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1. Introduction

ABSTRACT

The Doruneh fault system with more than 700 km length, after the main Zagros fault, is known as
the largest fault in Iran. In this research, this fault system is divided into 3 main parts because the
mechanisms of its different parts are different. The western part is reported to have a left lateral strike-
slip mechanism with a reverse component, the middle part is a left lateral strike-slip mechanism, and
the eastern part is reported to have a reverse mechanism. In this study, seismicity parameters and their
temporal and spatial changes along this fault system are analyzed using seismic data collected from
1980 to 2023 and based on the maximum likelihood method. In this regard, the temporal changes
of b-value shows two significant drops, which indicate two relatively strong Torbat-e Heydarieh
earthquakes in 2010 and the Fariman earthquake in 2017. Despite the fact that the scientific
community is not yet able to accurately predict earthquakes, according to the studied method and
with the continuous monitoring and analysis of various earthquake parameters, especially b-value, it

is not far from expected to predict the occurrence of possible earthquakes in the future.

sometimes predicts big earthquakes. Li (1978) found that the

Nowadays, study of the frequency distribution of earthquakes as a
function of magnitude is known as a basic solution in seismological
researches. Following relation was first presented in 1944 by
Gutenberg and Richter (1944):
logh =a-bm (1)
In equation 1, @ and b are the seismic parameters of the study
zone.A  is the rate of occurrence of earthquakes per year. Studies
show that the b-value varies over time and location (Wiemer

and Benoit, 1996; Wiemer and Wyss, 1997). Also, b-value

b-value usually goes through three stages before the main
earthquake: in the first stage, it increases a little, then a sudden
drop, and in the last stage, just before the main earthquake, the
b-value increases.

The main purpose of the present study is to obtain the seismicity
parameters and investigate the spatial and temporal changes of
them along the Doruneh fault system located in the northeast of

Iran using the updated and complete earthquake catalog.
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2. Data and Research methodology

The Doruneh fault system or the Great Kavir fault was first
introduced by Wellman (1966). This fault system is known as the
largest fault system in Iran after the main Zagros reverse fault
(Fattahi et al., 2007). The Doruneh fault system has more than 700
km long. In the present study, earthquake data in the areas around
the Doruneh fault system with longitude 53.9 to 61.3 and latitude
33.7t0 36.1 degrees from January 1, 1980 to February 17,2023 was
used. The catalog was extracted from the website of International
Institute of Earthquake Engineering and Seismology of Iran
(IIEES).

Different seismographic networks around the world use different
methods to report earthquake parameters. This issue causes the
inconsistency of the parameters in the reports. Therefore, the next
step in this study is to identify the algorithms for recording and
determining the characteristics of earthquakes and their magnitude
scale. In this study, in order to unify the magnitude unit and to
convert the units presented in the catalog into M, the relations
provided by Shahvar et al. (2013) which is specific to the Iranian
plateau were used.

A total of 853 earthquakes with M, greater than equal to 2.7
were used in this study. The largest earthquakes that occurred in the
studied time period are related to the earthquake of August 27,2010
in Torbet-e Heydarieh with M| =5.9 and the earthquake of April 5,
2017 in Fariman with M, =6.1. The epicenter of this earthquake
was located 30 km from Sefidsang, 47 km from Fariman, 75 km
from Torbat Jam and 86 km from Mashhad. According to local
reports, after this earthquake, communication lines, mobile phones
were disrupted in the earthquake affected areas.

The ability of each seismographic network to record earthquakes
depends on the density and distribution of seismographic stations,
the software and hardware characteristics of the seismographs, and
the location of the station. Quantitative measurement of this ability
requires complex calculations that are performed by calculating
the minimum magnitude of completeness of earthquakes (M,). The
maximum curvature method proposed by Woessner and Wiemer
(2005) was used to evaluate the minimum magnitude of the
seismicity of the region. This method is an updated version of the
Wiemer and Wyss method (Wiemer and Wyss, 2000).

The methods that are usually used to calculate the b-value
include the maximum likelihood method (Aki, 1965; Shi and
Bolt 1982; Utsu 1965) and the least squares method (Main, 2000;
Zoller et al., 2002). The maximum likelihood method considers the
contribution of each seismic event as the same and averages the
magnitude of all earthquakes with the same weight. Compared to
the maximum tendency method, the least squares method considers
more weight for small and medium earthquakes (Xie et al., 2022).

A large number of studies (Goldstein et al., 2004; Nava et al., 2017;

Newman, 2005) have shown that the standard deviation of the
maximum likelihood method is more than twice that of the least
squares method. When the seismic catalog is small, the maximum
tendency method provides a more accurate estimate than the least

square method, which is used in this study.

3. Results and Discussion

The present study was conducted in order to obtain the seismicity
parameters and investigate the spatial and temporal changes of the
seismicity parameters along the Doruneh fault system located in the
northeast of Iran, as well as to relate the prediction of earthquake
occurrence with the temporal distribution of parameter b in the
study area. The results of this study were presented and analyzed
in three parts: seismicity parameters, spatial changes of seismicity
parameters, and temporal changes of them.

The graph of the distribution of the frequency of earthquakes was
drawn in order to obtain the parameters of the seismicity of the
region by zmap7.1 software. The b-value in the region is 0.80, the
a-value is 5.66, and the minimum magnitude of the earthquake in
the region is 3.60. The minimum magnitude of completeness in
earthquake catalogs is defined as the magnitude at which 90% of
the data can be modeled by a power law fit (Wiemer and Wyss,
2000).

Preparation and examination of the b parameter map provides
very important information about the seismic activity of an area.
For this purpose, in order to check the local changes of values
of seismicity coefficients ¢ and b, spatial distribution maps of
seismicity coefficients were calculated using Wiemer’s method
(Wiemer, 1996) in zmap7 software. The spatial changes of b
indicate the changes of this parameter from 0.85 to 1.25. The time
distribution map of b shows the distribution of stress in the studied
area, such that low values of b are areas that bear a lot of stress and
high values of b are areas that bear little stress.

This different stress accumulation leads to different return
periods of earthquakes in different parts of this fault system. Also,
by using the method introduced in the previous section, the spatial
changes of standard deviation b were obtained. This value is less
than 0.12 in the entire studied area, except for a small part. Finally,
the spatial changes of a-value show that the events are not uniformly
distributed in the studied area, and higher values of a indicate
greater seismicity of the area. The changes of this parameter are
from 5.8 t0 6.8.

The maximum likelihood method (MLE) was used to investigate
the temporal changes of parameter b in the study area from 1995 to
now. According to the number of earthquakes in the study area, the
window size was 100 earthquakes. The graph of time changes of
b-value from 1993 to 2023 can be seen in the figure below.

According to Figure 8, the differences in h-value before and
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Temporal and spatial changes in the seismicity

after 2010 and before and after 2017 were significant. With further
investigations of the studied area, we found that the decrease in
parameter b in 2010 is related to the 5.9 Torbat-e Heydariech
earthquake (star no. 1) and the severe drop in the earthquake in 2017
is related to the Fariman earthquake (star no. 2) with a magnitude of
6.1. The occurrence of a foreshock may lead to a slight decrease in the
b-value a few days before the main earthquake. Post-seismic activity

also leads to more changes in b value (El-Isa and Eaton, 2014).

4. Conclusion

In this study, 853 earthquakes with moment magnitude greater
than equal to 2.7 were used. Seismicity parameters like spatial
and temporal changes along the Doruneh fault system located in
the northeast of Iran were studied using the updated and complete

earthquake catalog until 2023. This research showed that the
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temporal and spatial changes before a large earthquake clearly
can be seen in the couple of months before. Considering that the
accurate prediction of earthquakes is currently a global scientific
problem, it is possible to prevent serious damage by carefully
monitoring the b-value in each region. However, it should be noted
that b changes before large earthquakes can be very complex, and
earthquakes cannot be successfully predicted using only b-value
changes. For a more accurate prediction of an earthquake, a set of

pre-indicators should be used together.
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Figure 1- A) The studied area with longitude 53.9 to 61.3 degrees and latitude 33.9 to 36.1 degrees and B) Earthquake event in the area from January 1, 1980, to
February 17, 2023 (yellow stars indicate M >5.8).

Regression Relations for Each Couple of Magnitudes

Coefficient of Relationships | R? | rms” Error
Regression Relation between M and M| (M < 6.1)
SR : M «0.589(0.012)M + 2. 420(10 055) 0.872 0.145
ISR : M «1.483(£0.029)M_ —2.996(+0.152) 0.678 0.230
OR: MW70611(:E0 010)M, + 2.314(0.047) 0.871 0.124
Regression Relation between M and M (M, 26.1)
SR : M «0.887(x0.047)M + 0.656(x0.316) 0.862 0.171
ISR : M «—1.004(x0.043)M + 0.072(£0.285) 0.848 0.179
OR : M = 0.949(x0.029)M + 0.243(+0.192) 0.858 0.126
Regression Relation between m, and M, Alborz—Central Iran Region
SR : M «—1.107(x0.052)m,+ 0.117(£0.273) 0.780 0.213
ISR : m, «0.665(x0.034)M + 1.556(+0.186) 0.860 0.207
OR : M = 1.303(+0.034)m - 1.292(+0.178) 0.759 0.153
Regression Relation between m, and M, Zagros Region
SR : M «<0.917(x0.023)m, + 0.507(x0.115) 0.796 0.341
ISR : m, «0.869(x0.022)M_ + 0.568(=0.111) 0.806 0.274
OR : M = 1.030(x0.017)m, —0.057(+0.082) 0.784 0.223
Regression Relation between M, and M|
SR : M_«0.701(x0.036)M, + 1 656(i0 176) 0.793 0.190
ISR : M «—1.138(=0. 059)M —0.904(+0.296) 0.664 0.242
OR : Mw =0.763(x0.029)M, + 1.355(+0.142) 0.787 0.153
Regression Relation between M and M
SR : M «0.768(+0.035)M+ 1.272(+0.183) 0.816 0.197
ISR : M «—1.067(+0.049)M_ - 0.430(+0.257) 0.745 0.233
OR : M = 0.834(0.028)M + 0.932(+0.143) 0.810 0.154
Regression Relation between M, and M, , Alborz—Central Iran Region
SR :M, «0.921(0.012)M,+ 0.125(::0.044) 0.849 0.19
ISR M —0.922(0.012)M, + 0.432(:0.042) 0.848 0.19
OR M 0.999(x0.009)M,, — 0.160(+0.032) 0.842 0.137
Regress10n Relation between M and M, Zagros Region
SR :M, <—0.945(x0.009)M, + 0.123(10.032) 0.871 0.181
ISR :M, «—0.922(0.009)M, + 0.350(=0.030) 0.875 0.179
OR :M, = 1.014(x0.006)M,— 0.123(+0.023) 0.867 0.13
Regression Relation between m, — M, Alborz—Central Iran region
SR :M «1.285(£0.027)m,— 1.653(+0.124) 0.746 0.436
ISR :m,«0.581(x0.012)M + 2.100(x0.052) 0.885 0.293
OR M = 1.576(x0.016)m — 2.965(+0.072) 0.708 0.251
Regressmn Relation between mb and Ms, Zagros Region
SR :M_«1.071(£0.021)m, — 0.866(+0.095) 0.846 0.414
ISR m «—0.606(£0. 012)M +2.081(%0.047) 0.801 0.311
OR :M = 1.420(0. 013)m,— 2.415(x0.060) 0.579 0.26

The chosen regression for each magnitude couple is shown in bold
*rms, root mean square.

{(Shahvar et al., 2013) slo; } 855 735 & Jeokd 8l 0 g S5 dasls, Y IS
Figure 2. Regression Relations for Each Couple of Magnitudes (Shahvar et al., 2013).
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Figure 3. Magnitude-time diagram in the studied area from January

1, 1980, to February 17, 2023 (yellow stars indicate M >5.8).
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Figure 4. Magnitude-frequency diagram of the studied area (white
squares indicate the cumulative distribution of events and gray

squares indicate unaggregated events).
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Figure 5. Spatial changes of b-value in the study area from January 1, 1980, to February 17, 2023.
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Figure 6. Spatial changes of the standard deviation of b-value in the studied area from January 1, 1980, to February 17, 2023.
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Figure 7. Spatial changes of a-value in the studied area from January 1, 1980, to February 17, 2023.
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Figure 9. Temporal changes of the b-value in the eastern part of the Doruneh

fault (the dashed line shows the standard deviation of the h-value).
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area and the dashed line shows the standard deviation of b-value).
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Figure 11. Temporal changes of the b-value in the western part of
the Doruneh fault (the dashed line shows the standard deviation

of the b-value).
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Figure 10. Temporal changes of the b-value in the middle part of
the Doruneh fault (the dashed line shows the standard deviation of

the b-value).
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