5T )5 AR

Journal of Geomechanics
ISSN 1006-6616,CN 11-3672/P
H %0 T

B R R 03 T

CSCD SR Rzl )

T
]

(HuJR 2R D ARG ST

WO« 58w J5 e J] 2530 4 SR S 7R i 75 i 3 1l SRR A R HL g it
fERE X

B Bz, i, XEM, DRI Marie-
LuceChevalier) , XUMRZE, P, KIS, t#/b1g

DOI: 10.12090/j. issn. 1006-6616. 2026053

PERRISTE] . 2026-05-12

s E] . 2026-05-31

T R TA] . 2026-06-03

i AR RRAR B B

T RS, 2 98 1 X 4 R B AR 5T i BRI 2 B, SCE LT
FRAAER E3RAT A TF, 2 U AR I A o T i 1) S0 35 2 B
AR = FEE, AREHE, KAEREE
PR (CEVRBGER) SRR AHE IR o T AR SCEREAE 22 R R EN
WS, BRI G SR AT BE S TR R SC RIS AN, S
E LA LU 3 AT AE Rl & Y, 30 e HERRAN 2R A%
S 7 R RS ER A BN, (B E RN S E
Prcoat G

FAW UG IR T B OC T, W = BRI 405 i N 25 i (H
G R 2 QIR SR 8] ) A, U2 DI 24 07 2 B S0 A AR
H 39



= IR A B Gl 4 SR B B 53 R M R AR U IE R HAWE i RE X

R V3 ZiE R 0234 x| 8 i 234 Marie-Luce Chevalier’ >34 | xR % 234 | 5 g
8120 [l 204, 4y 04 20

PAN Jiawei>*4, LI Haibing!**4, LIU Fucai***, CHEVALIER Marie-Luce'**4, LIU
Dongliang®*4, LU Haijian"**4, CHEN Peng****, YANG Shaohua®**

L RIS e i A A i E, Jbat, 100094

2. BARBIEHCRKGS) 775 3 A skg =, dbnt, 100037

3. VLR ARG R R VR AL M0 7205 2 [ 2K BF AR 2N B ek, VLo5 =, 222300
4. v [E SR R R A, A6, 100037

1. State Key Laboratory of Deep Earth and Mineral Exploration, Beijing, 100094, China

2. Key Laboratory of Continental Dynamics of Ministry of Natural Resources, Beijing, 100037, China

3. National field observation and research station (Jiangsu Donghai) for continental deep hole crustal activity, Lianyungang, Jiangsu,
222300, China

4. Institute of Geology, Chinese Academy of Geological Sciences, Beijing, 100037, China

Characteristics of surface ruptures produced by recent major earthquakes on the Tibetan Plateau and its

surrounding areas, and their tectonic implications

Abstract: [Objective] Co-seismic surface ruptures provide key evidence for identifying the seismogenic structures of
earthquakes, elucidating crustal deformation mechanisms, and assessing seismic hazard. To understand the surface
deformation and disaster development characteristics associated with different types of fault activity on the Tibetan
Plateau, and to reveal the current crustal deformation patterns on the Tibetan Plateau as reflected by a series of strong
earthquakes in recent years, we systematically compiled and analyzed the surface rupture characteristics of five M>6.5
earthquakes that have occurred on the Tibetan Plateau and surrounding areas since 2021, based on field surveys. [Methods]
Using the 2021 Mw 7.4 Maduo, 2022 Mw 6.7 Menyuan/Mw 6.8 Luding, 2024 My 7.0 Wushi, and 2025 Mw7.1 Dingri
earthquakes as representative case studies, we integrated results from remote sensing interpretation, field surveys, and
UAV photogrammetry, combined with seismological and geodetic data, to conduct a detailed analysis of the surface
rupture and co-seismic displacement distribution characteristics of these events. [Results] The results show that the strike-
slip Maduo and Menyuan earthquakes formed co-seismic surface rupture zones approximately 150~160 km and >22~31

km long, respectively, with maximum co-seismic surface displacements of ~3.6 m and ~3.7 m, whereas the Luding
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earthquake, also a strike-slip event, exhibited a surface rupture of ~450 m long only at Ertaizi. The Mw 5.7 strong
aftershock of the thrust-type Wushi earthquake generated a co-seismic surface rupture zone ~5 km long with a maximum
vertical displacement of ~1.7 m, while the normal-fault-type Dingri earthquake formed a co-seismic surface rupture zone
25~36.5 km long with a maximum vertical displacement of ~2.7 m. [Conclusion] A comprehensive analysis of the
spatiotemporal distribution characteristics of major regional earthquakes indicates that, prior to the 2022 Luding
earthquake, major earthquakes on the Tibetan Plateau were primarily clustered around the periphery of the Bayan Har
active block. The subsequent Wushi and Dingri earthquakes both occurred far from the Bayan Har block, which may
indicate that the clustering period of major earthquakes in this active block has ended. Further analysis of focal mechanism
solutions indicates that strike-slip earthquakes have dominated recent moderate-to-strong seismic events on the Tibetan
Plateau and its periphery. This may be related to the fact that current crustal deformation on the Tibetan Plateau is
primarily regulated and absorbed through the lateral extrusion of active blocks along large strike-slip fault zones.
[Significance] The above research findings provide fundamental data and references for earthquake monitoring and early
warning, earthquake prevention and disaster mitigation efforts, as well as the planning, construction, and seismic design
of major regional engineering projects in the Tibetan Plateau region.

Keywords: Tibetan Plateau; strong earthquake; co-seismic surface rupture; co-seismic displacement; active fault
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Figure 1 Map of active tectonics and M=6 earthquake distribution (since 1970) in Tibetan Plateau and adjacent area

Active faults are adopted from Tapponnier et al. (2001); Earthquake and focal mechanism data are from Global Centroid-Moment-Tensor

(GCMT, https://www.globalcmt.org/)
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Table 1 Basic information for the 5 typical strong earthquake cases discussed in this paper
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Figure 2 Distribution of co-seismic surface ruptures and co-seismic displacements for the Maduo earthquake
(a) Distribution of co-sesmic surface ruptures for the Maduo earthquake and regional active faults; (b) Distribution of co-seismic

displacements for the Mado earthquake and a comparison with results from optical satellite image correlation
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Figure 3 Typical co-seismic surface ruptures produced by the 2021 Maduo earthquake

(a) UAV orthophoto showing spectacular surface ruptures along the western segment of the rupture zone; (b) right-stepping en-echelon
extensional cracks and shear faults along the eastern central segment of the rupture zone; (c) alternating shear faults and push-ups along the

eastern segment of the rupture zone; (d) terrestrial LIDAR measurement showing the maximum co-seismic sinistral displacement (3.6 &+ 0.2



m) observed in the field; (e) Field photo showing aligned electricity poles sinistrally offset by 3.6 + 0.2 m
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Figure 4 Distribution of co-seismic surface ruptures and co-seismic displacements for the Menyuan earthquake

(a) Distribution of co-sesmic surface ruptures for the Menyuan earthquake and regional active faults; (b) Distribution of co-seismic

displacements for the Menyuan earthquake and a comparison with results from optical satellite image correlation
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Figure 5 Typical co-seismic surface ruptures produced by the 2022 Menyuan earthquake

(a) Damage to the Lanzhou—Xinjiang Railway caused by surface rupture, with red arrows indicating the location of the surface rupture zone;
(b) co-seismic surface ruptures along a mountain slope west of Liuhuanggou valley, consist of alternating right-stepping en-echelon tension
cracks and left-stepping push-ups, indicating the left-lateral strike-slip motion; (c) surface ruptures along the Tuolaishan segment, located

north of Daxigou; (d) terrestrial LIDAR measurements show that the Daliang tunnel of the Lanzhou-Xinjiang Railway was left-lateral



displaced by 4.0 £ 0.2 m, accompanied by a vertical displacement of ~30 cm; (e) the maximum co-seismic displacement of 3.7 + 0.1 m

measured along the surface rupture zone, using aligned ranch fences as markers.
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Figure 6 Seismogenic fault, surface ruptures, and induced geological hazards of the 2022 Luding earthquake

(a) Distribution of the seismogenic fault and aftershocks; (b) landslide in Wandong Village burying a building; (c) a platform in the mountain
slope formed by long-term activity of the Moxi Fault; (d) distribution of the ~450 m long co-seismic surface rupture extending at Ertaizi; (e)

field photo showing the surface ruptures at Ertaizi are composed of right-stepping en-echelon tension cracks
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Figure 2 Distribution of co-seismic surface ruptures and co-seismic displacements for the Mw 5.7 aftershock in the 2024 Wushi earthquake
sequence
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(a) InSAR pixel offset deformation map with co-seismic surface ruptures marked in red; (b) orthophoto of the ~4.7 km-long co-seismic

surface rupture zone captured with Unmanned aerial vehicle (UAV); (c) distribution of the co-seismic vertical displacements (blue lines) and

its comparison with InNSAR deformation results (gray shadow).
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Figure 8 Typical surface rupture for the Mw 5.7 aftershock of the Wushi earthquake sequence

(a) The reverse fault scarp on the hillside along the southwestern segment of the rupture zone showing clear northwestward thrusting; (b) a
fresh reverse fault scarp showing a vertical displacement of ~95 cm along the ridge crest; (c) a reverse fault scarp of ~72 cm high in the
riverbed of the Qialemati River along the northeastern segment of the rupture zone; (d) a thrust bulge in loose sediments along the northeastern

segment of the rupture zone
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Figure 9 Distribution of co-seismic surface ruptures and co-seismic displacements for the Dingri earthquake

(a) Distribution of co-sesmic surface deformation for the Dingri earthquake; (b) Distribution of co-seismic displacements for the 2025 Dingri

earthquake
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Figure 10 Field photographs of typical co-seismic surface deformation for the Dingri earthquake

(a) Co-seismic surface ruptures along a pre-existing fault scarp northeastern of Ni Xia Cuo, consisting fresh west-dipping normal fault
scarps; (b) large-scale superficial secondary surface deformation along the lakeshore on the eastern side of Dingmu Co; (c) fresh normal
fault scarp showing >2 m high vertical displacement along the Nixia Cuo surface rupture segment; (d) surface rupture cuts proluvial fan

and hill along the Nixia Co rupture segment, indicating a ~50°  west-dipping fault plane; (e) a fresh ~90 cm-high surface rupture



developed along a pre-existing fault scarp along the Gurong Village rupture segment; (f) a boulder and its impressionin along the Nixia Co

rupture segment showing a left-lateral displacement of ~110 cm
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Figure 11 Statistical classification of focal mechanisms for Mw=5.0 earthquakes in the Tibetan Plateau and surrounding regions since 1970
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