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Coseismic Surface Deformation of the 2025 Ms6.8 Dingri Earthquake in Tibet, China Based
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Abstract: High-precision coseismic surface deformation is a key parameter for understanding shallow fault

rupture mechanisms and accurately assessing seismic hazard. For the first time, GaoFen-7 imagery and Digital
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Surface Model (DSM) differencing technique were employed to obtain high-resolution coseismic surface vertical
deformation associated with the January 7, 2025 Dingri Ms6.8 earthquake in Tibet, China. The revealed surface
trace of the seismogenic fault and vertical deformation characteristics coincide with the Dengmocuo Fault
dominated by normal faulting, indicating that the earthquake was a normal-faulting event. This earthquake
generated a 42-kilometer-long surface deformation zone, with distinct segmentation in both deformation
amplitude, gradient and width related to fault geometric complexity and dynamic rupture process. The
deformation zone is divided into three segments from north to south: the N22°E-trending Zhananla segment, the
N160°E-trending Dengmocuo Lake segment, and the N25°E-trending Cuoguoxiang Segment. Pronounced
deformation occurred in the Zhananla segment, reaching a maximum vertical displacement of approximately
2.9740.2m meters. The surface deformation observed along the Dengmocuo Lake segment is the least pronounced,
potentially attributable to a change in the fault's orientation. The width of the coseismic deformation zone on fault
segments spans 100 to 150 meters, suggesting that the diffuse deformation occurring within a limited volume
surrounding the faults may be overlooked or underestimated, so it is necessary to carry out high-precision
continuous monitoring.

Keywords: Dingri earthquake; Dengmocuo Fault; Coseismic surface deformation; GaoFen-7 imagery (GF-7);

Digital Surface Model (DSM)
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FR A [ 3 5 A X A0 52 (https:/mews.ceic.ac.cn), 2025 4E 1 A 7 H 9 i 543 (dbsthia)), wmiH
W T E H B4R R 2 BT & A4E Ms6.8 iR, RUFRE 10.0km, FRHAZT (87.45°E, 28.50°N). ZHiE &
TR R, BORXZUREL IX (9 B, BIRRBHUR, ERAWNTEH. fif. p5 . 55, g4

G TAE 20 FAARFERREZ K. BXRMACES, HREIUEMERET, 82 20254 1 A 31 H, Ak
B 126 NGB, BI55RE 2.69 JilA, HBIER 21.5 Jill, BEELHHA 89.45 1270, RTIRE AKX
FRAL VAR % G dt e« A% T BctS B R 9 T 2 — (PR NIRRT 2 28 B, 2025).

K BAFRUEHA I EERIEALGIE GE D BER, & HMER KRBT ERRE, RAEE—
FinmdbEr . Wi 40° ~50° FIIEWTZE Fo Bl 20254 1 A 20 H 91 44 4y, LRAE 4312 KRB WME
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UCHI TR 1R R R T A AIE Wi 301k 2 1 6 4 B T L

1 KRB AR E H = = EHL S

Table 1 The earthquake source mechanism of the Dingri earthquake by different institutions

§ TR/ =Y WY () I ()
R I B f’ﬁi v £ ﬂ@?ﬁa WA R ﬂgﬁa TENT
CENC 28.59°N 87.33°E 15 7.1 348 40 -100 181 51 —-81
GCMT 28.56°N 87.47°E 12 7.1 356 42 —88 173 48 -92
USGS 28.573°N 87.375°E 11.5 7.05 349 42 -103 187 49 =78

GFzZ 28.57°N 87.41°E 14 7.1 0 49 =79 164 41 —-102




VE: CENC (H[EHufE & M s, https:/www.cenc.ac.cn/cenc/tpxw/414670/index.html ), GCMT (£ ¥R 05K &, https:/www.globalemt.org/ ),

USGS (3% [E Hb i il 75 )5 , https://earthquake.usgs.gov/earthquakes/eventpage/us6000pi9w/moment-tensor ) , GFZ (£ [F th BR £} 2% 0F 5C & O ,

https://geofon.gfz.de/eqinfo/event.php?id=gfz2025albe ) »

[7 5% b AR T T S o B IR [l R R I 25 R, R ERTTIT Z IR e AT NI 1, R
HiLE 5 15 PEAS ) S5 U (Klinger et al., 2018; Oskin et al., 2012; Wesnousky, 2008; Xu et al., 2002). & /fAL
ZEIETHIE (Interferometric Synthetic Aperture Radar, InSAR) FIYG2ERA15 % TR I H A 2 3R
A FE AL RS 1 B 2 J57(Xu et al., 2002; Xu et al., 2016). InSAR FJ DR E b B = 400, T8 KHEF
BT RIS IO R 5y, 8 TCIRIR LI T2 (E 2 AR R T oRVE D IS T (Xu et
al., 2016). I H & o X 380 1R R2 5 06 2 52 AR AR SCPE DT IE X R AE OIAR A FE M IE T 2 (— A R T
3km VD A, {HERT /K FALFE 4> & (Leprince, et al., 2007). % ik (Light Detection and
Ranging, LIDAR) i 25 B —4E ST AR RS AG 1 22 40 HR ] DA 8 Hu e — 447 #£(Oskin et al., 2012; Nissen, et al.,
2014; Zhou, et al., 2018), {HHFEATHI LIDAR Hdi 1 H 2 6K i) (Nissen, et al., 2014). FE H FHFA K GF-
7 DET 2019 4 11 5 3 HERTIRS, —Fhmar o gl P&, SR s B R &K (R4
B R 0.8m, JEW GBS YR 0.65m) SLARRARRE S, Aels SRR 45 18 5 PR S r AR U
O R e i P SO I v A (R VRIS, 2020) IXON 2025 4FE HHLRE MR SRER . BB L DL A TH IR
FEREL 2025 45 1 H 7 H i HbE 51 R a8 M E S A R0t 78 IEdE o, AT e s
ARG GF-7 MM B Bdn4E, FIHH 7R A (Digital Surface Model, DSM) 7 73 AR PRI AE A%
TR X F R R AR, W T R ERZ LR, W TRy (<250m) MM ERIEMLIEE, e
T8 H b= M 2 2 ) AL 1) A5 B AR A

1. MR &=

T e S A2 B P AR 5 BRI K Fh R 2l (50 Ma LISk TR R B R i H 30 B2 UG (Yang et al., 2019;
AR AEL AT, 2016), HEEGSZ ENEERAL R M s B R VEA (40-50 mm/a) (WEKRE), SECRE MR
Fifa M IR FETE (5-10 mm/a), FRAEBER B T RHUBE B L& M) 1 IE 2 2R R St (Amijo et al., 1986;
Kapp and Guynn, 2004; Yang et al., 2019; Yin, 2000). 1, HFL-CLERGREMMEEERAR 7KL G R+
S 5 R, JLEPILEFRETIL, MECH TR, SKEZ 345km (E 1D, ZRA8 R M2 EIE
BRI — 2525, Bt (<17 Ma) JHIRRE, Beropt- Bt (8-4 Ma) V&SR ML J&,
HEW [a) i R %04 18.7mm/a, FIk TR BIE AN 1-2 mm/a(Amijo et al., 1986; Kapp and Guynn,
2004). DIHEEGARILEE & R, HHL- 2 ARG RACBON R IL- BRI EL, B BONUNE ] - 4 ki 3
Bro AHRILTUIKR, 2k 6 LA ERREIE R AR AR B 4L - 108 ] B & Bt (Wang et al., 2019; 1RO i,
2019), 2015 FJETH/R Mw7.8 ZeifE Ak, W | ]- e 45 W R B s B e i is S5 E 1 R mad i X
(Armijo et al., 1986), HEAMUZIEELI, A4k AL 2015 45 H Ms5.9 H#1E . 2016 4 E 45 Ms5.3 HiE . 2020
FIT L Ms5.6 HfE, DARZIK 4~5 HHFE, ZULEE NARHIE(H 1555 A R i, 2023), 7T ReH EDREAGR
T 5 128 I FE Ak R R B A 5 B 82 3 B 25 VR B DG (R 4 4 A0 5 rhiifg, 20235 430, 2019).
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Figure 1. Normal fault rift system in southern Tibetan Plateau

20°N

Faults are modified from Tapponnier et al.(2001). Focal mechanism solutions of earthquakes with Mw>6.0 since
1976 are cited from the GCMT. Earthquakes with M>7.5 before 1976 are from the "Global Earthquake Catalog"
and the "Global Earthquake Disaster Information Catalog".
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Figure 2. Dengmecuo fault and Dingri seismic sequence
Fault data from the National Active Fault Database (2006 Edition). Aftershocks fromYang et al. (2025). Surface
ruptures from Liu et al. (2025), Shao et al. (2025), Shi et al. (2025). Shallow secondary surface deformation is
from Liu Fucai et al (2025). History earthquakes are cited from the CENC.
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Figure 3. Topographic variations along different segments of Dengmocuo Fault
(a) Topographic profile of the Dengmocuo fault, (b) fault valley along the Zhananla segment, (c¢) fault scarp at the

Dengmocuo Lake segment, (d) slope break zone along the Cuoguoxiang segment
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%5 6 5 GF-7THIHL. EMAGBRT (R 1D, HTAE MK DSM.
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Table 2. GF-7 satellite imagery sequences before and after the Dingri earthquake

NERE AT 2l PES Sl B R AR T3]
GF-7 1351763 23451 LEVELIA 2023-12-05
GF-7 1351764 23451 LEVELIA 2023-12-05
GF-7 1351765 23451 LEVELIA 2023-12-05
GF-7 1834696 29736 LEVELIA 2025-01-16
GF-7 1834697 29736 LEVELIA 2025-01-16
GF-7 1834698 29736 LEVELIA 2025-01-16
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Figure 4. Technique framework for surface vertical deformation derived by DSM differencing methodology

2.2.1 FEETLE

By AL P BN SLASE AR AT R AR IE . U IE s DX P Z2 4 A 2, Y B A R A R 3R
SHERAAM . AW GF-7 ZHAX A K DSM i, FTRERIR . LI (e Z i) PUuEREs
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IR, =B8R (<5%) WRRERG: RIEZETEE R ERNRIESH, Bas s K
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2.2.2 HhfRATJE DSM 4Rk
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X3, GF-7 FAGEAERIEAIRZE . E 4 AU e PR A 5 ) 70, 368 o S e AE AR T PR A B — BdE, ST
DI P ZE A4 RFM B, JF 0 28 R VG AT 2 A B, IR SR BRI T B R HUE 614~ DSM
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Figure 5. Pre- and post-earthquake DSM and accuracy assessment
(a) Pre-earthquake DSM, (b) Post-earthquake DSM, (c) Elevation histogram of pre- and post-earthquake DSM, (d)

Distribution of fitting residuals

2.2.3 F [ AR TH I IR B SN B VA

T PRI E . IS BT S (Tterative Closest Point, ICP) 9%, AR R IE 25 75 12 AT Ag 1
DSM HP & Al iR 22, i e T R R B SR T I S, R4S B R 10T .

SGM VLT AL 2 B SR 2 AR RN 3R G SRR IR T T B AR UL AC B AR, (H — P38 2O SR LA A 5
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BhAS . IR R RS 21 (Tang et al., 2022) 7F DSM MR AT g4 “Brikth 2~ (B 6b),
DRI AL o AR S, B THEE R RN ZE0E, WEES Xy . EIEIHZRAE RS
WRHIBTER, EASTCRAN 2, AHERALH, LS @i SIARZE.




0.7

— iU A 2 S
——— ICPALHE ) 75 5}
U 725 o 5 6 g 2 43

— G 25

0.6

6. At RE ZE o AT B S FL S S AR Sk
(a) FFEZE0 AN, (b) adlmRE 22 70 I, (o) iR 22 SR A AH S 1k

Figure 6. Distribution trend of elevation differences in the entire region and its correlation with slope gradients
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Figure 10. Surface vertical displacements of the Dingri Earthquake




(a) Vertical displacements along the dengmocuo fault, (b) Vertical displacements along the fault strike, (c) Optical

vertical displacement errors, (d) Optical vertical displacement gradients, (e)Surface deformation width
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