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Liquefaction-induced large-scale ground deformation triggered by the 7 January 2025 M 6.8 Dingri
earthquake: characteristics and formation mechanisms

Abstract: [Objective] In liquefaction-susceptible geological settings, the spatial superimposition of earthquake-
induced liquefaction and coseismic fault rupture renders the genetic attribution of surface deformation highly
ambiguous, yet systematic field diagnostic criteria and a unified geomechanical framework remain elusive. [Methods]
Integrating field emergency surveys, high-resolution remote sensing image interpretation, unmanned aerial vehicle
(UAV) photogrammetry, and borehole—trench investigations with regional geological and hydrogeological context, this
study systematically characterizes the spatial distribution and controlling mechanisms of large-scale surface
deformation triggered by the 7 January 2025 Mg 6.8 Dingri, Tibet earthquake. [Results]Our results show that the
extensive surface deformation along the eastern shore of Dengmecuo Lake to the Pengqu River is dominated by
liquefaction-induced lateral spreading rather than coseismic tectonic surface rupture; small-scale coseismic surface
ruptures occur locally along the eastern lake shore; and north of Nixiacuo, coseismic surface rupture predominates, with
superimposed liquefaction deformation. The spatial extent of liquefaction-induced lateral spreading is governed by two
topographic configurations: free-face conditions in river valleys, and gently sloping ground on low-gradient alluvial—
lacustrine plains. Earthquake-induced liquefaction substantially reduces the shear strength of water-saturated sandy
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sediments and, driven by the combined effects of seismic inertia and gravity, triggers lateral spreading that generates
lateral compressive forces and horizontal displacement. At the trailing edge of the deformation zone, tensional ground
cracks and graben-like subsidence develop, whereas the leading edge is characterized by pressure ridges and shallow
thrust structures formed by lateral compression. Tensile fissures generated by lateral spreading further provide conduits
for the upward injection of liquefied sand from depth, giving rise to abundant sand volcanoes. The systematic
coexistence of trailing-edge extension, leading-edge compression, and sand volcanoes constitutes a diagnostic
deformation assemblage of liquefaction-induced lateral spreading, which is fundamentally distinct in geometry and
kinematics from tectonic coseismic surface ruptures. The development of liquefaction deformation is jointly controlled
by seismic intensity, micro-topography, the spatial distribution of liquefiable sand layers, and the depth of the shallow
groundwater table. Importantly, lateral spreading can impose additional displacement onto active fault zones, and
compressional liquefaction deformation may overprint fault traces, systematically biasing the identification of the
geometry and kinematics of coseismic surface ruptures. Accordingly, we propose three field criteria for identifying
liquefaction-induced deformation: (1) macroscopic plastic flow or fluid-like deformation features; (2) highly consistent
deformation patterns along watercourses across both fault and non-fault zones under comparable depositional
conditions; and (3) systematic spatial association with liquefaction indicators such as sand volcanoes. [Conclusions]
We conclude that the large-scale deformation triggered by the 2025 Dingri earthquake should not be classified as
coseismic surface rupture; rather, trailing-edge extension, leading-edge compression, and sand boils together constitute
a unified lateral spreading system. Liquefaction-induced deformation exerts a pronounced overprinting effect on
coseismic surface ruptures, and rigorously distinguishing the two in liquefaction-prone seismotectonic settings is
essential for accurately assessing fault activity. [Significance] This study provides the first systematic mechanistic
framework for liquefaction-induced large-scale deformation associated with the Dingri earthquake, and the field criteria
and conceptual model established herein offer a scientific basis for seismic hazard assessment, post-earthquake
reconstruction, and major engineering siting in the southern Tibetan rift system.
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Fig.1 Simplified tectonic diagram of the southern Tibet Rift Valley (modified after Gao et al., 2025)
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Fault; GCF—Gyaring Co Fault; KF—Karakorum Fault; XF—Xianshuihe Fault; JF—Jiali Fault; ATF—Altyn Tagh Fault; MFT—Main
Frontal Thrust
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Fig.2 Regional seismic tectonic background of the Dingri earthquake

(a) Seismotectonic background of the Dingri earthquake region; (b) Sedimentary characteristics of the sand

layer on the east shore of Dengmecuo Lake; (c) Sand particle size characteristics
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Table 1 Information on major active faults in the southern part of the Dinggye—Xainza Rift Valley



K&/ 5<M<6 6<M<7  BHVES)

B2 Ay S K Em B3R WEBIEE mm/a - BHE
0.6+0.1 (F7
e/l TE 60 Tl IEWE s 2005) 2 1 At
2R 95 il IEWE 1.4+0.3 (F#%, 2024) 1 - Aprit
0.9+0.2~1.4 (+0.3/-
SEH-H R 70 EdL IEWE 0.2) 2 - At
Eil (=%, 2024)
P b7 23
jf"**'*ﬁ%ﬁ‘ 0 KK EwE - - - et
P b7 23
jf"**'*ﬁ%@ 5 EE EWE - - - it

2 BUARELARRIEL = 54

MR T 5 G o A E B EA%. (91 ERIBIT: www.9lweitu.com) fEBEFITC AN, 7E K& =E W%
— 5L W 2 AR BTSRRI RO AR B N E SR R A T, AR R, SRS R R
EERME (K3 .



87°34'F

Badpm R

7 L7
b Ak

7 L 72 [
2

L i\

\ﬁ ﬂ&\\<ﬁ§xsﬁ

Ay T-. -‘,f }
x:xhﬂ E\ S\
i \\1{]

DEM #7742 t4 2R iR 22 1
a—E H R R XA A 25 (] /2R AIE s b—8 AR BT R L BUR R R AR S R TE AHUR AR DEM LR li; &
QAR R IR TE T AW UR S 555 DEM Koz it d—8 455 78 3 1 BOBRAL R B E AWK 545 DEM LR e— & 4%
ﬂ@ﬁ%%%ikﬂﬁ/%%%@&%ﬁ-
B3 ZHMERERBRUERZE LA
Fig.3 Spatial distribution of liquefaction deformation induced by the Dingri earthquake
(a) Spatial distribution characteristics of liquefaction deformation in the Dingri earthquake area; (b) UAV-based DEM and sketch of co-
seismic surface rupture and liquefaction deformation in the northern segment of the Dengmecuo Fault; (¢) UAV-based DEM and sketch
of liquefaction deformation on the eastern shore of Dengmecuo Lake; (d) UAV-based DEM and sketch of liquefaction deformation in
the southern segment of the eastern shore of Dengmecuo Lake; (¢) UAV photographs of liquefaction deformation in the Dengmecuo
Valley and its sketch
The DEM color gradient represents elevation variation
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Fig.4 Spatial distribution of liquefaction deformation induced by Dingri earthquake
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Fig.5 Characteristics of earthquake-induced liquefaction deformation on the east bank of Dengmecuo Lake

(a) UAV low-altitude photogrammetric DEM of the liquefaction deformation zone on the eastern shore of
Dengmecuo Lake (the DEM color scheme represents elevation variation, and the spatial distribution of
liquefaction deformation is consistent with this variation); (b) Coexistence of extensional and compressional
deformation features in the liquefaction deformation zone; (c) Topographic and geomorphic characteristics of

the liquefaction deformation zone; (d) Macroscopic features of extensional deformation; (e¢) Local features of



extensional deformation; (f) Compressional ridge; (g) Thin-skinned fold structure; (h) Macroscopic features of
thrust structures; (i) Local features of thrust structures; (j) Sand liquefaction features at the outer margin of the
compressional shortening zone; (k) Characteristics of an individual sand volcano
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Fig. 6 Characteristics of earthquake-induced liquefaction deformation at the confluence of Dengmecuo River
and Pengqu River

(a) Post-earthquake remote sensing image of the confluence of the Dengmecuo River and Pengqu River (yellow
arrows indicate extensional deformation along the valley slope zones); (b) Extensional deformation along the
banks of the Dengmecuo River; (¢) Compressional ridges on the riverbed of the Dengmecuo River; (d) Sand
liquefaction along the Dengmecuo River valley; (¢) Extensional deformation and sand liquefaction phenomena

along the Pengqu River (distributed in a nearly E-W orientation)
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Fig.7 Characteristics of earthquake-induced sand liquefaction in the Dengmecuo River Valley

(a) Pointedly distributed sand volcanoes in the Dengmecuo River valley; (b) Linearly distributed sand volcanoes; (c) Sand
volcanoes linearly erupted along the extensional deformation zone; (d) Locally linearly erupted sand volcanoes; (e) Stratigraphic
sequence and core photographs revealed by DMCZK4 borehole in the liquefaction deformation zone of the Dengmecuo River
valley
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Fig.8 Characteristics of earthquake-induced liquefaction deformation in the Nixiacuo-Kongmecuo area
(a) Low-altitude UAV photogrammetric DEM of surface ruptures north of Nixiacuo; (b) Liquefaction and
deformation features near the coseismic surface rupture zone; (c) Sand volcanoes distributed in patches on the

hanging wall of the fault; (d) Linearly distributed sand volcanoes; (¢) Individually Developed Sand Volcano; (f)



Left-lateral strike-slip movement characteristics along the surface rupture zone; (g) Left-lateral strike-slip
features at the right front of the landslide mass on the hanging wall of the fault; (h) Right-lateral strike-slip
features at the left front of the landslide mass
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Fig. 9 Characteristics of earthquake-induced liquefaction deformation on the north bank of the Pengqu River

(a) Low-altitude UAV photogrammetric DEM of liquefaction and deformation on the north bank of the Pengqu River; (b)
Macroscopic characteristics of extensional deformation; (c) Vertical slip surface at the rear margin of the extensional deformation
zone; (d) Compressional ridge; (e) Point-source erupted sand volcanoes; (f) Linearly erupted sand volcanoes along ground fissures;

(g) Compression deformation of the road surface
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Fig. 10 Stratigraphic structure and sand liquefaction characteristics of the north bank of the Pengqu River revealed by drilling and

trenching

(a) Stratigraphic structure and lithological characteristics of the non-liquefaction deformation area on the north bank of the Pengqu
River revealed by boreholes; (b) Stratigraphic characteristics of the liquefaction deformation zone on the T1 terrace of the north
bank of the Pengqu River and the relationship between sand volcanoes and liquefied layers revealed by trenches; (c) Structural

characteristics of sand volcanoes revealed by trenches; (d) Lithological and grain size characteristics of the liquefied layer
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Fig. 11 Characteristics of secondary disasters induced by earthquake liquefaction

(a) Surface subsidence damaging buildings on the eastern shore of Dengmecuo Lake; (b) Large-scale damage to the

Gading route subgrade on the north bank of the Pengqu River caused by liquefaction deformation; (c) Liquefaction

deformation damaging the main traffic artery across the Dengmecuo River Valley; (d) Differential settlement of the

dam foundation of Nixiacuo reservoir; (¢) Dam foundation rupture of Nixiacuo reservoir; (f) Dam foundation

rupture of Changsuo La’ang reservoir
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Fig. 12 Patterns of deformation induced by liquefaction of the Dingri earthquake
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(a) Liquefaction-induced large deformation model under free-face conditions along Dengmecuo River and Pengqu River; (b)
Liquefaction-induced large deformation model under gently sloping ground conditions along the eastern shore of Dengmecuo Lake
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