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As the Wenchuan Earthquake was of high magnitude and shallow seismic focus, it caused great dam-
age and serious geohazards. By the field investigation and the interpretation of remote-sensing infor-
mation after the earthquake and by using means of GIS technology, the distribution of geohazards 
triggered by the earthquake are analyzed and the conclusions are as follows: (1) The earthquake geo-
hazards showed the feature of zonal distribution along the earthquake fault zone and linear distribution 
along the rivers; (2) the distribution of earthquake geohazards had a marked hanging wall effect, for the 
development density of geohazards in the hanging wall of earthquake fault zone was obviously higher 
than that in the foot wall and the width of strong development zone in the hanging wall was about 10 km; 
(3) the topographical slope was a main factor which controlled the development of earthquake geo-
hazards and a vast majority of hazards were distributed on the slopes of 20° to 50°; (4) the earthquake 
geohazards had a corresponding relationship with the elevation and micro-landform, for most hazards 
happened in the river valleys and canyon sections below the elevation of 1500 to 2000 m, particularly in 
the upper segment of canyon sections (namely, the turning point from the dale to the canyon). Thin 
ridge, isolated or full-face space mountains were most sensitive to the seismic wave, and had a striking 
amplifying effect. In these areas, collapses and landslides were most likely to develop; (5) the study 
also showed that different lithologies determined the types of geohazards, and usually, landslides oc-
curred in soft rocks, while collapses occurred in hard rocks. 

5.12 Wenchuan Earthquake, seismogenic geohazard distribution, remote-sensing information, hanging wall effect, GIS analysis 

1  Introduction 

At 2:28 pm on May 12th, 2008, a devastating earthquake 
of 8° on Richter scales struck Yingxiu Town of Wen-
chuan County in Sichuan Province, China (31.0°N and 
103.4°E), rupturing the central and front faults in the 
Longmen Mountain Fault Zone along the the eastern 
edge of the Tibetan Plateau and forming a coseismic 
rupture zone of about 300 km in length with 9 m of slip 
along the boundary between the Longmen Mountain and 
Sichuan Basin[1]. The damage areas covered more than 
130000 km2, including 39 counties (cities) in Sichuan 
Province and 12 counties in Gansu and Shanxi provinces 
along the rupture zone. The Wenchuan Earthquake had  

high magnitude and strong destructive force with re-
leasing masses of energy and affected vast areas[2], and 
moreover triggered a large amount of geohazards, espe-
cially catastrophic landslides and collapses in the middle 
and high mountain areas with vulnerable geological en-
vironment along the western edge of the Sichuan Basin 
(Figures 1 and 2). Their huge scale, tremendous numbers, 
wide coverage, variations in and complexity of types 
and severe destruction shocked the world. According to 
statistic data available, the number of collapses and  
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Figure 1  Aerial photos showing the landslides along a section of Mingjiang River (a) and Wangjiayan landslide in Beichuan county town (b). 

 
Figure 2  Photos showing the regional distribution of landslides (a) and Donghekou landslide in Qingchuan County (b). 

 
landslides was about 20000, but the estimated number is 
over 50000. These geohazards not only caused a large 
number of casualties and serious economic losses, ag-
gravating the destruction of earthquake, but also put the 
threats to the post-earthquake rescue, temporary reset-
tlement, and post-reconstruction and rehabilitation in the 
earthquake-hit areas. 

After the earthquake, the authors engaged in the post- 

earthquake work including the emergency investigation 
of geohazards, hazard analysis, remote-sensing interpre-
tation of hazard distribution, and geoenvironment as-
sessment for resettlement sites for the locals affected by 
the earthquake. On the basis of these work, the authors 
chose the 16 seriously damaged counties along the seis- 
mogenic rupture zone as the case study areas (Figure 3) 
and adopted GIS technology to conduct an investigation 
of the distribution of geohazards triggered by this huge 
earthquake as well as the development factors of the  

geohazards, including the distance from the seismogenic 
faults, the location relative to the seismic faults, the to-
pographic slopes, and lithologic characters.  

2  Post-earthquake field investigation 
and data acquirement 

After the main shock of the Wenchuan Earthquake, the 
Ministry of Land and Resources of China immediately 
organized the scientists to conduct the earthquake engi-
neering and geological reconnaissance to provide scien-
tific decision-making information and emergency coun-
termeasures for the postseismic emergency and transi-
tional resettlement sites and reconstruction. The authors 
were charged with investigation and research on the 
seismogenic geohazards in the 16 severely damaged 
counties, of which 10 were extremely damaged and 6 
were seriously damaged (Figure 3). This paper presents  
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one of these investigation achievements. 
For investigation, two approaches to get the information 

and the data on the seismogenic geohazards were: field 
investigation and remote-sensing image interpretation. 

For the areas where the towns and villages were lo-
cated, and where the investigators could reach, the field 
investigation was carried out since the potential coseis-
mic and postseicmic geohazards would put the local 
people’s lives and property under the catastrophic risk 
again. With this approach the information at 4431 seis-
mogenic geohazard spots in the 16 severely damaged 
counties, including Wenchuan, Beichuan and Qingchuan 
was obtained. The field at investigation into each geo-
hazard site included mapping, identifing the characteris-
tics of the geohazards and preliminarily assessing the 
hazard induced potential risk to the locals, buildings and 
temporary shelters. It is worth to mention that the timely 
site investigation results were truly effective to make the 
locals keep from potential dangers and damages.  

As a matter of fact, in such an earthquake-hit area, 
there were numerous collapses and landslides distributed 
in uninhabited regions, posing indirect threat to human 
habitat environment. As such geohazards were of large 
number and wide coverage, it was impossible to do site 
investigation in such a post-earthquake emergency case. 
Various remote-sensing data availabe after the earth-
quake were employed. The main remote-sensing data 
sources adopted were (1) the image data of Japanese 
satellite ALOS (10 m resolution), (2) the aerial re-
mote-sensing information obtained by Air Command 
and China Aero Geophysical Survey and Remote Sens-
ing Center for Land and Resources after earthquake, and 
(3) other data sources. As ALOS data have wide cover-
age for a single shot, high quality and resolution ratio, 
satisfying the requirements for macro-interpretation of 
geohazards, it was served as the main data source of 
interpretation, and under the circumstance of cloud 
cover, the aerial remote-sensing data were employed as 
a complement. 

In the 432 false color composite images of ALOS, the 
post-earthquake hazards show high brightness, and the 
image features are clear and easy to recognize so that the 
computation techniques can be used to deal with the 
information from ALOS automatically. For calculation 
of the number of geohazards, the method of human- 

computer interaction was adopted for the interpretation, 
and 6877 geohazards were obtained by remote-sensing 
image interpretation.  

Therefore there were 11308 seismogenic geohazard 
sites in the 16 severely damaged counties, 4431 by field 
investigation and 6877 by remote-sensing image inter-
pretation. 

3  Distribution characteristics of seis-
mogenic geohazards 
3.1  Linear distribution along the seismogenic fault 

By the site investigation, the number of newly increased 
seismogenic geohazards in the Wenchuan earthquake-hit 
areas, which posed a direct threat to human habitat en-
vironment reached as many as 9000, mainly distributed in 
39 serious disaster counties in Sichuan Province[3]. There 
were more than 500 newly increased seismogenic hazards 
in three counties of Wenchuan, Beichuan and Qingchuan, 
and more than 970 developed in Qingchuan County, the 
highest among the 39 counties. There were 8 counties 
each having 300―500 newly seismogenic hazards, i.e., 
Maoxian, Dujiangyan, Pengzhou, Congzhou, Mianzhu, 
Wangcang, Jiangyou and Lizhou district of Guangyuan 
City. There were 17 counties each having 100―300 
newly seismogenic hazards (Figure 3)[3]. It can be seen 
that the counties having a large number of the newly in-
creased geohazards presented a zonal distribution spa-
tially along the Longmen Mountain Fault Zone. 

Further, on ArcGIS platform, with the digital eleva-
tion model of 1:50000 scale as geographical basic map, 
the total of 11308 new seismogenic geohazard sites in-
cluding 4431 by field investigation and 6877 by re-
mote-sensing interpretation were integrated to obtain the 
spatial distribution of the geohazards in the studied areas 
(Figure 4). Figure 4 demonstrates that the seismogenic 
geohazards have a marked feature of zonal distribution. 

The results of GIS buffer analysis of geohazard sites 
within the range of 30 km from the coseismic faults are 
shown in Table 1. Generally, the farther the distance 
from the coseismic faults, the less the hazard distribution 
density. The geohazards developed mainly within 10 km 
around the coseismic faults, about 2/3 hazards were dis-
tributed in these area, and the geohazard density was 
also the highest, ~1/km2 on average, and decreased rap-
idly out of 15 km from the coseismic faults, where the 
density lowers to 1/6 of that within the areas 5 km from 
the coseismic faulds, and 1/3 of the density in the areas 
within 5―10 km. This indicates that the geohazards 
triggered by the earthquake along the coseismic faults 
are confined within the zonal area of 15―20 km from 
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Figure 3  Distribution of geohazards induced by Wenchuan Earthquake[3]. 

 
Figure 4  Regional distribution of geohazards in studied area. 



 

814 HUANG RunQiu et al. Sci China Ser E-Tech Sci | Apr. 2009 | vol. 52 | no. 4 | 810-819 

Table 1  Relationship between distribution of geohazards and distance from coseismic fault 
Distance from seismogenic fault (km) Area (km2) Number of geohazards Geohazards density (n/km2) 

<5 2918.98 3929 1.35 
5―10 2438.06 2224 0.91 

10―15 2436.57 1098 0.45 
15―20 2552.22 849 0.33 
20―25 2556.75 563 0.22 
25―30 2492.63 523 0.21 

 
both sides of the faults, in which the area within 10 km 
from the faults is the most sensitive. 

3.2  Hanging wall and foot wall effect 

Further study showed that the spatial distribution of the 
seismogenic geohazards along the faults demonstrated a 
marked hanging wall and foot wall effect, i.e., the den-
sity of geohazards developed in the hanging wall of the 
faults was much higher than that at the foot wall. The 
same effect was found in the study of the thrust fault 
seismogeneration[4―10], e.g., the peak acceleration at the 
hanging wall surface was greater than that at the foot 
wall surface under the circumstance of thrust fault seis-
mogeneration, and the damage in the hanging wall was 
more serious than that in the foot wall. During the Wen-
chuan Earthquake, it was also found that the houses in 
the hanging wall of fault were completely collapsed 
while those at the foot wall remained intact in Beichuan 
County. The investigation showed that this kind of effect 
was much more significant during the coseimic geohaz-
ard development. 

Firstly, the geohazard distribution along the Dujian-
gyan-Wenchuan section of No. 213 National Highway 
was investigated, then the statistic analyses of the linear 
density of geohazard development along the section were 
conducted, and the damage degrees caused by geohaz-
ards to the highway by the ratio of the length of section 
occupied by waste-mass to the total length of the calcu-
lated section were estimated. The results are shown in 
Figure 5. The 120 km long Dujiangyan-Wenchuan sec-
tion is across the coseismic Yingxiu-Beichuan fault. In 
the hanging wall of the fault, the linear density of geo-
hazards was the highest, 11.6/km, and the road damage 
ratio was 62% in the area of 10―20 km away from the 
fault. Although the density was quite small in the area of 
0―10 km away from the fault, the scales of individual 
geohazards were larger and the damage ratio was 58% 
almost the same as that of 10―20 km. The density of 
geohazards in the section of 0―30 km in the hanging 
wall was ~6.8/km on average. However, the linear den-

sity of coseismic geohazard development in the footw all 
was within the range of 0.5―0.8/km, being 1/10 of that 
in the hanging wall. Obviously, the haning wall effect 
and foot wall effect of the Wenchuan Earthquake were 
rather striking in the geohazard development.  

The areal distribution of seismogenic geohazards also 
demonstrated a marked hanging wall and foot wall effect. 
Figure 6 shows the interpretation results of the coseis-
mic geohazards by using the post-earthquake ALOS sat-
ellite image of Beichuan, Anxian and Mianzhu counties. 
The density of seismogenic geohazards in the hanging 
wall of the Yingxiu-Beichuan Fault was obviously higher 
than that in the foot wall. The area within 10 km away 
from the fault in the hanging wall was a strong develop-
ment zone of the geohazards, in which the areal density 
reached 3.5/km2. The area within 10―20 km was a weak 
development zone, in which the areal density was 1.5/km2. 
In the foot wall of the fault, no strong development zone 
existed and only a weak development zone could be 
found, which, as the hanging wall of the Longmen 
Mountain front fault, probably was the response to activi-
ties of the Longmen Mountain front rupture. 

3.3  Linear distribution along rivers 

Another marked feature of geohazards triggered by the 
Wenchuan Earthquake in regional distribution was that 
they presented linear distribution along rivers, which 
was clearly demonstrated in Figure 4. The field investi-
gation also indicated that a vast majority of seismogenic 
geohazards occurred along the two sides of the Minjiang 
River and along the deep-incised river valleys perpen-
dicular to the NE-SW Longmen Mountain, including the 
Shiting River, the Mianyuan River and the Qianjiang 
River as well as their tributaries. These rivers, together 
with the coseismic structures along the NE-SW Longmen 
Mountain, control the regional distribution of the geo-
hazards. The coseismic structures control the outline 
pattern of seismogenic geohazards, while the rivers spe-
cifically control their location. 

Figure 7 shows the comparison of ETM images of 
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Figure 5  Difference of geohazards development in the hanging wall and Foot wall along the Dujiangyan-Wenchuan section of No. 213 National Highway. 

 
Figure 6  Remote sensing interpretation of geohazards distribution in Beichuan-Anxiang-Mianzhu counties (by ALOS satellite image,10 m resolution). 

 
Figure 7  Comparison of ETM images before (a) and after (b) the earthquake (15 m resolution). 
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Yingxiu-Caopo segment (about 30 km) of the Minjaing 
River before and after the earthquake. After the earth-
quake, many collapses and landslides developed along 
the two sides of the Minjiang River, which are clearly 
shown in purple colour in the ETM image (Figure 7(a)). 
This would make the human being astounding at the 
strength of the Nature. 

3.4  Asymmetrical development of geohazards away 
from the epicenter along coseismic faults 

Seismic mechanism study[11,12] shows that the rupturing 
process of the Wenchuan Earthquake started from 
Yingxiu Town, spreading to the northeast and southwest 
by way of bilateral asymmetry. The rupturing to the 
northeast was obviously stronger than that to the south-
west, the former lasted as long as 90 s, and the later only 
~60 s. The rupture length to the northeast was much 
bigger than that to the southwest. Figure 3 shows the 
difference in the distribution of geohazards along the 
seismogenic faults: Distribution and density of the geo-
hazards to the northeast from the epicenter are far larger 
and higher than those to the southwest, which is consid-
ered as the response to the seismic rupturing process.  

3.5  Seismogenic faults controlling distribution of 
large (giant) landslides and collapses 

The earthquake triggered a large number of large (giant) 
landslides and collapses, such as Tangjiashan landslide, 
Wangjiayan landslide and Luanshiyao collapse in 
Beichuan County, Donghekou landslide, Shibangou land-
slide, and Woqian landslide in Qingchuan County, Wen-
jiagou landslide in Qingping Town of Mianzhu City, and 
Daguangbao landslide in Anxian County. Daguangbao 
landslide in Anxian County might be the largest landslide 

both in China and in the world. Table 2 and Figure 8 are 
the calculation results of the distance between large (giant) 
landslides and the seismogenic faults. Among the calcu-
lated 105 large (giant) landslides, there were 80 landslides 
which were located less than 5 km away from the seis-
mogenic faults, accounting for 76.19% of the total. The 
giant landslides including Daguangbao landslide, Tangji-
ashan landslide, Wangjiayan landslide, Wenjiagou land-
slide are distributed within this range. There were 98 
landslides which were located less than 10 km from the 
seismogenic fault, 93.33% of the total, and only 7 land-
slides were located in the areas out of 10 km away from 
the seismogenic faults. As the distance away from the 
seismogenic faults increased, the scale of the seismogenic 
landslides and collapses became smaller. It is suggested 
that the distribution of large (giant) landslides and col-
lapses is controlled by the seismogenic faults and the 
seismic wave is the fatal factor triggering large (giant) 
landslides and collapses on the slope bodies.  

 
Figure 8  Correlation curve of large geohazards distribution and seis-
mogenic faults. 

Table 2  Relationship between distribution of large geohazards and seismogenic faults 
Distance from seismogenic fault (km) Number of geohazards Percentage of Geohazard numbers (%) 

<1 25 23.81 
1―2 13 12.38 
2―3 20 19.05 
3―4 8 7.62 
4―5 14 13.33 
5―6 2 1.90 
6―7 8 7.62 
7―8 2 1.90 
8―9 3 2.86 
9―10 3 2.86 
10―11 3 2.86 
11―12 3 2.86 
12―13 1 0.95 
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4  Other main factors on seismogenic 
geohazard distribution 
4.1  Elevation 

On GIS platform, we conducted a spatial statistic analy-
sis for the distribution elevation of the geohazards, and 
the results are listed in Table 3 and shown in Figure 9. 
The seismogenic geohazards were mainly distributed 
within the range from 650 to 2000 m in elevation. The 
areas of this range only cover 27% of the totally studied 
area, but 74.8% of the seismogenic geohazards were 
distributed in this area, in which the density within the 
range at the elevation from 1000 to 1500 m was the 
highest, reaching to 0.63/km2. The development of the 
geohazards within the range of more than 2500 m is 
sparse, and the density of which is only 0.05/km2. 

 
Figure 9  Correlation curve of geohazards distribution and elevation. 

 

Through field investigation, it is found that the de-
velopment of the seismogenic geohazards is co- controlled 
by the shape of the river valleys and the elevation. As 
shown in Figure 10, the area of the river valleys generally 
took a shape, above the elevation of 1500 m the slope of 
river valleys is generally gentle, and with elevation lower 
than 1500 m, the topographic slope turns quite steep, the 
upper part became the ideal place of unloading of rock 
mass, while the lower part often constitutes the deposit-
ing areas of waste mass resulting from collapses and 

 
Figure 10  Sketch map of landslide deformation in the transition region 
from dale to canyon. 
 
landslides. Therefore, the seismic response is the most 
prominent and the seismogenic geohazards are the most 
developed in the area of the river valleys researched. 

4.2  Topographic slope and micro-landform 

With ArcGIS software, we firstly built DEM of the 
studied areas by the contour line oin 1:50000 scale and 
produced a slope figure, then we classified the slope 
figure and made a spatial statistics analysis for the geo-
hazards and the slope grading figure, and finally we got 
the results as listed in Table 4 and Figure 11. Most seis-
mogenic geohazards are distributed on the slopes from 
20° to 50°, accounting for 86.8% of the total numbers. 
The density of geohazards on the slopes from 40° to 50° 
degrees is the highest. Earthquake geohazards seldom 
were found on the topographical slopes less than 20°. 
Therefore, the area of relatively gentle topographic slope 
is chosen as the rebuilding sites in the rebuilding work 
after the earthquake, where potential geohazards dangers 
would be quite low. 

By further field investigation, we have found that 
there is a close relationship between the specific posi-
tions of the seismogenic geohazards and micro-landform. 
The seismogenic geohazards usually happen in the fol 

 
Table 3  Relationship between distribution of geohazards and elevation 

Elevation (m) Area (km2) Number of geohazards Geohazards/km2 

<650 4065.7 228 0.06 

650―1000 4143.52 2239 0.54 

1000―1500 5587.82 3524 0.63 

1500―2000 4519.95 2471 0.55 

2000―2500 3961.52 1408 0.36 

>2500 30097.96 1438 0.05 
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Figure 11  Correlation curve of geohazards distribution and slope. 

 
lowing positions: (1) the transitional and turning posi-
tion of gentle topographic slope to steep slope; (2) sharp 
edges; and (3) isolated mountain or full-space mountain 
position. 

4.3  Lithology 

The lithologic layers (including soil) in the areas studied 
could be classified into 8 categories: Soil, sandstone, 
sandy conglomerate, sand-slate, phyllite, argillite, car-
bonate rock and magmatic rock. The spatial statistic 
analysis of the geohazards and lithologic layers showed 
that the geohazards in hard rock layers, including mag-
matic rock, carbonate rock and sandy conglomerate, 
were the most developed, and that the development den-
sity of sand-slate, phyllite and argillites were the second. 
Table 5 is the relationship between distribution of geohaz-
ards and lithology. The field investigation also showed 

that the two types of the geohazards in rock layers were 
different: Collapses usually occur in hard rocks, while 
landslides usually occur in soft rocks. 

5  Conclusions 

(1) The seismogenic geohazards of Wenchuan Earth-
quake demonstrated the significant characteristics of 
zonal distribution along the coseismic fault zone and 
linear distribution along the rivers. The distribution of 
the geohazards has marked hanging wall effect, i.e., the 
development density of the geohazards in the hanging 
wall of coseismic fault zone was obviously higher than 
that in the foot wall. The distribution and development 
density of the geohazards to the northeast of epicenter 
was obviously stronger than that to the southwest. 

(2) The nearer the area was from seismogenic faults, 
the higher the development density of geohazards was. 
The range of 10 km in the hanging wall of seismogenic 
faults was the strong development zone of the geohaz-
ards. The range from 10―20 km was a medium devel-
oped zone. 

(3) Most collapses happened below the elevation of 
1500―2000 m. This range of elevation was corre-
sponding to the elevation range of the area through 
which the dale transitted to canyon, being in the position 
of quite steep topographic slope, rather strong rock mass 
unloading and the most prominent seismic response in 
the river bank slope. 

 
Table 4  Relationship between distribution of geohazards and slope 

Slope (°) Area (km2) Number of geohazards Geohazards/km2 

10―20 5632.67 928 0.16 
20―30 14603.37 2716 0.19 
30―40 13984.8 3631 0.26 
40―50 5048.27 1678 0.33 

>50 913.14 200 0.22 

Note: Due to the positional error made when compiling the hazards acquired from field investigation into the figure, many hazards are distributed 
within the range of less than 10°. This does not match the actual situation, so these hazards are excluded from the statistic analysis. 
 
Table 5  Relationship between distribution of geohazards and lithology 

Lithology Area (km2) Number of geohazards Geohazards/km2 
Soil layer 3595.38 93 0.03 
Sandstone 15265.49 1760 0.12 

Sandy conglomerate 560.18 213 0.38 
Sand-slate 11022.43 1665 0.15 

Phyllite 4803.88 755 0.16 
Argillutite 3599.81 631 0.18 

Carbonate rock 6774.4 2577 0.38 
Magmatic rock 6755.4 3614 0.53 

 



 

 HUANG RunQiu et al. Sci China Ser E-Tech Sci | Apr. 2009 | vol. 52 | no. 4 | 810-819 819 

(4) The seismogenic geohazards were mainly distrib-
uted on the slopes of 20°―50°. There was a close rela-
tionship between the specific positions and mi-
cro-landform for the geohazards usually happening in 
the transitional and turning position of gentle topog-
raphic slope to steep slope, thin ridge, isolated or full- 

face space mountains. The amplification effect in these 
positions was the most striking. 

(5) Generally the earthquake geohazards developed in 
various rock layers, but their development extent in hard 
rock layers such as magmatic rock, carbonate rock and 

glutinite was greater than that in soft rock layers such as 
sand-slate, phyllite and argillutite. The collapses usually 
happened in hard rock layers, while landslides usually 
happened in soft rock layers. 

(6) Remote-sensing interpretation by using middle & 
high resolution satellite images combined with high- ac-
curacy aerial images is an effective way to quickly and 
fully acquire the spatial distribution of earthquake geo-
hazards in earthquake-hit regions. It can timely provide 
important basic data for earthquake rescue and relief and 
post-earthquake reconstruction. 
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