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Figure 1 Geological setting of study area and imaging results of S-wave velocity. (a) The seismic events (stars) and stations (squares) involved in the
inversion. (b) Map view of S-wave velocity at 16 km depth. White star denotes 2022 Luding Ms 6.8 earthquake; the arrows indicate the vertical
movements inferred from precise leveling data (relative to ITRF2008 reference framework). SB: Sichuan basin; BHB: Bayan Har block; QTB:
Qiangtang block; CXB: Chuanxibei sub-block; CYB: Central Yunnan sub-block; YZB: Yangtze block; LMSF: Longmenshan fault; XSHF: Xianshuihe
fault; LJ-XJHF: Lijiang-Xiaojinhe fault; ANH-ZMHEF: Anninghe-Zemuhe fault; XJF: Xiaojiang fault; RRF: Red River fault
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Figure 2 The recovery test of anomaly body around the focal region of the Luding Ms 6.8 earthquake. (a) True SV velocity perturbation; (b) Fréchet
kernel of SH wave; (c) Fréchet kernel of SV wave. The unit of the colorbar is 1.0x10™ s¥/m*

BT RE XK, HVayS5VsZ
Tradeoffn] AZ WA, HTFAERPIE K
8P Fréchet BUBAZ AR TR Y SR 7
), i LAk — gl R W FRAT T A S it
SRR AT R (15]2).

fief 7K T W s R I AR K T 3
PSR I KB R Z —, F5%T -
WA K 287 AR, 2 BRE N RSE(Glo-
bal Positioning System, GPS)WF45% 7R,
HeRg AR B A e 1 4 9~10 mm/a, 3
FEBS AR AT UL R Y
FEMs  6.8HFE N E A (www.globalemt.
org; [¥12(a)), FRWIH FZE i )IE A
5 B R A 22 8] (4 25 5328 Bl i B
1. BRI, IZ MR KA
i, HRUR 5 e R B A 5 AR
FRGH XA LI L. i,
FRATLS T HE29.6°NA102. 1°ER B4
8 3P b R AR VR DX Y 2 1) ST L AR
)25 ) SRR AN AR L Y] B B3 F14(a)~
(DR, PIEHRRRX T Ir e R
RS Ui (—6%) T TAAR HL 57 (0.30), I8
FEFEE 215 kB F 10 T5ES. —f0m
H, HSEE A R R AN AL L
TR B R 4
PR, BRI, HAIAM RE R &
A A R B R IR, A
B (L A M Rl B9 i 2 2L Sk
M BEMART. DI, (RSIE AT

2644

€ 6000 | @ X Latitude=29 6°N
p

o

< 3000

>

]

w 0 |

Depth (km)

92°E 94°E 96°E 98°E 100°E  102°E  104°E 106°E

Depth (km)

92 94°E 96°E 98°E 100°E  102°E  104°E 106°E

0 —~

1@ / 032
15 =/ :

E | g M 030
£ o+ T 0.28
3 I B 0.26
S Sy 0.24
60 - 0.22

] T

92°E 94°E 96°E 98°E 100°E  102°E  104°E  106°E

Bl 3 Wrdbsh29.60mt R iR (a)s SPHHEMRSI(b) . AR 10 2% 8 St (o) FVAAL HE(d) 3 [ U0
. AT AR E R, IREAC R Moho T IR, Ay SO AL rp ST 3 4.1 k/sXof i
BRR A ST 4% €0 0l L X 107 5 7 A M i AR N BIMoho TR (V. ;- 38U 28 (H A R MR
JRITE

Figure 3 Vertical cross section with surface elevation (a), S-wave velocity perturbation (b), radial
anisotropy (c), and Poisson’s ratio (d) along 29.6°N. The white star denotes Luding earthquake; the
gray line represents the Moho, which is derived from the depth corresponding to the S-wave velocity
of 4.1 km/s; the purple circle corresponds to the position of Moho relative to the Luding earthquake;
the reference speed is the average value of each depth layer
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Figure 4 Vertical cross section with surface elevation (a, €), S-wave velocity perturbation (b, f), radial anisotropy (c, g), and Poisson’s ratio (d, h)
along 102.1°E and AA’ profiles. The white star denotes Luding earthquake and the purple stars denote two historical large earthquakes occurred in
Xianshuihe fault; the gray line represents the Moho, which is derived from the depth corresponding to the S-wave velocity of 4.1 km/s; the purple circle
corresponds to the position of Moho relative to the Luding earthquake; the reference speed is the average value of each depth layer
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Melt/fluid migration and the 2022 Luding Ms 6.8 earthquake

Xingpeng Dongl, Dinghui Yangz* & Weijuan Meng2
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The main seismogenic fault of the 2022 Luding Ms 6.8 earthquake is the Moxi fault in the southeast section of the
Xianshuihe fault zone, which has caused serious casualties and heavy economic losses. Historically, a destructive
earthquake of magnitude 7% occurred on the Moxi fault in 1786, which caused landslides around the area to block the Dadu
River and caused serious flooding. Therefore, studying the deep structure, thermal-rheological state and deformation
characteristics of the Luding earthquake and its surrounding areas will help to deepen the understanding of the preparation
and occurrence mechanism of large earthquakes in this region. The time scale of large earthquakes can be as long as
hundreds of years or even thousands of years. It is not a simple elastic behavior, but involves a complex rheological
process. Therefore, obtaining high-resolution and multi-parameter three-dimensional (3D) images of crust-mantle structure
(such as velocity, anisotropy, Poisson’s ratio, etc.) of the eastern Tibetan Plateau and discussing the seismogenic tectonic
background of large earthquakes in this region are the current hotspots and important directions. To achieve this goal, it is
necessary to develop a method that can maximize the use of all useful information (including travel time and amplitude) in
seismic waveform signals. Full waveform inversion can simultaneously use phase and amplitude information in seismic
records to constrain subsurface structures, with a resolution up to half of the shortest wavelength, which is superior to other
traditional tomography methods and is a very suitable choice.

In this study, we use the full waveform inversion method to obtain high-resolution seismic wave velocity, radial
anisotropy and Poisson’s ratio structures around the source area of Luding earthquake. In order to verify the reliability of
the imaging results, we carried out a recovery test. A small low-velocity perturbation of SV wave is placed near the source
area in the initial model and then the Fréchet sensitive kernels of the corresponding SH wave and SV wave are calculated by
using the adjoint method. The results suggest that the Fréchet kernel pattern of SV wave is generally consistent with the
shape of anomaly body and the tradeoff between Vg and Vsy can be ignored. Since the Fréchet kernel indicates the update
direction of the model in full waveform inversion, the recovery test demonstrates that our imaging results are reliable. The
focal mechanism solution shows that the Luding Ms 6.8 earthquake is a strike-slip type (www.globalcmt.org), indicating
that it is mainly controlled by the differential motion between the Sichuan-Yunan block and the Bayan Har block. However,
whether the earthquake was only controlled by horizontal motion still need to be further clarified. For this reason, we give
the vertical profiles of the S-wave velocity perturbation, radial anisotropy and Poisson’s ratio along 29.6°N and 102.1°E
across the focal area of the Luding earthquake. The results show that the Luding earthquake occurred at the edge of the low-
velocity perturbation. There is an anomaly region of low S-wave velocity, negative radial anisotropy (Vs;<Vsy) and high
Poisson’s ratio just below the source area of Luding earthquake. The formation of this region may be related to the fluids
(including partial melting) within the deep crust and upper mantle. These melts/fluids probably migrate upward along the
inclined Moho and/or intracrustal faults, causing the weakening and stress concentration of the seismogenic layer in the
middle and upper crust, and leading to the occurrence of earthquakes. Our tomographic results indicate that melt/fluid
migration might play an important role in the initiation and rupture of the Luding earthquake.

Luding earthquake, melt/fluid migration, full waveform inversion, seismogenic mechanism
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