
Spatial Identification and Characterization of Earthquake
Clusters Around the Kazerun Fault System

Seyed Naser Hashemi∗

School of Earth Sciences, Damghan University, Damghan, Iran.

Abstract:
In this research, by spatially analyzing earthquakes (during the period of the beginning

of 2006 to the end of April 2021) that occurred around the Kazerun Fault System (KFS),
four earthquake clusters have been identified. These earthquake clusters then were charac-
terized by spatial statistics parameters and also were compared with each other. Results
obtained indicate that the identified clusters located in the middle parts of the KFS (clus-
ters II and III) have a swarm-type clustering and branching pattern and these clusters
show a lower degree of spatial clustering in comparison to the two other clusters (I and
IV). Also, the identified earthquake clusters were studied from the spatial autocorrelation
point of view and based on magnitude as desired attribute. Accordingly, this analysis
shows positive spatial autocorrelation by high-value clustering in two clusters of II and
IV, no significant pattern in cluster III and low-value clustering in cluster I.
Keywords: Spatial clustering, Earthquakes, Kazerun Fault System (KFS), Space-time
analysis, Spatial statistics.
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1 Introduction
Seismicity and the occurrence of earthquakes can be considered as a random point process
in space and time. Each earthquake is characterized by the location of its epicenter and
the time of its occurrence. Identifying and studying the geometric properties of clusters of
earthquakes is very important in understanding how seismic energy stored in the Earth’s
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crust is released, as well as recognizing the physical properties of of the crust. The studies
made by various researchers show that the occurrence of earthquakes has a clustered
pattern in domains of time, place and magnitude. Understanding this clustered pattern
can provide us with key information about the dynamics of earthquake occurrence in the
study area (Peresan and Gentili , 2020). In identification of earthquake clusters, it is
a fact that clusters are of different types and also there are different methods for their
identification. In this regard, various methods have been proposed by researchers to
identify and extract earthquake clusters from data catalogs (Gardner and Knopoff , 1974;
Reasenberg , 1985; Zhuang et al. , 2002; Zaliapin and Ben-Zion , 2013a,b, 2016). Most
of these proposed methods are based on the use of temporal-spatial window patterns or
random branching models that are often used to cluster large earthquakes, in which the
series of aftershocks is easily distinguishable from the background seismicity. However,
with these methods, it is difficult to identify and extract clusters related to earthquakes
with small to intermediate magnitudes. Located in the central part of the Zagros region
(Figure 1), the Kazerun fault system (KFS) is considered as one of the most seismically
active and basement fault of Iran that reactivates frequently in different times. This
fault system separates the North Zagros from the Central Zagros and crosscut the entire
Zagros belt at a high angle. It is comprised of several roughly northsouth-trending right-
lateral strike-slip faults and is composed of three northsouth-trending segments: the Dena,
Kazerun and Borazjan segments, which all terminate to the south with a north-dipping
reverse fault with equivalent length ( 100- km-long). They have similar shapes with a
general N170ř 180řE trend and southern terminations bent southeastward (Authemayou
et al. , 2005). The Zagros fold-and-thrust belt is located within Iran at the edge of the
Arabian plate. With a length of more than 1200 km, the width of this belt varies from
200 km in the west to 350 km in the east. The Zagros mountain belt is resulted from
convergence between Arabia and Eurasia plates. The approximate location of the KFS
and the study area within Iran is shown in Figure 1. In this study, an attempt has been
made to identify spatial earthquake clusters around the Kazerun fault system during the
time period of the beginning of 2006 to the end of April 2021, and also to characterize
the spatial statistical pattern of the identified clusters in this area.

2 Methodology

Spatial point pattern analysis is a powerful technique to find the relationships in a spatial
data distribution. Theory of this technique has rapidly grown in recent decades and its
background has been described in many texts, e.g., Illian et al (1993).
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Figure 1: Map showing the approximate location of the KFS and the examained region in Iran

Generally, the output x of a point process X on S is a locally finite set of points of S:

x = {x1, x2, ...} , xi ∈ S

In this research, firstly the point density technique was simply employed for providing
density maps showing spatial variation of earthquake epicenters concentration across the
study region, by calculating the total number of events situated within a given net of
quadrangle cells. Then, based on this density map, 4 earthquake clusters were identified
in this region as shown in Figure 2. Furthermore, two spatial statistic of Average Nearest
Neighbor (ANN) or R ratio and Getis-Ord Gi index (G index) were computed for these
four clusters. ANN is calculated as ANN = dobs

dexp
, where dobs =

∑
di

n
and dexp = 1

2
√
n/A

.

In above equations, di is the distance between points, n is the number of points in the
distribution, and A is the area of the study region.Also, G index statistic is calculated as:
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∑n
j=1 wi,jxj − X̄
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Table 1: Spatial statistics parameters computed for 4 extracted earthquake clusters around
the KFS

Earthquake cluster ANN (R ratio) G index Clustering pattern type
I 1.057 Low-value clustering Main shock-aftershock type
II 1.096 High-value clustering Swarm-type
III 1.298 No significant pattern Swarm-type
IV 1.055 High-value clustering Main shock-aftershock type

where xj is the attribute value for point j, wi,j is the spatial weight between point i and
j, and n is the total number of points.

3 Data analysis and discussion

In this study, earthquake data for the study region during the period of the beginning of
2006 to the end of April 2021, with magnitude 2.5 and greater were extracted from the
Iranian Seismological Center catalog. To do this research, first the epicenteral density
map of earthquakes in the study area was prepared. Then, based on this density map, 4
earthquake clusters were visually identified around the KFS. The seismicity map of the
study area along with the earthquake density map and the location of the 4 identified
earthquake clusters are shown in Figure 2. Earthquake data related to each cluster were
extracted from the catalog and After extracting the earthquake data of clusters, the spatial
distribution of earthquakes in each cluster was examined from the spatial statistics point
of view. The results of spatial statistical analysis of earthquake distribution in these 4
clusters are presented in Table 1. Based on the data presented in this table, it can be
said that clusters I and IV have the lowest values of ANN (R ratio) coefficient, which
indicates the higher degree of spatial clustering for these two clusters. The values of the
G index calculated for the clusters (based on magnitude attribute) also indicate that no
significant pattern of high or low value clustering is seen in cluster III, and high-value
clustering pattern is observed in clusters II and IV and low-value clustering pattern is also
observed in cluster I. Furthermore, by evaluating the temporal distribution of earthquakes
in each cluster, it was determined that in clusters I and IV, the temporal distribution has
the main shock-aftershock type clustering pattern, while clusters II and III show the
swarm-type pattern.

4 Conclusions

In this study, after identifying spatial earthquake clusters around the KFS, the character-
istics of spatial distribution of earthquakes in each cluster were investigated. Based on
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Figure 2: A) Epicentral distribution map of the earthquakes that occurred in the examained region, B)
Density map of the earthquakes and the locations of four extracted earthquake clusters.

the results obtained, it can be said that the identified clusters located in the middle parts
of this fault system (clusters II and III) show a swarm-type pattern and these clusters
have a lower degree of spatial clustering. Also, the identified earthquake clusters were
examined through spatial autocorrelation analysis and based on the magnitude attribute,
which show a positive spatial autocorrelation by high-value clustering in two clusters of II
and IV. In cluster III no significant pattern of high or low value clustering was detected
and in cluster I a low-value clustering pattern was observed.

In this research, earthquake clusters around the KFS were studied only in space do-
main. More detailed studied of the spatio-temporal pattern of earthquakes and space-time
clustering of these events around this fault system can better help us to identify the in-
ternal structure of the spatial and temporal distribution of earthquakes in this area.
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