes, which are
related to the Sabzevaran fault are with the
dominant mechanism of strike slip. Earthquakes
of the Sabzpoushan fault are with the dominant
mechanism of strike-slip right-lateral (N-S
active plain). The mechanism of some

earthquakes is not compatible with any known
faults in the range. In the interpretation of
earthquakes in of all maps, the location error of
the seismicity must also be considered. This
error can reach up to ten kilometers (in some
cases) due to the intermediate distance between
the stations of the seismological networks.
The mechanism of some of these faults, which
were studied in previous works (geologically or
seismologically), is consistent with the
mechanism solved in this study.

Conclusions

Considering that most of the devastations occur
in the hanging walls of reverse faults, with a
simple interpretation, we can say that
fortunately, none of the cities of Kerman and
Shiraz are located in the hanging walls of
reverse faults around them. Although, this
factor is not the only factor involved in seismic
risk, the length and magnitude of the earthquake
created by the strike slip faults such as Golbaf,
Sabzposhan and Korebes, respectively, are very
significant in seismic hazard for the cities of
Kerman and Shiraz. In terms of comparison
between the two investigated cities, it can be
said that the faults around Kerman city have
been much more active in recent years, and
Karebas fault and High Zagros fault have not
had much seismicity compared to them. Shiraz
is more at risk of earthquakes from the Karebas
and Sabzposhan faults than the High Zagros
fault. The largest earthquake near Shiraz was
the 29/07/2010 earthquake with a magnitude of
1.6, which is related to the Kazeroun fault,
while the largest earthquakes near Kerman were
the 1981 earthquake with a magnitude of 7.1
and the 2017 Hejdak earthquake with a
magnitude of 6.1, respectively, are related to
Golbaf and Lakarkouh faults. The close
proximity of Kerman city to Golbaf faultis very
significant in seismic hazard. The earthquakes
of Golbaf fault (1981 earthquakes with a
magnitude of 7.1; 1989 with a magnitude of 5.9;
1998 with a magnitude of 6.4) can be indicative
of the fact that different parts of this fault have
repeatedly broken and caused earthquakes.
However, this interpretation cannot rule out the
integration of fault fragments and the creation
of a larger earthquake.



