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INTRODUCTION

The town of Qushan in Beichuan County, 

China, was destroyed by strong shaking 

from the 2008 Wenchuan (Mw=7.9)

Earthquakes can trigger various type of landslide (earthquake-induced landslides) 

Earthquake-induced landslides can be used as indirect evidence to reconstruct 

the seismic history

Jiu-Feng-Er-shan coseismic landslide in 1999, Taiwan 

(Mw=7.6)
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INTRODUCTION
❖ Purpose of this study:

- Investigation of ancient landslides trigger by Earthquake in the area.

- Demonstrate its seismic origin mechanism.

- Discussed the seismic hazard in study area.

❖ What we learned from this paper?

- Adjustment of location of historical earthquake- induced landslide.

- Dating the age of ancient landslides.

- Analyzing the relationship between active fault and landslide 

distribution.
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REGIONAL SETTINGS

▪ 3 major active faults: 

Xiaojiang Fault, Zemuhe

Fault, Daliangshan Fault

▪ Qiaojia Basin is a 15 km 

long and 4 km wide

Stratigraphic units of the Qiaojia Basin

▪ Qiaojia Segment changes 

trend from nearly N-S to a 

NW direction

▪ Quaternary fluvial sediments 

accumulated: fluvial terraces, 

proluvial-alluvial fans, and 

lacustrine sediments
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REGIONAL SETTINGS

Three terraces and a flood platform

Limestone

The topography around the landslide

5



EARTHQUAKES

▪ Seven historical earthquakes 

▪ Since 1500 AD, only one strong 

earthquake event (Qiaojia M6 

earthquake)

▪ A series of effects of earthquake

induced landslides are well
preserved

Earthquake-induced effects in different 

sedimentary units

Small faults, disturbance layers, and 

sandblasting tubes 6



DATA AND METHODS

Mapping the Landslide

• Field investigation

• Satellite images (Google Earth)

• High-resolution DSM (res-0.6 m) generated 
with Structure from Motion (SfM)

• Acute3D viewer” software…

Dating

• OSL samples 

• 14C samples
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RESULTS OF THE INVESTIGATION

Existence of a Landslide inter-bedding of the coarse and

fine gravel layers
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Gravel statistical locations

basalt is predominant

gravels in the floodplain

44782±1340 yrs



RESULTS OF THE INVESTIGATION

Existence of a Landslide
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LANDSLIDE 
CHARACTERISTICS

Landslide morphology
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LANDSLIDE CHARACTERISTICS

limestone boulders, D= 0.5 to 5 m

scattered limestone boulders (1–8 m diameter)

accumulation of the limestone boulders(0.5–8 m diameter)
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LANDSLIDE AGE

Samples site for dating

• The dammed lake formed before 878 AD

• The 10–35 cm thick gray gravel-bearing medium-

fine dammed lake sand layer

*When OSL dating method is applied with fluvial-lacustrine facies sand, the 

result could be used as a reference rather than accurate result. (Zhang et al., 
2015)
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DISCUSSION

• Qiaojia Basin is placed in the less rainy area.

• The landslide in a range of 2 km long

• The landslide is its more limited depositional extent

• This failed slope collapse is with a characteristic of cluster

+The boulders on the east bank distributed 1.5 km long in an N-S 
direction

+ The general extent of the deposit did not exceed the range of the 
source area (2 km long)

• The blocky appearance of the deposits

• The landslide straddles Xiaojiang Fault straddles (Qiaojia Segment)

Seismic Origin of the Landslide

Ruled out caused by rainfall

Earthquake-induced 

landslide
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DISCUSSION
Temporal-Coincidence of the Landslide With 624 AD 

Earthquake

Large landslides are always located within the highest isoseismal (about 10–25 

km), tending to be along its major axis(Nikonov, 1988)

=> macro-epicenter of the 624 AD earthquake at somewhere of the Heishui

valley
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Process of the Landslide

eastern flank of

the Wushenggong

Ridge is prone to

have slope failures the boulders spread into 

the Jinsha River and 

both side during EQ 

(landslide dammed) 

several hours later, the dam 
broke and the river reopened 
its flow
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Seismic Hazard Assessment of Qiaojia Segment

• The lower limit of the age of the 
floodplain is no earlier than 1700 
years BP

• Since 111 BC only M ≥ 6 since then, 
that is, the 624 AD earthquake

surface coseismic displacement

624 AD earthquake
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Seismic Hazard Assessment of Qiaojia Segment

• The lower limit of the age of the 
floodplain is no earlier than 1700 
years BP

• Since 111 BC only M ≥ 6 since then, 
that is, the 624 AD earthquake

surface coseismic displacement

624 AD earthquake

Mw =  6.81 + 0.78*plog(MD) ≈7.7

MD refers to maximum 

displacement (m)
Wells and Coppersmith (1994)
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Seismic Hazard Assessment of Qiaojia Segment

• The distribution of seismic gaps on a fault can be seen directly by

statistical analysis of the historical earthquakes with magnitudes ≥

6.5 and delineation of their rupture areas with intensity ≥ IX.

• Tibetan Plateau, M6.5 may represent the magnitude threshold of the 

surface rupture.

Log(SRL) = 1.49 + 0.64*plog(MD)

The regression of surface rupture length and displacement 

(Wells and Coppersmith, 1994)
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Seismic Hazard Assessment of Qiaojia Segment

▪ No M ≥ 7 earthquakes since 1400 years Qiaojia 
Segment 

▪ The average recurrence interval of large earthquakes on 

the segment around Dongchuan (1,447 ± 822 years) -

Shen et al. (1998)

▪ Quaternary strike-slip rate of the Qiaojia Segment is 8.5 

± 1.5 mm/yr

Earthquake in the future

Rupture areas with intensity ≥ Ⅸ
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CONCLUSION 

• The landslide is located in the seismic region nearly 2 km long
failed slope collapse of 624 AD earthquake in Qiaojia Segment.

• The macro epicenter of 624 AD earthquake to be Mw7.7

• 624 AD earthquake filled the seismic gap in the Qiaojia.

• The early 1400 along-time elapsed time is close to the average
recurrence interval of larger earthquakes on the Qiaojia
segment, then the seismic hazard of the area should be
considered in the future.
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Thank you for your attention!
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