
Preprint

The 2025 Mw 7.1 Tingri (South Tibet) Earthquake: Rupture of Normal Conjugate
Optimally Oriented Faults, Shallow Coseismic Slip Deficit, and Early Afterslip

Authors: Xiaoyu Zou and Yuri Fialko

Institute of Geophysics and Planetary Physics, Scripps Institution of Oceanography, University of
California San Diego

9500 Gilman Dr., La Jolla, CA 92093-0225

manuscript accepted for publication in Seismological Research Letters

1



The 2025 𝑀𝑤 7.1 Tingri (South Tibet)
Earthquake: Rupture of Normal Conjugate
Optimally Oriented Faults, Shallow
Coseismic Slip Deficit, and Early Afterslip
Xiaoyu Zou*1 and Yuri Fialko1

Abstract
On 7 January 2025, a magnitude 7.1 earthquake struck Tingri County at the south of
the Tibetan Plateau, China, producing widespread damage in the Lhatse-Sa’gya-Tingri
region and adjacent areas. The earthquake ruptured a pair of conjugate north-
south striking normal faults in the Dengmecuo graben, and was the largest normal
earthquake instrumentally recorded in the region. We use Interferometric Synthetic
Aperture (InSAR) observations from Sentinel-1A, ALOS-2, and Lutan-1 satellites to
investigate coseismic and early postseismic deformation due to the 2025 Tingri earth-
quake. We invert line of sight (LOS) displacements and pixel offsets for the fault
geometry and slip distribution using an iterative scheme that incorporates a 3-D
curved fault geometry and layered rigidity structure constrained by seismic tomog-
raphy. The ruptured faults are modeled using a triangular mesh with a linear variation
in slip between the nodes. The preferred model suggests average dip angles of 60-70◦

for both the main (west-dipping) rupture, and the subsidiary (east-dipping) conjugate
fault, indicating optimal fault orientations consistent with Byerlee’s law and coeffi-
cient of friction of 0.6-0.7. The best-fit model has a variance reduction of 91%, and
an equivalent moment magnitude of 7.0. The modeled coseismic slip exhibits a large
(∼60%) shallow slip deficit, only a small fraction of which is relieved by shallow after-
slip in the first ∼8 months following the earthquake. The observed coseismic and
postseismic deformation suggest velocity-strengthening friction, as well as extensive
off-fault damage in the top several kilometers of the Earth’s crust. Contributions from
the early viscoelastic and poroelastic relaxation are found to be negligible. Continued
geodetic observations will help quantify the evolving roles of afterslip and viscoelas-
tic relaxation, provide tighter constraints on the effective rheology of the lower crust,
and illuminate the mechanisms of the ongoing E–W extension in the Southern Tibetan
Rift Zone.
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Introduction1

On January 7th, 2025 at 01:05 UTC time, the moment2

magnitude (𝑀𝑤) 7.1 earthquake struck Tingri County of3

the Tibet Autonomous Region, China, with an epicenter4

located at [28.604◦𝑁, 87.378◦𝐸] and a focal depth of 10 km5

(USGS 2025). The earthquake is the largest instrumentally6

recorded normal event in the Southern Tibetan Plateau, and7

the most destructive one since the 2015 𝑀𝑤 7.8 Gorkha8

(Nepal) earthquake (e.g. Hall et al. 2017; Wang and Fialko9
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2018; Qi et al. 2024). With an estimated intensity of IX, 10

the 2025 Tingri (also referred to as Dingri) earthquake has 11

devastated the Lhatse-Sa’gya-Tingri region, killing at least 12

126 people and destroying more than 3600 houses (e.g. 13

Zhou and Li 2025). The impact extended beyond China, 14

with Bhutan, India, and Nepal also reporting casualties 15

and property damage. Early reports using the GCMT focal 16

mechanism, satellite remote sensing data, and field obser- 17

vations showed that the earthquake ruptured a preexisting 18

north-south trending westward-dipping normal fault, the 19

Dengmecuo fault (DMCF; e.g. Zhou and Li 2025; Kusky 20

and Meng 2025; Yu et al. 2025). The DMCF is aligned with 21

other major normal faults in the rift system of southern 22
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Tibet, including the nearby Shenzha-Dingjie Fault System23

(Fig. 1). Several mechanisms have been proposed to drive24

the east–west extension of the Southern Tibet Rift System,25

including the gravitational spreading due to crustal thick-26

ening of the Tibetan Plateau (e.g. Molnar et al. 1993; Yang27

et al. 2025), oblique convergence between the Eurasian28

and Indian plates (e.g. McCaffrey and Nabelek 1998), and29

asthenospheric upwelling beneath the Eurasian plate (e.g.30

Pang et al. 2018; Qiao et al. 2025). Active extension within31

the Southern Tibetan Rift implies a considerable seismic32

hazard. Estimates of the slip rate deficit based on Global33

Navigational Satellite System (GNSS) measurements sug-34

gested that normal faults in the region have the potential to35

generate earthquakes with magnitude 7 or greater (Li et al.36

2025).37

As the Dengmecuo fault was not associated with any38

notable seismic activity prior to the 2025 Tingri earth-39

quake, its size, geometry, and slip history were largely40

unknown. Initial studies of the Tingri earthquake using seis-41

mic and Interferometric Synthetic Aperture Radar (InSAR)42

data revealed a predominantly normal slip on a ∼50 km-43

long westward-dipping fault (e.g. Yu et al. 2025; Liu et al.44

2025; Qiao et al. 2025; Yang et al. 2025; Chong et al. 2025).45

However, the reported dip angles vary considerably, from46

41◦ (Yu et al. 2025) to 49◦ (USGS 2025) to 71◦ (Zhu et al.47

2025), possibly due to a limited resolving power and/or48

coverage of various data sets, inversion algorithms, or over-49

simplified model assumptions. Robust constraints on the50

orientation of active faults are of considerable interest as51

they can be used to constrain in situ fault strength (e.g.52

Collettini and Sibson 2001; Fialko 2021; Zou et al. 2023;53

Scholz 2019, p. 107). Most of the previous studies of the 202554

Tingri earthquake approximated the earthquake rupture as55

a planar fault in a homogeneous elastic half-space (e.g. Yu56

et al. 2025; Liu et al. 2025). Another major limitation was57

the lack of the near-field data due to a strong decorrelation58

of the radar phase in Sentinel-1A (C-band) interferograms59

(e.g., Yu et al. 2025; Qiao et al. 2025). In this study, we com-60

bine interferometric phase measurements from Sentinel-1A61

satellite with those from the L-band ALOS-2 and Lutan-162

(LT-1) satellites, as well as with pixel offset data to provide63

a full coverage of coseismic displacements from different64

lines of sight (LOS). We use these data to map the rupture65

trace, and invert for the non-planar subsurface fault geome-66

try and slip distribution (e.g., Simons et al. 2002; Furuya and67

Yasuda 2011; Dutta et al. 2021). Our coseismic slip models68

use Green’s functions for a layered elastic half-space con-69

sistent with the local seismic velocity structure (e.g., Huang70

et al. 2020; Tan et al. 2023). We also include in our models71

a conjugate east-dipping fault to the west of the main rup-72

ture that was omitted in many previous studies. Finally, we73

present InSAR measurements of postseismic deformation74

that occurred during the first 8 months following the 202575

Tingri earthquake. A joint consideration of coseismic and 76

postseismic deformation helps further reduce uncertainties 77

in the rupture geometry and frictional properties of the host 78

rocks (e.g., Lindsey and Fialko 2016; Jin et al. 2022). 79

Data and Methods 80

Analysis of Satellite Data 81

We use Synthetic Aperture Radar (SAR) data from Sentinel- 82

1A (C-band, ascending track 12, descending track 48, and 83

descending track 121), ALOS-2 (L-band, descending track 84

165, frame 3040), and LT-1 (L-band, ascending track 70) 85

satellites. The spatial coverage, timespans, and perpendic- 86

ular baselines of all input data are shown in Fig. 1, and 87

Figs. S1–S3, and Tables S1 and S2 in the Supplementary 88

Materials. The Sentinel-1A and ALOS-2 data are processed 89

using GMTSAR (Sandwell et al. 2011). We remove the topo- 90

graphic phase using a digital elevation model from the 91

Shuttle Radar Topography Mission (Farr et al. 2007). The 92

residual phase is filtered using a Gaussian filter with a 93

wavelength of 300 m, and unwrapped using the residue-cut 94

algorithm (Goldstein andWerner 1998). Since the near-field 95

radar phase in C-band is heavily decorrelated due to high 96

displacement gradients and surface disruption, we compute 97

pixel offsets for Sentinel-1A ascending track 12 and descend- 98

ing track 121, and ALOS-2 descending track 165. The pixel 99

offset maps are quality checked and obvious outliers and 100

noisy areas are masked out. We only use the range offsets, 101

as the azimuth offsets have a low signal-to-noise ratio. The 102

unwrapped radar phase from the LT-1 satellite is from a 103

study by Yang et al. (2025). 104

Wesubsequently use Sentinel-1A range offsets andALOS- 105

2 and LT-1 interferograms to map the surface rupture. The 106

data clearly show displacement discontinuities along two 107

sub-parallel north-south trending faults, a∼50-km long rup- 108

ture near the 87.5◦ longitude (“main fault”), and a smaller 109

rupture about 20 km to the west (“sub-fault”), see Figs. 1 110

and S1-S2. We obtain rupture traces for both the main fault 111

and the sub-fault by digitizing the respective displacement 112

discontinuities, see black dashed lines in Figs. 1 and S1-S2. 113

Coseismic interferograms and pixel offsets may contain 114

“ramps” due to long-wavelength variations in the tropo- 115

sphere, ionosphere, and/or imprecise orbit data or timing 116

errors (e.g. Wang and Jónsson 2014; Zhang et al. 2019). 117

We correct for such artifacts using an iterative procedure. 118

First, we subtract the best-fit planar ramp from the original 119

data. We then carry out a linear inversion of down-sampled 120

data for the assumed initial fault geometry discretized using 121

triangular dislocation elements (TDE) in a homogeneous 122

elastic half-space (Nikkhoo and Walter 2015). We subtract 123

model predictions from the data and use residuals to esti- 124

mate the best-fit quadratic surface. The latter is subse- 125

quently subtracted from the data, and iterations continue. 126

After the initial iteration, we down-sample the data using 127
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Figure 1. Regional map of the 2025 Tingri earthquake. The
colored boxes denote the coverage area of the InSAR data
used in our study. Brown boxes: Sentinel-1A; Magenta box:
ALOS-2; Blue box: LT-1. The black dashed lines represent the
fault traces of the main fault and the sub-fault. The red star is
the earthquake epicenter of the Tingri earthquake, and the red
beachball represents its focal mechanism. The green
beachball represents the 1993 𝑀𝑤 6.2 earthquake. The black

triangle denotes location of Mount Everest. The black solid
lines are mapped traces of major faults in the region, and the
black dashed lines represent the seismogenic faults of the
2025 event (Wu et al. 2024; Liu et al. 2025). DMCF:
Dengmecuo Fault; SDF: Shenzha-Dingjie fault; ZLQF:
Zada-Lazi-Qiongdojiang fault; DARF: Dajiling-Angren-Renbu
fault; YZF: Yarlung Zangbo fault.

Alt-text: Shaded-relief map of south Tibet showing the 2025 Mw 7.1 Tingri earthquake region. Colored rectangles outline
InSAR scene footprints (Sentinel-1A ascending A12 and descending D48/D121; ALOS-2 D165; Lutan-1 A70). Thick black
solid lines mark major mapped faults, and black dashed lines trace the modeled main and sub-faults. A red star marks the
epicenter; a red focal-mechanism beachball indicates the 2025 event; a green beachball marks the 1993 Mw 6.2 earthquake.

A black triangle indicates Mt. Everest. An inset map shows the location near the India–Eurasia plate boundary.

the gradient-based quad-tree algorithmand the current best-128

fit model to avoid over-sampling of a high-frequency noise129

(Wang and Fialko 2015) . Before de-trending the residuals,130

we mask out the near-field data (∼ 20 km on each side of131

the main fault trace) to minimize the influence of potential132

model-related errors. The de-ramping procedure typically133

converges after 2-3 iterations.134

Inversions for Fault Geometry and Slip Distribution135

The de-trended line of sight (LOS) displacements and range136

offsets are used in joint inversions to estimate the subsurface137

fault geometry and slip distribution. We approximate each138

fault using a smooth curved surface that honors the fault139

trace. At the down-dip end, the surface follows a straight 140

line that parallels the surface trace, but is offset horizontally 141

according to the assumed dip angle. The curved surface is 142

smoothly varying to satisfy both the top and bottom con- 143

straints on the rupture geometry. Based on the wavelength 144

of the observed coseismic displacements and a few trial 145

inversions, the main fault and the sub-fault are assumed to 146

extend to depths of 25 and 7 km, respectively. The resulting 147

curved fault surfaces are tessellated into a mesh consisting 148

of triangular elements of variable size (see Supplementary 149

Materials for details). The element size increases with depth 150
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to account for the depth-dependent model resolution (e.g.151

Fialko 2004).152

We use an improved and more realistic parameterization153

of fault slip that allows for linear (rather than piece-wise154

constant) variations in slip between the mesh nodes (ver-155

tices of triangular elements). Given a triangular mesh rep-156

resenting the best-fit fault geometry (Fig. 2), we compute157

compositeGreen’s functions for each node of themesh using158

a superposition of point sources for all triangles that share159

the respective vertex (see Supplementary Text S1 and Fig.160

S7). Green’s functions for individual point sources (Wang161

et al. 2006) are computed for a layered rigidity structure (Fig.162

S4) derived from the 3-D shear-wave (Vs) velocity model163

(Huang et al. 2020). The elastic moduli are found using the164

empirical relationship between the bodywave velocities and165

density (Brocher 2005). We solve for the slip distribution 𝑢166

at themesh vertices byminimizing the following functional,167

168

𝐹(𝑢, 𝜆) = ||𝐺𝑢 − 𝑑||2 + 𝜆||∇2𝑢||2, (1)169

where 𝐺 is the matrix of composite Green’s functions, 𝑑 is170

the data vector, 𝑢 is the unknown slip distribution at the171

nodes (including strike- and dip-slip components), || ⋅ ||2 is172

the 𝐿2 norm,∇2 is a Laplacian operator, and 𝜆 is a smoothing173

parameter (Golub et al. 1999) chosen based on the trade-off174

curve between the model roughness and data misfit (see SI175

Text S1, Figs. S5–S7 for details). Because changes in radar176

range have limited sensitivity to meridional (north-south)177

displacements, the strike-slip component is less constrained178

compared to the dip-slip component. To suppress potential179

artifacts, we apply a stronger (by a factor of 3) smoothing to180

strike-slip compared to dip-slip.181

We perform a grid search to find the best-fit dip angles182

of the two faults. To regularize the inversion, we first per-183

form a grid search for the main fault alone. We vary the dip184

angle from 30◦ to 75◦ in 5◦ increments. For each assumed185

dip angle, we calculate the Green’s functions for a new fault186

geometry and layered half-space and performa least-squares187

linear inversion. We identify the best-fit dip angle based on188

the RMS of the residuals of all trial inversions. We then189

subtract the modeled contribution of the main fault from190

the data and invert the residuals for the best-fit dip angle191

of the sub-fault. The latter grid search is performed for a192

wider range of dip angles, 30-150◦ (i.e, allowing for both193

eastward and westward dip), given no prior information on194

the attitude of the sub-fault. Only the datasetswith sufficient195

coverage around the sub-fault are used in the respective196

grid search. Next, we use the inferred best-fit geometries to197

resample the data based on the model. The modeled contri-198

bution of the sub-fault is subtracted from the data, and the199

procedure is repeated to ensure that results are robust with200

respect to the data sampling.201

Fig. 2 shows the results of the grid search and the pre- 202

ferred fault geometries (see Fig. S8 for the initial round 203

of grid search). For comparison, we also include precisely 204

relocated aftershocks (Chen et al. 2025; Yao et al. 2025). 205

Aftershock locations can be useful for constraining the 3-D 206

fault geometry at depth (e.g. Jin and Fialko 2020; Jin et al. 207

2023), however in case of the Tingri earthquake aftershocks 208

appear to form a diffuse cloud without an obvious local- 209

ization around the main seismogenic rupture (Fig. 2c–e). 210

Nevertheless, the overall trends of the aftershock hypocen- 211

ters appear to be broadly consistent with the best-fit fault 212

geometries inferred from inversions of space geodetic data 213

(color dots and black meshes in Fig. 2d–e, respectively). 214

Early Postseismic Deformation 215

To investigate the early postseismic deformation, we pro- 216

cessed data from Sentinel-1 tracks A12 and D121 spanning 217

∼9 months after the mainshock (Figs. 1 and S3). Our anal- 218

ysis focuses on the amplitude and spatial pattern of surface 219

displacements. Using the first postseismic acquisition as a 220

reference, we generated interferometric pairs with all subse- 221

quent acquisitions, for each track. We visually inspected the 222

postseismic interferograms, and selected those that (i) are 223

least affected by decorrelation and atmospheric noise, (ii) 224

maximize the time span, and (iii) have a comparable time 225

span for both tracks. Pairs that fit these criteria are listed 226

in Table S2. To further increase the signal to noise ratio, we 227

stacked the identified long-term interferograms to produce 228

averaged interferograms with time spans of ∼8 months for 229

each track. The resulting averaged interferograms are shown 230

in Fig. S3. The postseismic interferograms reveal LOS dis- 231

placements of several cm (Fig. S3), with a spatial pattern 232

that is broadly consistent with the coseismic one (Fig. S1), 233

suggestive of afterslip as a likely mechanism. 234

We estimate the distribution of afterslip using the same 235

fault geometry and inversion procedure as for our preferred 236

coseismic slip model. We limit the down-dip extent of the 237

mesh to 15 km to prevent spurious deep slip as the signal- 238

to-noise ratio is poor further than ∼ 20 km from the rup- 239

ture trace (Fig. S3). Because kinematic inversions involve 240

smoothing to reduce non-uniqueness, the inferred area of 241

afterslip may considerably overlap with that of coseismic 242

slip which may be unphysical (Barbot et al. 2009; Lindsey 243

and Fialko 2016). To explore potential trade-offs between 244

model smoothness and resolution, we perform several inver- 245

sions subject to the following constraints: (i) a soft no-slip 246

boundary condition (Jin and Fialko 2020) at the side and 247

bottom edges of the mesh; no 𝑎 𝑝𝑟𝑖𝑜𝑟𝑖 constraints on after- 248

slip inside the model domain; (ii) same as (i), but with a 249

soft no-slip boundary condition on mesh elements that pro- 250

duced less than 50% of the peak coseismic slip; (iii) same 251

as (i), but with a soft no-slip boundary condition on mesh 252

elements below the depth of 4 km; (iv) same as (i), but 253
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with a soft no-slip boundary condition on mesh elements254

in the depth interval 3–11 km. The smoothness parameter255

of the afterslip model (i) is determined as usual considering256

a trade-off between the model smoothness and misfit (Fig.257

S6). For models (ii), (iii), and (iv), the smoothness parame-258

ters are chosen to produce the same variance reduction as259

for model (i). The resulting slip distributions are shown in260

Figs. 4, S12, and S13.261

For completeness, we also perform forward simulations262

of possible contributions due to viscoelastic and poroelas-263

tic deformation. We simulate viscoelastic relaxation using264

PSGRN-PSCMP software (Wang et al. 2006), assuming the265

same layered rigidity structure as for the coseismic model-266

ing. The rheology structure includes three layers, an elas-267

tic upper crust, a bi-viscous (Burgers) lower crust, and a268

Maxwell viscoelastic upper mantle, constrained by obser-269

vations of postseismic deformation due to the 2015 𝑀𝑤 7.8270

Gorkha (Nepal) earthquake (Tian et al. 2020). Because the271

effective thickness of the upper elastic layer is not well272

known, we perform calculations assuming elastic thick-273

nesses of 15, 20, 25, and 30 km. In each simulation, we274

evaluate surface deformation over 3 time intervals: the ini-275

tial 8 months after the mainshock corresponding to the276

observation period (Fig. S3 and Table S2), one-half of the277

Maxwell relaxation time 𝜏∕2, and full Maxwell relaxation278

time 𝜏 = 𝜂∕𝜇, where 𝜂 is the dynamic viscosity, and 𝜇 is279

the shear modulus. The computed surface displacements280

projected on the respective LOS for each satellite track are281

shown in Figs. 9, 10, and S9-S10.282

Results283

Our preferred coseismic slip model (Fig. 3) gives rise to a284

91% variance reduction of the input data. The 1𝜎 of the285

residuals for each input data set is shown in Table 1. The286

model provides a satisfactory fit to all datasets (Fig. 5, Fig. 6).287

The estimated best-fit average dip angles are 65◦±5◦ for the288

main fault and a 70◦±15◦ for the sub-fault (Fig. 2a,b), which289

implies optimal orientations for the Mohr-Coulomb failure,290

assuming vertical orientation of the maximum compressive291

stress and the coefficient of friction of 0.6-0.7 (e.g. Anderson292

1951; Byerlee 1978; Sibson 1974). The fault attitudes inferred293

from inversions of geodetic data are in general agreement294

with the distribution of aftershocks (Fig. 2c–e), although295

the latter are too diffuse to provide robust constraints on296

the subsurface fault geometry. The moment magnitude cal-297

culated using our best-fit slip model (accounting for the298

depth-dependent shear modulus, Fig. S4) is 7.0, comparable299

to the seismically determinedmomentmagnitudes usingW-300

phase (7.05, USGS 2025) and centroid-moment tensor (7.1,301

Ekström et al. 2012), as well as previously published finite302

fault models (e.g., Qiao et al. 2025).303

Coseismic offsets on the main fault are dominated by dip-304

slip, with some component of left-lateral strike-slip (Fig. 3).305

Maximum slip (∼4.3 m) occurs at a relatively shallow depth 306

of ∼6 km. The conjugate sub-fault is also characterized by 307

oblique slip, with a maximum slip of ∼1.6 meters at depth 308

of ∼5 km (Fig. 3). The total slip amplitude decreases toward 309

the surface, in agreement with field observations of fault 310

scarps with offsets between 1 to 3 meters (Wu et al. 2025). 311

The inferred strike-slip component has a lower resolution 312

andhigher uncertainty compared to the dip-slip component, 313

especially for the secondary fault due to a lower signal to 314

noise ratio. 315

A decrease in coseismic slip towards the surface is fur- 316

ther illustrated in Fig. 8, which shows the total coseismic slip 317

averaged along the strike of the main fault, for several depth 318

intervals corresponding to the size of triangular elements 319

(Fig. 3). The shallowest depth interval is constrained to have 320

a constant slip, while the rest of the slipmodel allows for lin- 321

ear variations in slip between the nodes (see Supplementary 322

Materials). As one can see from Fig. 8, there is a large shal- 323

low coseismic slip deficit, with slip at the surface on average 324

almost a factor of 3 smaller than the maximum slip in the 325

middle of the seismogenic zone. 326

Kinematic inversions of postseismic InSAR data are 327

indicative of the occurrence of early afterslip (Fig. 4). In 328

unconstrained inversions, afterslip is maximum at the sur- 329

face, but extends to depth of ∼10 km, with a substantial 330

spatial overlap with the area of maximum coseismic slip, 331

particularly on the main fault (Fig. 4a). Inversions in which 332

afterslip is discouraged in the area of maximum coseismic 333

slip show a concentration of afterslip on the periphery of the 334

seismic rupture (Fig. 4b). Given that both models are able 335

to explain the observed postseismic deformation with com- 336

parable misfits (Fig. 7), we interpret the overlap between 337

the coseismic slip and afterslip as an artifact of the regu- 338

larization constraint and limited model resolution at depth 339

(Fialko and Kaneko 2025). 340

While our kinematic afterslip model is able to explain 341

an overall pattern of the observed postseismic deforma- 342

tion, some systematic residuals are apparent (Fig. 7). These 343

TABLE 1.
1𝝈 for the residual of each track of input data (unit: cm)

Satellite Track 1𝝈

Sentinel-1A ASC12 LOS 8.32

Sentinel-1A DES48 LOS 4.31

Sentinel-1A DES121 LOS 5.54

ALOS-2 DES165 LOS 8.19

LT-1 ASC70 LOS 21.01

Sentinel-1A ASC12 RNG 15.58

Sentinel-1A DES121 RNG 9.89

ALOS-2 DES165 RNG 13.91
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Figure 2. Panels a and b: Model misfit as a function of the
assumed fault dip angle. Panel a: main fault; Panel b: sub-fault.
Red points represent the best fit (minimum RMS misfit). Blue
points represent the estimated uncertainty range (20% and
10% of the difference between the maximum and minimum
misfit for the main fault and sub-fault, respectively). Variations
in the RMS misfit for the sub-fault are much smaller than those
for the main fault because only a small fraction of the data are

sensitive to slip on the sub-fault. Panel c: Fault traces and
epicenters of precisely relocated aftershocks from Chen et al.
(2025) and Yao et al. (2025) catalogs. Panels d–e:
cross-sections from profiles A–A’ and B–B’, with best-fit fault
geometries inferred from inversions of space geodetic data
(panels a and b) and earthquake hypocenters from Chen et al.
(2025) and Yao et al. (2025) catalogs.

Alt-text: Five-panel figure showing dip-angle tests and comparison with relocated aftershock distribution. (a) RMS misfit
versus dip angle for the main fault shows a broad U-shaped curve with a red dot marking the minimum at 65 degrees, and

blue points marking the preferred uncertainty range. (b) Same plot for the sub-fault, with a narrower U-shape and a
minimum near 70 degrees (misfit scale is much smaller than in a). (c) Map of aftershock epicenters from two catalogs (blue

and red) overlaid on a fault trace; two profile lines A–A’ and B–B’ (east-west) cross the cluster. (d–e) Depth–easting
cross-sections along A–A’ and B–B’ showing hypocenter clouds (blue/red) relative to black curves representing inferred

fault geometry.
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residuals may be due to atmospheric noise and unmodeled344

groundmotion e.g. due to triggered slip on nearby unknown345

faults (e.g. Ma et al. 2026), landlides, hydrologic effects, etc.346

Forwardmodels of viscoelastic relaxation assuming a sim-347

ple 1-D rheological structure predict LOSdisplacements that348

do not agree with observations either in amplitude or the349

spatial distribution (Figs. 9–10, S9–S10). In particular, the350

amplitudes of surface displacements predicted by viscoelas-351

tic models are about an order of magnitude smaller than352

the observed ones, assuming an effective elastic thickness of353

the upper crust of 15 m, and smaller still for thicker elas-354

tic layers. The amplitude of surface displacements due to355

viscoelastic relaxation over a given time period trades off356

with the assumed effective viscosity, but the spatial pattern357

of surface displacements varies little in time. It follows that358

the contribution of viscoelastic relaxation to the observed359

deformation signal is negligible.360

Poroelastic deformation in the limit of full relaxation361

(Fig. S11) predicts LOS displacements which amplitude and362

polarity also do not exhibit much similarity with the obser-363

vations, except perhaps locally near the rupture trace. Taken364

together, our results point to shallow afterslip as the domi-365

nant deformationmechanism in thefirst 8months following366

the Tingri earthquake.367

Discussion368

Compared to previous studies that approximated the 2025369

Tingri rupture using rectangular dislocations in a homo-370

geneous elastic half-space (e.g. Yu et al. 2025; Liu et al.371

2025), our finite fault model features a more complex and372

realistic geometry that honors the curved fault trace at the373

Earth’s surface, and variations in the effective elastic prop-374

erties with depth. An accurate representation of the fault375

trace is important as small deviations of the modeled fault376

trace from the actual surface rupture can result in slivers of377

data points on the wrong side of the modeled fault, leading378

to biases in the shallow part of the slip model that in theory379

should be best resolved by the data. One solution is to simply380

mask out such data based on the expected sign (e.g. Jin and381

Fialko 2021); however, adaptation of the more realistic fault382

geometry obviates the need for discarding potentially use-383

ful near-field data. The use of triangular elements ensures a384

continuous rupture surface without gaps and tears between385

the adjacent fault elements at depth, while linear base func-386

tions ensure a continuous slip distribution. Both features387

may prove important for dynamic rupture models.388

The best-fit dip angles of 60-70 degrees inferred from389

our non-linear inversions for the main fault and the con-390

jugate sub-fault are consistent with optimal fault orienta-391

tions predicted by the Mohr-Coulomb theory and Byerlee392

friction (e.g. Anderson 1951; Collettini and Sibson 2001;393

Scholz 2019). Shallower dip angles reported in some pre-394

vious studies (e.g. Yu et al. 2025; Zhao et al. 2025; Chong395

Figure 3. The preferred static slip model from geodetic
inversion assuming a curved rupture geometry. Panel a:
strike-slip; Panel b: dip-slip. Left-lateral strike slip and
west-side-down dip slip are deemed negative.

Alt-text: Two 3-D views of the preferred curved-fault slip
solution plotted on triangular meshes in an

east–north–depth coordinate system (km). (a) Strike-slip
distribution: broader distributed patches on the main fault
and a smaller, shallower patch on the sub-fault, each
shown with its own color scale (meters). Dominated by
left-lateral motion, with slip between 0 and 1 meters. (b)
Dip-slip distribution: slip is dominated by normal motion,
concentrated in a similar depth range for both faults, but
the main fault has higher amplitudes (up to 4 meters) than

the sub-fault (lower than 1.5 meters).

et al. 2025) could reflect biases due to incomplete data cov- 396

erage, in particular on the western side of the main fault, 397

which exhibits the largest coseismic displacements, but suf- 398

fers from decorrelation in the C-band (Sentinel-1) interfer- 399

ograms. Our study mitigates this data gap by using range 400

offsets and L-band (ALOS-2 and LT-1) interferograms that 401

remain correlated all the way to the rupture trace and addi- 402

tionally provide diverse lines of sight. Recent studies that 403

used multiple high-quality data sets (Xu et al. 2025; He 404

et al. 2026) have reported fault dip angles similar to those 405

suggested by our best-fit model. 406

While faults are generally believed to initiate at opti- 407

mal angles with respect to in situ principal stresses (e.g. 408

Anderson 1951; Scholz 2019; Fialko 2021), global compila- 409

tions of earthquake focal mechanisms show a peak in dip 410

angles of normal earthquakes around 45◦ (e.g. Reston 2020; 411

Jackson andWhite 1989). Sub-optimal fault orientations can 412

be attributed to a progressive rotation away from the prin- 413

cipal compression axis (e.g. Thatcher and Hill 1991; Olive 414
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Figure 4. Kinematic inverse models of early afterslip. Black
curvy lines represent the contour of the 50% peak coseismic
slip for each fault. Panel a: afterslip model with no constraint
on the afterslip area; Panel b: afterslip model with slip
discouraged inside the 50% peak coseismic slip contour. For
the main fault, the arrows represent the movement of the
footwall; for the sub-fault, the arrows represent the movement
of the hanging wall.

Alt-text: Two 3-D views of early afterslip kinematic
inversion results on main and sub-fault meshes (easting,
northing, depth). Colored shading shows slip amplitude
with separate scales for the main fault (0–0.3 m) and
sub-fault (0–0.6 m). Black curving outlines mark the 50
percent peak coseismic-slip contour on each fault. (a)
Unconstrained afterslip smoothly distributes across and
around the coseismic patch. For main fault the slip

concentrates between 0 to 5 km depth. For the sub-fault,
the slip concentrates in the north lower corner at a depth of
5-6 meters. (b) Afterslip is suppressed within the contour
and concentrates mainly outside/along the patch margins.

and Behn 2014; Fialko and Jin 2021). This would suggest415

that the Dengmecuo fault that produced the 2025 Tingri416

earthquake is still relatively young to have avoided a notable417

rotation, yet sufficiently mature to be able to generate major418

(magnitude 7+) earthquakes. Similar results were obtained419

for other major surface-rupturing normal earthquakes for420

which high-quality space-geodetic data are available (e.g.421

Kobayashi et al. 2012). Wang et al. (2014) reported dip422

angles between 40-60 degrees for several M6 normal earth-423

quakes in southern Tibet, and noted that dip angles inferred424

from inversions of InSAR and teleseismic data may differ425

by ∼10 degrees, especially if the nodal plane ambiguity is426

Figure 5. Sub-sampled input data (panels a, d, g, j and m),
model prediction (panels b, e, h, k, and n), and full-resolution
residual (panels c, f, i, l, and o) for coseismic LOS
displacements.

Alt-text: Fifteen-panel comparison of coseismic
line-of-sight (LOS) displacement for five sensors/tracks.
Rows show Sentinel-1A ascending track 12, Sentinel-1A
descending track 48, Sentinel-1A descending track 121,

ALOS-2 descending track 165, and Lutan-1 ascending track
70. For each row, the left panel shows sub-sampled LOS
observations (colored points), the middle panel shows the
corresponding model prediction on the same sample, and
the right panel shows the full-resolution residual map.
Colors represent LOS displacement (cm) with a strong
bipolar lobe across the rupture; residuals are mostly low
with localized mismatches near the fault/near masked

areas.
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Figure 6. Sub-sampled input data (panels a, d, and g), model
prediction (panels b, e, and h), and full-resolution residual
(panels c, f, and i) for coseismic range offsets.

Alt-text: Nine-panel comparison of coseismic range offsets
for three datasets: Sentinel-1A ascending track 12 (top

row), Sentinel-1A descending track 121 (middle row), and
ALOS-2 descending track 165 (bottom row). In each row,
the left panel shows sub-sampled observations as colored
points, the middle panel shows the model prediction at the
same points, and the right panel shows the full-resolution
residual map. Colors indicate range offset in centimeters

(scale -100 to 100 cm). Observations and predictions show a
clear positive-negative pattern across the rupture; residuals
are mostly small with localized patches near the fault and

within/near masked areas.

not resolved. A similar discrepancy is found between the427

dip angles suggested by our geodetic inversions (Fig. 2) and428

teleseismic data (USGS 2025). This suggests that inferences429

of non-optimal fault orientation based on earthquake focal430

mechanisms (Reston 2020; Jackson andWhite 1989) should431

be treated with caution.432

A classic conjugate orientations of the main fault and the433

sub-fault (Fig. 2) suggests that the two faults form a graben434

structure in the Southern Tibet Rift Zone. Their markedly435

different dimensions suggest they might represent an early-436

stage graben system that could evolve into a full graben in437

the future (Qiao et al. 2025). Alternatively, Liu et al. (2025)438

proposed that the main fault defines a half-graben, and the439

sub-fault is a “branch rupture” on the opposite side of the440

Dengmecuo half-graben. Of interest is the slip sequence on441

the two faults. The earliest post-earthquake SAR data (Table442

S1) indicate that slip on the sub-fault occurred either simul-443

Figure 7. Sub-sampled input data (first column), best-fit
afterslip model (second column), and full-resolution residual
(third column) for early postseismic deformation. Panels a–f
correspond to the afterslip model with no constraint on the
afterslip area; Panels g–l correspond to the afterslip model with
slip discouraged inside the 50% peak coseismic slip contour.

Alt-text: Twelve map panels of early postseismic
Sentinel-1A LOS displacement comparing observations,
model, and residuals for two geometries. Rows 1–2 (a–f)
use an afterslip model with no constraint on afterslip area;
rows 3–4 (g–l) use a model with slip discouraged inside the
50 percent peak coseismic-slip contour. For each track
(ascending 12 and descending 121), column 1 shows

sub-sampled LOS data (colored points), column 2 shows
the best-fit afterslip prediction, and column 3 shows

full-resolution residuals. Colors indicate LOS displacement
in cm, with masked/blank areas where data are

unavailable.

taneously or within hours following the mainshock. The 444

absence of large aftershocks in the respective time interval 445

and the fact that the sub-fault lies in the static stress shadow 446

of the main fault (Chong et al. 2025) suggest that the sub- 447

fault could have been dynamically triggered and ruptured 448

simultaneously with the mainshock (e.g. Yun et al. 2025). 449

The high quality observations of coseismic and postseis- 450

mic deformation due to the 2025 Tingri earthquake provide 451
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Figure 8. Coseismic slip on the main fault, averaged
along-strike, and normalized by the maximum value (∼4.3 m),
as a function of depth.

Alt-text: Line plot of along-strike–averaged coseismic slip
on the main fault versus depth. The x-axis is normalized
slip (0 to 1, scaled by a maximum of about 4.3 m) and the
y-axis is depth in km (0 at top, increasing to 25 km).

Normalized slip is highest (near 1) at shallow depths of
roughly 5–8 km, then decreases with depth, dropping

below 0.2 by about 15 km depth and approaching near zero
at 25 km depth.

an excellent opportunity to investigate contributions of on-452

and-off fault failure to surface displacements. Our analysis453

reveals a large (more than a factor of 2) ratio of slip at depth454

to slip at the surface (Figs. 3 and 8). Similar variations in slip455

with depth, termed shallow slip deficit (SSD), were inferred456

for a number of magnitude ∼7 earthquakes on strike-slip457

faults (e.g. Fialko et al. 2005; Jia et al. 2023; Antoine et al.458

2024; Milliner et al. 2025; Lindsey et al. 2025). One should459

be careful to distinguish the shallow coseismic slip deficit460

(SCSD) from the SSD that was originally defined as the long-461

term shallow slip deficit (e.g. Fialko et al. 2005; Jin and462

Fialko 2020), and requires consideration of both coseismic463

slip and aseismic creep in the interseismic period. So far, no464

systematic analysis of SSD was performed for normal earth-465

quakes that are large enough to saturate the seismogenic466

layer.467

The reduced coseismic slip and robust afterslip at the468

Earth’s surface (Figs. 3, 8, and 4) are indicative of velocity-469

strengthening frictional behavior of the shallow crust (e.g.470

Marone et al. 1991; Scholz 1998). However, a consideration471

of themagnitudes of the SCSD (>1meter) and early afterslip472

(< 10 cm) suggests that the latter may not be able to fully473

compensate for the former, as the rates of afterslip are high-474

est immediately after the earthquake, and rapidly decaywith 475

time (e.g. Marone et al. 1991; Barbot et al. 2009; Lindsey and 476

Fialko 2016). For the estimated slip rate of a fewmm/yr and 477

recurrence interval of less than 103 years for the Dengmecuo 478

fault (Wu et al. 2025), shallow creep in the interseismic 479

period is unlikely to account for the remaining deficit, given 480

that the rate of shallow creep is typically a small fraction of 481

the long-term fault slip rate (e.g. Savage and Lisowski 1993; 482

Vavra et al. 2023). We thus attribute an apparent SSD to the 483

extensive off-fault damage due to dynamic stress perturba- 484

tions (e.g. Fialko et al. 2005; Dor et al. 2006; Kaneko and 485

Fialko 2011). A similar combination of the shallow velocity- 486

strengthening layer and off-fault damage was inferred for 487

the 2021 𝑀𝑤 7.4 Maduo earthquake in the north-eastern 488

Tibetan Plateau (e.g. Jin et al. 2023). 489

The lack of a clear signal that might be attributable to vis- 490

coelastic relaxation in 8 months following the earthquake 491

(Figs 9–10, S9–S10) is consistent with previous estimates of 492

the lower bound on the short-term (transient) viscosity of 493

the lower crust beneath Tibet of the order of 1018 Pa s (e.g. 494

Ryder et al. 2011; Wang and Fialko 2018; Tian et al. 2020). 495

Continued space geodetic observations of the Tingri area 496

will provide valuable constraints on the effective rheologic 497

properties of the lower crust and upper mantle beneath the 498

Southern Tibet. 499

Conclusions 500

The 2025 𝑀𝑤 7.1 Tingri earthquake is the largest instru- 501

mentally recorded normal earthquake in Southern Tibet. 502

We combined data from several SAR satellites, including 503

Sentinel-1A, ALOS-2 and LT-1, to investigate coseismic and 504

early postseismic deformation due to the Tingri earthquake, 505

and derive a finite fault model. We use a kinematic slip 506

model that allows for complex curved rupture geometries, 507

triangular tesselation, depth-dependent elastic moduli, and 508

piece-wise linear variation in slip components between the 509

mesh nodes. Our best-fit static slip model indicates a 65±5◦ 510

dip angle for the westward-dipping main fault and a 70±15◦ 511

for the east-dipping conjugate sub-fault. These dip angles 512

are in excellent agreement with predictions of the Mohr- 513

Coulomb theory assuming Byerlee law and coefficient of 514

friction of 0.6-0.7. The main fault and the sub-fault form 515

a conjugate pair that may define an incipient graben. The 516

coseismic slip distribution is dominated by dip-slip, with 517

some component of left-lateral slip, and a maximum slip of 518

approximately 4meters on themain fault, and 1.5 meters on 519

the sub-fault. The along-strike averaged slip suggests maxi- 520

mum slip at depth of 5-6 km, and a ∼60% shallow coseismic 521

slip deficit. Only a fraction of this deficit is compensated 522

by afterslip in the first 8 months following the earthquake, 523

implying significant off-fault damage, presumably due to 524

strong dynamic stress perturbations. The early postseismic 525

deformation is dominated by afterslip on the ruptured con- 526
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Figure 9. Forward models of viscoelastic relaxation: LOS
displacements for Sentinel-1A ascending track 12. Panels a–c:
15 km elastic upper crust thickness, snapshots at 8 months,
half Maxwell relaxation time, full Maxwell relaxation time.
Panels d–f: 30 km elastic upper crust thickness, snapshots at 8

months, half Maxwell relaxation time, full Maxwell relaxation
time. Panel g: observed LOS displacements. The Maxwell
relaxation time is calculated based on the regional rigidity and
viscosity model of the upper mantle (Huang et al. 2020; Tian
et al. 2020).

Alt-text: Seven panels comparing modeled and observed Sentinel-1A ascending track 12 LOS deformation from
viscoelastic relaxation forward model. Panels a–c show forward-modeled LOS displacement for a 15 km elastic upper-crust
thickness at three times: 8 months, half Maxwell relaxation time (24.8 years), and full Maxwell relaxation time (49.6 years).
Panels d–f repeat the three times for a 30 km elastic thickness. Each map uses a cm color scale and shows a broad, smooth,
fault-centered LOS lobe that grows in amplitude with time; thicker elastic crust yields smaller amplitudes for the same time

snapshot. Panel g shows the observed LOS displacement map for comparison.

jugate faults, with negligible contributions from viscoelastic527

or poroelastic relaxation. Our results improve understand-528

ing of coseismic and postseismic deformation processes in529

actively extended Earth’s crust in the Southern Tibet Rift530

Zone.531
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The supplementary figures and texts are in a 533

separate supplemental material file. The linear 534

geodetic inversion code can be accessed at https: 535
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at https://github.com/RongjiangWang/ 538
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Figure 10. Forward models of viscoelastic relaxation: LOS
displacements for Sentinel-1A descending track 121. Panels
a–c: 15 km elastic upper crust thickness, snapshots at 8
months, half Maxwell relaxation time, full Maxwell relaxation
time. Panels d–f: 30 km elastic upper crust thickness,

snapshots at 8 months, half Maxwell relaxation time, full
Maxwell relaxation time. Panel g: observed LOS
displacements. The Maxwell relaxation time is calculated
based on the regional rigidity and viscosity model of the upper
mantle (Huang et al. 2020; Tian et al. 2020).

Alt-text: Seven panels comparing modeled and observed Sentinel-1A descending track 121 LOS deformation from
viscoelastic relaxation forward model. Panels a–c show forward-modeled LOS displacement for a 15 km elastic upper-crust
thickness at three times: 8 months, half Maxwell relaxation time (24.8 years), and full Maxwell relaxation time (49.6 years).
Panels d–f repeat the three times for a 30 km elastic thickness. Each map uses a cm color scale and shows a broad, smooth,
fault-centered LOS lobe that grows in amplitude with time; thicker elastic crust yields smaller amplitudes for the same time

snapshot. Panel g shows the observed LOS displacement map for comparison.
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Text S1. Inversion of Geodetic Data for Static Slip Model13

Inversions of coseismic displacements for subsurface slip typically represent faults as superposed dislo-14

cations (1–3). Rectangular dislocations in homogeneous (4) or layered (5) half-spaces are common; TDEs15

better capture non-planar geometries (6–8). Because finite dislocations yield piece-wise constant (“stair-16

case”) slip, we invert surface displacements using piece-wise linear triangular boundary elements in a17

layered elastic half-space to obtain continuous slip.18

We first tessellate the 3-D fault surface (Fig. 3) into a watertight triangular mesh whose element19

size increases from ∼1 km at the surface to ∼5 km at depth (20–25 km), keeping the resolution matrix20

near diagonal (9). Each triangle is modeled by a superposition of equally spaced point sources (8). Green’s21

functions assume the 1-D rigidity profile in Fig. S4; for elements at the free surface we use TDEs (7) to22

avoid near-field singularities. For each triangle vertex, we compute Green’s functions by prescribing unit23

slip at that vertex with a linear taper to zero at vertices of adjacent triangles—analogous to linear basis24

functions in FEM (10). We then solve for nodal slip u on the mesh vertices from Gu = d, where G projects25

3-component displacements onto the LOS and range offset observations from Sentinel-1, ALOS-2, and26

LT-1 collected in d; u contains strike- and dip-slip components per node.27

F (u, λ) = ||Gu− d||2 + λ||∇2u||2, (1)

with || · ||2 the Euclidean norm and ∇2 a Laplacian smoothness penalizing curvature (11); λ is selected28

by L-curve trade-off (Fig. S5, S6). The discrete Laplacian on the triangular mesh uses an edge-hybrid29

scheme: cotangent weights for acute triangles and mean-value weights otherwise (12). For neighboring30

nodes i and j sharing edge ij (Fig. S7), with opposite angles θikj, θilj and vertices k, l, and positions31

pi,pj ,32

wij =


1
2

(
cot θikj + cot θilj

)
, if θikj , θilj ∈ (0, π

2 ) (both acute),

tan(θkij/2) + tan(θlij/2) + tan(θkji/2) + tan(θlji/2)

∥pi − pj∥
, otherwise,

(2)

and the node-wise operator is (12)33

∇2ui =
1

Si

N∑
j=1

wij(uj − ui), (3)

where Si is the mixed-Voronoi area (13;14) around node i (Fig. S7), assembled from triangle-wise34

contributions for triangle T (vertices i, j, k, area AT ):35

S
(T )
i =



1

8

(
cot θijk ∥pi − pk∥2 + cot θikj ∥pi − pj∥2

)
, if T is non-obtuse,

1

2
AT , if θkij >

π
2 (obtuse at i),

1

4
AT , if T is obtuse at j or k.

(4)

In a multi-fault setting where there are two faults with huge differences in mesh sizes, a single regu-36

larization strength may act unevenly: one fault can be over-smoothed and another under-smoothed. We37

apply a normalization process to the smoothness matrix, which is to scale the operator by the median38

edge length, removing the mesh-dependent bias so that the penalty measures roughness consistently.39

The design matrix stacks G with a symmetric, sparse regularizer that independently smooths strike-40

and dip-slip. TDEs at the top are tied to the top nodes of the linear triangular elements below, and we41

impose soft zero-slip at lateral and basal boundaries (15). Inversions use the SlipSolve package (16).42
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Satellite Track Orbit Acquisition dates B⊥ (m)

ALOS-2 165 descending 2024/10/15 – 2025/01/08 60

Sentinel-1A 48 descending 2024/12/27 – 2025/01/08 49

Sentinel-1A 121 descending 2025/01/01 – 2025/01/13 15

Sentinel-1A 12 ascending 2025/01/05 – 2025/01/17 50

LT-1 70 ascending 2024/12/06 – 2025/01/07 551

Table S1: SAR data used in coseismic slip modeling. B⊥ is a perpendic-
ular baseline between the respective repeat orbits.

Satellite Track Orbit Acquisition dates B⊥ (m)

Sentinel-1A 12 ascending 2025/01/17 – 2025/09/02 122

Sentinel-1A 12 ascending 2025/01/17 – 2025/09/14 218

Sentinel-1A 12 ascending 2025/01/17 – 2025/09/26 81

Sentinel-1A 121 descending 2025/01/13 – 2025/09/10 31

Sentinel-1A 121 descending 2025/01/13 – 2025/09/22 93

Table S2: SAR data used in early postseismic slip modeling. B⊥ is a
perpendicular baseline between the respective repeat orbits. The input
data is the stack of ascending and descending tracks from the table above.

3



Fig. S1: The line-of-sight displacement data used for coseismic slip model inversion. All panels share the
same spatial coverage.

Alt-text: Five LOS displacement maps with identical geographic coverage showing coseismic
deformation used for slip inversion from multiple sensors/tracks. Panels a–e display Sentinel-1

descending track D48, Sentinel-1 descending track D121, ALOS-2 descending track D165, Sentinel-1
ascending track A12, and Lutan-1 ascending track A70. Colors show LOS displacement in meters (red
positive, blue negative) with a strong two-lobed signal separated by the mapped fault trace (black dashed
line); a smaller nearby fault trace is also shown. Each panel includes an LOS look-direction arrow and a
color bar (plus and minus 0.4 m for Sentinel-1 panels; plus and minus 1.0 m for ALOS-2 and Lutan-1).
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Fig. S2: The range offset data used for coseismic slip model inversion. All panels share the same spatial
coverage and colorbar range.

Alt-text: Three maps of coseismic range offsets used for slip inversion, all with the same map extent
and the same color scale (meters, -1.0 to 1.0). Panels a–c show Sentinel-1 descending track D121,
Sentinel-1 ascending track A12, and ALOS-2 descending track D165. Colors (red positive, blue

negative) form a strong two-lobed pattern on either side of the mapped fault trace (black dashed line),
with a smaller nearby fault segment also shown. Each panel includes a range-direction arrow indicating

the measurement direction.
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Fig. S3: The line-of-sight displacement data used for postseismic slip model inversion. All panels share
the same spatial coverage and colorbar range.

Alt-text: Two LOS displacement maps used for postseismic slip inversion with identical spatial
coverage and a shared color scale (meters, -0.08 to 0.08). Panel a shows Sentinel-1 ascending track A12

and panel b shows Sentinel-1 descending track D121. Colors (red positive, blue negative) outline a
narrow, fault-parallel deformation signal centered on the mapped fault trace (black dashed line), and

each panel includes an LOS look-direction arrow.
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Fig. S4: The 1-D layered rigidity model for constructing the hybrid Green’s function.

Alt-text: Stepwise depth profile of the 1-D layered rigidity structure used to build the hybrid Green’s
function. The x-axis shows averaged shear modulus (GPa) and the y-axis shows depth (km, increasing
downward to 80 km). Shear modulus is about 25–30 GPa in the shallow crust, increases gradually

through the mid- to lower crust (about 30–45 GPa by around 40–50 km), and reaches higher values in
the upper mantle (about 50–65 GPa below around 55–60 km).
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Fig. S5: The roughness-misfit trade-off curve for selecting the preferred model smoothness of the coseismic
slip model.

Alt-text: Roughness–misfit trade-off (L-curve) used to choose smoothing for the coseismic slip inversion.
The x-axis is model roughness and the y-axis is RMS misfit. The curve drops steeply from high misfit at
very low roughness to a broad, nearly flat region where additional roughness yields only small misfit
improvement. A red marker highlights the selected preferred model roughness near the curve’s elbow.
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Fig. S6: The roughness-misfit trade-off curve for selecting the preferred model smoothness of the uncon-
strained postseismic slip model.

Alt-text: Roughness–misfit trade-off (L-curve) used to choose smoothing for the unconstrained
postseismic slip inversion. The x-axis is model roughness and the y-axis is RMS misfit. The curve drops
steeply from high misfit at very low roughness to a broad, nearly flat region where additional roughness
yields only small misfit improvement. A red marker highlights the selected preferred model roughness

near the curve’s elbow.
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Fig. S7: Illustration of Laplacian weighting schemes for acute (panel a) and obtuse (panel b) triangles.
Si denotes the Voronoi cell area in the case when none of the triangles are obtuse. The dark-shaded area

S
(T )
i represents the Voronoi cell of an individual triangle ijk, part of the total Voronoi cell Si of node i.

Alt-text: Schematic of Laplacian weighting for a mesh node i using Voronoi-cell areas, comparing an
acute triangle and an obtuse triangle. (a) Acute case: node i (red point) connects to neighboring nodes
including j, with angles alpha ij and beta ij indicated at adjacent corners. A light-gray polygon labeled
Si represents the full Voronoi cell area around node i for a non-obtuse triangulation, and a dark shaded
sector Si-T shows the contribution from one triangle ijk to Si. (b) Obtuse case: an obtuse triangle with
nodes i and j highlighted (red), and angles alpha ij and beta ij marked, illustrating how the weighting

geometry changes when the triangle is obtuse.

Fig. S8: The result of the initial round of dip angle grid search. Panel a: main-fault; Panel b: sub-fault.
The red point represents the dip angle corresponding to the minimum RMS misfit.

Alt-text: Two-panel dip-angle grid-search results showing RMS misfit versus assumed dip angle. (a)
Main-fault curve decreases from high misfit at low dip angles (30-40 degrees) to a minimum near 65

degrees, then rises again toward higher angles; a red point marks the minimum-misfit dip. (b) Sub-fault
curve is U-shaped over a wider angle range (40-150 degrees) with the lowest misfit near 60 degrees (red

point), and higher misfit toward both smaller and larger dip angles.
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Fig. S9: The forward modeling of viscoelastic relaxation projected to the line-of-sight direction of
Sentinel-1A ascending track 12. Panels a–c: 15 km elastic upper crust thickness; Panels d–f: 20 km elastic
upper crust thickness; Panels g–i: 25 km elastic upper crust thickness; Panels d–f: 30 km elastic upper
crust thickness. Panel m: original data. The three columns correspond to the snapshots at 8 months, half
Maxwell relaxation time, full Maxwell relaxation time from left to right. The Maxwell relaxation time is
calculated based on the regional rigidity and viscosity model of the upper mantle (17;18).

Alt-text: Thirteen panels of forward-modeled viscoelastic-relaxation deformation projected into
Sentinel-1A ascending track 12 LOS, plus one panel of the observed LOS data. Rows a–c, d–f, g–i, and
j–l show models for elastic upper-crust thicknesses of 15, 20, 25, and 30 km, respectively. Columns (left

to right) are snapshots at 8 months, half Maxwell relaxation time (24.8 years), and full Maxwell
relaxation time (49.6 years). Each modeled map (cm scale) shows a smooth, fault-centered LOS lobe

that increases in amplitude with time; for a given time, thicker elastic crust produces smaller
amplitudes. Panel m shows the original observed LOS displacement map for comparison.
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Fig. S10: The forward modeling of viscoelastic relaxation projected to the line-of-sight direction of
Sentinel-1A descending track 121. Panels a–c: 15 km elastic upper crust thickness; Panels d–f: 20 km
elastic upper crust thickness; Panels g–i: 25 km elastic upper crust thickness; Panels d–f: 30 km elastic
upper crust thickness. Panel m: original data. The three columns correspond to the snapshots at 8 months,
half Maxwell relaxation time, full Maxwell relaxation time from left to right. The Maxwell relaxation
time is calculated based on the regional rigidity and viscosity model of the upper mantle (17;18).

Alt-text: Thirteen panels of forward-modeled viscoelastic-relaxation deformation projected into
Sentinel-1A descending track 121 LOS, plus one panel of the observed LOS data. Rows a–c, d–f, g–i,
and j–l show models for elastic upper-crust thicknesses of 15, 20, 25, and 30 km, respectively. Columns
(left to right) are snapshots at 8 months, half Maxwell relaxation time (24.8 years), and full Maxwell
relaxation time (49.6 years). Each modeled map (cm scale) shows a smooth, fault-centered LOS lobe

that increases in amplitude with time; for a given time, thicker elastic crust produces smaller
amplitudes. Panel m shows the original observed LOS displacement map for comparison.
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Fig. S11: The forward modeling of poroelastic relaxation projected to the line-of-sight direction of
Sentinel-1A ascending track 12 (panel a) and descending track 121 (panel b). The poroelastic relaxation
is computed by subtracting the coseismic displacement under the fully undrained condition (Poisson’s
ratio = 0.25) from that under the fully drained condition (3) (Poisson’s ratio = 0.2).

Alt-text: Two maps of modeled poroelastic-relaxation LOS displacement for Sentinel-1A ascending
track 12 (a) and descending track 121 (b). Both panels share the same map extent (easting and

northing in km) and a color scale from -3 to 3 cm. The model shows a smooth, fault-centered pattern
with a positive lobe north of the main fault trace and a negative lobe near the southern part of the

fault; a smaller nearby fault segment is also plotted. Black dashed/solid lines mark the fault traces over
the deformation field.
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Fig. S12: Afterslip model with slip only allowed to occur in the upper 4 km depth. Panel a: slip dis-
tribution model; Panel b and e: subsampled input data; Panels c and f: forward model; Panels b and g:
data-model residuals.

Alt-text: Seven-panel figure evaluating an afterslip model restricted to the upper 4 km. Panel a shows
the inferred afterslip distribution on 3-D main- and sub-fault meshes (separate slip scales for each

fault). For Sentinel-1A ascending track 12 (b–d) and descending track 121 (e–g), the first column shows
sub-sampled LOS observations (colored points), the second column shows the forward-model LOS

prediction, and the third column shows full-resolution residual maps. Color scales are in cm; residuals
are generally low with localized misfit near the fault and masked areas.

Fig. S13: Afterslip model with slip only allowed to occur in the depth lower than 3 km and greater than
11 km. Panel a: slip distribution model; Panel b and e: subsampled input data; Panels c and f: forward
model; Panels b and g: data-model residuals.

Alt-text: Seven-panel figure evaluating an afterslip model with slip permitted only outside the 3–11
km depth interval. Panel a shows the inferred afterslip distribution on 3-D main- and sub-fault meshes
(separate slip scales for each fault). For Sentinel-1A ascending track 12 (b–d) and descending track 121
(e–g), the first column shows sub-sampled LOS observations (colored points), the second column shows
the forward-model LOS prediction, and the third column shows full-resolution residual maps. Color
scales are in cm; residuals are generally low with localized misfit near the fault and masked areas.
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