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Seismicity sequence following a main earthquake usually contains much meaningful information for unveiling the focal mechanism
and predicting the reoccurrence interval of large earthquakes. The spatiotemporal evolution of earthquakes before and after the 2008
Wenchuan earthquake (M 8.0) is analysed comprehensively in this study. The frequency-magnitude relation of the 3493 earthquake
events retrieved from the database of the International Seismological Centre indicates that the adopted catalogue is complete for
magnitudes > 3.4. The seismicity during the 10 years before the Wenchuan earthquake remained stable, including the magnitudes
and focal depths. However, seismicity attenuated sharply in the year following the Wenchuan earthquake, and the magnitude of
earthquakes before the Wenchuan earthquake decreased gradually. The area of the seismogenic zone of the 2008 Wenchuan
earthquake was smaller than the earthquake stricken area. The earthquakes that occurred in the Longmenshan fault area and adjacent
area in the study period were mainly shallow earthquakes. The focal depths of earthquakes in the study area became stable gradually
after the Wenchuan earthquake, mainly within the range from 10 to 16 km. The earthquakes in the study area were mainly distributed

with an along-dip distance of 0-20 km, and the seismicity was distributed uniformly along the fault strike.

1. Introduction

The 12 May 2008 M, 8.0 Wenchuan earthquake and the 20
April 2013 M, 7.0 Lushan earthquake, which both occurred on
the Longmenshan fault, caused great losses of human lives
and to the economy. The Longmenshan fault is an active fault
in southwest China [1]. Since the Wenchuan earthquake and
the Lushan earthquake both occurred on the Longmenshan
fault, the Longmenshan fault has received much attention in
recent years. Historically, a total of 25 destructive earthquakes
have been recorded in the Longmenshan fault area since 1169.
Before the Wenchuan earthquake, studies on the Long-
menshan fault mainly focused on the fault slip rates [2]. After
the Wenchuan earthquake, studies on the Longmenshan fault

mainly concentrated on the seismogenic process [3, 4], stress
state [5, 6], coseismic surface rupture [7], kinematic char-
acteristics [8-11], and deep tectonic environment [12-15] of
the fault area. Liu et al. [16] and Yin et al. [17] analysed the
spatiotemporal distribution of the early aftershocks following
the Wenchuan earthquake. Wu et al. [18] performed a
comprehensive detection of early aftershocks following the
Lushan earthquake using events 2 days before and 3 days after
the main shock. Huang et al. [19] and Fang et al. [20] also
relocated the aftershocks of the 2008 Wenchuan and 2013
Lushan earthquakes. The existing studies unveiled the
Longmenshan fault. However, the considered temporal scale
is limited. The geologic structure of the Longmenshan fault
and adjacent area is significantly complicated; therefore, more
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studies are needed to deepen the understanding of the de-
structive Longmenshan fault.

Large shallow earthquakes are generally followed by
abundant seismicity that decays with time according to a
power law, typically known as Omori’s law [21]. The earth-
quake events with typical foreshock, main shock, and after-
shock are the most promising type to achieve short-
impending prediction of strong earthquakes, so it has
attracted much attention [22]. However, due to its rarity, the
understanding of foreshock activity of this type of earthquake
is still very shallow. Seismicity following a main earthquake
carries useful information regarding the triggering mecha-
nism of earthquakes [23-28]. In recent years, many studies
have focused on the historical earthquake sequence, including
the Landers earthquake [29, 30], the Chi-Chi earthquake [31],
the mid-Niigata Prefecture earthquake [32], the Tohoku
earthquake [33], and the Rigan earthquake [34]. These studies
promoted the understanding of the focal mechanisms of large
earthquakes and offered engineering geologists a reference for
making seismic hazard maps.

In this study, earthquake records with a temporal scale
from 1 January 1900 to 31 December 2017 are adopted to
reveal the spatiotemporal evolution of earthquakes in the
Longmenshan fault area and adjacent area. The aims are to
obtain innovative findings on the focal mechanism of the
fault and to provide meaningful information for earthquake
disaster prevention and mitigation in the Longmenshan fault
area and adjacent area.

2. Geological Background of the Study Area

Earthquake events are complex geological phenomenon,
they mainly occurred on the fault belts and also can affect
the adjacent fault belts. The destructive 2017 Jiuzhaigou
earthquake occurred in the adjacent area of the Long-
menshan fault area. For these two reasons, the study area
was defined as a rectangle with longitude ranging from
102.101°E to 106.397°E and latitude ranging from 29.790°N
to 33.365°N, which covers the Longmenshan fault belt and
adjacent area, as illustrated in Figure 1. The Longmenshan
fault belt is approximately 500 km long and 30-50 km
wide, striking north-northeast and dipping west to steep
faults beneath. The Longmenshan fault area is the
boundary tectonic belt between the Qinghai-Tibet Plateau
and the South China block. The elevation of the eastern
margin of the Tibetan Plateau rises steeply westward from
500 m to 4000 m. The Longmenshan fault area has become
active since the late Cenozoic. It is composed of three
main faults with strong seismic capacities, i.e., the west
Wenchuan-Maoxian Fault, the central Yingxiu-Beichuan
Fault, and the east Guanxian-Jiangyou Fault. Among these
faults, no rupture was found on the Wenchuan-Maoxian
Fault during the Wenchuan earthquake. A rupture ap-
proximately 240 km long was detected on the Yingxiu-
Beichuan Fault, which was the main surface rupture of the
Wenchuan earthquake [35]. A rupture approximately
70 km long was observed on the Guanxian-Jiangyou Fault.
The faulting geometry along the rupture appears to be
complex. Focal mechanism analysis and GPS observation
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results show that the Longmenshan fault has vertical uplift
and northeast horizontal movement relative to the
Sichuan Basin [36].

The Wenchuan earthquake was attributed to the strain
accumulated in the Longmenshan fault area and caused by
the collision between the Indian and Eurasian Plates along
the Himalayan front and the uplift of the Qinghai-Tibet
Plateau [8]. The 2008 Wenchuan earthquake was followed by
an abundant amount of seismicity, providing an opportunity
to analyse the spatiotemporal evolution of seismicity and the
triggering mechanisms of great earthquakes.

3. Data and Completeness Analysis

The study period is from 1 January 1900 to 31 December
2017. The adopted earthquake catalogue in this study was
retrieved from the database of the International Seismo-
logical Centre (ISC, https://www.isc.ac.uk). The earthquake
catalogue provided by the ISC includes 3493 events in the
study area, with magnitude M, ranging from 1.6 to 8.0. The
earthquake distribution and magnitude included in the
adopted catalogue are plotted in Figure 1.

The completeness analysis of the adopted earthquake
catalogue is a fundamental issue for the study of earthquake
sequences. It has long been observed that the sizes of any
randomly chosen group of tectonic earthquakes adhere to an
inverse power law magnitude-frequency distribution known as
the Gutenberg-Richter distribution [37, 38]. The cumulative
form of the Gutenberg-Richter relationship can be written as

Inn(M)=a-b-M, (1)

where n(M) is the cumulative number of earthquakes with
magnitudes greater than or equal to M, M is the earthquake
magnitude, a and b are constants, and the surface wave
magnitude M is used in this study.

The Gutenberg-Richter relationship has generally
been regarded as universal. It is applicative globally, in
smaller regions and on individual faults [39, 40]. The
completeness of seismicity can be quantitatively repre-
sented by the magnitude of completeness, i.e., M. Figure 2
is the Gutenberg-Richter plot of the cumulative number
of events N versus M, for the earthquake catalogue
adopted in this study, with a=6.81 and b=0.90. An ob-
vious curvature is detected in Figure 2. The magnitude of
completeness, M., can be defined as the magnitude at the
maximum curvature [41]. According to its definition,
M, =3.41n this study, as illustrated in Figure 2. The linear
representation of the Gutenberg-Richter relationship in
the segment with magnitude M;>3.4 indicates that the
adopted earthquake catalogue is complete above magni-
tude M 3.4. Numerous earthquake events are often
missing in earthquake catalogues following large events
due to a large number of events occurring in a short time
interval and to the coda noise generated by the large
events [42]. This absence may be the reason for the flatting
of the curve for M < 3.4. A deviation is observed in the
high-magnitude segment in Figure 2, which is due to the
shortage of samples with high magnitude.
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Figure 1: Earthquake distribution in the Longmenshan fault area and adjacent area. The scale and color of the circles represent the
magnitude of earthquake events used in this study; the red star represents the epicentre of the 2008 Wenchuan earthquake.
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FIGURE 2: Gutenberg-Richter magnitude-frequency relationship
from 1 January 1900 to 31 December 2017 in the Longmenshan
fault area.

4. Spatiotemporal Evolution Analysis

In the past decade, two catastrophic earthquakes have oc-
curred in the Longmenshan fault area and adjacent area, i.e.,
the 12 May 2008 Wenchuan earthquake (M 8.0) and the 20

April 2013 Lushan earthquake (M 7.0). These two cata-
strophic earthquakes have some mechanical effects on the
following seismicity in the study area [43, 44]. Although the
adopted catalogue includes earthquake events recorded from
1 January 1900 to 31 December 2017, this study mainly
focuses on the spatiotemporal evolution of the earthquake
events in approximately 10 years following the 2008
Wenchuan earthquake in the Longmenshan fault area and
adjacent area, i.e., from 12 May 2008 to 31 December 2017.

4.1. Temporal Sequence. Not all following seismicity happens
immediately following a main earthquake. Rather, the
seismicity frequency decays like a diffusive process.
According to the adopted catalogue of earthquake events,
before the Wenchuan earthquake, the seismicity of the
Longmenshan fault area and adjacent area was low. The slip
rate of the Longmenshan fault, obtained by geologic ob-
servations and GPS, is very small (I-3mm/a) [45]. In
contrast, many earthquake events were recorded after the
2008 Wenchuan earthquake. The temporal distribution of
the earthquake events in 20 years before (i.e., from 1 January
1988 to 11 May 2008) and 10 years after the 2008 Wenchuan



earthquake (i.e., from 12 May 2008 to 31 December 2017) is
plotted in Figure 3. Since the earthquake catalogue is in-
complete below M 3.4, only the earthquake records with Mj
larger than 3.4 are plotted in Figure 3. To clearly present the
historical earthquake events, only the earthquake events in
the 20 years before the Wenchuan earthquake are plotted. In
the near 20 years before the Wenchuan earthquake, the
magnitudes of the earthquake events that occurred in the
Longmenshan fault area and adjacent area were mainly less
than M, 5.0. The moving average curve shows that the
magnitudes of the earthquake events before the Wenchuan
earthquake decreased gradually, while the seismicity in the
10 years before the Wenchuan earthquake remained stable.
The magnitude of the earthquakes that occurred in the
Longmenshan fault area and adjacent area in 2016 and 2017
increased obviously, as shown in Figure 3. The number of
earthquake events with magnitudes exceeding M, 5.0 is
limited, as shown in Figure 4. It can be found from Figure 4
that only 15 earthquake events with magnitudes of M, 5 or
greater were recorded in the 20 years before the Wenchuan
earthquake, and only 1 event with magnitude larger than 6
(Mg 6.4) was recorded in this period. Then, the 2008
Wenchuan earthquake triggered an abundance of earth-
quakes in the Longmenshan fault area and adjacent area,
including many earthquake events with magnitudes
M, >5.0. Figure 4 shows that a total of 1208 earthquakes with
magnitude M >4.0 and 226 earthquakes with magnitude
M >5.0 were recorded in 10 years following the Wenchuan
earthquake.

To clarify the temporal evolution of seismicity following
the Wenchuan earthquake, the number of earthquakes
(M>3.4) in each year and cumulative number are illus-
trated in Figure 5. Figure 5(a) shows that the number of
earthquakes in 2009 is much smaller than that in 2008,
implying a sudden attenuation of earthquakes. Then, the
number of earthquakes decreases gradually from 2009 to
2012. Due to the occurrence of the 2013 Lushan earthquake,
which was also located in the Longmenshan fault area, the
number of earthquakes increased suddenly and then de-
creased gradually from 2013 to 2016. The increase in the
number in 2017 may have been due to the occurrence of the
Jiuzhaigou earthquake (M,, 6.5), which occurred near the
Longmenshan fault zone. In this study, the modified Omori-
Ustu formula n(t) =K(t+c) P was adopted to predict the
attenuation of the seismicity of the 2008 Wenchuan
earthquake [46]. Figure 5(b) shows that the Omori-Ustu law
could predict the attenuation of seismicity approximately,
and the deviation in 2013 was caused by the Lushan
earthquake.

To reveal the seismogenic environment of the earth-
quake events in the Longmenshan fault area, the earth-
quake events in the study area in different periods were
analysed. The analysis period (1 January 1900 to 31 De-
cember 2017) was divided into three stages: 1 January 1900
to 12 May 2008 Wenchuan earthquake, 12 May 2008
Wenchuan earthquake to 20 April 2013 Lushan earth-
quake, and 20 April 2013 Lushan earthquake to 31 De-
cember 2017. The earthquake events in these three stages
are plotted in Figure 6. The earthquake events in the
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FIGURE 3: Temporal sequence of earthquake events (M,>3.4) 20
years before and 10 years following the 2008 Wenchuan earthquake.
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FIGURE 4: Number of earthquake events with magnitude not less
than a certain value in 20 years before and 10 years following the
2008 Wenchuan earthquake. The numbers of earthquake events
with magnitude not less than M 4, 5, 6, 7, and 8 are illustrated.

Longmenshan fault area and adjacent area in the study
period were mainly distributed in three segments, i.e., the
Lushan segment, Yingxiu segment, and Beichuan-
Guangyuan segment, as illustrated in Figure 6. Before the
Wenchuan earthquake, there were many microearth-
quakes with magnitudes M, < 3.0 in the Lushan segment
and the Yingxiu segment. However, few earthquakes were
recorded in the northeast Beichuan-Guangyuan segment,
as illustrated in Figure 6(a). The northern section of the
Longmenshan fault belt had almost no movement before
2007, and the shortening rate and the right-lateral slip rate
were 0.2mm/a and 0.18 mm/a, respectively [36]. The
movement of the south section of the Longmenshan fault
was small, and the shortening rate and the right-lateral
slip rate were 1.8 mm/a and 1.6 mm/a, respectively [36].
These data indicate that the Yingxiu segment experienced
intense extrusional strain dominated by fragmentation in
the seismogenic period and that the Wenchuan earth-
quake was the result of rapid dislocation in the Yingxiu
segment of the Longmenshan fault.
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FIGURE 5: Attenuation of seismicity sequence: (a) number of earthquakes (M, > 3.4) in each year after the 2008 Wenchuan earthquake, and

(b) cumulative number of earthquakes.

When the Wenchuan earthquake occurred in 2008, the
seismicity extended to the Beichuan-Guangyuan segment
immediately, and a number of earthquakes were recorded in
the Beichuan-Guangyuan segment, including many earth-
quakes with magnitude M > 4.0. Nevertheless, the seismicity
did not extend to the Lushan segment, and the seismic
density in the Lushan segment did not change very much
before and after the Wenchuan earthquake, as shown in
Figure 6(b). A comparison of Figures 6(a) and 6(b) implies
that the area of the seismogenic zone of the Wenchuan
earthquake was smaller than the earthquake stricken area,
denoting that, in the rapid rupture process of a seismogenic
fault, other seismogenic faults can connect and expand to
form a larger catastrophic fault. The seismogenic zone is the
depth interval of unstable (stick-slip) behavior where
earthquakes can nucleate and slip coseismically.

When the Lushan earthquake occurred in 2013, the
seismicity in the Lushan segment was activated, and many
seismicity events were recorded in this segment between 20
April 2013 and 31 December 2017, as illustrated in
Figure 6(c). To reveal the influence of the Lushan earthquake
on the seismicity in the Lushan segment, the seismicity
distributions for one year before and one year following the
Lushan earthquake are illustrated in Figure 7. Figure 7 shows
that only two earthquake events were recorded in the Lushan
segment one year before the Lushan earthquake. However,
many earthquake events were recorded in the Lushan seg-
ment one year following the Lushan earthquake. By com-
paring the seismic density in the study area one year before
and one year following the 2013 Lushan earthquake, it could
be found that the seismic density in the Longmenshan fault
area increased slightly due to the Lushan earthquake, as
shown in Figures 7(a) and 7(b). The number of earthquakes
with magnitudes M, 3.0-3.9 clearly increased. The Lushan
earthquake motivated stress release in the Yingxiu segment
and the Beichuan-Guangyuan segment, leading to an in-
crease in seismic density in these two segments.

The distribution of the seismicity of the Wenchuan
earthquake indicates an asymmetric bilateral rupture of the
Longmenshan fault and adjacent area. The rupture extended
to the northeast immediately after the Wenchuan earth-
quake, and the rupture was hindered to the southwest due to
a blocking body. The delayed rupture of the blocking body
triggered the 2013 Lushan earthquake, as illustrated in
Figure 6(c), and increased the seismicity in the Yingxiu
segment and the Beichuan-Guangyuan segment slightly, as
illustrated in Figure 7.

4.2. Attenuation of Seismicity. The seismicity number decays
over time, depending on several parameters peculiar to each
seismogenic region, including main shock magnitude,
crustal rheology, and stress changes along the fault. How-
ever, the exact roles of these parameters in controlling the
duration of the earthquake sequence are still unknown [24].
The fast decay of seismicity following large earthquakes has
been widely reported by researchers. The attenuations of
seismicity of the Wenchuan earthquake and the Lushan
earthquake are compared in Figure 8, although the rela-
tionship between the Wenchuan earthquake and the Lushan
earthquake is still a controversial topic. Figure 8 shows that
the number of seismicity events of the Wenchuan earth-
quake is much larger than that of the Lushan earthquake. In
the first month following the Wenchuan earthquake, nearly
1179 earthquakes with magnitudes M, > 3.4 were recorded.
However, only 179 earthquakes with magnitude M,>3.4
were recorded in the first month following the Lushan
earthquake. The number of earthquake events of the
Wenchuan earthquake with magnitude M >5.0 (109
recorded events) is also much larger than that of the Lushan
earthquake (20 recorded events) in the first month. Figure 8
also shows that the earthquakes attenuated quickly after the
main shocks of the Wenchuan and Lushan earthquakes. Two
months after the main shocks of the Wenchuan earthquake
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FiGure 6: Earthquake catalog in the Longmenshan fault area and adjacent area. (a) From 1 January 1900 to 12 May 2008 Wenchuan
earthquake, (b) from 12 May 2008 Wenchuan earthquake to 20 April 2013 Lushan earthquake, and (c) from 20 April 2013 Lushan

earthquake to 31 December 2017.

and the Lushan earthquake, the number of earthquakes de-
creased sharply and then became stable gradually. One year
after the main shocks of the Wenchuan and Lushan earth-
quakes, the seismicity was extremely low, and no earthquake

with magnitude M>5.0 occurred in the Longmenshan fault
area. The reported fast decay of the seismicity following the
Wenchuan earthquake is in accordance with the 1999
earthquake and the 2011 Tohoku earthquake [31, 33].
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FIGURE 7: Seismicity distribution in one year. (a) Before the Lushan earthquake and (b) one year following the Lushan earthquake.
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FIGUure 8: Number of seismicity events with magnitude (M) not less than 3.4 and 5.0 in one year following (a) the 2008 Wenchuan
earthquake and (b) one year following the 2013 Lushan earthquake. Magnitude 3.4+ and magnitude 5.0+ represent magnitude not less than

M 3.4 and M 5.0, respectively.

4.3. Focal Depth. Focal depth is one of key parameters for
earthquake early warning; combined with the crustal ve-
locity model of the fault belt, the focal depth can provide
meaningful information for earthquake early warning. Focal
depth analysis can be used to unveil the spatial character-
istics of the fault belt and the mechanism of great earth-
quakes in the Longmenshan fault area. In this study, the
focal depth of earthquakes before the Wenchuan earthquake
during the 10 years before the Wenchuan earthquake and
the seismicity during the 10 years following the Wenchuan
earthquake are analysed separately, as shown in Figure 9.

This figure implies that the earthquakes that occurred in the
Longmenshan fault area and the adjacent area in the past 20
years were mainly shallow earthquakes. Almost all the
earthquake events occurred at depths less than 60km.
Figure 9(a) shows that the focal depth of the earthquakes in
the study area before the Wenchuan earthquake remained
stable in the 10 years before the Wenchuan earthquake,
mainly changing in the range of 10-30 km. In the 6 months
following the Wenchuan earthquake, the focal depth of the
seismicity fluctuated dramatically within the depth range of
0-30km. An abundance of seismicity occurred at shallow



focal depths above 10 km. The moving average curve shows
that the focal depth of the seismicity became stable gradually
in the period before the Lushan earthquake (i.e., from 12
May 2008 to 20 April 2013), mainly within the depth range of
10-16 km. When the Lushan earthquake occurred on 20
April 2013, the moving average curve suffered a sudden
fluctuation and then became stable quickly. As time passed,
the focal depths of the seismicity became stable gradually. It
should be pointed out that despite the uncertainties of focal
depth of the earthquakes in the ISC catalog, many re-
searchers have paid attention to the identification of focal
depth, and the identification accuracy of focal depth has
been improved [47, 48]. The uncertainty of focal depth in the
ISC catalog remains indistinct; however, with the increasing
accuracy of interpretation on focal depth, a better under-
standing and application of focal depth can be expected.

4.4. Along-Dip and Along-Strike Evolution of Seismicity.
The along-dip and along-strike evolution of seismicity are
analysed in this study to reveal the spatiotemporal distri-
bution of seismicity in the study area. The directional study
of seismicity can help engineering geologists unveil the
distribution characteristics of earthquake-induced land-
slides. The Gaussian projection is adopted to locate the
epicentres of the earthquake events in plane coordinates
before the analysis. Here, the along-dip distance is defined as
the perpendicular distance from the epicentre of each
earthquake to the central Yingxiu-Beichuan Fault. The
along-strike distance is defined as the perpendicular distance
from the epicentre of each earthquake to the normal line,
which crosses though the epicentre of the Wenchuan
earthquake on the central Yingxiu-Beichuan Fault. One
limitation of this analysis is that we simply assign the lo-
cation from the recorded catalogue; in reality, the true lo-
cations of the earthquake events could be different [5, 49].
Because this study mainly focuses on the overall evolution of
seismicity following the Wenchuan main shock, such a
difference should not produce any crucial bias to the overall
conclusion of this study.

The temporal distribution of seismicity versus along-dip
distance in the 10 years following the Wenchuan earthquake
is illustrated in Figure 10. The seismicity mainly occurred in
the area with along-dip distances less than 20 km. The range
of the along-dip distance increased gradually with time.
Postearthquake investigations show that more than 70% of
the landslides triggered by the Wenchuan earthquake were
located within 3 km from seismic faults and 80% within 5 km
[50]. Hence, the spatiotemporal evolutions of seismicity
within along-dip distances of 0-3km and 0-5km are de-
tected in this study. In addition, since Figure 10 indicates
that the earthquakes are mainly distributed in the area with
along-dip distances less than 20km, the spatiotemporal
evolutions within 0-10km and 0-20km are also analysed.
The earthquakes with magnitude M, 3.4 to 5.0 and mag-
nitude M; 5.0 to 8.0 are analysed separately, as illustrated in
Figures 11 and 12, respectively.

It is clear that, within the along-dip distances of 0-3 km,
0-5km, and 0-10km, the earthquake events in the study
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area with magnitude M 3.4 to 5.0 and M; 5.0 to 8.0 are
distributed uniformly along the distance, as shown in
Figures 11(a)-11(c) and 12(a)-12(c). However,
Figures 11(d) and 12(d) show that when the along-dip
distance exceeds 10km, the seismic density of seismicity
decreases gradually with increasing along-dip distance. The
seismic density with an along-dip distance of 0-10km is
larger than that with an along-dip distance of 10-20 km.
Figure 11 also shows that the seismicity with small mag-
nitudes (green circles and light green circles in Figure 11)
mainly occurred 100 days after the main shock of the
Wenchuan earthquake. The earthquakes with magnitudes
M;4.0to 5.0 (the red circles and light red circles in Figure 11)
occurred uniformly with a logarithmic time scale as time
passed in the 10 years after the Wenchuan earthquake.
Figure 12 shows that the earthquakes with magnitudes of Mj
5.0 to 8.0 are also distributed uniformly with a logarithmic
time scale in the 10 years following the Wenchuan
earthquake.

The above analysis indicates that the earthquakes of the
Wenchuan earthquake were mainly distributed with along-
dip distances of 0-20km, and the earthquakes occurred
uniformly with a logarithmic time scale in the 10 years
following the Wenchuan earthquake.

The Longmenshan fault is a banded fault, and most of the
earthquakes after the Wenchuan earthquake in the study
area occurred along the fault strike. Hence, the study on the
along-strike distance of earthquakes is more meaningful
than the relative distance between the earthquakes and the
epicentre of the main shock of the Wenchuan earthquake.
The spatiotemporal evolution of earthquakes along the fault
strike is illustrated in Figure 13. It shows that the earth-
quakes in the study area are distributed uniformly along the
fault strike, which can also be found in Figure 1. The length
of the Longmenshan fault is approximately 240 km. In the
study area, the farthest earthquake event along the fault
strike is approximately 250 km from the epicentre of the
Wenchuan earthquake.

The surface rupture of Wenchuan earthquake near the
epicentre mainly extended towards the northeast direction
and did not extend towards the southwest direction. The
2013 Lushan earthquake occurred on the south segment of
the Longmenshan fault belt, the epicentre of which is ap-
proximately 87 km from the epicentre of the Wenchuan
earthquake. A seismic gap approximately 45km long was
observed between the Lushan earthquake and the Wenchuan
earthquake. However, earthquake-generated stress changes
may enhance the tectonic load applied to another fault,
moving it closer to failure [29]. Hence, the 2008 Wenchuan
earthquake may have motivated the occurrence of the 2013
Lushan earthquake [43, 51, 52].

5. Discussion

This study shows that the earthquake sequence of the
Wenchuan earthquake has not ended and that the seismicity
will continue for years. The relationship between the
Wenchuan earthquake and the Lushan earthquake is still
under debate [41, 46, 48].
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The occurrence of the next strong earthquake in the

Longmenshan fault belt and adjacent area is of great concern
to many scientists and millions of Chinese people. The
Wenchuan earthquake now marks a new beginning for
strain to build up for another great earthquake caused by

dextral-slip thrust offset in the Longmenshan Mountains
[48]. Studies have been conducted on the prediction of
recurrence interval in the Longmenshan fault belt. The re-
currence interval is estimated to be 3000-6000 years by offset
landforms, 5000-5500 years by earthquake moment rate,
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and 2600-3800 years by fault slip rate [52]. A study in an
exploratory trench before the Wenchuan earthquake indi-
cated that the strong earthquake recurrence interval of a
single fault in the Longmenshan fault belt was estimated to
be 2000-3000 years. The seismic wave inversion and GPS
rate after the Wenchuan earthquake indicate that the average
recurrence interval of strong earthquakes with magnitude
M =8.0 is 2000-10000 years [45]. The matter of multiple
faults being involved and the inadequacies of measurements
in the region lead to a wide range in calculation results.

It should be noted that the Lushan earthquake is located
at the Y-shaped intersection point of the northeast Long-
menshan fault belt, northwest Xianshuihe Fault belt, and
north-south Anninghe Fault belt. The Lushan earthquake is
the largest earthquake since the Wenchuan earthquake in
this area. The occurrence of the Lushan earthquake may
directly lead the underground stress condition change and
ground surface ruptures in the Xianshuihe Fault belt and the
Anninghe Fault belt, as well as in the rupture blank zone
between the epicentres of the Wenchuan earthquake and the
Lushan earthquake, as illustrated in Figure 1. Attention
should be paid to the stress change in these areas, and more
studies should be conducted in the future. Underground
stress observation techniques, which do not depend on
seismic records, can be a meaningful method for earthquake
disaster mitigation in this area.

6. Conclusions

The spatiotemporal evolution of earthquakes in Long-
menshan fault and adjacent area is analysed in this study.
Several main conclusions can be drawn:

(1) The earthquake activity over the 10 years before the
Wenchuan earthquake remained stable, the seis-
micity attenuated suddenly in the first year following
the main shock, and the magnitude of earthquakes
before the Wenchuan earthquake decreased gradu-
ally thereafter.
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(2) The seismogenic zone of the Wenchuan earthquake
was smaller than the earthquake stricken area.

(3) The earthquakes that occurred in the Longmenshan
fault area and adjacent area in the study period were
mainly shallow earthquakes, with focal depths of less
than 60 km.

(4) In the 6 months following the Wenchuan earth-
quake, the focal depths of the earthquakes fluctuated
dramatically within the range from 0 to 30 km and
then gradually stabilized, mainly within the range
from 10 to 16 km.

(5) The earthquakes in the study area mainly distributed
with an along-dip distance of 0-20km, and the
earthquakes occurred uniformly over a logarithmic
time scale during the 10 years following the Wen-
chuan earthquake. The earthquakes were distributed
uniformly along the fault strike.
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