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Abstract: An Ms7.0 earthquake occurred in Jiuzhaigou,
Sichuan Province, China, on August 8, 2017. In this
study, we used the vertical component data from 31
seismic stations near the epicenter from May 1 to August
20, 2017, to calculate the amplitude spectrum hourly
using the fast Fourier transform method. Furthermore,
the spectral area of the low frequency band (0.02-1Hz),
which represents the energy of low frequency motion,
was calculated. In this way, the temporal and spatial
variations in the vertical ground motion in this region
were determined. Four high-value processes occurred in
mid-June, mid-July, late July, and early August (the last
three are discussed in this article). Based on a
comparison with the local meteorological data, the
meteorological factors had no influence, local geolo-
gical factors did not affect the results, and typhoon
factors did not show obvious correlation. Combined
with the results of previous studies, we believe that the
increase in the spectral area reflects the intense move-
ment of deep material in the region related to the
Jiuzhaigou earthquake. The spatial distribution of the
spectral area (energy) reveals that the deep material
moved eastward rapidly, was obstructed by the Sichuan
Basin, and expanded to the northwest in a U-shaped
channel, which may be the main dynamic factor for the
formation or triggering of the earthquake.

Keywords: Ms7.0 Jiuzhaigou earthquake, ground motion,
FFT, amplitude spectrum, spectral area, dynamic process

1 Introduction

On August 8, 2017, at 21:49:24, an Ms7.0 earthquake
(33.14°N, 103.79°E) occurred in Jiuzhaigou County,
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Sichuan Province, China, with a focal depth of 20 km
(http://news.ceic.ac.cn/CC201808211947.html). The earth-
quake was located in the northeastern margin of the
Bayan Hara block, which is surrounded by the eastern
segment of the East Kunlun Fault, the Longriba Fault,
the Minjiang Fault, the Huya Fault, and the Tazang
Fault. The northern segment of the Huya Fault is a
left-lateral strike-slip fault, and the southern segment
is a thrust fault. To the east of this fault is the
Longmenshan Fault, which trends northeast. The
Longmenshan Fault is a thrust fault between the
Bayan Hara block and the Sichuan Basin (Figure 1).
A more consistent view is that the seismogenic fault of
the earthquake is in the extension line of the northern
segment of the Huya Fault [1,2]. Several studies have
been published on this earthquake. Based on the
distribution of the aftershocks, the orientation of the
long axis of the intensity determined from the field
investigation, and the investigation of the collapses
and landslides caused by the earthquake, several
studies have pointed out that the seismogenic fault of
this earthquake should be the northward extension of
the Huya Fault, which is a left-lateral strike-slip fault,
and the fracture process occurred upward from depth
[1-3]. Based on the seismic observation data, several
scholars have studied the crustal structure in this
region. The results show that there are low velocity
layers in the middle crust at a depth of 20-40km
throughout most of the regions and a few in the upper
crust at depths of 10-20 km and in the lower crust at
depths of 40-60km [4]. On the southern side of the
Bayan Hara block, the southeastward middle-lower
crustal flow was obstructed and turned southward in
the Luding-Shimian area. On the northern side of the
Bayan Hara block, it flows northeastward, and there is
a southeastward crustal flow perpendicular to the
Longmenshan Fault. This study also shows that the
crustal flow in the middle and lower crust is also
diverted into the upward and downward branches after
being obstructed by the Sichuan Basin, and then, it
intrudes into the upper crust [5]. As for the dynamic
background of the earthquake, it is generally believed
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Figure 1: The distribution of the seismic stations used in this study and location of the Jiuzhaigou earthquake (Ms7.0).

that the eastward movement of the Bayan Hara block
was strongly obstructed by the Sichuan Basin, which
caused the accumulation of energy and led to forma-
tion of the earthquake [1-4]. Several studies have
concluded that the earthquake was the result of the
northeastern extrusion of the lower crust in the
northeastern part of the Bayan Hara block [6,7], but
a more detailed dynamic process has not been
reported. In this article, the temporal and spatial
characteristics of the crustal movement in this region
are studied in detail using seismic observation data
collected before the earthquake, and the relationship
between the characteristics of the crustal movement in
this region and the formation and occurrence of the
Jiuzhaigou earthquake is discussed accordingly.

2 Methods

Our research period is from May 1 to August 20, 2017. The
data were collected from 13 stations in the Gansu Seismic
Network and 18 stations in the Sichuan Seismic Network,

China. All of the stations have broadband seismographs
with a frequency range of 60s to 50 Hz. These stations
are mainly distributed around the epicenter (Figure 1).

The signal recorded by a seismograph contains
abundant frequency components. When a finite signal
is expressed in the frequency domain, the signal energy
is distributed at all of the frequency points, and the
amplitude spectrum represents the signal energy at each
frequency point. Generally, the high-frequency band of
seismic records describes the shallower, small-scale,
medium motion state, whereas the low-frequency band
carries more deep, large-scale motion information. Since
the bandwidth of the seismograph is 60s to 50 Hz, and
we focused on the low-frequency motion, the frequency
range used in this study was 0.02-1Hz. Herein, we used
the spectral area (the area of the geometric shape formed
by the spectral curve and the transverse axis) of this
frequency band to represent the energy of the low-
frequency ground motion (Figure 2). The trial calculation
shows that this method reduces the sensitivity of the
accidental vibration interference to the peak amplitude
and makes the result more robust than the conventional
peak spectrum method.



DE GRUYTER

40

351

30

Amplitude
N N
o (&}

-
(8]
T

10

0.8 1

frequency/Hz

Figure 2: The amplitude spectrum of the ground motion.
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The data processing steps are as follows.

1. The seismic observation records of 31 stations (112
days) were collected as the data for the study.

2. The fast Fourier transform (FFT) of the hourly vertical
recording was calculated and the amplitude spectrum
was obtained.

3. The amplitude spectrum was smoothed. The
0.02-1Hz spectral curve and the transverse axis
form a geometric shape (area enclosed by the red
line in Figure 2). The area of this shape was
calculated. This is defined as the spectral area.

4, For each station, 2,688 spectral area values were
obtained. The time series curve of the spectral area
values from the 31 stations is shown in Figure 3.

3 Results

From May 1 to August 20, 2017, the temporal variation in
the spectral areas for the 31 stations is shown in Figure 3,
in which the black thick line is the mean line for all of
the stations. During the study period, there were four
high-value processes, which occurred in mid-June, mid-
July, late July, and early August. Since the last three high-

Event 1
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Figure 3: The temporal variation in the spectral areas (May 1-August 20, 2017). The black thick line is the mean value of all of the stations.
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value processes have a good consistency, this study
focuses on the latter three processes, which are called
event 1 (July 11-21), event 2 (July 25-August 2), and event
3 (August 3-7) in chronological order. Event 2 has the
largest amplitude, followed by event 1, and event 3 has
the smallest amplitude. In the following description, the
high value of the spectrum area is abbreviated as the high
value, and its distribution area as the high value area.
To discuss the spatial characteristics of the three
events, the mean values of each station from May 16 to
May 31 were taken as reference values (or normal
values). Their spatial distribution is shown in Figure 4a.
The areas with slightly higher values mainly occurred on
the western margin of the Sichuan Basin. There is a strip
between Songpan-Heishui and Bazhong (about 1-2), and
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the rest are all below 0.8. Figure 4b shows the spatial
distribution of event 1. The high value distribution range
is similar to that in Figure 4a, but the values are larger,
about 1.5-2.3, and the value of the low value area is
larger, about 0.7-1.0. The highest value area is near
Emeishan, which extends northeastward along the edge
of the Sichuan Basin, and is connected to the Songpan-
Heishui region. Figure 4c shows the spatial distribution
of event 2, which is the largest event. The value in the
study area increases overall. The peak area appears in
the northwestern part of Emeishan, with values of 3-3.6.
The high value area extends to the northeast along the
edge of the Sichuan Basin, with values of 2.6-3.0. The
value of the high value band in the north-west direction
in Bazhong increases from 2.5 to 3.0. From the
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Figure 4: The spatial distribution of the spectral areas. (a) The spatial distribution of the spectral area for May 16-31. (b) The spatial
distribution of the spectral area of event 1. (c) The spatial distribution of the spectral area of event 2. (d) The spatial distribution of the spectral
area of event 3. The black lines are faults: (1) Longriba Fault, (2) Minjiang Fault, (3) Huya Fault, (4) Tazang Fault, and (5) Longmenshan Fault.
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Longmenshan fault zone to the edge of the Sichuan value is also higher (2.3-2.5). Figure 4d shows the spatial
Basin, the value increases gradually. Near Songpan, the distribution of event 3. Compared with event 2, the level
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Figure 5: The spatial distribution of the spectral areas denomality. (a) The spatial distribution of the spectral area of event 1. (b) The spatial
distribution of the spectral area of event 2. (c) The spatial distribution of the spectral area of event 3. The black lines are faults: (1) Longriba
Fault, (2) Minjiang Fault, (3) Huya Fault, (4) Tazang Fault, and (5) Longmenshan Fault.
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of event 3 decreases significantly, but it is higher than
that of Figure 4a. The high value area is mainly
concentrated on both ends of the western margin of
the Sichuan Basin. One is in the northwestern part of
Bazhong, the other is near Dujiangyan-Emeishan. It
seems that the high value area extends northwest. Along
the edge of the Sichuan Basin, the value between
Bazhong and Emeishan decreases, and the value near
Songpan recovers to the same level as that in Figure 4a.

Local geological factors may cause ambient noise
local variation, in order to suppress the influence of this
difference on the results. Herein, we took the spectral
area of May 16-31 as the “normal value,” and subtract
the normal value from the spectral area of event 1, event
2, and event 3, and the result is shown in Figure 5.
Compared with Figures 4 and 5, it can be seen that the
distribution region of high value has not changed
substantially. It can be considered that the difference
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of local geological factors has not affected the results of
this paper.

The temperatures, pressures, rainfall, and spectral
areas of PLT station and TSS station were compared
(Figure 6) for PLT stations. The correlation analysis
shows that the correlation coefficients of the spectral
area and meteorological factors (air temperature, air
pressure, and rainfall) are 0.27, 0.24, and 0.16, respec-
tively, for TSS station, they are 0.31, 0.26, and 0.17,
respectively. Therefore, there was no obvious correlation
between the increase in the spectral area and the
meteorological factors in this study.

Several reports point out that the monsoon is a
factor of ambient noise variation [8-11]. During this
study period, there were the following four typhoons:
“MERBOK,” “NANMADOL,” “TRLAS,” and “NORU”
(http://www.typhone.org.cn). Herein, we focus on the
relationship between NORU and spectral area. NORU is
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Figure 6: Comparison of the temperatures, pressures, rainfall, and spectral areas of PLT and TSS stations (May 1-August 20, 2017).
(a, ¢, e, and g) Temperatures, pressures, rainfall, and spectral areas of PLT station. (b, d, f, and h) Temperatures, pressures, rainfall, and

spectral areas of TSS station.
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the strongest typhoon among these typhoons, which
occurred from July 19 to August 9, 2017. We show the
change in wind speed of NORU and spectral area of SPA
and EMS stations in Figure 7. The correlation coefficients
of wind speed and spectral area of SPA and EMS are 0.5
and 0.4, respectively. It can be seen that there was little
correlation, while the correlation coefficient of the
spectral area on two stations is 0.98. In addition, it can
be seen that the peak of the spectral area appeared at
July 30, whereas the peak of wind speed appeared at July
31. The spectral area recovered on August 2, but the
typhoon remained at a high wind speed until August 7.
However, we think that the triggering effect of typhoon
to earthquake is worth further exploration.

4 Discussion

The spectrum area represents the energy state of the
motion. These three events mean that they correspond to

Violent motion before the Jiuzhaigou earthquake =— 925

the intensification of the three low-frequency ground
motions. As for the seismogenic faults of the Ms7.0
Jiuzhaigou earthquake, it is generally accepted that the
earthquake occurred on the northward extension of
the Huya Fault, which is a left-lateral slip fault [2,12].
The fault plane is nearly upright, and the earthquake has
a rupture process extending upward from depth. The
Minjiang Fault and the Huya Fault are the main faults on
the western and eastern sides, respectively [1-3]. The
distribution of the maximum shear strain rate field based
on GPS observations in 2013-2016 shows that the
southern segment of the Longmenshan Fault was one
of the high value areas [5], which coincides with the
peak area in Figure 4. Based on the seismographic
imaging, magnetotelluric sounding, and aftershock
locations, several studies have shown that the movement
and physical property difference of the lower and middle
crust constitutes the background of the earthquake
[12,14]. The Longmenshan Fault system is the intersec-
tion of the Qinghai-Tibet block and the South China
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Figure 7: Comparison of the wind speed and spectral areas of SPA and EMS stations.



926 —— Kangsheng Xu and Ying Li

block. The spatial and temporal characteristics of the
three high value ground motion processes that occurred
before the earthquake indicate the following. The high
values of the ground motion form an approximately U-
shaped region in the study area, and the bottom of the U
was parallel to the Longmenshan fault zone (Figure 4).
We believe that this describes the following process, the
eastward movement of the Bayan Hara block, which was
obstructed by the rigid crust of the Sichuan Basin. The
rheological material in the crust was extruded laterally,
the U-shaped area may represent the extrusion process.
Based on studies of the crustal flow and dynamic
processes in this region, several scholars have pointed
out that a diversion phenomenon occurred after the
eastward movement of the middle and lower crustal flow
was obstructed by the Sichuan Basin [3]. A study of the
electrical structure of the region also shows that there is
a 10-20km deep, high conductivity layer between the
Minjiang Fault and the Longmenshan Fault, and it
shows rheological properties [14]. These are consistent
with the results of this study.

Based on the gravity field data, several scholars have
studied the 3D density structure and material movement
of the Qinghai-Tibetan Plateau using the wavelet multi-
scale analysis method. The results show the path and
direction of the movement of low-density materials at a
depth of 52km [13]. Near the Emeishan, there was a

DE GRUYTER

diverging zone of the lateral extrusion of low-density
materials. One branch flowed southward, and the other
branch flowed northeastward along the Longmenshan
Fault and into the Longmenshan branch again. One
branch of the northeastern segment of the faults
continues to migrate toward the northeast, whereas the
other branch turns to the northwest.

The northeastern side of the U-shaped region (high
value area) in Figure 8 is consistent with the location
and direction of this low-density zone, which means that
the high value area in this study mainly shows the
movement of low-density materials within the crust.
Therefore, we think that the dynamic background of the
Jiuzhaigou earthquake was as follows. First, the eastern
movement of the Qinghai-Tibetan block was obstructed
by the rigid crust on the eastern side of the Huya Fault,
and the energy for the earthquake gathered in the
confined areas of the Longriba Fault, the East Kunlun
Fault, and the Huya Fault. Second, the eastern move-
ment of the Qinghai-Tibetan block was obstructed in the
Sichuan Basin and was diverted (or extruded) at both
ends of the Longmenshan Fault, forming a U-shaped
movement path.

The results of this study also show that the extrusion
at the two ends was not balanced, and the energy at the
southwestern end was more concentrated or intense,
which exerted an important effect on the enclosed areas
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Figure 8: The low-density zones at a depth of 52 km. This figure is from reference [13]. The black arrow indicates the motion direction of the
low-density material. The gray area indicates the high value area in this study.
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of the Longriba Fault, the East Kunlun Fault, and the
Huya fault. The other side of the U-shaped area (north-
east) also had an impact on the occurrence of the
earthquake, but the southeastern part of the high value
area had a more direct role. This is a possible dynamic
background for the formation and occurrence of this
earthquake. At the very least, we believe that this effect
accelerated the occurrence of the Jiuzhaigou earthquake,
which coincides with the left-lateral slip mechanism of
the earthquake [12].

5 Conclusion

Based on the above discussion, we believe that the
high-value process was the reflection of the intense
movement of the lower crustal material during the
study period, which is related to the Ms7.0 Jiuzhaigou
earthquake. These three events show the rapid east-
ward movement of the lower crustal material. After
encountering the obstruction of the Sichuan Basin, the
extruded material expanded northwest in the form of a
U-shaped high-energy region. These violent move-
ments may be related to the movement of rheological
materials in the middle and lower crust. This result is
also consistent with the research results of other
scholars [1-3,12-14]. We believe that this was the
main dynamic factor that caused or triggered the Ms7.0
Jiuzhaigou earthquake.
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