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Abstract: The Zagros suture zone is seismically active region in Iranian plateau. This
region is of high importance in terms of seismicity, since it is a vast and populated region
and in recent years the earthquakes with high intensities have frequently occurred and have
caused extensive destruction and heavy human loss. The study of the focal mechanism
is very important in understanding the seismotectonic characteristics. Focal mechanisms
of Zagros were collected over a period of 20 years and they were classified by FMC
software. Seven groups were considered for the type of faulting and Zagros was divided
into three zones. For each zone, the frequency percentage of each group of faults was
determined. The most of faulting are of the reverse and compression type with the
strike-slip component. Finally, the role of nodal plane selection in determining the type
of faulting was discussed and it was found that the selection of each nodal plane in
determining the type of faulting has the same result.
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1. Introduction

The Zagros suture zone is seismically active region in Iranian plateau. More
than 50 percent of the earthquakes reported by the national seismic net-
work have occurred in Zagros (Mirzaei et al., 1998). This region is of high
importance in terms of seismicity, since it is a vast and populated region
and in recent years the earthquakes with high intensities have frequently
occurred and have caused extensive destruction and heavy human loss. The
2017 Ms = 7.3 earthquake of Sarpol-e-Zohab is one of the most important
events of Zagros in recent years. According to the report of the Interna-
tional Seismological Research Institute (IIEES), the fault which caused this
earthquake was one of the plates with north-northwest direction of the fault
of the mountain which has a slope with a very low angle (10-15 degrees) to
the eastward.
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In this paper, the focal mechanisms of Zagros earthquakes are classified
using FMC software developed by Alvarez-Gémez (2018). FMC was orig-
inally developed on Python 2.7.3 and adapts some of the Gasperini and
Vannucci (2003) FORTRAN routines to obtain the different parameters of
the earthquake focal mechanisms. The default input and output formats
are the same used by the GMT program “psmeca” in order to make the
program integration easiest and facilitate the mapping of the data (Alvarez—
Gdmez, 2018). First, the whole area of Zagros was selected and then, due
to the large area of Zagros, it was divided into three parts and focal mech-
anism classification was done for all three parts. Finally, the importance of
selecting nodal planes in determining the type of fault was discussed.

2. Tectonic setting

The Zagros area can be divided into two main parts: High Zagros and Folded
Zagros. The High Zagros extends from the northwest to the southeast as a
high wall but with rather low width (at most 80 km). The highest mountains
of Zagros including Dena, Zardkooh, Eshtrankooh and Green, are located in
the High Zagros. The western and the southern part of Zagros Mountains,
1370 km in length and 120 to 250 km in width is called the folded Zagros.
This part of Zagros parallel to High Zagros extends to the Persian Gulf
and the Strait of Hormuz. Large and extended anticlines are characteristics
of the folded Zagros. The most important faults of the Zagros zone are
(Fig. 1):
a) The High Zagros Fault (HZF): the HZF is a large thrust fault in the
Zagros Mountains which is considered as the southern border of High
Zagros and separates this area from the Folded Zagros.

b) The Zagros Main Front Fault (MFF): The MFF forms the southern
border of the Folded Zagros. This blind and piece by piece thrust has
special characteristics of structure, topography, geomorphology and seis-

motectonics. The MFF is a combination of discontinuous driven pieces
with 15 to 115 km in lengths which is totally 1350 km long in Iran.

c) The Main Zagnros Reverse Fault (MZRF): The MZRF is essen-
tially a collection of several smaller faults along each other which consid-
ered as the northern border of the High Zagros. This reverse fault has a
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low-slope thrust-compression mechanism and plays a significant role in
the seismicity of Iran and the Zagros.

d) The Main Recent Fault (MRF): The MRF is a narrow zone and
a collection of several sections of right-lateral strike-slip fault, which is
mostly parallel but completely different from the MZRF and intersects
it in several places. These faults, together with the MZRF, form the
north-eastern boundary of the Zagros folded and thrust belt. The total
length of this fault is about 800 km.
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Fig. 1. The main geographical and tectonic features of the Zagros (Hatzfeld et al., 2010).
The four faults explained in this paper: MZRF — Main Zagros Reverse Fault; MRF —
Main Recent Fault; HZF — High Zagros Fault; MFF — Main Front Fault.

3. Data

About 251 focal mechanisms were collected from CMT catalogue (The Global
Centroid-Moment-Tensor Project at https://www.globalcmt.org/, Dzie-
wonski et al.,1981; FEkstrém et al., 2012), their distribution is shown in
Fig. 2. According to the distribution data, the Zagros was divided into three
zones. Thus, we can compare the different zones of Zagros in addition to
the general investigation of the classification of focal mechanism in Zagros.
In these zones, 45, 65 and 141 focal mechanisms (for zones 1, 2 and 3,
respectively) were available. It is worth mentioning that the general trend
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of seismicity in Zagros is in the way that with its movement from West to
East the frequency of the events increases.
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Fig. 2. Distribution of Zagros focal mechanisms with limited area of three zones.

4. Classification

In this paper, the tectonic characteristics of Zagros have been studied us-
ing the focal mechanisms obtained from the earthquakes of the region in a
period of 20 years (from 2000 to 2020). First the focal mechanisms were
collected from CMT catalogue. The range of magnitudes of the earthquakes
spans from 4.5 to 7.3 in moment magnitude scale. Most earthquakes are
shallow, about 70% of them have 30 km depth.

In this study, we classify these focal mechanisms so that the type of
faulting (reverse, strike-slip and normal) can be determined according to
their frequency distribution. We have used the software FMC which has
been written in Python. In this software the focal mechanisms are di-
vided into seven groups: Normal (N), Reverse (R), Strike-slip (SS), Strike-
slip-Reverse (SS-R), Strike-slip-Normal (SS-N), Reverse-Strike-slip (R-SS),
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Normal-Strike-slip (N-SS). The diagrams of these classifications have been
shown in Kaverina et al. (1996) projection technique (Fig. 3). This diagram
also is used by Kagan (2005).

Fig. 3. Seven groups of focal mechanism in the classification diagram (Alvarez— Gomez,
2018). N: Normal; N-SS: Normal-Strike-slip; SS-N: Strike-slip-Normal; SS: Strike-slip;
SS-R: Strike-slip-Reverse; R-SS: Reverse-Strike-slip; R: Reverse.

According to the analysis of the eigenvalues and eigenvector, every mo-
ment tensor has three eigenvalues (the maximum value T, the middle value
B, the maximum value P) whose direction are determined by eigenvectors.
The direction of these three vectors determines what type of faulting is
shown by a focal mechanism and to which category of the seven above
mentioned groups should belong to. The Figure 4 flowchart shows the clas-
sification based on the direction of the vectors of P, B and T.

5. The results of classification

First in this section the classification of the focal mechanisms for the whole
Zagros has been shown (Fig. 5), then for the zones 1, 2 and 3 (Fig. 6). As it
is shown in Fig. 5, most faulting is of reverse and strike-slip type. A smaller
number of the normal type is observed. The results of the zones 1, 2 and
3 have been shown in Fig. 6. The common feature among all is the high
frequency of the reverse category and then the strike-slip category. It is
interesting to notice that there is no registered focal mechanism in the nor-
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reverse

Fig. 4. The focal mechanism classification flowchart.

mal category of classification in zone 2. A pie chart of percentage frequency
of these seven categories has been shown in order to better understand the
classification (Fig. 7).

6. Comparison of classification with eigenvector and classifi-
cation with rake

In addition to eigenvector of moment tensor, we can use rake direction to
find out the type of faulting (Fig. 8). On other hand, we have two planes
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perpendicular to each other to solve the focal mechanism. Here, first we
make a comparison for the diagnosis of faulting using the rake of these
two planes, subsequently we compare each one of them with the analysis
of eigenvector as well. The method of the fault type diagnosis is shown
in Fig. 8. The rake varies from —180° to 180°. The rake values of 0 and
180 degrees indicate the faulting of pure strike-slip, 90 degrees indicates
reverse and —90 degrees indicates pure normal faulting. The other amounts
indicate the intermediate faulting and the combined faulting. The Heatmap
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Fig. 5. Classification of the Zagros focal mechanism in fclvd scale (top) and depth scale
(bottom).
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Fig. 6. Classification of the Zagros focal mechanism in depth scale for zone 1 (top), zone
2 (middle) and zone 3 (bottom).
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Fig. 7. Pie charts of frequency percentage for Zagros and its 3 zones.
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Fig. 8. Diagram of how to distinguish the type of fault from the rake angle.

diagram is used to represent the comparison. As shown in Fig. 9, the choice
of the nodal plane in the faulting type diagnosis by using rake is not very
significant.
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Fig. 9. Heatmaps of relation between: (a) classification with 2 nodal planes, (b) and
(c) classification with 1 nodal plane and classification with eigenvector. Numbers show
percentages of their frequency.

7. Conclusion

In order to understand the seismic properties of the Zagros region better,
its focal mechanisms were classified. Due to the large extent of the Zagros,
it was divided into three zones for more accurate classification. However,
no significant difference was observed in them and it seems that in the clas-
sification of Zagros focal mechanisms, it can be considered as an integrated
zone. Most of the faults were of inverse and compression type with strike-
slip component. Considering that eigenvector analysis of moment tensor has
been used in the classification; however, comparison with fault detection by
rake angle has shown that both methods can be used as a reliable method
in fault detection.
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The interesting point is the discord between the normal condition and
the reverse condition, i.e. one plane may show the normal faulting while
the other shows the normal faulting with strike-slip component. Also, one
may show a reverse faulting and the other plane the reverse faulting with
strike-slip component. This feature has also been observed in the diagnosis
of faulting by the analysis of eigenvalues.
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