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are achieved, which is helpful for understanding this kind of 
landslide and engineering practice in the seismic area. For ex-
ample, the landslides triggered by the thrusting earthquake 
always are concentrated on the hanging wall of the seismogenic 
fault. Such laws and the spatial distribution of seismic 
landslides can be used to auxiliarily identify the seismogenic 
fault of earthquakes with no obvious surface ruptures (Xu and 
Xu, 2014b). Keeping eyes on the recent and future large earth-
quakes and preparing the detailed inventories of the landslides 
triggered by them, if any, remains an essential job for geos-
ciences to understand seismic landslides and their mechanism.  

On 8 August, 2017, a MW 6.5 (Ms 7.0) earthquake occurred 
in Jiuzhaigou County, Aba Autonomous Prefecture, Sichuan 
Province, China with the location of (33.2ºN, 103.8ºE) and focal 
depth of 20 km. This is the third major event in the eastern of 
Tibetan Plateau following the 2008 Wenchuan and the 2013 
Lushan earthquakes of China. A large number of coseismic 
landslides were triggered in the earthquake-affected area which 
is located in the transition zone between the plateau and basin, 
characterized by intensive tectonic activities and alpine gorges. 
In the aftermath of this earthquake, researchers scrambled to 
focus on these landslides. For instance, Xu et al. (2018b) pre-
sented a panorama of the coseismic landslides by integrating the 
data of field investigations and remote sensing images. With the 
regional terrain and geological data, Liu et al. (2017) carried out 
a rapid assessment of the landslides using the Newmark cumu-
lative displacement model. Dai et al. (2017) and Fan et al. (2018) 
identified 1 883 landslides in an area of 840 km2 around the 
epicenter based on remote sensing data; Wu et al. (2018) com-
plemented these results and gave a more detailed map with    
2 212 landslides. Based on their respective landslide data, they 
analyzed the relationship between the landslides and some con-
trol factors. These studies can help to understand the distribution 
pattern of landslides triggered by the Jiuzhaigou Earthquake, the 
assessment of slope stability and the long-term impacts on the 
affected area. Nevertheless, the recent field survey shows that 
the landsliding of this event was unusually dramatic at some 
sites, and the landslide linear density along some roads is even 
larger than 10 per kilometer (Xu et al., 2018b). What’s more, the 
area affected by the coseismic landslides is about 500 km2, 
while some studies (e.g., Fan et al., 2018, Wu et al., 2018, and 
Dai et al., 2017) only mapped ~2 000 individual landslides; the 
actual number, very likely, has been much underestimated. 
Therefore, it is necessary to reexamine the relevant data and 
establish a more detailed inventory of the coseismic landslides 
related to the 2017 Jiuzhaigou Earthquake.  

This study aims to build such a database by combining 
high-resolution remote sensing images and field investigations 
and to remap the spatial distribution of these landslides with 
respect to control factors including topography, geology, hy-
drology, seismology and human activities. The results of this 
work would help further understanding the cause of the cose-
ismic landslides and the efforts of post-seismic hazard preven-
tion and reduction in the affected region. 
 
1  TECTONIC SETTING AND THE JIUZHAIGOU 
EARTHQUAKE 

Since the Late Cenozoic era, the Indian Plate is continuing 

to move toward the Eurasian Plate, resulting in the present 
tectonic pattern of the Tibetan Plateau. From south to north, the 
plateau consists of four first-class active blocks: Lhasa, Qiang-
tang, Bayan Har and Qaidam-Qilian (Fig. 1a). Recently a series 
of earthquakes with magnitude larger than 6.5 occurred around 
the Bayan Har Block, including the 2008 Wenchuan and 2013 
Lushan events on the eastern boundary, the 1997 Mani and the 
2010 Yushu events on the southern boundary, the 2001 Hoh Xil 
Earthquake on the northern boundary and the 2008 and 2014 
Yutian events on the western boundary. The 2017 MW 6.5  
Jiuzhaigou Earthquake is another one striking the northeast of 
the Bayan Har Block, about 250 km away from the epicenter of 
the 2008 Wenchuan Quake. This area hosts several active faults, 
such as the NS-trending reverse Minjiang, NNW-strike reverse 
Huya and NWW-directed strike-slip Tazang faults, all of which 
belong to the eastern terminal part of the East Kunlun fault 
zone with strong tectonic activities (Fig. 1a) (Xu et al., 2016, 
2013a). It is also the transition region where the strike-slip 
component of the East Kunlun fault is transferred to reverse 
property. Historical earthquake and paleo-earthquake data in-
dicate that few current earthquakes occurred there. Coupling 
with the GPS inversion results, Xu et al. (2017a, b) deduced 
that there is a high possibility that large-earthquakes may occur 
in this region. 

The distribution of relocated earthquake sequence ver-
tical to the seismogenic fault shows that the mainshock rup-
ture was much deeper and then propagated upward; while for 
the distribution along the seismogenic fault, there is a seismic 
gap on the northwest side of the epicenter where the main-
shock ruptured northwestward and southeastward respectively 
separating the aftershocks into two clusters. The northwestern 
cluster is much larger than the southeastern one. Because no 
obvious seismic surface rupture was found in the field and no 
known active faults corresponded to the earthquake sequence 
and seismic landslides, it is difficult to identify the seismo-
genic fault of the 2017 Jiuzhaigou Earthquake. Yao et al. 
(2017), Xu et al. (2017a) and Fang et al. (2018) suggested that 
it is the northern part of the Huya fault; Yi et al. (2017) named 
it the Shuzheng fault belonging to the East Kunlun fault zone 
or the Huya fault; Ren et al. (2017) considered that it is an 
eastern secondary fault of the Tazang fault, while Li Y S et al. 
(2017) insisted that the quake was generated by two NW331º 
faults (the seismogenic fault and its secondary fracture). De-
spite these disagreements including its name and affiliation, 
constrained by focal mechanism solutions, aftershock loca-
tions, InSAR coseismic deformation field, seismic damage 
distribution and the abnormal radon measurements, most 
researchers inferred that the seismogenic fault is an upright 
sinistral strike-slip fault with strike of about 330º and dip 
direction of SW (Fang et al., 2018; Han et al., 2018; Li Y S et 
al., 2017; Ren et al., 2017; Yao et al., 2017; Yi et al., 2017; 
Xu et al., 2017a). Therefore, this work adopts this structure 
(Fig. 1b, dash line), which can be used as a control factor for 
the landslide distribution pattern. The Carboniferous limes-
tone distributes along the fault accounting for nearly half of 
the study area, followed by the Triassic sandstone and limes-
tone mainly concentrating in the north of this region.  
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2  DATA AND METHOD 
2.1  Remote Sensing Imagery and Landslide Identification  

The high-resolution and low-cloud-coverage remote sens-
ing images can help improve the quality of coseismic landslide 
inventories. We chose the images before and after the earth-
quake which are close to the seismic origin time and have low 
cloud coverage and optimal resolution, including the series of 
pre-seismic images on the Google Earth (GE) Platform and 0.5 
m-resolution Geoeye-1 post-seismic images (shot on August 14 
2017). The Google Earth Platform provides high-precision and 
stereoscopic images at various times and guarantees the conti-
nuity of pre-seismic images. The processed post-seismic 
Geoeye-1 image can overlie on the GE Platform. Thus, the 
image can not only provide a stereo-like perspective view, but 
also facilitate the comparison of the pre- and post-earthquake 
images. While interpreting, we followed the principles of stereo 
coverage images, continuous spatial distribution and polygonal 
individual landslides and so on (Xu, 2015; Harp et al., 2011). 
Based on the GE Platform, the areas with bright tones, 
flow-textures and no vegetable-coverage were identified as 
coseismic landslides and were delineated as polygons through 
visual interpretation and contrast of aforementioned two kinds 
of images (Fig. 2). Finally, combined with field surveys, re-
peated reviews and validations were done to reduce errors and 
ensure the objectivity and precision of the landslide inventory 
prepared.  
 
 

2.2  Control Factors of the Coseismic Landslides 
Five factors, i.e., topography (elevation, slope angle, slope 

position and slope aspect), geology (lithology), hydrology (the 
distance to river channels), human activity (the distance to 
roads) and seismology (the distance to the epicenter, the dis-
tance parallel to and vertical to the seismogenic fault) were 
considered when mapping the landslides triggered by the 2017 
Jiuzhaigou Earthquake.  

Elevation, slope angle and slope aspect were obtained 
based on 10 m resolution DEM which was resampled from the 
30 m SRTM DEM. The elevation was divided into 12 classes 
with an interval of 200 m, slope angle into 7 classes with an 
interval of 10º. Slope aspect, which means the facing direction 
of a slope, was divided into 9 classes. Among them, the flat 
areas have no downslope direction and are horizontal with zero 
slope angle. To describe the relative positions and special 
shapes of slope surfaces, the rule suggested by Weiss (2001) 
was used to divide the slope position into 6 categories: ridges, 
upper slope, middle slope, flat slope, lower slope and valley. 
Here, the flat slope is an area where the elevation is close to the 
mean elevations of their neighborhood cells and slope angle is 
nearly zero (Jenness et al., 2013; Weiss, 2001).  

Data of lithology were derived from digitizing a geologi-
cal map on a scale of 1 : 200 000. The study area was divided 
into ten units of lithology as follows: (1) Pliocene (N2): con-
glomerate and sandy conglomerate with little sandstone lens; (2) 
Upper Triassic (T3): tuffaceous sandstone, marlite and quartz 
sandstone; (3) Middle Triassic (T2): interbedded sandstone and  

 

 

Figure 1. Tectonic setting of the 2017 Jiuzhaigou Earthquake (Xu et al., 2017a, 2013b). (a) Active blocks, major faults in the Tibetan Plateau, historical earth-

quakes around the Bayan Har Block (green dot) and the epicenter of the Jiuzhaigou (green star) and Wenchuan (yellow star) earthquakes. (b) Enlarged map 

showing regional tectonics and aftershocks (grey circle). ATF. Altyn tagh fault; HFT. Himalayan frontal thrust; KLF. Kunlun fault; QQB. Qaidam-Qilian Block; 

BHB. Bayan Har Block; QTB. Qiangtang Block; LSB. Lhasa Block; MJF. Minjiang fault; HYF. Huya fault; TZF. Tazang fault; ISF. inferred seismogenic fault; 

JZG EQ. Jiuzhaigou Earthquake; WC EQ. Wenchuan Earthquake. 
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Figure 2. Field photos (left) and pre- (middle) and post-seismic (right) remote sensing images of three typical landslides. Yellow polygons denote boundaries of 

landslides. Geographical locations: (a)–(c) 103.876 6ºE, 33.156 5ºN; (d)–(f) 103.793 3ºE, 33.305 9ºN; (g)–(i) 103.885 8ºE, 33.166 7ºN. 

 

limestone, interbedded sandstone and slate, lime dolomite; (4) 
Lower Triassic (T1): argillaceous limestone, argillaceous dolo-
mite, limestone and slate; (5) Middle Permian (P2): limestone, 
shale and carbonaceous shale; (6) Lower Permian (P1): limes-
tone, dolomitic limestone, dolomite; (7) Upper Carboniferous 
(C3): limestone intercalated dolomite and irony claystone; (8) 
Middle Carboniferous (C2): limestone, oolitic limestone, crys-
talline limestone; (9) Lower Carboniferous (C1): interbedded 
limestone and dolomite, limestone intercalated shale; and (10) 
Upper Devonian (D3): organic limestone and medium 
layered-massive dolomite. 

The roads in the study area are mostly constructed along 
rivers, and their excavation may reduce the slope stability. Thus 
the controls of the river channels and roads on the landslides 
were taken into account in this work. The river channels were 
mapped using the aforementioned 30 m resolution DEM with 
grid threshold of flow accumulation larger than 20 000 cells 
(http://resources.arcgis.com/en/help/main/10.1/index.html#/na/
009z00000051000000) (O’Callaghan and Mark, 1984). The 
thematic maps of river channels and roads were constructed by 
building buffers with 1 km buffer distances. 

Because of the low correlation between aftershocks and 
earthquake intensity and peak ground acceleration (PGA) (Xu 
et al., 2018b), we chose the distance to the epicenter, the dis-
tance bands parallel and vertical to the inferred seismogenic 
fault as seismic factors instead. They are associated with the 
features of earthquake rupture and energy propagation and can 
affect the distribution of coseismic landslides. The buffers were 
established around the epicenter and along the seismogenic 
fault with 1-km buffer interval, respectively. The bands vertical 
to the fault were defined in the same way along the direction 
normal to the fault crossing the epicenter.  
 
3  RESULTS AND ANALYSES 
3.1  Landslide Inventory 

Combining visual interpretation of remote sensing images 
and field investigations, we finally established a more detailed 
landslide inventory for the 2017 Jiuzhaigou Earthquake with  
4 834 coseismic landslides distributed in an area of 434 km2 
(Fig. 3). The total landslide-occupation area is 9.64 km2, and 
the volume is estimated to be 80.4×106 m3 according to the 
relation (V=1.314 7×A1.208 5) (Xu et al., 2016b). The largest 
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landslide is 236 338.3 m2, the smallest one is 7.8 m2 and the 
average is 1 993.4 m2. There are 189 landslides with an area 
larger than 10 000 m2, 1 669 with area between 1 000–10 000 
m2; 2 469 in 100–1 000 m2; and 507 smaller than 100 m2. The 
landslide area percentage (LAP, defined as the percentage of 
the landslide area in each factor category) and landslide number 
density (LND, defined as the number in each factor category) 
of the study area is 2.22% and 8.83 km-2, respectively. The 
dominant direction of landslide distribution coincides with the 
inferred seismogenic fault, both striking in NNW-direction. 

Most of the landslides are medium- and small-scale rock falls 
and disrupted debris slides, few large-scale ones (Fig. 4).  

Our study area is largely within the study areas of Dai et al. 
(2017), Fan et al. (2018) and Wu et al. (2018) (Fig. 3b). Ac-
cording to the comparison in Table 1, our smaller study area 
hosts more landslides than others, though they all have similar 
minimum and maximum individual landslide areas and the 
differences among the total areas are small as well. The inven-
tory presented by Wu et al. (2018) consists of the landslides in 
the inventory of Dai et al. (2017) and Fan et al. (2018) and  

 

 

Figure 3. Study area and landslide inventory. (a) Landslide distribution related to the 2017 Jiuzhaigou Event; (b) locations of study areas of relevant studies; (c) 

and (d) two enlarged areas with intensely distributed landslides. The study area of this work is the ellipse in (a) and (b). Study area 1 (orange polygon in (b)) is 

the study area of Dai et al. (2017) and Fan et al. (2018); Study area 2 (green polygon in (b)) is the study area of Wu et al. (2018). ISF in (a) represents the in-

ferred seismogenic fault. Red polygons in (a) are landslides mapped in this study. Yellow polygons in (c) and (d) are boundaries of individual landslides. 

 

 

Figure 4. Field photos of typical landslides. (a)–(c) Landslide clusters in distant view; (d)–(i) individual landslides in close view. 
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Table 1  Comparison of relevant studies on landslides triggered by the 2017 Jiuzhaigou Earthquake 

Sources Distribution area (km2) Landslide number Total area (km2) Mean area (m2) Max. area (m2) Min. area (m2)

Dai et al. (2017) 

Fan et al. (2018) 

840 1 883 8.11 4 307 231 000 9.7 

Wu et al. (2018) 1 275 2 212 11.8 5 312.9 231 297.3 9.7 

This study 434 4 834 9.64 1 993.4 236 338.3 7.8 

 
other 435 landslides in the extra area around the epicenter. The 
post-seismic images they used include 0.2 and 1 m aerial im-
ageries shot on August 11, 2017, 1 and 4 m resolution Gaofen-2 
images on August 9, 2017, and 1 m Gaofen-1 images on August 
16, 2017 and 10 m Sentinel-2 images on September 6, 2017. 
Though these images together cover a large area, the scope of 
the high-resolution images (0.2 m aerial imageries) is small and 
mainly on the northeastern side of the epicenter (Fan et al., 
2018; Dai et al., 2017). Nevertheless, the high-resolution 
Geoeye-1 image (0.5 m) nearly covering the whole 
meizoseismal area facilitates identification of much smaller 
landslides in our study. Moreover, the added landslides in our 
study are mainly distributed along and in the southwest part of 
the inferred seismogenic fault which is covered by meter-level 
images in other studies. On the other hand, we took much 
longer time to divide the complex landslides into individual 
ones according to principles proposed by Xu (2015). The much 
accurate landslide number can help obtain the approximate real 
landslide number density and volume and it will help better 
understand the seismic landslides. 
 
3.2  Distribution Pattern of the Coseismic Landslides with 
Respect to Various Factors 

LND is the landslide number density, which indicates the 
landslide concentration in each class of the control factors. LAP 
is short for landslide area percentage, which means the relative 
size of the landslides in each class of the control factors. They 
all reflect the spatial distribution characteristics. Using LAP 
and LND as indexes, we have mapped the distribution pattern 
of the coseismic landslides triggered by the 2017 Jiuzhaigou 
Earthquake with respect to various factors aforementioned.  
 
3.2.1  Terrain  

The elevation of the study area ranges from 2 072 to 4 472 
m. The LAP and LND firstly increase and then decrease with 
the growing elevation (Figs. 5a and 5b). They peak in the range 
of 3 000–3 200 m with values of 4.68% and 22.50 km-2 respec-
tively, followed the range of 2 800–3 000 m with values of  
3.64% and 19.66 km-2. While the areas with elevations of 2 800 
to 3 400 m account for 40% of the study area, 60% of the total 
landslides occurred there. The slope angle range of the study 
area is 0–79.8º, mostly in 20º–40º. The LAP and LND have 
positive correlations with the slope angles, especially for the 
slopes larger than 30º. The slopes exceeding 60º have the larg-
est LAP and LND, 9.6% and 33.43 km-2, respectively (Figs. 5c 
and 5d). As shown in Figs. 5e and 5f, most of the landslides are 
distributed in the upper, middle and flat slopes. The largest LAP, 
2.39%, is in the class of middle slopes, which has the largest 
classification area. The largest LND, 12.20 km-2, falls in the 
class of upper slopes, implying that this position is more prone 

to slope failure. The Flat slopes tend to accumulate deposits, 
having a higher susceptibility to slope failure as well. The scale 
and number of landslides on the N, NE, E and SE-facing slopes 
are slightly larger than other aspects. However, except for the 
flat aspect, LAP and LND have a tiny fluctuation varying with 
the slope aspects. It means that the landsliding in the study area 
is not sensitive to the slope aspect, though N, NE, E and 
SE-facing slopes are slightly more prone to seismic failure 
(Figs. 5g and 5h). 
 
3.2.2  Geology 

From Figs. 6a and 6b, most of the landslides occurred in 
the area of Carboniferous (C) limestone and dolomite. Specifi-
cally, the largest LAP and LND are in the Middle Carbonifer-
ous (C2) area, 4.84% and 22.39 km-2 respectively. Accounting 
for 46% of the study area, the Carboniferous strata have 81% of 
the total landslides. Among the 189 landslides with an area 
larger than 10 000 m2, 174 pieces occurred there. These all 
demonstrate that the strata of Carboniferous are most prone to 
landsliding.  
 
3.2.3  River channels and roads 

The correlations between river channels and LAP and 
LND (Figs. 7a and 7b) suggest that the landslides are most 
likely to generate at the places close to the river channels. LAP 
and LND reach their peaks (3.02% and 15.95 km-2, respectively) 
in the regions within 1 km to the rivers and generally decrease 
with the increasing distance. The smallest classification area of 
regions over 4 km distant from the river channels may result in 
the abnormally high LAP and LND values. Figures 7c and 7d 
show that the closer the distance to roads is, the more the 
landslides are. Relatively larger values of LAP and LND appear 
in the regions within 2 km to the roads, implying the influence 
of the free surfaces resulted from road excavation on the 
slope’s stability. The other peak values of LAP and LND are in 
the scope within a distance of 4–5 km away from the roads, 
which may indicate that other factors play more important roles 
in landslide distribution in the regions far away from roads.  
 
3.2.4  Seismology 

Generally, the number and scale of landslides increase 
with the decreasing distance to the epicenter. However, for the 
2017 Jiuzhaigou Event, most of the landslides are distributed 
within 2–9 km to the epicenter rather than close proximity to it 
(Figs. 8a and 8b). Particularly, the largest values of LAP and 
LND are in the range of 3–4 km to the epicenter, while the 
lowest values are in the range within 1 km which roughly cor-
responds to the gap with few aftershocks. Except that the epi-
center is located in the area with a post-seismic Geoeye image 
of more cloud coverage, this is possible because that the earth- 
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Figure 5. Classifications of terrain factors (left) and their relations with LND and LAP (right). (a) and (b) elevation; (c) and (d) slope angle; (e) and (f) slope 

position; (g) and (h) slope aspect. CA. Classification area; LND. landslide number density; LAP. landslide area percentage (see text for their definitions). 
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Figure 6. Classifications of lithology (a) and their relations with LND and LAP (b). CA. Classification area; LND. landslide number density; LAP. landslide 

area percentage (see text for their definitions). 

 

 

Figure 7. Classifications of river channels and roads (left) and their relations with LND and LAP (right). (a) and (b) distance to river channels; (c) and (d) dis-

tance to roads. CA. Classification area; LND. landslide number density; LAP. landslide area percentage (see text for their definitions). 

 
quake source is relatively deep and regional elevation is high, 
and the epicenter is at the high slope position where the rock 
strength is rather large (Xu et al., 2018b). Figures 8c and 8d are 
the statistics of LAP and LND in the bands parallel to the in-
ferred seismogenic fault, which reach their peaks in the bands 
(bands 11–13) close to the epicenter and seismogenic fault with 
values of 7.122% and 28.47 km-2, respectively. Besides these 

three bands, LAP and LND decline sharply with the increase of 
the distance to the epicenter and fault. The above phenomenon 
reveals that the landslides triggered by the Jiuzhaigou Event are 
concentrated along the bands in which the epicenter and fault 
are located, probably related to the strike-directed spreading of 
the source rupture (Li Y S et al., 2017). In addition, landslides 
induced by strike-slip earthquakes are usually symmetrically 
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distributed on either side of the seismogenic fault, such as the 
2002 Denali Earthquake (Gorum et al., 2014) and the 2010 
Yushu Earthquake (Xu and Xu, 2014a). For the Jiuzhaigou 
Shock, however, the landslide densities in the southwest of the 
fault are much larger than in the northeast (Fig. 8d). Firstly, this 
may result from that the remote sensing image does not cover 
the whole study area, especially the northeast; secondly, the 
asymmetric distribution of lithology along the fault may also 
lead to the difference of landslide density and size. Statistics of 
LAP and LND in the bands vertical to the inferred seismogenic 

fault are shown in Figs. 8e and 8f. According to Fig. 8f, the 
landslide densities vary along the seismogenic fault. Instead of 
being concentrated around the epicenter, the majority of 
landslides are present in the northwestern bands 5–10 (6–10 km 
to the epicenter) and southeastern bands 19–20 (2–4 km to the 
epicenter) and 24–25 (7–9 km to the epicenter), respectively. 
The comparison shows that except for two band groups (bands 
16 and 17, bands 9 and 24), landslide densities in the southeast 
are larger than those in the northwest within 4 km to the epicen-
ter. While beyond 4 km, the pattern is opposite. Such density  

 

 

Figure 8. Classifications of seismic factors (left) and their relations with LND and LAP (right). (a) and (b) distance to the epicenter. (c) and (d) bands parallel to 

the fault. (e) and (f) bands vertical to the fault. Horizontal axes of (d) and (f) are the number of each band. Green stars are the epicenter of the Jiuzhaigou Event. 

Each band represents 1 km. CA. Classification area; LND. landslide number density; LAP. landslide area percentage (see text for their definitions). 
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differences in the bands vertical to the fault may indicate the 
varied landslide susceptibility, which can be mainly attributed 
to the varied rock mass strength along the fault and earthquake 
rupture mechanism. As mentioned before, the earthquake rup-
tured deeply and then simultaneously propagated to the shallow 
surface northwestward and southeastward. The region within 4 
km to the epicenter was affected by the seismic gap between 
the epicenter and northwestern aftershock cluster. For the area 
beyond 4 km to the mainshock, the distribution of the after-
shocks in the northwestern side of the epicenter is much wider 
and shallower than in the southeastern side (Xu et al., 2017a). 
Therefore, the stronger ground shaking in the northwest trig-
gered much more landslides.  
 
4  DISCUSSION 

The incomplete landslide distribution data might mislead 
us in the distribution characteristics, susceptibility assessment 
and the further studies (Xu et al., 2014a). We compared our 
landslide distribution with the distribution features obtained by 
Fan et al. (2018) and Wu et al. (2018) which are based on dif-
ferent complete degrees of landslide inventories. Most of the 
landslide distribution patterns with the control factors are con-
sistent, and the obvious disagreement exists in the relationship 
with the seismogenic fault.  

The relations between lithology and LND and LAP show 
that the landslide-prone area is the region with strata of Carbo-
niferous (C) limestone and dolomite which mainly distribute in 
the northwestern side of the fault. Besides, the northwestern 
wall of the fault is the hanging wall with relative thrusting 
component and the mass might be much weaker and easier to 
slide during strong shaking. The statistics in our study indicate 
that the seismic landslides on the northwestern wall are more 
than the southeastern side as well. According to the statistics of 
landslide area and number and the distance to fault along two 
profiles stated in Wu et al. (2018), the landslide area and num-
ber are much larger in the region confined by the inferred faults; 
moreover, the northwestern side of the fault zone has a bit more 
landslides than the southeastern side. However, though Fan et 
al. (2018) also suggested that there is an obvious difference 
between the distance to the fault and the landslide area percen-
tage and number density on both sides of the inferred seismo-
genic fault, they thought that the northwestern wall hosted 
fewer landslides than southeastern one. Basically, the above 
disagreement is mainly due to the detail level of landslide data 
we used. The similar phenomenon was found by Xu et al. 
(2014a) that the distribution characteristics related to some 
factors based on incomplete landslide inventory may be not 
objective. Certainly, the rapid post-seismic landslide inventory 
is important for short-term susceptibility evaluation and disas-
ter reduction; nevertheless, it is necessary to build a detailed 
landslide inventory afterward to the long-term post-disaster 
reconstruction and further study of understanding the general 
mechanism.  
 
5  CONCLUSIONS 

This work attempted to prepare a more detailed inventory 
of the coseismic landslides triggered by the 2017 MW 6.5 
Jiuzhaigou Earthquake, China to provide objective supporting 

data for subsequence research. It was based on high-resolution 
remote sensing imageries before and after this quake, coupled 
with field investigations. The resultant database permits map-
ping the landslides in an elliptical region surrounding the epi-
center covering an area of 434 km2. Totally, 4 834 landslides 
were counted by visual interpretation and field investigations. 
They occupy an area of 9.64 km2, mostly medium- and 
small-sized rock falls and debris slides. This corroborate that 
the existing studies have really underestimated the landslide 
number and the sub-meter high-resolution images (0.5 m 
Geoeye-1 image) help to identify more landslides.  

Using this inventory, statistics were made to characterize 
their distributions with respect to five primary control factors, 
including factors of terrain, geology, seismology, hydrology 
and human activity. The results show that the landsliding was 
insensitive to slope aspect. The majority of the coseismic 
landslides are in scopes of the elevation 2 800–3 400m, slope 
angle larger than 30º, upper, middle and flat slopes as relative 
slope positions, and strata of Carboniferous limestone and do-
lomite. Along the river channels and roads in the study area, 
there exist many coseismic landslides. Relatively large 
landslide densities along the inferred seismogenic fault suggest 
that it exerted a much more impressive influence on the pattern 
of the coseismic landslides than the location of the epicenter. 
Moreover, the differences in landslide densities along the in-
ferred seismogenic fault indicate the varied landslide suscepti-
bility. Thus, the distribution pattern of the landslides triggered 
by the 2017 Jiuzhaigou Earthquake was primarily controlled by 
the seismogenic structure, terrain, lithology, hydrology and 
human activity. Although this study presents an inventory cov-
ering the meizoseismal area and delineates the overall distribu-
tion pattern of the coseismic landslides and some landslides are 
probably omitted because of limited quality and coverage of 
post-seismic satellite images, the landslide data could help us 
further understand the landslide distribution pattern and me-
chanism and provide data support for the subsequence research.  
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