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1-Introduction

The Makran in southeastern Iran and southwestern Pakistan is formed by the subduction of Arabian—Ormara
plate beneath the Eurasian plate (Farhoudi and Kaig, 1977). Study of Makran seismic history shows that despite
the location of this area in an active subduction zone, its seismicity is low and few earthquakes have been
recorded historically and instrumentally (Martin and Kakar, 2012). But in the last decade, from 2011 to 2013,
several major earthquakes occurred in the Makran seismotectonic zone (Iran and Pakistan). The first major
earthquake of the last decade in this zone is the 2011 Dalbandin earthquake with MW: 7.2. The earthquake
occurred in southwest Pakistan, south of the Makran— Balochistan volcanic arc on a normal fault and at a depth
of =70 km. About two years later, in 2013, two strong earthquakes occurred in the Makran zone of Iran within
25 days apart. The first earthquake with a magnitude of Mw 7.8 occurred in the eastern end of Iranian Makran,
Saravan region, and the second happened in western Makran, close to the Minab-Zendan Fault zone with a
magnitude of Mw 6.2 (Zare et al., 2013). After these earthquakes, an earthquake with a magnitude of MW: 7.7
occurred at the eastern end of Makran zone in Pakistan that was followed by intense sequence of aftershocks
with a major 6.8 Mw aftershock (Avouac et al., 2014). The last major intermediate - focus earthquake in this
region, prior to the Dalbandin earthquake, occurred on 18 April 1983 with a magnitude of MW: 7.0
(Ambraseye, 2000; Engdahl and Villasenor, 2002; Martin and Kakar, 2012). For this event Laane and Chen
(1989) determined a normal faulting mechanism with a depth of 65 + 5 km, similar to the Dalbandin event.
After this earthquake, also an earthquake with Mw: 5.9 occurred in the Hormozgan Province (in the Makran-
Zagros transition zone). The epicentral location of these earthquakes are shown in Figure 1. The low event
interval of 2011 to 2013 earthquakes and the 1983 earthquakes with approximately similar pattern in a tectonic
zone may indicate their interaction. In this paper, the interactions between 2011 Dalbandin earthquake of
Pakistan, 2013 Saravan and Goharan earthquakes of Makran seismotectonic zone in SE Iran was investigated by
calculating the Coulomb stress changes. Also, in order to quantify the seismicity pattern changes in Makran,
statistical parameters including b-value, seismicity rate and temporal changes of local standard deviation of
gradient (Isd) were calculated over a 10 year period (5 years before and after the 2011 Dalbandin earthquake).

2-Methodology

2-1- Coulomb failure function changes (ACFF)

In this paper, the static Coulomb failure stress changes (ACFF) has been used to estimate the coseismic stress
perturbations:

ASf (ACFF) = At + 1 (Aon+ Ap) (Eq.1)
Where Adf is stress changes during source fault rupture on the receiver fault, At and Aon are change in shear

and normal stress changes, respectively, Ap is the pore pressure changes and u is the friction coefficient (varies
between 0 to 0.8) (Harris, 1998; Stein, 1999; King and Cocco, 2001). Coseismic stress changes is calculated
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based on Okada’s code with assumption shear modulus of 3.2x105 bars and poisson’s ratio of 0.25 by the
Coulomb 3.3 (Okada, 1992; Lin and Stein, 2004; Toda et al., 2005).

2-2- Extended cumulative 7 rule

In this paper, the /7 rule (Cochran, 1977) and its local standard deviation (Isd) were used to investigate the
temporal changes of seismicity pattern of Makran:

fay) = (a0 + (Ax)* + (am)? (Eq. 2)

Where, At,Ax and Am are interevent time, epicentral distance and magnitude of successive earthquakes,
respectively. The advantage of this method is simultaneous use of all three seismic parameters (location, time
and magnitude) for calculating of cum. /f compared to some other methods, such as fractal approach and

scherider algorithm on which one variable used (Mirabedini, 2018). In order to compute the Isd, the events are
divided in consecutive groups with equal number of events (in this study 20 data with a data step). For each
group, the standard /7 deviation of were computed and the plots of Isd as a function of time have been drawn.

Mirabedini (2018) demonstrate that in low activity times the Isd is high and in the activity times Isd is low.

2-3- Data

The earthquake catalog of Makran is collected from the International Institute of Earthquake Engineering and
Seismology for the period of 2006 to 2016 (IIEES, 2018). In order to have homogeneous and complete
catalogues, earthquake data have been homogenized to MW magnitude based on conversion relations
(Karimiparidari et al., 2013), and the minimum magnitude of completeness (Mc) on which the catalogues could
be considered complete (Wiemer and Wyss, 2000) is calculated (Fig. 2). The completeness magnitude of our
catalog obtained 4.2, so the total number of 370 seismic events with mb > 4.2 were remained for farther
analysis.

3- Results and discussion

At the first step, the static stress changes due to 2011 Pakistan Dalbandin earthquake were calculated along a
specified oriented receiver fault of main fault type (Fig 3). The result shows that the Makran and parts of Zagros
and East Iran are in stress enhanced regions of Dalbandin earthquake. Then, in order to more accurately assess
the impact of the Dalbandin earthquake on the two mentioned earthquakes, the static stress changes were
calculated along a specified oriented receiver fault (first causative fault of Saravan earthquake and then Goharan
earthquake; Figs. 4 and 5). The results show that both of Saravan and Gorharan earthquakes occurred in the
enhanced stress regions due to 2011 Dalbandin earthquake indicating the positive effect of Dalbandin
earthquake on triggering these events.

In order to investigate the seismicity pattern of Makran, b-value and seismicity rate were calculated for two 5-
years periods before and after 2011 Dalbandin earthquake (Figs. 6 and 7). Number of earthquakes and b-values
for the period before/after the target earthquakes were 124/247 and 1.34/1.54, respectively indicating an
increase in the proportion of large earthquakes to small ones. Seismicity rate of cumulative and noncumulative
plots (Fig. 7) also show that the seismicity rate of Makran especially earthquakes larger than 5 have increased
after Dalbandin earthquake. Local standard deviation of gradient, Isd, is another statistical parameter that were
calculated over time to investigate the seismicity pattern of Makran zone. Temporal variations plot of Isd
parameter shows a decrease at the occurrence time of Dalbandin earthquake (Fig 8). Maximum decreases in this
parameter is seen in 2013. In overall, the mean value of Isd in the 5 years period before Dalbandin event (5.69)
is higher than after that (1.89), indicating an increasing in seismicity level of Makran after Dalbandin
earthquake. The results indicate that the occurrence time of Dalbandin earthquake is the beginning of an active
seismic period in the Makran subduction zone. But the peak of activity in this active seismic period is in 2013.

4-Conclusions

In this paper, the interactions between 2011 Dalbandin earthquake of Pakistan, 2013 Saravan and Goharan
earthquakes of Makran seismotectonic zone in SE Iran was investigated by calculating the Coulomb stress
changes. Maps and cross sections of coseismic stress changes show that Saravan and Goharan earthquakes have
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occurred in the stress enhanced areas indicating the positive effect of Dalbandin earthquake on triggering the
mentioned events. The results show that the seismicity rate of Makran seismotectonic zone has significantly
increased after this event. The temporal variation graph of Isd parameter also decreases at the time of the
Dalbandin earthquake event, indicating an increase in seismicity rate in the region. In overall, the results
indicate that the Dalbandin earthquake is the beginning of an active seismic period in the Makran subduction
zone on which the peak of activity occurred in 2013 with two years delay.
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Fig. 2. Frequency-magnitude plot of earthquakes in Makran zone for a 10 years period (5 years before and after

the 2011 Dalbandin earthquake).
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Tablel. Characteristics of epicentral locations and fault planes of studied earthquakes, extracted from the Harvard

CMT Catalog.
Earthquake Lon. Lat. Strike Dip Slip Mw
Dalbandin 63.98 28.61 224 63 -107 7.2
Saravan 62.21 27.89 238 56 -102 1.7
Goharan 57.73 26.55 255 88 -16 6.2
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Fig. 3. The static stress changes due to 2011 Pakistan Dalbandin earthquake. The Stress changes were calculated

along a specified oriented receiver fault of main fault type. The Coulomb stress enhanced regions is shown by
warm colors (red and yellow) and decrease by cold colors (blue).
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Fig. 4. The map view (top figure) and cross section (bottom figure) of the static stress changes due to Pakistan
Dalbandin earthquake along a specified oriented receiver fault (causative fault of Saravan earthquake) with
coefficient of friction of 0.6. The epicentral location of Saravan earthquake (black star), profile line and the
Coulomb stress enhanced (warm colors) and decrease regions (cold colors) is shown in figure.
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Fig. 5. The map view and cross section of the static stress changes due to Pakistan Dalbandin and Saravan
earthquakes along a specified oriented receiver fault (causative fault of Goharan earthquake) with coefficient of

friction of 0.6. Symbols are similar to Fig. 4.
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after (red) 2011 Dalbandin earthquake.
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Fig. 7. The plots of (a) cumulative and (b) noncumulative annual rate of earthquakes in Makran, before and after
Pakistan Dalbandin earthquake.

1

0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

time (vear)
oals oale Hlas mla b pandlo Yo O Y o) 0 ey olayg,y ley o) ,Se (sloo )y dsd) OLslS moge jlae Blyzuil Sloy Ol s loges A S

|

Fig. 8. Temporal Variation plot of Isd for earthquakes of Makran. Arrow shows the occurrence time of 2011

Dalbandin earthquake.
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