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Preliminary Study on the Characteristics and Initiation Mechanism of
Zhongchuan Flowslide Due to Liquefaction Triggered by
the Ms 6.2 Jishishan Earthquake in Gansu Province
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Abstract: On 18th December 2023, an Ms 6.2 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.)
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exhibiting prominent strain softening characteristics. The occurrence of such geological hazard is abrupt. Post-

instability, the landslide mass flows significant distances like a fluid, readily resulting in catastrophic consequences.

This warrants heightened attention.

Key words: earthquake-induced flowslide; diffuse landslide; lateral spreading; seismic liquefaction; Jishishan

earthquake
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Fig. 1 Jishishan Ms 6.2 Earthquake
(a) The Location and Distribution of the Epicenter, Fault, and Landslide Area; (b) The Geomorphological Characteristics

35°50'N

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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Fig. 2 Hydrogeologic Condition
(a) The Beigan Canal Aqueduct Damaged by the Flowslide (Photo Taken on 25 December 2023);(b) The High Water
Content on the Surface of Farmland in the Sliding Source Area (Photo Taken on 25 December 2023); (c) Sentinel-2

Data Inversion of Surface Water Content Before Slope Failure (Image Taken on 18 December 2023)
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Fig. 3 Distribution of Groundwater Level Detected by High—-Density Electrical Method

4 U5 X )2 o3 A
Fig. 4 Distribution of Strata in the Source Area of the Loess Flowslide
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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 18 April 2022; (b) A Post-sliding Unmanned Aerial Vehicle(UAV )Image
Taken on 19 December 2023; (¢) The Zonation Map of the Flowslide
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Fig. 6 Characteristics of Instability and Failure in the Source Area of the Loess Flowslide

(a) Aerial View of the Source Area(Photo from the Team of Professor Meng Xingmin at Lanzhou Univewrsity ) ; (b) The “Lying

Down” Wave Shaped Landform in the Source Area (Lateral Spreading Failure Model); (¢) The Remaining “Inward Leaning”

Poplar Trees (Drunken Chinese Trees) in the Source Area; (d) Diffuse Failure at the Leading Edge of the Source Area; (e) Liquefied

Layer of Silt (Loess) in the Source Area; (f) Residual Water Seepage from Underground in the Source Area
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Fig. 7 Development Characteristics of the Source Area of the Loess Flowslide

(a) Remote Sensing Image Before Irrigation (From Key Hole Image Taken on 15 November 1961); (b) Image of the Sliding

Source Area and Damage to Roads and Waterways Before the Earthquake (From Google Image Taken on 7 April 2022);

(c) Post=sliding Image and the Slide Source Area Zoning (From UAV Orthophoto Images Taken on 19 December 2023);

(d) The Elevation Variation of the Pre-sliding and Post-sliding
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Fig. 8 Transition and Accumulation Characteristics of the 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; (e) Excavate Intact Memorial Archway and Hardened Road; (f) The Accumulation Form and State of

the Accumulation Area; (g) Flowslide Embraces the Stacking Form of Tree Trunks
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Fig. 10 Soil Liquefaction Landslide Caused by the 2018 Palu 7. 5 Magnitude Earthquake in Indonesia
(a,d) Pre- and Post-sliding Images of Balaroa Landslide; (b,e) Pre— and Post-sliding Images of Petobo Landslide;

(c,f) Pre- and Post-sliding Images of Tinggede Landslide
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Fig. 11 Soil Liquefaction Landslide Caused by the 6. 6 Magnitude Earthquake in Hokkaido, Japan in 2018""
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Fig. 12 Dangchuan 2% Loess Landslide Triggered by Long—Term Irrigation at Heifangtai Terrace in
[26]

Yanguoxia Town, Yongjing County, Gansu Province

(a) Landform and Topography of Pre-sliding, (b) Landform and Topography of Post-sliding
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Fig. 13 Photos of Jintian Village After Burial and Search and Rescue Scene (Taken by Xinhua News Agency)
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Fig. 14 Field Evidence Shows that Mudflows Originate from Upstream Rather than Underground
(a) Obvious Flow Characteristics of Flowslide Accumulation in Jintian Village; (b) The Soil Beneath the Surface

Excavated at the Rescue Site
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Fig. 16 Earthquake-Induced Loess Liquefaction Characteristics
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