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Abstract The May 21, 2021 Ms6. 4 Yangbi earthquake source area is located west side of Weixi-

Qiaohou-Weishan fault, belonging to Chuandian block west boundary. In recent years, there
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have been some moderate and strong earthquakes in this area, and the seismic activity is relatively
active. Studying on relocation of the Yangbi earthquake sequence and imaging fine velocity
structure of the Yangbi Ms6. 4 earthquake source region and its adjacent area is important to
understand the characterization of the seismogenic zone, the mechanism and rupture process of
the Yangbi Ms6. 4 earthquake. In this paper, we collected 36938 Pg and 32111 Sg arrival times
received by permanent stations from January 1, 2008 to June 3, 2021 and conducted a study of
3-D seismic velocity structure of source region and relocation of the Yangbi earthquake sequence
with a new triple-difference tomography method (tomoTD). The result shows that: (1) The
aftershock activity mainly occurred in the west side of Weixi-Qiaohou-Weishan fault and the
distribution of the aftershocks exhibit a strip along the NNW direction. Combining with focal
mechanism solutions of strike-slip faults suggests that the NNW direction potential fault is the
main seismogenic structure. The north-western section of the NNW direction fault is a strike-slip
fault with a steep dip and a relatively single structure, and the south-eastern section is composed
of two branch faults. (2) The occurrence of mainshock and the distribution of the Yangbi earthquake
sequence are coincided well with the crustal structure of velocity heterogeneity. The mainshock
and aftershocks with a magnitude larger than 4 seem to occur at the transition areas between high
and low velocity anomalies or at the boundary of the high velocity zone and the aftershocks mainly
occurred in the low velocity and high V;/V zones and some high V;,/Vs anomalies are below and
above the mainshock, which suggests that regional stress field is accumulated in the rigid medium
of the seismogenic zones, and fluids from middle-lower crust (or the partial melting of crust
materials) intrude into the seismogenic zones, which weakens Yangbi Ms6. 4 mainshock zone. In
addition, the low V;/Vs zone, located southeastern side of aftershocks, may have strong rigidity
and prevent aftershocks spreading towards the southeast. (3) Combined with the study result of
2013 Ms5.5 Eryuan, it is speculated that there may be a large NNW potential fault on the west
side of Weixi-Qiaohou-Weishan fault.
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Fig.1 Tectonic background of the study region and epicenter
distribution of moderate and strong earthquakes
The yellow star denotes the epicenter of the Yangbi mainshock
with a magnitude of 6. 4. The beach ball represents the mainshock
focal mechanism (Wang et al. , 2021). White circles are earthquakes
(magnitude >>5) occurred since 2008. Yellow circles are earthquakes
of the Yangbi earthquake sequence with magnitude larger than 5.
Gray circles are epicenter distributions of the Yangbi earthquake
sequence. Black lines are fault traces. F1: Weixi-Qiaohou-Weishan
fault; F2: Chenghai fault; F3. Red-river fault; F4. Lancang-river

fault; F5: Nu-river fault. Black circles denote place names.
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Fig. 2 (a) Distributions of earthquakes, stations and tomographic grid nodes in the study area, (b) statistical
histogram of focal depths for earthquakes, and (¢) travel-time as a function of epicentral distance for Pg wave and Sg wave
(a) Red circles are historical earthquakes during January 1, 2008 to June 3, 2021. Blue triangles denote stations. The black crosses
represent the distribution of imaging grid nodes on the horizontal plane. X axis is rotated by 45 degree clockwise from North to be
parallel to the Yangbi earthquake sequence and the main fault (Weixi-Qiaohou-Weishan fault) in the study area. (b) Red and blue
histograms represent distributions of focal depths for all earthquakes and the Yangbi earthquake sequence, respectively. (¢) X and Y
axes denote epicentral distance and Pg (or Sg) travel-time, respectively. Scatters outside the region outlined by black lines are removed

as outliers.
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Fig.3 Selection of optimal damping factor (a), smoothing factor (b) and comparisons of

absolute travel-time residuals before and after inversion for Pg wave (¢) and Sg wave (d)

(a) The black circle represents the optimal damping factor of 200 used during the real inversion. X axis represents normalized L;-

norm of the model. (b) The black circle represents the optimal smoothing factor of 20 used during the real inversion. X axis

represents normalized L,-norm of the slowness model . White histograms (before inversion) and gray histograms (after inversion)

represent distribution of absolute travel-time residuals for Pg wave (¢) and Sg wave (d), respectively.
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(1998) £ i Ay S s, BI XS T-565 ¢ A RA% S A &

Zw](Dm‘,, + Dnr;)’
BRSO R, =
2> (Dnt’ + Dur?)

D) ;H\:EP Dﬂl‘,] *ﬂ

Dnr; 3 30 T A% 5 ¢ BESIE 09 WA 7 B A LS

1R B R S VIR B0 B B S R L Ml RS R AR
T R A 0 AN Bl Zelt (1998) 346 B v T /K - 1 _F DA
A S 7 Sy e B E 2R AR Y 1R A T T
SRS A IR AR Guo 5§ (2021) 44 3% J7 1 4
i) =4 R B A S 7 BT TR B XY VR Z
6 /™5 1] R AH 0 P A . AS SCIE PR 2 @ A% A5 5 km
T B P 08 PR R T SR A SR R A2 L R IR
SEPEARA 0. 85 1Y 55 I 4 43 5% B A I A Pk 52 DN 4 45
PRy B 4 MK 5 R B ARE XL T
PR KT 0. 85 By IX 5.
3.4 EEMRESMH

i F tomoTD RH T LSQR LKA L CR &
AT SR A0 A B ) SR AR AR T R TR R T T LA
25 0 MR R A R 25 A T A R R T
255 i R 1T (HypoDD) 1 5 2 7 i 4% 5, {0 o
I E AR 22 R RO 2 % R LI (Waldhauser
and Ellsworth, 2000). 24 T PEAl i 5% & 2 A7 iR 22
KK A B Bk (Efron and Gong, 1983 ;Efron and
Tibshirani, 1991 F SR i fl 4= 5k . 2021) #E47 43
Mr. A SCRE ML Pk 16 T 42350 48 % & i 54 90 %0 1y Pg
AN Sg P AE Ay WL K A o AR 20 I AR 7 A A
V7 2t 5 X ESCHE Al X B L ] B R ] 5 5 AR TR
1) S5 Y8 5 W BT R AT o7 AR F A R T 120 IR
BIEGITEE NG MR XY FIRE Jrm 1A%
(BRI 22 IR FLAR o Hb 72 8 L FE = A7 1 Y
W25 AN 6 s BEAR LAE X R Y 5 ) b Y g AL
TR 25 TR BE Ty ) b R 25 /0N, R e b R )Y 8 E
22 (|8 6a A b 1Y B A4 J5 FE) A8 7K - J7 ) BOIR FE T
mlZN Fo 2 6196 1) 1 7R 5 A 1% 25 (= A 1) %
ZB W EO/MTF 2 km.

4 4

A SO Y = E 22 2 B R BB (Guo et al.
2021) 38458 TS X 38, 5704 A (Hirp 2795 MR Ky
TR M 7R P 81D M 520K A 4 SR R I 3) 0k e i
TR IX B A PRI =4 Ve Vs 5 Ve / Vs 858, k8 53]
TREG B 8 75 R DX [ 23 B R 3k 5 km (8] 4
I 5). FE UG AR b 3o M R w25,
DR AL 35 F 350 0 i 5 A 21 s K0 5 0 7 15 AN HUAR S
EX QPR VAT S =X NI = A2 I =3 D il | g
A RS 3R AR R e R A s M i 22 1 3% 81 Ay 4 D
1HL» S BR 5% 22 K T 4T (5 19 & 36 %48 (Zhang and
Thurber,2003).
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Fig. 4 Vp and Vs recovered results of the checkerboard test at various depths
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Black lines mark fault traces. Gray circles represent earthquakes of the Yangbi earthquake sequence within +/—2 km of depth slices.
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Fig. 5 Vp and Vs recovered results of the checkerboard test at various depths

Symbols are the same as those of Fig. 4. Profile locations are shown on the slices of Z=0. 0 km in Fig. 4.

2400 - 2400 - 900
L @ ®) B ©
2000 1 F 2000 {7
1600 F 16001 F 600 1 L
21200 { | F 1200 |
O
800 1 - 800 | F 300 1 ml
400 - 400 A T
0 : D 0 : = 0 : :
00 05 10 15 20 00 05 10 15 20 00 05 10 15 20

Location error in X/km

Location error in Y/km

Location error in depth/km

B 6 FENIGRHELE X () Y () FIERE (o) J7 [ ik 2 H 77 K
P € B €0 A R T 43 ) 2% 78 T A R R e b 7R ) 51
Fig. 6 Error histograms of relocated earthquakes for X (a), Y (b) and depth direction (c)

White and gray histograms represent all earthquakes and the Yangbi earthquake sequence, respectively.
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Fig. 7 Distribution of earthquakes with relocation error within 2 km

(a) Epicenter distribution of relocated earthquakes (colored circles). Black star marks the mainshock and gray dashed lines are

positions of profiles (AA', BB', CC’' and DD'). Profile locations are the same as shown in Z=0. 0 km slice of Fig. 4; (b)

Distributions of earthquakes within 2 km of profiles. The magnitude scaled by circles. The size of colored circle is proportional to the

magnitude of earthquake. Black dashed lines outline faults. Different colors denote the number of days before and after main shock.
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Pl S22 0 o TS T AE TR 13 ~16 km 315 [ P9 22
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. FE 10 km AL R X BRE AY Ve Z549 2B R
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FMIK Vs 520 3T B8 S B T A FHE 435 1l AH X 4 R 114 170
L T e X I R B Ry i Ve B Vs 3. e
% XS R O AR EEAL Y Ve T Vs TER
] b R SR A AN B AT I 5 32 XS A2 2%
JRAR X I AR SCHE B ek DA S R B IX 38 AR A1 A L i
B DX R B 45 B (Huang et al. , 20025 X510
5, 20205 Liu et al. , 20205 X3, 2020) 56 ks 4.
4.3 EHEVRERESHELLEY
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Fig.8 V, distributions at various depth slices

Gray circles mark the Yangbi earthquake sequence, having relocation errors less than 2 km. within 2 km of depth slices. The black star

marks the Yangbi mainshock. Black lines denote fault traces. Red dash lines are contours with restoration values of 0. 85.

F U (Ve / V) & RAE 172 A 21 43 0 ) 2 i
£ R 1% 1 5 2 8 (Barton, 2006), [RILA SCA T
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Vs 1580 AT SEEE AT i Ve M1 Vs 1 AT &8 B2 2L ) ok 2
WX T PR S Bl T RO B K& T E A
i), B BB RS B) Ve / Vs fEBL T 3 5 A
BZHR5 5 (Allam et al. , 2012) {HJE1E —Z 55
BRI ST W B AF B B Ve / Vs
B (Allam et al. , 2014). Rk, R CH Ve 1 Vs
MRS L L[ 2931 Ve / Vs IR FE S BITE 43 393 5
Ve B Vs BRI BE G 4% Ve B Vs K EE KT 0. 85
149 DX Ay P AT 5 R v 1 XL B Ve L Vs B
HIRE LR T 0. 85 RIS X IAE S Ve / Vs Bn]
fFHI XL B 10 Ve / Vs I TH 19 28 68 5 226 [ 1Y
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Fig. 9 Vs distributions at various depth slices (Symbols are the same as those of Fig. 8)
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A FRAE. Huang %5 (2002) DL & F #5445 (2002) X =
A L DX P 3 RE 2 BT AR TR R B M 5T i
SR R R A A e IR 1 o 9B DX v 3 ALK

PR bR Y A B R R 25/ T 2 km [ HRE
A T AEVE— v o L 2 e, Skt
ViR A LN, REFEELRAIEFENAEE AT
i) AL AG VG T 1) A R B R A (B 7D R R b R
AR B e B AT m S R AR ] 5 E A RS
25 M — B Gl MR A . 20215 e 0 55, 20215 5 B 1k
I 6. 4 G R B B B B it R — ] b AR R M
JEHE 5T B Chttps: / www. eq-igl. ac. en/kydt/info/
2021/33884. htm)). B9 X I 4B X 52 H ML i 5 #4
R Iy 3 45 R LA & GPS il & (Wang and Shen,
2020) iR X3 3 R J3 3% 77 0] AL A VE-RE R AR E
TN A T E T T2 RS o b R ) AR TR ATL A S B

R AR (S0 45, 20205 T 4845, 20215 Xu et al. ,
2020). [A] R AL Y5 B e 34 Bl o A 45 2R B 7R 1% U
R I K Bl i 67 T 32 5% 7% TR 3 AR T 00 X ds (o v
SEAFL2021)  SWfH [ BT J2 T E R ¥ Bl o A 32 S
HHEART Y RCEARE.2021) 35X 5 A8 58 WL
B I 4 78 B0 A TE K 52 W 2 10 R R R O ) — 2L
[Fi) I A X 2 1 A% 5% 3 43 A 7E 3 5% R AR B AR XS P
g TR B v D L U B v T A DX BT 10D 2R B
10 e T B B 5 e ST R G L 8 BF S A 22 A AN [R]
X 1) i = F 58 o (Thurber et al. ,2006; Pei et al. ,
2010) R #RA KB T RESA 7R 1 A e T2 T bt 7 M)
MR B FFAE (L et al. 201353k ik, 2015).
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Fig. 10 Vp, Vs and Vp /Vs distributions at various vertical profiles
Black and red stars denote the Yangbi mainshock and earthquakes of the Yangbi earthquake sequence with magnitude value larger
than 4, respectively. Gray circles mark the Yangbi earthquake sequence. Those projected earthquakes are within 2 km of vertical
profiles, having relocation errors less than 2 km. Thin black lines are contours with restoration values of 0. 85. Thick black dash
lines outline predicted faults. Hvr and Lvr denote high and low Vp/Vs areas, respectively. Hvs denotes high Vs area. Profile locations

are shown in Fig. 7.

S A S I ISR 45 2R S 0 T B R ) L 2 SR 1 24 1) 75 7 1) 1R D 3 Hb o X3 (& 10 Hr DD 1D
JZ o 5 M B R AR A R i Bl O e i P JEYy 25~30 km, 545 1k T & Vs /MR B L X 35
HA% 4% J7 1] (Brietzke and Ben-Zion, 2006; Ampuero (K 10 # DD'#I1 Hvs/Lvr) . i Vs /&I 3 o] fg
and Ben-Zion. 2008) A CHE R B R AR EBILH G W AGE T B0/ 7 7L LB 8 0K 25 A ) 2 P
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B AN Sy R CZEVE IR 45, 2021). F 5B AR
22 SRR O T R AE T2 i AL B 5 R B R 2 R 2
2K (Guo et al. , 2018; M3545,2021).

Hb R AE 25 (] 1 4 A1 AT LK B2 SRR RE IR 1Y
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Y REJR IR TE 43 A (I 10) B2 M 1 7 W7 )2 fh 1 1) 7%
V5B o0 A 5 A A B ax = A i (AA" BB Al
CC) Y 72 76 R 5 5 18] | 3 B SR 26 B % 7%
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Fig. 11 Comparison of Vp distributions

(a) Vp distributions at depth of 10 km extracted from SWChinaCVM-1. 0 (Liu et al. , 2020) ; (b) Vp distributions at depth of 10 km in our

study; (¢) Vp distributions at depth of 10 km from Liu (2020). The black star denotes an earthquake with magnitude of Ms5. 5 occurred on

March 3, 2013 in Eryuan. White dots denote Eryuan aftershocks occurred from March 3, 2013 to June 3, 2013. The red star represents the

Yangbi mainshock. Gray dots denote Yangbi aftershocks in this study. The thick black dashed line indicates the inferred hidden fault.
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Fig. 12 Sketch map of seismogenic mechanism

(a) Vg distributions at depth of 21 km (adapted from Bao et al. , 2015); (b) 3-D sketch map of seismogenic mechanism

of Ms6. 4 Yangbi earthquake.
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