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Study of the seismogenic mechanism and three-dimensional
velocity structure imaging of the source region of the Ms6.8

earthquake in Dingri, Xizang on January 7, 2025

WANG Yue', HU Jing®*, MA Yawei', MENG Lingyuan', HAN Yanyan', HE Xiaohui**
1 China Earthquake Networks Center, Beijing 100045, China
2 School of Geological Engineering and Geomatics, Chang’an University, Xi’an 710054, China
3 Guangdong Provincial Key Laboratory of Geodynamics and Geohazards, School of Earth Sciences and
Engineering, Sun Yat-sen University, Guangzhou, 510275, China

4 Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai, 519082, China
Abstract In this study, we collect seismic P- and S-wave travel time data from January 1, 2015 to
January 22, 2025, recorded by the permanent and temporary stations to invert 3D fine P-wave and
S-wave velocity structures above a depth of 30 km and relocate seismic events in the Dingri area by
applying the double-difference tomography method. The results show that the aftershock activity
mainly occurred in the west side of Dengmecuo fault and the distribution of relocated the
aftershocks exhibit a strip along the near NS direction, with a length of about 80 km and distinct
segmentation characteristics: the northern segment has a north-northeast (NNE) orientation at north
of 28.9°N, whereas south of 28.9°N it swings to north-northwest (NNW); the middle segment
contains several branching faults, from west to east trending NNW, nearly NS and NNE,
respectively; the southern segment trends NNW overall. The main shock nucleated at the
intersection of the east-west South Tibetan Detachment System and the north-south Dengmecuo
fault. The focal depth of the mainshock is 11.6 km, and aftershock depths concentrate between 4
and 20 km, shallowing northward along the northern segment. The velocity structure is strongly
heterogeneous. The west areas of the source region are generally low-velocity, whereas the
mainshock and aftershocks are mainly located in the transitional zone between low and high
velocities, biased towards the high-velocity region. A pronounced low Vp/Vs anomaly is found
around the mainshock hypocenter. The comprehensive analysis suggests that during the steep-angle
subduction of the Indian plate beneath the Tibet, slab tearing enabled hot material to ascend through
the tear window or mantle upwelling to reach the mid-lower crust. This process created a stress
concentration zone in the mid-upper crust, where the interaction of several intersecting faults, under

the prevailing east-west extensional tectonics, ultimately triggered the Dingri Ms6.8 earthquake.

Keywords Dingri Ms6.8 earthquake; Double-difference tomography; Velocity structure; Earthquake

relocation

0 5l

ok



63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

P EHE G I E, 2025451 A 7 H 9B 54, ZE P8R H 6 X H W 2 H 2 (28.5°N,
87.45°E) K4 Ms6.8 HiE, EBIFIARE 10 km CFXEMREHH#E) . kEHEREG,
Z X BN GEZS T 5 H Ms6.8 B RIEIENLH], YN N IERT R CE SRR A5

> : https://data.earthquake.cn/gxdt/info/2025/334672994.html ; 3£ W E R

https://earthquake.usgs.gov/earthquakes/eventpage/us6000pi9w/moment-tensor; 1% [ Hh 2% H (> .

https://geofon.gfz.de/eqinfo/event.php?id=gfz2025albe) . & H X EMN T A R T HIL-ELE
Wi RS A5 WM (RS, 2025), REFV R oA, &R 54
K215 km HuR B 2457 (https://www.ief.ac.cn/kydts/info/2025/92313.html), FIHEN K ZEH

e AL S AR (545, 2025; Yao etal., 2025),

VR H AT T3 e R A R LR SR R R B (B 1), BT B AR RS
WOE ARG, 7E e R N T — RAURAE I RS, Wbeks K24 Je -
EHREA . BIL-EEHA. WARA-BEXMARS (Yinetal., 1999; 5KHEHTAE, 2002; Taylorand
Yin, 2009; KEAHSE, 20200, HHL-ESWR RS AE Z KGR, G ARNR IR
R BOR B RO IR, dbuints T4% AR PHIT, s ia . BIRTEE . B At 2L
R 7 km &b, 4K 60 km, WiZH T4 30~300 m. BALSEWIRTE 28.6°N [l HH LT,
28.6°N DAL NiEFgAbE ), 28.6°N LARg NAbZRE R (& 1b, F7) (HIgEEH RS, 2023;
FIF84E, 20250, 2015 4FJBTH/RK Ms8.1 MR R AE ST, A04 8 4 B WL P 1K) H 3L -8 45 2Ry
B BN ST AT INECOIRAS (ZEEGSE, 20245 Yue et al., 2025), SEJERAET 201544 A 25 H
2 H Ms5.9. 2016 4= 5 H 22 HE H Ms5.3 FlEsh Ms5.3. 2020 4 3 H 20 HiE H Ms5.9 Hb
o MUE H Ms6.8 HiRE NI FL-E 45 W44 B A 2015 SELUREE R SR HE, NI TZIX
ARt FE A R HRAE T AR PRl

oI5 R 2 ) I T R b T R A 5 (S F 7 b R B R BT 2L . SRAS VR A i i L7 vk, T
RGO AR R BB AR HE (ERAESE, 2013; #H5SE, 2021 PRAVESE,
2022; EEISE, 2024; TULESE, 2024). ASCRFHXZEENT MG 7% (Zhang and Thurber,
2003, 20060, H:TPUHIX EHFE G WTE 2015 4F 42 2024 4IRS A GE H 1R 7B
VTR REARR A, DA e H MR 5 A B I sl & 1 s e H R 7 41 B AR, kA3 T e H
Hth 72 R YR Xt S0 A = 5 A M RIORS 38 O R AR RE 7 81, W15 43 M T T H M RE R R

Wi PRI RN


https://data.earthquake.cn/gxdt/info/2025/334672994.html
https://earthquake.usgs.gov/earthquakes/eventpage/us6000pi9w/moment-tensor
https://geofon.gfz.de/eqinfo/event.php?id=gfz2025albe

92
93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

29.0°1

28.5°

~ 28.0°

~
~

86.5° 87.0°

K1 (a) BFFRIXIME TS 5t Gl (b) WX Mi>1.0 #17E (2015.01.01-

2025.01.22) 434

Fl: GEAEBARE R, F2. MEEEAMILEEA, F3: BENCURBIRGT, F4: JeH—e HWR, FS:

HIL—E L, Fo: ARSI, F7. F44WA, DRX: ©HE, DIX: &4, CGX:
HBR2, CSX: K2, DMC: 44, JCX: MiE2, CWX: #% 2.
Fig.1 (a) Tectonic background of the study region and distribution of stations; (b) Distribution of
M;>1.0 earthquakes from January 1%, 2015 to January 227 | 2025

F1: Southern Tibet Detachment System, F2: Indus-Tsangpo Suture, F3: Longger rift, F4: Nima-Dingri rift, F5:

Shenzha-Dingjie rift, F6: Yadong-Gulu rift, F7: Dengmecuo fault, DRX: Dingri County, DJX: Dingjie County,

CGX: Cuoguo Township, CSX: Changsuo Township, DMC: Dengmecuo Lake, JCX: Jiacuo Township, CWX:

Chawu Township.
1 BARA 7%
1.1 Ho¥E FOkl R
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1A 1 HAE2025 4 1 A 22 HRFRARRE, SR IIcE H Ms6.8 #EEH 500 km
A & (B 1a), HAGRIFIE 35 AN B iiid KB 6828 /NMLE P YIRS ] % FIif
Bd, BT P BOHEEE A S PO E A K S, TR 35 AN G 29 AT EIX i
MRE S uEAE HHEEREE 6 MashEul (B Do RERUEER BRI T 5, 215 1 &
I 125 ZE I 2 3 FPLASME P Bl S STz B, e rb I il 4 4] 22 A IR R v BRG]
1S3, HARER — O N )18 T, R, DS Po AN Sn BIRZAE, £ER 300 km
AN Gt (B 2). ORuEE EE S A e A 45 R AR e v, AEAEfS R - & bk B 77 AL
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Fig.2 Travel-time as a function of epicentral distance for P wave and S wave
The black lines represent the fit lines, the green lines represent the errors within 3s.
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P B 22 A, AN DA S T R 400 P = ek 240, T L T AR A0 T2 B e 1 s 45 R,
DRI A 32 7 P AR [ R D 3 3 4 ) A R 3 RE F e A R (Zhang et al., 20195 Zuo
etal., 2020; L, 2020; FHZ, 2020, RETE, 2024). HAKEIESH Zhang Al
Thurber (2003, 2006).

1158 H 1 X SR B RS AN ) B S5 R S5 R (Liangetal., 2016), BALZSHY
B (2025) KT Zhangetal (2010) HIE T 5 (1983) MR B EM  TBFFT
X —4ed EARA (3R 1), B S HE RGBT T4 R, W 1.69 (Heetal,, 2014). @il
ECAEAN ] 9 WA 1) 3, B 286 7 AT 7 T SR A 0. 100, 1A IS T B, S8 5 1 K | Z=0 ke,
5km, 10km, 15km, 20km, 30km, 46km, 73 km. IR PHE /D —izsRiE, R
UFRESE IR, ARSCRA L-curve J7 068 BB BRI 7 RIS AL F- 3 IR 30 A7 BUH 43 b
(Hansenand O’Leary, 1993; FR4kIE, 2018; XSILREE, 2020). @i HLH s B AR 25
RN E TR A IR ZE 2 MR R, RZOERRMIAJEH T 300, #AFHEETA 20
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I 5k 72 250 77 AR SR J5 23 73009 0.84s 1 0.22s, N2 74%.

R 1 58 H bR R R X A i A A

Tab.1 Initial velocity model of the Dingri earthquake region

JE AR /km v/ (km-s™)
0.00 5.60
5.00 6.00
10.00 6.10
15.00 6.20
20.00 6.30
30.00 6.50
46.00 6.60

73.00 8.30
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Fig.3 Selection of optimal smoothing factor (a), damping factor (b) and comparison of absolute
travel-time residuals before and after inversion for P wave (¢) and S wave (d)

(a) The black circle represents the optimal smoothing factor of 20 used during the real inversion. (b) The
black circle represents the optimal damping factor of 300 used during the real inversion. White histograms
(before inversion) and gray histograms (after inversion) represent distribution of absolute travel-time

residuals for P wave (c) and S wave (d), respectively.



164
165

166

167

168

169

170

29.0°N A

28.5°N A

28.0°N

29.0°N

28.0°N |

29.5°N

5.0
2.5
87.0°E 88.5°E 89.0°E $7.0°F 88.5°E 89.0°F 87.0°E 88.5°F 89.0°F
0.0
=25
-5.0
87.0°E 88.5°E 89.0°E ) 87.0°E 88.5°E 89.0°E 87.0°E 88.5°E 89.0°E
ﬁo.ookm w “
k )
[ ¥ B
5.0
2.5
0.0
=25
-5.0

4 Vo R Vs £E A [FITR S OS2 45 2R
ROBELACRIKE L 0.85.
Fig.4 The checkerboard test results of V'p and Vs at various depths

Black dashed contours enclose areas with restoration value equal to 0.85.
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Fig.5 The checkerboard test results of ¥ and Vs at various slices
Black dashed contours enclose areas with restoration value equal to 0.85.
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Fig.S1 Distribution of relocated events from Jan. 9™ to Jan. 22"
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Fig.S2 Seismic relocation recovery map for events from Jan. 7% to 8.
Left figure: gray circles present the real location, red circles represent the initial location, blue lines link the real
location and the initial location.
Right figure: gray circles present the real location, red circles represent the recovered location, blue lines link the

real location and the recovered location.
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Fig.S3 Seismic relocation recovery map from Jan. 9™ to 2219,

Left figure: gray circles present the real location, red circles represent the initial location, blue lines link the real

location and the initial location.

Right figure: gray circles present the real location, red circles represent the recovered location, blue lines link the

real location and the recovered location.
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Fig.S4 Comparison of velocity models from different inversion results at 10 km depth
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591 (a) USTClitho2.0 7p model (b) CSRM1.0 ¥p model (c¢) V» of this study (d) USTClith2.0 Vs model (e)
592 CSRM1.0 Vs model (f) Vs of this study
593
286 288 30280 286 288
" Latitude (degree) : " Latitude (degree)
g 10
4 Longitude (dxi;_ze) 4 Longitude (dig;)
o Longitude (d8e7gr6ee) 4 Longitude (fgfu)
7 Longitude (ds.:;':c) 7 Longitude (ai-;z)
594 o ° Vp/Vspenurbanon(/o)
595 Kl S5 DUANHITHIE) Vol Vs #“M)i
596 FEHVRERAL, A5 5 MR L.
597 Fig.S5 Checkerboard test results of four slices of Vp/Vs
598 Left panel denotes true checkerboard models of four slices, and right panel denotes restored checkerboard
599 models of four slices.
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604 Fig.S6 Recovery test results of four slices of Vp/Vs
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605 Left panel denotes true checkerboard models of four slices, and right panel denotes restored

606 checkerboard models of four slices.
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