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Preface 

The magnitude Ms 8.0 (Mw 7.9) Wenchuan earthquake occurred on 12 May 2008 in the Longmen 

Shan region of China—the topographical boundary between the Tibetan Plateau and the Sichuan 

Basin—resulting in extensive damage throughout central and western China. To understand the 

seismic faulting mechanism and surface deformation features associated with the Wenchuan 

earthquake, including rupture length, geometric characteristics, and slip distribution of co-seismic 

surface rupture, our survey group traveled to the epicentral area 2 days after the earthquake and 

undertook 10 days of fieldwork, during which time we collected fundamental data related to 

rupture structures and the spatial distribution of offset along faults. Based on the results of this 

preliminary fieldwork, we carried out additional detailed fieldwork along the co-seismic surface 

rupture over the following year. 

This photographic atlas shows the main deformation characteristics of co-seismic surface 

rupture and the nature of the earthquake disaster and subsequent relief operations, based on 

photographs taken during our field investigations. This atlas is intended not only for geologists, 

seismologists, and engineers as a means of furthering their understanding of the seismic 

mechanisms and surface rupture deformation characteristics of large intracontinental earthquakes, 

but also for advanced undergraduates and graduate students as a textbook. 

We are grateful to the many organizations and individuals who helped to make this book 

possible. Thanks are also due to Professor Dong Jia and Dr. Xiaojun Wu of the Nanjing 

University for their assistance in the field.  

Aiming Lin

Zhikun Ren

Shizuoka May 2009



Contents

1. Tectonic Setting of the Wenchuan Earthquake ···························································1

2. Outline of  Earthquake and Focal Mechanisms  ·························································7

3. Outline of Co-seismic Surface Rupture  ···································································· 11

3.1 Distribution of co-seismic surface rupture  ························································ 11

3.2 Slip distribution of co-seismic fault ·····································································13

4. Deformation Characteristics of Co-seismic Surface Rupture ·································17

4.1 Co-seismic fault scarp  ··························································································18

4.2 Co-seismic flexure-slip fold structure  ·································································40

5. Relationship Between Surface Rupture and Pre-existing Active Faults  ················51

6. Relationship Between Surface Rupture and Damage to Infrastructure  ················57

7. Co-seismic Landsliding and Liquefaction  ································································65

8. Earthquake Disaster  ···································································································79

9. Relief Operations  ······································································································103

References  ······················································································································ 115

Index of Figures  ············································································································· 117



1. Tectonic Setting of the Wenchuan Earthquake
 

The Longmen Shan region is characterized by high elevations of up to 4 500 m on average above 

sea level and topographic relief of more than 5 km over distances of less than 50 km, representing 

one of the steepest mountain fronts along any margin of the Tibetan Plateau. This eastern margin 

of the plateau is bound by the Longmen Shan Thrust Belt, which strikes northeast–southwest 

over a distance of ~500 km. The basement of the thrust belt is dominated by strongly folded and 

deformed pre-Mesozoic rocks. The Longmen Shan Thrust Belt is dominated by four major thrust 

faults: the Wenchuan–Maowen, Yingxiu–Beichuan, Guanxian–Anxian, and Qingchuan faults. 

Seismicity is generally restricted to small events in the area around the belt. 

The historic record of earthquakes in this region over the past 1 400 years reveals only four 

earthquakes of M>6 (M 6.5 in 1657, M 6.2 in 1958, 1970, and 1972), indicating a remarkable 

lack of large earthquakes of M>6.5 along he belt. However, our trenching surveys and field 

investigations carried out after the 2008 Wenchuan earthquake reveal a great Tang-Song Dynasty 

(~AD 800—1000) earthquake that ruptured a >200-km-long thrust fault within the Longmen 

Shan Thrust Belt, along which co-seismic surface ruptures developed in association with the 

2008 Wenchuan earthquake. These observations constrain a millennial recurrence interval for 

magnitude ~8 earthquakes in this region. Geologic and paleoseismic data demonstrate that the 

major thrusts of the Longmen Shan Thrust Belt are currently active as the source faults of large 

earthquakes during the late Holocene. 

 (Figures 1~4) 
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2. Outline of  Earthquake and Focal Mechanisms 

The Wenchuan earthquake was felt throughout all of China except for Xinjiang Uygur 

Autonomous Region and Heilongjiang Province, with the strongest shaking being felt in the areas 

around Sichuan Province. The epicenter of the earthquake was located in Wenchuan County. 

Seismic rupturing initiated south of the town of Yingxiu, propagated northeastward for ~300 

km, and terminated at the town of Shazhou in Qingchuan County. Aftershocks that occurred 

over the month following the main shock largely concentrated in the zone along the co-seismic 

surface rupture. Focal mechanism solutions and field investigations reveal that seismic slip was 

dominated by thrusting, accompanied by a minor component of horizontal slip. The fault upon 

which the earthquake occurred strikes N40°E and dips to the northwest at 30°. Seismic inversion 

results reveal an average slip amount of 2~4 m, with a maximum of 6~7 m. These amounts are 

consistent with those obtained during our field investigations.   

    (Figures 5~7) 
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Figure 6 InSar image. InSar image showing a co-seismic surface rupture zone of up to 285 km 
in length, consistent with that identified in field surveys (Lin et al., 2009a). Red line indicates co-
seismic surface repture zone. Red star indicates the epicenter of the Wenchuan earthquake. Image 
courtesy by the Geographical Survey Institute of Japan 
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3. Outline of Co-seismic Surface Rupture 

3.1 Distribution of co-seismic surface rupture 

Field investigations reveal that the Ms 8.0 Wenchuan earthquake of 12 May 2008 produced a 285-

km-long surface rupture zone along the Longmen Shan Thrust Belt, eastern margin of the Tibetan 

Plateau, mainly along the pre-existing Yingxiu–Beichuan, Guanxian–Anxian, and Qingchuan 

faults, which are three of the main active faults within the thrust belt.These faults define a left-

stepping en echelon pattern with~10 km clearance. Co-seismic surface ruptures concentrated 

within a zone of < 50 m in width (generally < 20 m), largely following the strike of pre-existing 

fault traces within the thrust belt. 

Based on the geometry and distribution of deformation structures, the Wenchuan rupture zone 

can be divided into the northern, central, and southern segments. The northern segment, restricted to 

the fault trace of the Qingchuan Fault, extends for ~50 km, terminating at the town of Shazhou in the 

northeast, near the border between the Sichuan and Gansu provinces. The central segment, ~105 km in 

length, occurs along the northeastern segment of the Yingxiu–Beichuan Fault. The southern segment, 

~130 km in length, branches into two parallel sub-rupture zones: one along the southwestern segment 

of the Yingxiu–Beichuan Fault between the towns of Beichuan and Yingxiu, terminating to the 

south of Yingxiu town, and another along the Guanxian–Anxian Fault (which forms the topographic 

boundary between the Longmen Shan Range and the Sichuan Basin), terminating to the south of 

Dujiangyan City near the epicentral area of the Wenchuan earthquake. 

Field investigations demonstrate that (i) the Wenchuan earthquake occurred upon pre-existing 

active faults of the Longmen Shan Thrust Belt; (ii) the long rupture length and large thrusting 

slip resulted from compressive stress associated with eastward extrusion of the Tibet Plateau as 

it accommodates the ongoing penetration of the Indian Plate into the Eurasian Plate; and (iii) 

present-day shortening strain upon the eastern margin of the Tibetan Plateau is mostly released by 

seismic slip along thrust faults within the Longmen Shan Thrust Belt. 

 (Figure 8) 
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3.2 Slip distribution of co-seismic fault

Surface rupture associated with the Wenchuan earthquake is dominated by thrusting slip along 

the Longmen Shan Thrust Belt, accompanied by a minor component of right-lateral slip along 

the central and northern segments of the zone, and by a left-lateral component along the southern 

segment. Co-seismic displacements measured in the field are 0.5~6.5 m in the vertical (typically 

1~3 m), accompanied by an average left-lateral component of < 2 m along the 50-km-long 

southernmost segment of the rupture zone and an average right-lateral component of <1 m along 

the 150-km-long central and northern segments. Field observations indicate a maximum amount 

of thrust slip of ~10 m, accompanied by 9 m of shortening across the rupture zone; this finding is 

consistent with seismic inversion results. The rupture length and maximum vertical displacement 

are the largest among all intracontinental thrust-type earthquakes reported to date. 

  (Figures 9~10) 
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4. Deformation Characteristics of Co-seismic Surface Rupture 

Surface rupture zone associated with the Wenchuan earthquake is defined by distinct thrust 

faults, fault scarps, shortening structures (e.g., folds and mole track structures), and numerous 

extensional fractures. Co-seismic fault scarps are generally characterized by complex surface 

morphology, and thrusting and folding structures. The fault planes on which the main slip 

occurred were observed at several locations, striking N10°~50°E and dipping to the northwest at 

an average of ~30°. Fault planes observed within basement rocks generally dip at a high angle 

(>50°) and have a linear surface trace. Fold structures are characterized by flexure-slip folds 

and mole tracks, generally developed within alluvial deposits, river channels, and sealed road 

surfaces, and mainly restricted to within a <100-m-wide corridor (generally<50 m) about co-

seismic thrusting fault scarps within the co-seismic surface rupture zone. 

(Figures 11~48) 
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4.1 Co-seismic fault scarp 



Figure 12  6.5-meter-high fault scarp formed on the lower terrace. (a) This site records the 
largest vertical offset along the entire co-seismic surface rupture zone. View to the south. (b) 
Vertical offset of a river channel, where a small waterfall subsequently formed.  View to the 
northwest. Location: Shenxigou village 

(a)

(b)
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Figure 14  Co-seismic fault scarp cutting across the bent road. (a) The road built across an 
alluvial fan was offset vertically by 4.8 m. View to the southeast. (b) Front face of the co-
seismic fault scarp shown in (a). View to the northwest. Location: Yanyan village 

(a)

(b)



Figure 15  Co-seismic fault scarp formed on the river channel and road. (a) Road across a 
terrace riser was offset vertically by 2.5 m. View to the northwest. (b) The lower terrace riser 
was offset vertically by 2~2.5 m. View to the northeast. Location: Jiulong town 

(a)

(b)



Figure 17  Fault scarp developed across a road (vertical offset, 2.5 m). View to the northwest. 
Location: Wulangmiao village 

Figure 16  Destroyed houses sited upon a co-seismic fault scarp (vertical offset, 3 m). View 
to the northwest. Location: Quanshui village 



Figure 18  Co-seismic fault scarps developed upon a terrace riser (vertical offset, 4.6 m). (a) 
View to the northwest, (b) View to the southwest. Location: Bajiaomiao village, Hongkou town 

(a)

(b)



Figure 19  Co-seismic fault scarps developed within basement rocks. (a) Fault scarp exposed 
in a river channel (vertical offset, 4~5 m). View to the souhwest. (b) Fault plane developed 
within basement rocks, along which seismic slip occurred. View to the southeast. Location: 
Bajiaomiao village, Hongkou town 

(a)

(b)



Figure 20  Slickensides upon a co-seismic fault plane developed within basement rock. (a) 
Fault scarp and fault plane. (b) Vertical striations indicate thrusting upon the fault plane. 
(a),(b) View to the northwest. Location: Bajiaomiao village, Hongkou town 

(a)

(b)



Figure 21   Close-up view of the str iat ions on the co-seismic fault  plane. View to the 
northwest. Location:Bajiaomiao village,Hongkou town



Figure 22  Thrust fault scarp formed upon the lower terrace riser. (a) The terrace was offset 
vertically by 2 m (central-upper part of the photograph). Dip angle of the fault plane is ~30 . 
View to the southwest. (b) The road upon the river flat was offset vertically by 1 m with a 
right-lateral slip component of 1 m. View to the northwest. Location: Hanwang town 

(a)

(b)



Figure 23  Displaced river channel and bank. (a) The bank was offset vertically by 2 m. View 
to the northeast. (b) Close-up view of the offset of river channel shown in (a). View to the 
northwest. Location: Hanwang town 

(a)

(b)



Figure 24  Displaced river channel and lower terrace riser (vertical offset, 1~1.5 m ). (a) View 
to the northwest. (b) Close-up view of (a). View to the northeast.   Location: Pingtong town 

(a)

(b)



Figure 25  Displaced river channel (vertical offset, 0.5~1 m). (a) View to the southwest. (b) 
View to the north. Location: (a) South of the Pingtong town, (b) Yingxiu town 

(a)

(b)
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Figure 28  Two-meter-high fault scarp formed upon the lower terrace riser. The road was 
offset dextrally by 1m. View to the northwest. Location: ~1km south of the Pingtong town 

Figure 27  Trees along a co-seismic fault scarp are tilted and dying as a result of earthquake-
related damage (photograph taken on 19  July 2008).  View to the northwest. Location: 
Xiaoyudong town 



Figure 30   The road was offset  dextral ly by 0 .3  m. View to the southeast.  Locat ion: 
Guanzhuang town 

Figure 29  Displaced road (vertical offset, 0.3 m).Located at the northeastmost end of the co-
seismic surface rupture zone. View to the northeast. Location: 1 km south of the Qingchuan 
town 



Figure 31  Fault scarp formed on the road. (a) Displaced road at the southwestern end of the 
co-seismic surface rupture (vertical offset, 0.5 m). (b) Displaced road (vertical offset, 3.2 m). 
(a),(b) View to the northwest. Location: (a) 3 km south of the Yingxiu town, (b) Yingxiu town 

(a)

(b)



Figure 32  In situ measurement of the amount of strike-slip offset along a co-seismic surface 
rupture. (a) Measurement of the dextral strike-slip offset along a man-made stone wall. (b) The 
stone wall was offset dextrally by ~1 m. (a),(b) View to the southeast. Location: ~1 km south of 
the Pingtong town 

(a)

(b)
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Figure 34  Co-seismic fault scarp formed on a mountain slope (vertical offset, ~3.0 m). View 
to the southwest. Location: Quanshui village 



Figure 35  Five-meter-wide co-seismic surface rupture zone developed across a sealed road. 
View to the northeast. Location: 4 km south of the Yingxiu  town
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4.2 Co-seismic flexure-slip fold structure 



Figure 37  Co-seismic flexure-slip fold structure formed within a wheat field. (a) Front face 
of the fold structure. View to the northwest. (b) Southwest extension of the flexure-slip fold 
scarp shown in (a) Prior to the Wenchuan earthquake, the left- and right-hand sides of the 
structure formed a continuous horizontal surface. View to the northeast. Location: ~1 km 
south of the Pingtong town

(a)

(b)



Figure 38  Flexure-slip fold structure developed across a sealed road. It was horizontal prior 
to the earthquake and was offset vertically by 2 m. The buildings to the right of the road 
collapsed during the earthquake. (a),(b) View to the northwest. Location: (a) Hanwang town, (b) 
Beichuan town 

(a)

(b)



Figure 39  Flexure-slip fold structure formed within the schoolyard of Bailu Middle School. (a) 
The schoolyard was offset vertically by ~2 m.View to the northeast. (b) Mole track structure 
developed in front of the flexure-slip fold structure. View to the northwest. Location: Bailu 
town 

(a)

(b)



Figure 41  Flexure-slip fold structure developed within a river channel and lower terrace 
risers. The northwest side of the structure (upper right) was uplifted by 1~2 m where the 
buildings (lower right) were collapsed. View to the south. Location: Pingtong town 

Figure 40  Flexure-slip fold structure developed within a wheat field. The buildings (right 
side of the photograph) on the fold scarp were tilted and damaged. View to the northwest. 
Location: Pingtong town 
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Figure 43  Angular-type mole track structures developed within a section of sealed road. (a) 
View to the northwest. (b) Close-up view of the mole track structure shown in (a). View to the 
northeast. Location: Gaoyuan village 

(a)

(b)



Figure 45  Broken and shortened section of sealed road. View to the southwest. Location: 
Leigu town 

Figure 44  Mole track structure developed upon a section of sealed ground surface. View to 
the southwest. Location: Hanwang town 
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Figure 48  Deformation of the railway line led to overturning of the train. (a) View to the east, 
(b) View to the west. Location: Hanwang town 

(a)

(b)



5. Relationship between Surface Rupture and Pre-existing 
Active Faults 

Field observations indicate that the co-seismic surface rupture of the Wenchuan earthquake 

occurred along pre-existing active faults of the Longmen Shan Thrust Belt along a distance of 

~285 km. Co-seismic surface ruptures occurred on pre-existing active fault scarps that record the 

accumulated co-seismic vertical offsets associated with multiple seismic events. The aftershocks 

of magnitude > 4 that occurred during the month following the Wenchuan earthquake were 

concentrated along a ~300 km section of the co-seismic surface rupture zone. Analyses of InSar 

images reveal that surface deformation is restricted to a 285-km-long zone, coincident with 

the co-seismic surface rupture zone identified in the field. The results of field investigations, in 

combination with seismic and geodesic data, indicate that the distribution of co-seismic surface 

ruptures was mainly constrained by the orientation of pre-existing thrust faults of the Longmen 

Shan Thrust Belt. 

(Figures 49~56)



Figure 50  Co-seismic fault scarp (fresh slope in the central-upper part of the photograph) 
duplicated upon a pre-existing active fault scarp. The total scarp height is >5 m, and the co-
seismic vertical offset associated with the 2008 Wenchuan earthquake at this site was 2~3 m. 
View to the northwest. Location: Pingshang village 

Figure 49  Co-seismic fault scarp developed within a river channel and terrace risers along a 
pre-existing active fault scarp. Vertical offset associated with the 2008 Wenchuan earthquake 
was about 2~3 m. The total height of the fault scarp on the terrace risers is up to 5~10 m. 
View to the southwest. Location: Xiaoyudong town 



Figure 51  Pre-existing fault scarp in the town of Beichuan. (a) Ten-meter-high pre-existing 
active fault scarp developed along the boundary between a mountain range and basin. View 
to the northwest. (b) Close-up view of photograph (a). A 2~3-meter-high co-seismic fault 
scarp was developed in the lower part (indicated by the shovel) of the pre-existing fault 
scarp. (a),(b) View to the northwest. Location: Beichuan town

(a)

(b)



Figure 53  Co-seismic fault scarp developed within a corn field (SW extension of the fault 
scarp shown in Figure 52). View to the southwest. Location: Leigu town 

Figure 52  Co-seismic fault scarp duplicated on a pre-existing active fault scarp.The pre-
existing scarp indicated by the man-made stone wall (centre-right part of the photograph). 
The total height of the fault scarp is 5.4 m, including a co-seismic vertical offset of 2.8 m. 
View to the southwest. Location: Leigu town 



Figure 55  Collapse of the pre-existing active fault scarp.It was indicated by the collapse of 
a man-made stone wall (beneath the large tree on the left-hand side of the photograph). A 
co-seismic surface rupture developed in the lower part of the scarp. The total height of the 
fault scarp is ~6 m, which includes 2~3 m of vertical co-seismic offset. View to the northwest. 
Location: Pingshang village 

Figure 54  Co-seismic fault scarp duplicated upon a pre-existing active fault scarp. The pre-
existing scarp was indicated by the man-made stone wall (oriented horizontally within the 
central part of the photograph; a man is standing in front of the wall). View to the northwest. 
Location: Leigu town 



Figure 56  Co-seismic fault scarp duplicated upon a pre-existing active fault scarp and 
damaged constructions.(a) A co-seismic surface rupture developed in the lower part of the 
scarp upon the sealed road. The total height of the fault scarp is ~7 m, which includes 3.2 m 
of vertical co-seismic offset. View to the northwest.(b) Full view of the trench across the fault 
scarp shown in photograph (a). All constructions located in the both sides of the co-seismic 
fault scarp were destroyed. View to the southeast. Location: Yingxiu town 

(a)

(b)



6. Relationship between Surface Rupture and Damage to 
Infrastructure 

Many densely populated cities located upon and close to surface ruptures associated with 

the Wenchuan earthquake were strongly damaged or even decimated during the event. Field 

investigations reveal that two of the severely damaged towns (Beichuan town and Yingxiu town) 

located on a co-seismic surface rupture zone developed along the Yingxiu-Beichuan Fault. 

Most of the buildings sited on or across co-seismic surface ruptures was seriously damaged or 

destroyed, whereas other buildings located just several meters from seismic ruptures were only 

slightly damaged. A closely related group of phenomena that caused great damage to structures 

following the earthquake comprises landslides, rock falls, and mud-rock flows, all of which were 

associated with pre-existing active faults on which co-seismic ruptures developed. 

(Figures 57~66)



Figure 57  Destroyed houses located across a co-seismic fault scarp. View to the north. 
Location: Bajiaomiao village, Hongkou town

Figure 58  Destroyed constructions located across a co-seismic fault scarp. View to the 
northwest. Location: Pingtong town 



Figure 59  Damaged and destroyed constructions along a co-seismic fault scarp that passes 
through the bridge in the central part of the photograph. The right-hand side of the scarp was 
uplifted by ~1~2 m. View to the south. Location: Beichuan town

Figure 60  Destroyed buildings located along a co-seismic fault scarp. The left-hand side of 
the scarp was uplifted by ~1~2 m. View to the northwest. Location: Beichuan town



Figure 61  Damaged and destroyed roads and buildings along a co-seismic fault scarp. View 
to the northwest. Location: Beichuan town

Figure 62  The first floor of a student dormitory at Beichuan Vocational School was crushed. A 
co-seismic surface rupture passes beneath the central part of the building. The area to the left 
of the scarp was uplifted by ~0.5 m. View to the northwest. Location: Northern Beichuan town 



Figure 63  Co-seismic flexure-slip fold scarp formed within the schoolyard between two 
buildings at Bailu Middle School. (a) The schoolyard was offset vertically by ~2 m. Note that 
the two buildings are largely undamaged. View to the northeast. (b) The  schoolyard that 
includes the two undamaged buildings will be preserved as an earthquake museum. The 
buildings are referred to as The strongest buildings against the force of the earthquake . 
View to the northwest. Location: Bailu Middle School 

(a)

(b)



Fi
gu

re
 6

4 
 D

am
ag

ed
 Y

in
gx

iu
 t

ow
n.

(a
) 

C
o-

se
is

m
ic

 s
ur

fa
ce

 r
up

tu
re

 d
ev

el
op

ed
 a

lo
ng

 a
 p

re
-e

xi
st

in
g 

ac
tiv

e 
fa

ul
t 

sc
ar

p 
th

at
 m

ar
ks

 t
he

 b
ou

nd
ar

y 
be

tw
ee

n 
a 

m
ou

nt
ai

n 
ra

ng
e 

an
d 

ad
ja

ce
nt

 b
as

in
. 

Th
e 

fla
t 

pa
rt

 o
f 

th
e 

rid
ge

 (
rig

ht
-c

en
tr

al
 p

ar
t 

of
 t

he
 p

ho
to

gr
ap

h)
 is

 t
he

 Y
in

gx
iu

 s
ub

st
at

io
n.

 (
b)

 
C

lo
se

-u
p 

vi
ew

 o
f 

th
e 

le
ft 

pa
rt

 o
f 

th
e 

ph
ot

og
ra

ph
 (

a)
. T

he
 c

ol
la

ps
ed

 b
ui

ld
in

gs
 o

f 
th

e 
Y

in
gx

iu
 M

id
dl

e 
S

ch
oo

l.(
c)

 C
lo

se
-u

p 
vi

ew
 o

f 
th

e 
rig

ht
 p

ar
t 

of
 t

he
 p

ho
to

gr
ap

h 
(a

).
 T

he
 c

o-
se

is
m

ic
 s

ur
fa

ce
 r

up
tu

re
 o

cc
ur

re
d 

al
on

g 
th

e 
pr

e-
ex

is
tin

g 
fa

ul
t 

sc
ar

p 
(c

en
tr

al
-u

pp
er

 p
ar

t 
of

 t
he

 p
ho

to
gr

ap
h)

. 
(a

),
(b

),
(c

) 
V

ie
w

 to
 th

e 
no

rt
hw

es
t. 

Lo
ca

tio
n:

 Y
in

gx
iu

 to
w

n 

(b
)

(c
)

(a
)



Figure 65  Damaged Yingxiu substation and co-seismic surface rupture. (a) Co-seismic 
surface rupture developed along a pre-existing fault scarp (marked by the man-made stone 
wall). View to the northwest. (b) The Yingxiu substation was destroyed and many telegraph 
poles were broken during the 2008 Wenchuan earthquake. View to the south. Location: 
Yingxiu town 

(a)

(b)



Figure 66  Damage arising from the 2008 Wenchuan earthquake at the northeastern end of 
the co-seismic surface rupture zone. (a) Collapsed constructions within the town of Shazhou. 
(b) The first floor of building was crushed. (a),(b) View to the northwest. Location: Shazhou 
town, Qingchuan County

(a)

(b)



7. Co-seismic Landsliding and Liquefaction 

Landsliding and liquefaction induced by the 2008 Wenchuan earthquake caused extensive damage 

and casualties over a wide area along pre-existing active faults within the Longmen Shan Thrust 

Belt. The results of fieldwork and analyses of Landsat images demonstrate that earthquake-

induced landslides were mainly restricted to a corridor of < 18 km in width about the co-

seismic surface rupture zone, along pre-existing active faults. Numerous sand boils formed over 

wide areas along and near co-seismic surface ruptures in association with earthquake-induced 

liquefaction, generally within river channels and upon river flats, where vents are generally 

aligned along the surface rupture zone. Some of the sand boils are similar in geometry to volcanic 

calderas. 

(Figures 67~81)
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Figure 70  Buildings struck by large rocks associated with an earthquake-induced landslide. 
(a),(b) View to the south. Location: Beichuan town

(a)

(b)
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Figure 72  Dam developed from material supplied by an earthquake-induced landslide. View 
to the southwest. Location: 2~3 km northwest of the Gaochuan village

Figure 73  Temporary lake that formed behind an earthquake-induced landslide. The landslide 
buried an entire village of more than 200 people. View to the southwest. Location: Guixi 
village 



Figure 74   Smal l-scale landsl iding witnessed during f ie ld invest igat ions. View to the 
northwest. Location: Pingtong town 



Figure 75  Truck struck by a large rock displaced during an earthquake-induced landslide 
(photograph taken on 21 July 2008). View to the southeast. Location: Yingxiu town 
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Figure 77  Sand boils formed by liquefaction developed upon a river flat, with a shape 
resembling that of a volcanic caldera. View to the northwest Location: ~1 km south of the 
Pingtong town



Figure 78  Liquefaction and extensional cracks developed upon a river flat. (a) view to the 
south,(b) View to the southeast. Location: Beichuan town 

(a)

(b)



Figure 79  Sand boils developed in association with liquefaction that occurred within an 
extensional crack. Location: Beichuan town 

Figure 80  Sand boils developed in association with liquefaction that occurred along an co-
seismic surface crack. Location : ~1 km south of the Pingtong town
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8. Earthquake Disaster 

The lack of earthquake-proofing in building construction has been cited as one of the main 

reasons for the widespread destruction in urban areas. Field investigations reveal that not only 

were buildings constructed on or across co-seismic surface ruptures seriously damaged or 

destroyed, but that wooden or reinforced-concrete structures with or without earthquake-proofing 

were seriously damaged or destroyed throughout a wide area surrounding the co-seismic surface 

rupture zone. 

(Figures 82~107)
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Figure 84  Damage to buildings and a Chinese gate. (a) Building damaged (but not collapsed) 
by large blocks that formed part of an earthquake-induced landslide (photograph taken on 
19 May 2008). (b) Collapsed Chinese gate and adjacent buildings damaged by floodwaters 
following the Wenchuan earthquake (photograph taken on 24 July 2008). (a),(b) View to the 
northwest. Location: The town of Beichuan

(a)

(b)



Figure 85  Damaged new downtown of Beichuan. (a) View of the devastated new town of 
Beichuan (photograph taken on 19 May 2008, 1 week after the Wenchuan earthquake). (b) 
Close-up view of collapsed buildings. (a),(b) View to the south. Location: Beichuan town

(a)

(b)



Figure 86  Secondary damage to the town of Beichuan arising from flooding following the 
Wenchuan earthquake (photographs taken on 24 July 2008). (a) The town of Beichuan is 
largely buried by driftwood deposited by the floodwaters . View to the northwest. (b) Buildings 
destroyed by the flood. View to the west. Location: Beichuan town

(a)

(b)



Figure 87  The town of Beichuan was largely buried by driftwood and sand-clay driftwood 
flow caused by the flood. (a),(b) photographs taken on 24 July 2008. View to the northwest. 
Location: Beichuan town

(a)

(b)



Figure 88  Buildings destroyed by the flood (photograph taken on 24 July 2008). The traces 
of floodwaters remained on the walls of damaged buildings. (a),(b) View to the northwest. 
Location: Beichuan town

(a)

(b)



Figure 89  Destroyed Beichuan Middle School. (a) School gate. View to the west. (b) The 
collapsed school buildings. View to the northwest. Location: Beichuan town

(a)

(b)



Figure 90  Constructions submerged within a temporary lake formed behind an earthquake-
induced landslide. (a) photograph taken on 20 July 2008, (b) photograph taken on 21 July 
2008. (a)View to the northwest, (b) View to the southwest.  Location: (a) Zhoujiawan village, 
north of Donglinshi, (b) ~10 km southwest the Xuankou town 

(a)

(b)



Fi
gu

re
 9

1 
 C

ol
la

ps
ed

 r
oa

d.
 V

ie
w

 to
 th

e 
so

ut
he

as
t. 

Lo
ca

tio
n:

 1
 k

m
 s

ou
th

 o
f t

he
 Y

in
gx

iu
 to

w
n 



Figure 92  Collapsed bridge. (a),(b) View to the northwest. Location: (a) Chenjiaba village, (b) 
Nanba town 

(a)

(b)



Figure 93  Crushed second floor of a building under construction. View to the southeast. 
Location: Yingxiu town 

Figure 94  Crushed first floor of the Beichuan Hotel. View to the south. Location: Beichuan 
town



Figure 95  Buildings damaged by an earthquake-induced landslide. View to the southeast. 
Location:  Beichuan town



Figure 96  The first floors of many buildings in the town of Beichuan were crushed during the 
Wenchuan earthquake. View to the south. Location: Beichuan town

Figure 97   Col lapsed reinforced-concrete bui ldings. View to the northwest.  Locat ion: 
Dujiangyan City



Figure 98  Destruction of the Yingxiu substation. (a) Many telegraph poles were broken. 
View to the northwest. (b) Reinforced-concrete telegraph poles were broken. View to the 
southeast. Location: Yingxiu town 

(a)

(b)
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Figure 100  Collapsed buildings at the Yingxiu town. (a),(b) View to the northeast. Location: 
Yingxiu town 

(a)

(b)
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Figure 102  Collapsed wooden houses. (a) View to the southeast. (b) View to the northwest. 
Location: (a) Laohuzui, Anxian County, (b) 2 km north of Dujiangyan City 

(a)

(b)



Figure 103  Damage to the Sino–French Bridge at Bailu Middle School. (a) View to the 
northeast, (b) View to the northwest. Location: Bailu town 

(a)

(b)
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Figure 105  Damage to a river bank and bridge. View to the northeast. Location: Beichuan 
town

Figure 106  Collapsed buildings in the town of Beichuan. View to the southwest. Location: 
Beichuan town
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9. Relief Operations 

Immediately following the Wenchuan earthquake, rescue-relief troops dispatched by the Chinese 

Government and numerous domestic and international volunteers arrived at devastated areas, 

seeking to quickly locate and rescue survivors under dangerous conditions before turning their 

attention to preventing outbreaks of disease and rebuilding lives in the days and weeks that 

followed. 

(Figures 108~121)
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Figure 109  Searching for survivors within the debris of collapsed buildings. Location: (a) 
Pingtong town, (b) Mianzhu City 

(a)

(b)



Figure 110  Relief operations were mounted under dangerous conditions. Location: Hanwang 
town 

Figure 111  Rescuing the injured from an area hit by a landslide. Location: Hanwang town 
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Figure 113  Administering first aid to the injured. Location: Hanwang town 

Figure 114  An injured rescue team member. Location: Hanwang town
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Figure 116  Rescue corps cutting away the debris of collapsed buildings to reach survivors (a), 
(b). Location: Shazhou town 

(a)

(b)



Figure 117   Plague-protected rescue.  (a)  Plague-protected rescue corps working in 
devastated areas. (b) Disinfecting collapsed buildings. Location: Beichuan town

(a)

(b)



Figure 118  Earthquake victim running away from a devastated area. Location: Hanwang town 

Figure 119  Earthquake victims mourning their losses. Location: Hanwang town
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Figure 70  Buildings struck by large rocks associated with an earthquake-induced landslide 

Figure 71 ALOS image of the Gaochuan region 



Figure 72 Dam developed from material supplied by an earthquake-induced landslide 

Figure 73 Temporary lake that formed behind an earthquake-induced landslide 

Figure 74 Small-scale landsliding witnessed during field investigations 

Figure 75 Truck struck by a large rock displaced during an earthquake-induced landslide 

Figure 76 A monument rock to the 5.12 Wenchuan earthquake 

Figure 77 Sand boils formed by liquefaction developed upon a river flat, with a shape 

resembling that of a volcanic caldera 

Figure 78  Liquefaction and extensional cracks developed upon a river flat 

Figure 79 Sand boils developed in association with liquefaction that occurred within an 

extensional crack 

Figure 80 Sand boils developed in association with liquefaction that occurred along an co-

seismic surface crack 

Figure 81  Sand flow arising from liquefaction developed upon a river flat 

Figure 82 Views of the town of Beichuan following the Wenchuan earthquake 

Figure 83 Secondary damage of the town of Beichuan caused by the flood after earthquake 

Figure 84 Damage to buildings and a Chinese gate 

Figure 85 Damaged new downtown of Beichuan 

Figure 86 Secondary damage to the town of Beichuan arising from flooding following the 

Wenchuan earthquake 

Figure 87 The town of Beichuan was largely buried by driftwood and sand clay driftwood flow 

caused the flood 

Figure 88 Buildings destroyed by the flood 

Figure 89 Destroyed Beichuan Middle School 

Figure 90 Constructions submerged within a temporary lake formed behind an earthquake-

induced landslide 

Figure 91 Collapsed road

Figure 92 Collapsed bridge 

Figure 93 Crushed second floor of a building under construction

Figure 94 Crushed first floor of the Beichuan Hotel 

Figure 95 Buildings damaged by an earthquake-induced landslide 



Figure 96 The first floors of many buildings in the town of Beichuan were crushed during the 

Wenchuan earthquake 

Figure 97 Collapsed reinforced-concrete buildings 

Figure 98 Destruction of the Yingxiu substation 

Figure 99 Collapsed buildings at Yingxiu Middle School 

Figure 100 Collapsed buildings at the Yingxiu town 

Figure 101 Collapsed house (Qinyanlou), located on the edge of Dujiangyan Dam 

Figure 102 Collapsed wooden houses 

Figure 103 Damage to the Sino-French Bridge at Bailu Middle School 

Figure 104 All of the buildings along this street in the town of Beichuan were damaged or 

collapsed 

Figure 105 Damage to a river bank and bridge 

Figure 106 Collapsed buildings in the town of Beichuan

Figure 107 The tower on a building was broken during the earthquake and slid along the roof 

surface 

Figure 108 Volunteer nurses leaving for the devastated area 

Figure 109 Searching for survivors within the debris of collapsed buildings 

Figure 110 Relief operations were mounted under dangerous conditions 

Figure 111 Rescuing the injured from an area hit by a landslide 

Figure 112 Administering first aid to the injured at a river flat 

Figure 113 Administering first aid to the injured 

Figure 114 An injured rescue team member 

Figure 115 Rescue corps helping the earthquake victims to run away from a devastated area 

Figure 116 Rescue corps cutting away the debris of collapsed buildings to reach survivors 

Figure 117 Plague-protected rescue 

Figure 118 Earthquake victim running away from a devastated area 

Figure 119 Earthquake victims mourning their losses 

Figure 120 Babies awaiting to be reunited with missing mothers 

Figure 121 Hope for the future: volunteers (university students) teaching pupils in a tent after 

the Wenchuan earthquake 


	Title Page
	Copyright Page
	Preface
	Table of Contents
	1. Tectonic Setting of the Wenchuan Earthquake
	2. Outline of Earthquake and Focal Mechanisms
	3. Outline of Co-seismic Surface Rupture
	3.1 Distribution of co-seismic surface rupture
	3.2 Slip distribution of co-seismic fault

	4. Deformation Characteristics of Co-seismic Surface Rupture
	4.1 Co-seismic fault scarp
	4.2 Co-seismic flexure-slip fold structure

	5. Relationship between Surface Rupture and Pre-existing Active Faults
	6. Relationship between Surface Rupture and Damage to Infrastructure
	7. Co-seismic Landsliding and Liquefaction
	8. Earthquake Disaster
	9. Relief Operations
	References
	Index of Figures


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




