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Abstract

The 2008 Wenchuan earthquake hit the mountainous areas characterized by steep topographic gradient

between the Tibetan Plateau and the Sichuan Basin. Tremendous numbers of slope failures occurred along the

Longmenshan Fault Zone. They include landslide, rock avalanche, debris-flow, and rock fall. Secondary disasters

still threaten the areas especially along the Yingxiu-Beichuan Fault. The rock avalanche and rock fall are dominant

in the southwest of the Longmenshan Fault Zone where Proterozoic granitic and highly metamorphosed rocks

are distributed, while landslide and rock avalanche are dominant in the northeast where the Sinian and Paleozoic

formations including phyllite, slate, sandstone, dolomite and limestone are distributed. Secondary disasters expected

in the highly damaged region along the Longmenshan Fault Zone are debris flows and rock falls. Potential areas of

those disasters could be identified by their geological and topographical characteristics
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1. Introduction

The 2008 Wenchuan earthquake occurred in
the Longmenshan Fault Zone which is a tectonically
active zone between the Tibetan Plateau and
the Sichuan Basin (e.g. Burchfiel et al., 20081);
Sasada, 20082) ). It resulted in huge disasters in
the mountainous areas, for example, approximately
15,000 slope failures were triggered by the
earthquake (Xie et al., 20083) ).

The authors integrated the geological literatures
on the Longmenshan Fault Zones, and visited the
earthquake-affected areas several times after the
earthquake. They survey the geological information
relating to the earthquake disasters, and discuss
the geological background for slope failures in the
Longmenshan Fault Zone in this paper.

2. Geology of the Longmenshan Fault Zone

2.1 Tectonic setting and active fault movement
The collision between continents of India and
Eurasia has been affecting the tectonics of the
Longmenshan Fault Zone. The upper crust of the
Tibetan Plateau extrudes onto the Yangtze Craton,
resulting in the several large reverse faults and some

nappe structures along the Longmenshan Fault Zone

(Burchfiel et al,, 2008 ).

There are four active faults running parallel
to the direction of NE-SW along the Longmenshan
Fault Zone.
(Guanxian-Jiangyou, Pengguan) Fault, Yingxiu-

They are named Guanxian-Anxian

Beichuan Fault, Wenchuan (Wenchuan-Maowen)
Fault, and Qingchuan (Pingwu-Qingchuan) Fault in
the order from the Sichuan Basin side to the Tibetan
Plateau side (Densmore et al, 2007 : Xu, X. et al,
2008° ; Xu, Z. et al, 2008% ). All of them are reverse
faults, which form a nappe structures in their
Tibetan Plateau side (Burchfiel et al., 1995; Hou et al.,
1995).

The geological disasters mostly occurred along
the Yingxiu-Beichuan Fault and the Guanxian-
Anxiuan Fault, where surface ruptures appeared
coseismically at the earthquake (Yin et al, 20097 ).
The surface ruptures are observed in 240 km along
the Yingxiu-Beichuan Fault, and in 72 km along the
Guanxian-Anxiuan Fault. The vertical movement
is dominant in both of the faults, and the maximum
vertical displacement is 6.5 m, which was observed in
Hankou near the southwestern end of the Yingxiu-
Beichuan Fault. The lateral displacements are also
observed along both the faults, but they are smaller
than the vertical displacements (Li et al, 2008% : Xu,
X. et al, 2008° ).



2 ISHHEFAME R No.29 2009

2.2 Geologic structures of the Longmenshan
Fault Zone

The Longmenshan Fault Zone is located along
the boundary between the accretion prism of
Triassic flysch sediments of Songpan-Ganzi Terrane
in the Tibetan Plateau, and the Proterozoic basement
and its overlying sediments of the Sichuan Basin in
the Yangtze Craton (Fig. 1). The Yangtze Craton
is one of the oldest continental crusts in China
(Burchfiel et al, 1995 ).

There are several nappes in the Longmenshan
Fault Zone. They have long geologic history since
Triassic (Sasada, 2008%) ). The repeated earthquakes
have built the nappes as the results of extrusion
of the upper crust of the Tibetan Plateau. There

are two nappes in the Tibetan Plateau side of
the Yingxiu-Beichuan Fault. They are named
the Yingxiu Nappe mainly comprised of the
Pengguan Massif of Proterozoic basement, and the
Jiudingshan Nappe mainly of Paleozoic sediments.
There is another nappe located in the elongated
region between the Yingxiu-Beichuan Fault and
the Guanxian-Anxiuan Fault. It is called Guanxian-
Anxian Nappe.

2.3 Nappe Structure
Yingxiu Nappe
The nappe thrusted up by the Yingxiu-
Beichuan Fault in the southwestern region of the
Longmenshan Fault Zone is called the Yingxiu

Geology is referred from Geological Map of Sichuan Province of the People's Republic of China 1:1,000,000 (1991) 1. Abbreviations of the
geological eras and periods (blue letters): Pt: Proterozoic, Z: Sinian, Cm: Cambrian, O: Ordovician, S: Silurian, D: Devonian, C: Carboniferous, P:

Permian, T: Triassic, J: Jurassic, K: Cretaceous, Q: Quaternary.

Surface raptures of the 2008 Wenchuan earthquake are referred from Xu, X. et al, (2008) ?. Surface rapture is indicated by solid red line.
Distribution of debris dam is based on location map of debris dams (Yin et al, 2008"Y). Debris dams are indicated by solid triangle.
Nappes along the Longmenshan Fault Zone are indicated in abbreviations in an open square : YN: Yingxiu Nappe, JN: Jiudingshan Nappe,

GN: Guanxian-Anxian Nappe.
Epicenter is indicated by red star.
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Nappe. It is mostly occupied by the Pengguan Massif,
which consists mainly of the Proterozoic granitic
rocks and highly metamorphosed rocks of green
schist and amphibolites facies (Fig. 1). The mylonitic
rocks are distributed along the Yingxiu-Beichuan
Fault and the Wenchuan Fault (Hou et al, 199512) ;
Xu, Z. et al, 20086) ). The Pengguan Massif is the
oldest geologic unit in the Longmenshan Fault Zone,
indicating intensive upheaval and erosion through
the thrust movements. The mountain slope of the
Pengguan Massif is the steepest in the Longmenshan
Fault Zone (Photo 1).

Jiudingshan Nappe

The nappe thrusted up by the Yingxiu-
Beichuan Fault in the northeastern region is called
the Jiudingshan Nappe (Fig. 1). It consists mainly
of Sinian, Cambrian, Ordovician, and Silurian
sedimentary rocks. The dolomite and limestone are
present in the Sinian formations. The anticline and
syncline structures are developed well with the axis
parallel to the Longmenshan Fault Zone (Burchfiel et
al, 1995” ),

Guanxian-Anxian Nappe
The nappe thrusted up by the Guanxian-
Anxian Fault is called the Guanxian-Anxian
Nappe. There are molasses sedimentary rocks of
Triassic and Jurassic with the folding axis parallel
to the Longmenshan Fault Zone. Several klippes

of limestone, dolomite and sedimentary rocks of

Permian and Carboniferous are overlying the
molasses deposits. They probably came from the
Tibetan Plateau side (Hou et al., 199512) ).

3. Characteristics of the disasters

3.1. Different types of disasters in different
geology

The slope failures induced by the 2008
Wenchuan earthquake include rock avalanches,
landslides, debris-flows and rock falls. The type of
slope failures reflects the geologic structure and
topography. As mentioned above, geology of the
Tibetan Plateau side of Yingxiu-Beichuan Fault in
the southwestern region in the Longmenshan Fault
Zone is Proterozoic basement complex, and that
in the northeastern region Sinian and Paleozoic
sedimentary rocks (Fig. 1). The difference of the
geology between both of the regions corresponds to
different types of disasters, that is, rock avalanches
and rock falls are dominant in the southwest,
whereas landslides and rock avalanches are
dominant in the northeast. Debris-flows occurred
simultaneously at the earthquake and also occurred
upon heavy rainfalls after the earthquake. Rock falls
occurred simultaneously with the main shock and also
with the aftershocks. The time sequence of those
disasters is important to make counter measures for
secondary disasters in the Longmenshan Fault Zone
(Yuan, 2009 '),

Photo. 1 The steep topography of the southeastern slope of the Longmenshan mountains.

The photo was taken at Xiaoyudong, where the bridge was collapsed as a result of the earthquake. There are so many slope failures on the

mountain of granitic rocks of the Pengguan Massif.
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3.2. Rock avalanches in the Pengguan Massif

As shown on the satellite imageries (Photo 2),
the slope failures occurred mostly at the steep skirts
of the mountains along the valleys. The strong
motion of the earthquake detached the rocks from
the slopes, and rock avalanches happened on steep
and unstable slopes in the Pengguan Massif of
granitic and highly metamorphosed rocks (Photo 3).

The reason why the Pengguan Massif is
characterized by very steep slopes (Photo 1) is
recent intensive upheaval and erosion which was
resulted from the repeated thrust movements
along the Longmenshan Fault Zone. Such tectonic
movement is associated with subsidence in the
Sichuan Basin side, which is called a foredeep. The
thick Quaternary sediments are deposited in the
foredeep in the Sichuan Basin just in front of the
Pengguan Massif (Burchfiel et al, 1995” : Jia et al,
20061).

3.3. Landslides and rock avalanches in the
Jiudingshan Nappe

The landslides and rock avalanches are

dominant in the Jiudingshan Nappe where the

anticlinal and synclinal structures are developed

{ASTER
April 21,2002

in the Sinian and Paleozoic sedimentary rocks.
Especially, dip slope resulted in a big landslide like
those at Daguangbao and Tangjiashan,.

The Daguangbao landslide is the largest one
triggered by the 2008 Wenchuan Earthquake. The
large volume of mass movement occurred on the
low-angle dip slope of Sinian carbonate rocks. The
Devonian and Carboniferous sandstone and dolomite
The landslide
blocked a river to produce a debris dam (Huang

also moved with the Sinian rocks.

et al., 2008 16)). The rupture surfaces of rockslide
showed rough surfaces with dimple-like depressions,
which were made by dissolution of carbonate rocks.
Earthquake tremor could be the most effective
trigger breaking the contacts(Chigira et al., 200917>) .

The Tangjiashan landslide is also a dip slope
type. The SE-dipping bedding plane of the
Cambrian sedimentary rocks seems to slip widely
and massive block of sedimentary rocks seems
to slide coherently, based on the photo taken by
Xinhua News Agency (2008). This landslide made
the largest lake just after the 2008 Wenchuan
earthquake.

The Donghekou 'landslide and debris-flow'
occurred at the fault zone in which Cambrian slate

‘ERSDAC
METI &NASA

Photo. 2 Satellite imageries before and after the 2008 Wenchuan earthquake.

Location is near the city of Wenchuan. Slope failures are remarkably observed after the earthquake along the valley where the granitic and
metamorphic rocks of the Pengguan Massif are exposed. These imageries are cited from “Topography of the earth viewed from the space”

(Kato, 2010) ' .
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Photo. 3 Rock avalanche occurred near the epicenter of the earthquake to the west of Yingxiu.

Debris of the granitic rocks are thickly deposited along the valley. The Proterozoic granitic rocks of the Pengguan Massif are exposed on

the slopes ahead.

and phyllite and Sinian dolomite and limestone
appeared (Fig. 1 and Photo 4). This landslide was
mainly affected by a fault trending of N50°E and
80-100 m wide. The total length of run-out is about
2400 m (Sun et al, 2009'® ).

34. Landslide and rock avalanche in the
Guanxian-Anxian Nappe

The Guanxian-Anxian Nappe is elongated to NE
direction between the Pengguan Massif and Sichuan
Basin. The topographic relief of the Guanxian-
Anxian Nappe is not remarkable as that of the
Pengguan Massif. The klippe of Paleozoic limestone
and dolomite from the Tibetan Plateau side overlaid
Small

and medium scales of landslides occurred in low

the Triassic formations of folding structure.

mountains of this nappe.

3.5. Debris dams in the Longmenshan Fault Zone
Some of the landslides and rock avalanches

and associated debris flows resulted in debris dams
especially along the Yingxiu-Beichuan Fault (Fig.
1). The debris dams were numbered 34 on June
15, 2008 just after the earthquake, and another 70
debris dams were found in the Sichuan Province,
after that. The large debris dams like that of
Tangjiashan were trenched to prevent breaching.
Distribution of debris dam may mostly reflect
distribution of the large slope failures relating to the
earthquake.
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4. Future disasters suggested from the geological
point of view

It is important to point out that the secondary
disasters expected in the highly damaged region
along the Longmenshan Fault Zone are debris-
flows and rock falls. Potential areas of those
disasters could be identified by their geological and
topographical characteristics.

Some debris flows deposits are the results of
secondary movement of debris from rock avalanches
and landslides (Photo 5).
Massif and the Jiudingshan Nappe especially along
the Yingxiu-Beichuan Fault have high potential of

Both of the Pengguan

such debris flows. They might block a river, and
the debris dam itself has a risk of breaching. On
the other hand, rock fall is a potential disaster on
steep slopes especially in the massive rock dominant
region where the granitic rocks or thick pile of

sandstones are distributed.

5. Summary and conclusions

The slope failures induced by the 2008 Wenchuan
Earthquake are rock avalanches, landslides, debris-
The type of slope failures
reflects the geologic structure and topography. The

flows and rock falls.

rock avalanche is dominant in the steep mountains
of the Pengguan Massif of Proterozoic granitic
and metamorphic complex. Landslides and rock
avalanches are dominant in the Jiudingshan Nappe
and Guanxian-Anxian Nappe of Sinian, Paleozoic
and Mesozoic sedimentary rocks of phyllite, slate,
sandstone, dolomite and limestone. The large slope
failures are distributed mostly along the Yingxiu-
Beichuan Fault.

Photo. 4 Landslide and debris flow at Donghekou

The sliding mass and debris of sedimentary rocks blocked the Hongshihe River.
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Photo. 5 Secondary debris-flow deposit to the east of Beichuan.

Debris-flow was triggered by the heavy rain precipitated three months after the earthquake.
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2008 4 PU)IIKR 3 52 THA L 2z R SE OB 710 5%

fEHER, KEHEL, R
& B

2008 SEDMJI KRR L, FAEMROHIE % L2085 Tl L | RS o ISR AR L C &7z F
Ny NS EOWRE DB TN B 72 HE MU THRELZ. ZOWER TIlZ, FXy MEEOHRE DS, 101400 7%
DIIZDOL LA ZEE) A, ZEAALSRORWHIRIC, #DEUEZSTEY) ., FRISKBBE 28 LRTEw TR Sh
TWwh, SHOMELFEMTZ b= A THAELZDDOTH Y, MFICHN BB IIR > TF Xy MEEHEl O
KB AK6.5m EHNEERLT WD, M ILITEH R O W E B e Bk XD, Bl SAbHicEL
N5 2722 L E 70 > TE Y. W 500m O MIEANIAH AU & 3 BRI TH 5o 2008 4EPUJIK HiEE D
RUERTE (25 240km) &, WIEHOBE LI ZO 2821 1o %@ ->TE Y, 5 RloO#E TILE IR B VT,
15,000 % #8 2. 2 & i CRHm A EE D 38 A4 L 720

PR H LS X 0 BB Cld, 3D, SEiR. A, Ealvozfhi s s L5, Znoo%
X T O M O MR AR T OV & BIARDS IR BT LT R s O PR & AL AU T RN A SE O AR A R 22 5T
0. BV CIE A AL . AL TIEI TR 2SH B LT 5, BEMILETE T O BTl FAER O RS
RO EEDOER G H S %55 T MO EBE AR T WEAPEERIIBE TR L Twb, fEmESEOIRO S H
Mok L V)M ER S, BAEORNE V) MIEAIER DS ZOMIBETORNERETIE, SERERAES
BTW5h, —J5 ALHEERIZRE TR AT 2 i 2 F5 o B3R, AR, mAEROME AL BY .
MERIZERIEL I > TRy, COMBIIETHCS. Wil Bh. Fa<A b AKESFORR G 5L T
BY, MBSO T R)DIFEAEL TS, EATRBE. BRIL, FMETIEHEIE W EbOTRHIEZ
g 35 U720 ML S O FHE HEEAE & 22 IRIC BV TiE, §1E B E RIS AIEESLETH
bo LB HTRY) DR X7 Z OB TIE T AR FEEDT MDY, £/ WIROSATH HiERAR
JENEY A A A 3 % I8 Tld, BN B W TEAD GRS 5.
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