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Preliminary Study on the Characteristics and Initiation Mechanism of
Zhongchuan Town Flowslide Triggered by Jishishan Ms 6.2 Earthquake in

Gansu Province
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1 State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology,
Chengdu 610059, China
Abstract: On 18th December 2023, the 6.2-magnitude earthquake centered in Jishishan County, Gansu Province triggered a
prototypical earthquake-induced liquefaction flowslide in Jintian Village and Caotan Village, Zhongchuan Township, Minhe
County, Haidong City, Qinghai Province. This hazard caused numerous buildings to be engulfed and interred by several meters
of deposits. Owing to the abruptness of its occurrence and extremely high fluidity, it was mistakenly identified as a "sand surge".
Through on-site investigation and remote sensing imagery analysis, we confirm this flowslide to be an earthquake-triggered
liquefied flowslide event, and explore its causal mechanisms. The results show that: (1) This flowslide was induced by seismic
vibratory loading causing liquefaction of the saturated silt layer (loess layer) underlying the plateau, forming a landslide that
transformed into a mudflow moving along the valley, rather than an in-situ " sand surge " in the conventional sense; (2) This
flowslide includes two failure modes: diffuse failure and lateral spreading; (3) Earthquake-induced soil liquefaction frequently
occurs in saturated granular materials (silts, fine sands, etc.) exhibiting prominent strain softening characteristics. The

occurrence of such geological hazard is abrupt. Post-instability, the landslide mass flows significant distances like a fluid,
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readily resulting in catastrophic consequences. This warrants heightened attention.

Key words: Earthquake-induced flowslide; Diffuse Failure; Lateral spreading; Seismic liquefaction; Gansu earthquake
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Fig. 1 (a) The location and distribution of the epicenter, fault, and landslide area; (b) The geomorphological characteristics of
the Guanting Basin and the location of earthquake-induced flowslide in Zhongchuan Town; (c) Aerial view of the earthquake-
induced flowslide in Zhongchuan Town.
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Tab.1 Databases used in this study
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T N . .
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DEM
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Fig. 2 (a) The Beigan Canal aqueduct damaged by landslides (photo taken on December 25, 2023); (b) The high water
content on the surface of farmland in the sliding source area (photo taken on December 25, 2023); (c) Sentinel 2 data

inversion of surface water content before slope failure (Image taken on December 18, 2023).
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Fig. 3 Distribution of groundwater level detected by high-density electrical method
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Fig. 4 Distribution of Strata in the Sliding Source Area
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Fig. 5 Positive photographic images of pre-sliding and post-sliding, movement route, and zonation map of the flowslide. (a) A

pre-sliding Google image taken on April 18, 2022; (b) A post-sliding UAV image taken on December 19, 2023; (c) The

zonation map of the flowslide.
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Fig. 6 Characteristics of instability and failure in the sliding source area. (a) Aerial view of the sliding source area; (b) The

"lying down" wave shaped landform in the sliding source area (lateral spreading failure model); (c) The remaining "inward
leaning" poplar trees (drunken Chinese trees) in the sliding source area; (d) Diffuse Failure at the leading edge of the sliding
source area; (e) Liquefied layer of silt (loess) in the sliding source area; (f) Residual water seepage from underground in the

sliding source area.
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Fig. 7 Development characteristics of landslide area. (a) Remote sensing images before irrigation (from Key Hole images
taken on 15 November 1961); (b) Images of the sliding source area and damage to roads and waterways before the
earthquake (from Google image taken on 07 April 2022); (c) Post-slide images and slide source area zoning (from UAV
orthophoto images taken on 19 December 2023); (d) The elevation variations of the dumpsite estimated between the pre-

/post-sliding DEMs
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Fig. 8 Transition and accumulation characteristics of flowslide. (a) Flowslide accumulation zoning and buried damage to
buildings; (b) The development characteristics of erosion areas; (¢) The impact and damage of flowslide on the earth dam and
Qijiagou head; (d) Erosion and accumulation patterns in the circulation area; (¢) Excavate intact memorial archway and
hardened road; (f) The accumulation form and state of the accumulation area; (f) Flowslide embraces the stacking form of

tree trunks
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Fig. 9 Dangjiacha landslide in Xiji, Ningxia, triggered by the 1920 Haiyuan Earthquake and its topographic map (photo was
taken in 1966)
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K10 2018 4EEIJRIH S 7.5 FithiE 51 & LI Lg% . (a) Balaroa landslide; (b) Petobo landslide; (c) Tinggede
landslide
Fig. 10 Soil liquefaction landslide caused by the 2018 Palu 7.5 magnitude earthquake in Indonesia. (a) Balaroa Landslide; (b)
Petobo Landslide; (c) Tinggede Landslide
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Fig 11 Soil liquefaction landslide caused by the 6.6 magnitude earthquake in Hokkaido, Japan in 201871
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Fig. 12 Landform and topography before and after the occurrence of the Heifangtai Dangchuan 2 # landslide in Yanguoxia
Town, Yongjing County, Gansu Provincel?%]
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K13 S HAHEIE R A8 Cortert i
Fig. 13 Photos of Jintian Village after burial and search and rescue scene (taken by Xinhua News Agency)
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Fig. 14 (a) shows obvious flow characteristics of mud flow accumulation in Jintian Village; (b) The soil beneath the surface
excavated at the rescue site
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Fig. 15 Schematic diagram of liquefaction sandblasting mechanism of seismic soil (on-site image from Lu Chang)
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Fig.16 Loess liquefaction characteristics. (a) Curves of strain, pore water pressure ratio and vibration number; (b) Curves of
pore water pressure ratio vs. strain during loess liquefaction
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Fig. 17 Failure model of Zhongchuan Town flowslide triggered by earthquake.
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