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ABSTRACT: The Wenchuan (汶川) earthquake on 12 May 2008 induced a large number of landslides, 

collapses, and rockfalls along the Longmenshan (龙门山) fault. The landslide in Niujuan (牛圈) Valley 

(named Niujuan landslide), close to the epicenter, is one that travelled a long distance with damaging 

consequences. Using QuickBird satellite images and GIS tools, the seismogenic mass movements are 

analyzed, and the movement phases, travel path, and post-catastrophic processes of Niujuan landslide 

are described and discussed. Image interpretation and a GPS survey showed that the mass movements 

denuded 37% of the research area. The Niujuan landslide moved 1 950 m along the Lianhuaxingou (莲

花心沟) stream, transformed to a debris avalanche, and accumulated in the downstream bed of Niu-

juan Valley, where they formed a dam 30 m in height, blocking the Niujuan stream and creating a bar-

rier lake basin with 0.11 million m3 storage capacity. Subsequent to the Niujuan landslide, debris flows  
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have been more active in Lianhuaxingou and 

Niujuan valleys because of the accumulated 

mass of debris. 

KEY WORDS: Wenchuan earthquake, landslide, 

debris flow, debris avalanche. 

 

INTRODUCTION  

The 2008 Wenchuan earthquake induced many 
landslides, rockfalls, and debris flows. According to 
the systematic investigation by the Ministry of Land 
and Resources of China, landslides, rockfalls, and de-
bris flows induced by the earthquake were observed in 
15 000 sites (Yin et al., 2009). The landslide in the 
Niujuan Valley, near the earthquake epicenter, is an 
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example. The Niujuan landslide, the largest landslide 
around the epicenter, blocked the Niujuan Valley, 
formed a landslide barrier lake, and resulted in three 
deaths, the destruction of one house, and burial of 1 
km of road. The subsequent debris flows induced by 
landslide destroyed part of the highway from Dujiang-  
yan to Wenchuan and delivered copious sediment to 
the Minjiang River. Some characteristics of the land-
slide, for example, volume, travel distance, velocity, 
and initiation mechanism are noteworthy and have yet 
to be described in earlier publications.  

A number of publications have described many 
landslides triggered by the 2008 Wenchuan earthquake.  
Landslides were triggered more than 100 km north of 
the epicenter along the trace of the Longmenshan fault. 
Kusky et al. (2010) considered that the concentration 
of landslides and ground deformation so far north of 
the epicenter may have been related to the Mode II–III 
fracture propagation focusing the energy along the 
fault toward the north. Cui et al. (2009) included the 
Niujuan landslide barrier lake in a list of important 
lakes produced by the Wenchuan earthquake but did 
not describe the landslide. Xu et al. (2009) described 
landslide dams triggered by the earthquake, but the 
Niujuan landslide, dam, and lake were not included. 
Yin et al. (2009) analyzed the distribution of seismi-
cally triggered landslides and described the character-
istics of 33 typical landslides but did not include the 
Niujuan landslide. Wang et al. (2009) presented pre-
liminary observations on some large landslides (not 
including the Niujuan landslide) triggered by the 2008 
Wenchuan earthquake. Sato and Harp (2009), using 
images taken on 15 May, 2008 and published by 
Google Earth, interpreted landslides triggered by the 
Wenchuan earthquake in the Beichuan area, but Wen-
chuan area, where the Niujuan landslide is located, 
was not included in their analysis. In this article, we 
describe the area where the Niujuan landslide oc-
curred and analyze the landslide characteristics using 
remote sensing image interpretation and field surveys. 

 
STUDY SITE 
Location 

Niujuan Valley, a right tributary of the Minjiang 
River, is located near Xuankou Town, Wenchuan 
County, Sichuan Province (Fig. 1). The geographical 

coordinates of its embouchure are 31°02′44.3″N and 
103°28′26.3″E, where the highway from Dujiangyan 
to Wenchuan (Highway #317) intersects it. The linear 
distance from Niujuan Valley to Wenchuan is 53 km, 
to Dujiangyan is 15 km, and to Yingxiu, the epicenter 
of 2008 Wenchuan earthquake, is only 2 km. The 
Niujuan Valley is located at the end of the backwater 
zone of the Zipingpu Reservoir, the largest one on the 
Minjiang River with a holding capacity of over 1.12 
billion m3. The straight-line distance from the Niujuan 
Valley to the Zipingpu Reservoir dam is just 10 km. 
Because of the proximity to the Wenchuan earthquake 
epicenter, earth surface features and processes in the 
study area were dramatically influenced.  
 

 

Figure 1. Location of the Niujuan Valley and sur-
rounding area. 
 
Topographic Setting 

The study region is located on the eastern margin 
of Qinghai-Tibet plateau, in the high relief transition 
zone between the plateau and the Sichuan basin, a 
zone where crustal uplift and stream incision are 
strong. The catchment area of Niujuan Valley is 10.9 
km2, and the length of the main stream is 6.2 km. With 
the highest elevation at 2 610 m and the lowest eleva-
tion at 858 m, the total topographic relief of the Niu-
juan Valley is 1 752 m, making the average gradient of 
the trunk stream 283‰. Lianhuaxingou, a downstream 
tributary of Niujuan River, is the primary study site 
because the Niujuan landslide event occurred in its 
upper reach (Fig. 2). Its catchment area is 2.1 km2, 
steam length is 3.2 km, average stream gradient is 
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392‰, and stream gradient of upper stream raises up 
to 643‰.     

 

 

Figure 2. 3D map of the Niujuan Valley. 
 
Geological Setting 

Because the study region is located in the transi-
tion zone between the Qinghai-Tibet plateau and Si-
chuan basin, lies on the border between the Yangtze 
platform and Yunnan-Tibet margin of the Eurasian 
plate, and is influenced by the crustal uplift of   
Qinghai-Tibet plateau, the neotectonics are very active. 
Most of tectonic lineaments in the region are in an SW 
to NE direction or WSW to ENE direction (Fig. 3), 
which is identical to the direction of gravity and Moho 
depth contours.  
 

 

Figure 3. Longmenshan tectonic zone. F1.   
Maoxian-Wenchuan fault belt; F2. Yingxiu- 
Beichuan fault belt; F3. Pengzhou-Guanxian fault 
belt. 

The study region lies in the Mesozoic fold belt 
that formed through the subduction of the Indian plate 
in Indo-Chinese epoch. In the Himalayan movement, 
the Himalaya and the Qinghai-Tibet plateau uplifted 
under the action of continental collisions, raising the 
study region of northwest of Sichuan at the same time. 
Thus, the study region is a strongly uplifting area with 
active new and old faults. Niujuan Valley is located 
close to the Beichuan-Yingxiu fault belt of the Long-
menshan tectonic zone (Fig. 3). The Beichuan- 
Yingxiu fault belt, the central fault of Longmenshan 
tectonic zone, has been an active dextral reverse fault 
belt during Holocene. Historically, there have been 
frequent and strong earthquakes. This active fault belt 
crosses the Niujuan Valley, and the Niujuan landslide 
occurred near this fault. 

The two major lithological units in the Niujuan 
Valley are Precambrian medium-grained granite and 
Triassic sandstone interlayered with shale and coal. 
The granite, which is distributed in the upstream and 
northwest part of Niujuan Valley, has a high-intensity 
coefficient and good engineering property with weak 
penetrability. The sandstone is distributed in southeast 
part and downstream part of Niujuan Valley. As shown 
in Fig. 4, the Yingxiu-Beichuan fault belt crosses 
Niujuan Valley from southwest to northeast. 
 

 

Figure 4. Geological map of Niujuan Valley. 
 
EARTHQUAKE AND LANDSLIDE EVENTS 
Earthquake Event 

The Wenchuan earthquake was a direct triggering 
factor for the Niujuan landslide. The earthquake with a 
magnitude of 8.0 Ms occurred at 14:28 (Beijing time) 
on the 12th of May 2008. Its epicenter was located at 
Yingxiu, Wenchuan, Sichuan Province (Fig. 5), and 
the depth of focus was 14 km.  
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Figure 5. Seismic intensity zones in the Wenchuan earthquake. F1. Maoxian-Wenchuan fault belt; F2. 
Yingxiu-Beichuan fault belt; F3. Pengzhou-Guanxian fault belt. 
 

Wang et al. (2008) indicated that the surface rup-
ture originated at the epicenter and extended NE to the 
boundary of Longmenshan tectonic zone; the whole 
process lasted for 110 s. Only 7.2 s after the main 
shock, the Pengzhou-Guanxian fault belt began to ac-
tivate due to the right-lateral strike-slip and reverse 
thrust. The average distance of strike-slip was 155.0 
cm, and the average amount of dip-slip was 118.6 cm. 
At 12–34 s after the main shock, a larger slip occurred 
from Yingxiu to Hanwang along the Yingxiu- 
Beichuan fault belt, and 37% of the earthquake energy 
was released by this event. During this period, dislo-
cation occurred in both the Yingxiu- Beichuan fault 
belt and the Pengzhou-Guanxian fault belt. Disloca-
tion was up to 516 cm in the Pengzhou-Guanxian fault 
belt at the depth 9.1 km and 1 249 cm in the 
Yingxiu-Beichuan fault belt at the depth 15.5 km. We 
infer that the Niujuan landslide most probably oc-
curred during this period as well. The highest seismic 
intensity on the surface is estimated to have been in 
Category XI of the M.M scale, and the research site is 
located in this zone (Fig. 5). 

Landslide Event 
Because the epicenter of the Wenchuan earth-

quake was very close to Niujuan Valley and the up-
stream and northern part of the Niujuan Valley is  
located on  the hanging wall of seismogenic thrust 
fault, numerous landslides were triggered in this area. 
The Niujuan landslide, the largest, occurred at the 
headwall of the Lianhuaxingou Valley (Fig. 6a). The 
landslide moved down to the headwall foot where it 
joined the Lianhuaxingou streambed and channel and 
moved rapidly to the confluence with the Niujuan 
Valley (Fig. 6b). The original slide mass fractured 
during its movement and transformed to a debris ava-
lanche. At the confluence with the Niujuan Valley, the 
debris avalanche was obstructed by the right bank 
slope where it turned downstream, accumulating in the 
Niujuan streambed and channel forming a dam and 
blocking the stream and causing a lake to form (Fig. 
6c). In the Niujuan landslide event, three persons were 
killed, and a farmer’s house was destroyed. 
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Figure 6. (a) Valley headwall source area of the Niujuan landslide; (b) streambed and channel of Lian-
huaxingou and debris avalanche mark; (c) landslide/debris avalanche dam and lake in the Niujuan Valley.     
   
LANDSLIDE INTERPRETATION FROM 
SATELLITE IMAGES 

Remote sensing imagery was the primary tool for 
the study of the Niujuan landslide. Three satellite im-
ages were selected to compare the situation before and 
after the earthquake and landslide. 
 
Image Sources 

Two types of satellite images, QuickBird (in-
cluding quicklooks images with a resolution of 7 m 
and initial QuickBird images with resolution of 0.6 m) 
and Resurs-DK with a resolution of 2 m, were used in 
this research. The quicklooks of QuickBird images in-
clude two covering the Niujuan Valley region before 
and after the Wenchuan earthquake. Because of the 
poor weather prevailing in the study region at the time 
of the earthquake, it was difficult to select two images 
without cloud cover close to 12 May, 2008. Thus, an 
image taken on 26 June, 2005 was selected as the be-
fore image, and an image taken on 2 June, 2008 was 
selected as the after image. All were downloaded from 
www.digitalglobe.com and were used for comparison 
of denudation before and after the Wenchuan earth-
quake. The initial QuickBird image, taken on 2 June, 
2008, covers only the main part of the Niujuan land-
slide. It was purchased through ScanEx Research and 
Development Center and was used in interpreting the 
landslide. 

Because there are only red, green, and blue spec-
tral band in the quicklooks images, it was difficult to 
create a denudation classification. Special haze re-
moval algorithms (separation of the image into ‘haze’ 
and ‘no haze’ areas) were applied before the super-
vised image classification. First, areas covered by 
clouds and water objects (rivers and reservoir) were 

manually masked using vector data from visual inter-
pretation. Then, the image was separated into haze and 
no haze areas to make supervised image classifica-
tions for both parts. Finally, “haze” and “no haze” 
classified images were combined. 

The Resurs-DK image taken on 3 June, 2009 
covers the Niujuan drainage basin and part of    
Minjiang River valley. It was purchased from JSC 
Russian Space Systems and was used to interpret de-
bris flow events after the Niujuan landslide. 
 
Interpretation Result 
Comparison between two images before and after 
the earthquake 

Figure 7, the quicklooks of QuickBird images, 
shows the status of Niujuan area and surrounding re-
gion before and after the Wenchuan earthquake. In the 
before image, most of the study area is covered by 
vegetation except the river bed and residential areas.  
Less than 1% of the study area is shown as denuded. 
In the after image, 37% of the study area is shown as 
denuded. The earth surface at the upper wall of the 
Yingxiu-Beichuan fault was disturbed more than at the 
lower wall. The boundary between disturbed and less 
disturbed surface is very clear along the fault line and 
the Niujuan landslide on the upper wall of the fault. 
 
Landslide interpretation  

Figure 8 is a subset of the initial QuickBird im-
age of Lianhuaxingou drainage basin taken on 2 June, 
2008. Lianhuaxingou is the tributary in the Niujuan 
basin influenced mostly by the Wenchuan earthquake. 
The seismogenic mass movements, Niujuan landslide 
phases, and the travel path were interpreted using this 
image. 
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Figure 7. Comparison between the images before (a) and after (b) the Wenchuan earthquake. 
 

 

Figure 8. Lianhuaxin gully after earthquake and 
the travel path of the Niujuan landslide. 

 
Seismogenic mass movements 

The Wenchuan earthquake induced numerous 

mass movements, including landslides, collapses, and 
rockfalls, etc.. The QuickBird image (Fig. 8) shows 
that the mass movements were concentrated in the 
middle and upper reaches of Lianhuaxingou basin. 
The Niujuan landslide initiated on the right bank and 
moved down valley to the Niujuan channel. Other 
landslides, collapses, and rockfalls were registered 
mainly on the left bank and headwall of the Lian-
huaxingou basin. Their volumes were not large, and 
run out distances were limited, but their number is 
very large. In Fig. 9, the result of visual interpretation 
and mapping of slope processes in ArcGIS Desktop 
module ArcMap 9.2 shows all slope processes in 
Lianhuaxingou interpreted from the QuickBird image 
taken on 2 June, 2008. The area of mass movement is 
0.42 km2 and occupies 21% of the whole catchment of 
the Lianhuaxingou. 
 
Debris avalanche phase and travel path  

There is a large elevation difference and a steep 
gradient along the Lianhuaxingou channel from the 
head to outlet. Figure 10, the longitudinal profile of 
landslide/debris avalanche path, was compiled using 
the 1 : 50 000 topographic map. The distance from the 
stream head to outlet is 1 950 m, and the mean gradi-
ent is 28%. The Niujuan landslide/debris avalanche 
did not stop at the foot of the valley but moved down 
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the Niujuan channel, stopping just short of the    
Minjiang River. During the event, the landslide body 
disaggregated under the influence of the rough surface 

and its bounding motion, changing the movement type 
to a debris avalanche.    

 

 

Figure 9. Mass movements in the Lianhuaxingou basin. 
 

The QuickBird image interpretation and field in-
vestigation suggest that the whole movement process 
could be divided into three phases: initial landslide, 
debris avalanche, and debris accumulation. Zone I, the 
initial landslide, is shown in brown in Fig. 9. The dis-
tance of the initial landslide movement is 445 m, the 
area is 149 500 m2, and the volume is assessed as 

3.0–4.0 million m3. Zone II, the debris avalanche, is 
shown in orange in Fig. 9. The distance of movement 
is 1 005 m, the width is 130–170 m, and the depth is 
30–40 m. Zone III, debris accumulation phase, is 
shown in yellow in Fig. 9. The accumulation area 
covers 123 000 m2 with 960 m in length and 220 m in 
the maximum width. Comparison between a digital 
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topographic map and the results of field surveying 
with a GPS (Trimble R8) yields a maximum depth of 
the accumulation deposit of 38 m and a total volume 

of approximately 2.3 million m3. The high mark of the 
debris avalanche on the right bank of the Niujuan 
channel is 84 m above the streambed.  

 

 

Figure 10. Longitudinal profile of the landslide and debris avalanche path. 
 

 

Figure 11. Postcatastrophic slope processes and 
debris flow activity in the Niujuan Valley. 

 
The travel path of the landslide/debris avalanche 

was controlled by the topography of the Lianhuaxin-
gou and Niujuan channels and is shown in Fig. 10 as 
interpreted from the QuickBird image.  

 
Postcatastrophic processes 

The debris avalanche stopped, and its deposit 
formed a dam and barrier lake in the Niujuan Valley 
(Fig. 10). According to the QuickBird image interpre-
tation, the area of the lake was 9 760 m2, the maxi-
mum height of the dam was 30 m, and the maximum 

lake storage capacity was 0.11 million m3. The dam is 
stable at present after being strengthened, following 
the construction of a rapid flood passage.  

The Niujuan landslide and other seismogenic 
slope processes deposited large amounts of debris in 
the Lianhuaxingou and of Niujuan channels. Debris 
flows became more active, following the earthquake 
and the seismogenic slope processes. The QuickBird 
image shows that a debris flow event that occurred in 
the Lianhuaxingou channel before 2 June, 2008. The 
magnitude of this event was small, possibly because 
the initiating rainfall was limited. The debris flow 
stopped in the middle of Lianhuaxingou channel (Fig. 
9). A large debris flow event that occurred on 24 Sep-
tember, 2008, induced by the heavy rainfall. This de-
bris flow carried masses of sediments from the Lian-
huaxingou channel and the debris avalanche deposit in 
the Niujuan Valley to its outlet near the Minjiang 
River. Some houses and portions of highway were de-
stroyed and damaged in this event. Figure 11 is a part 
of the Resurs-DK image taken on 3 June, 2009 and 
shows extensive debris flow deposits extending to the 
lower reach of the Niujuan channel, indicating that 
post-earthquake debris flows probably contributed to 
the sediment load of the Minjiang River. 

 
CONCLUSION 

The Wenchuan earthquake triggered numerous 
slope failures, such as landslides, collapses, topples, 
and rock falls, in the Niujuan Valley, a tributary of the 
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Minjiang River close to the earthquake epicenter. The 
seismogenic processes denuded 37% of the Niujuan 
basin. The Niujuan landslide, which occurred in the 
upstream area of the Lianhuaxingou tributary, was the 
largest landslide near the earthquake epicenter. The 
landslide moved 1 950 m down the Lianhuxingou 
channel, transformed to debris avalanche, and accu-
mulated in the downstream bed of the Niujuan Valley. 
The deposit formed a barrier dam 30 m high, creating 
a lake basin with a capacity of 0.11 million m3. Fol-
lowing the earthquake and the seismogenic slope fail-
ures, debris flows became more active in the Niujuan 
drainage basin due to the debris accumulated in the 
Niujuan and other channels. These debris flows 
proved to be a secondary hazard to roads and commu-
nication infrastructure for many months following the 
earthquake, a pattern observed elsewhere in the Wen-
chuan earthquake region. 
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