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Abstract We have fully collected the observational data of 634 stations (arrays) including Sichuan-
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Yunnan Regional Digital Seismic Network and “ChinArray Exploration-Southern Segment of the
South-North Seismic Belt”, and obtained the crustal velocity structure characteristics in Sichuan-
Yunnan region by using body wave tomography method. On this basis, the 3D P-wave velocity
structure in and around Yangbi Ms6. 4 earthquake region is analyzed and studied. Then, the 3D
apparent density inversion of gravity data in Yangbi earthquake region and its surrounding area is
carried out, and the lateral variation characteristics of apparent density in different depths of the
crust are obtained. Finally, the relationship between crustal structure and seismicity, and the
background of deep seismogenesis in Yangbi Ms6. 4 earthquake region are analyzed. The results
show that: the P-wave velocity structure and apparent density distribution characteristics of
Yangbi earthquake region have good relationship and comparability in depth and zoning characteristics,
and the inversion results of 3D velocity structure and apparent density show obvious lateral
uneven distribution characteristics. The Yangbi Ms6. 4 earthquake is located near the transition
zone with high and low abnormal values. The distribution characteristics of velocity structure and
apparent density are different on the north and south sides of the earthquake region, which
indicates that there are significant lateral differences in the crust medium in the earthquake
region. The Yangbi Ms6. 4 earthquake sequence is mainly distributed in the southeast direction of
the mainshock, it is a strip distribution in northwest-southeast direction along the Weixi-Qiaohou
fault, with a length of about 20 km, and the dominant distribution layer of focal depth is 5~15
km. The Yangbi Ms6. 4 earthquake and its sequence are located near the transition zone of high
and low velocity anomalies. The inhomogeneous distribution of medium structure in the crust of
the earthquake region is the deep structural factor controlling the distribution of Yangbi
earthquake and its sequence. Our results also reveal the most significant feature of low velocity
and low density anomalies near Eryuan, the north side of the Yangbi Ms6. 4 earthquake region.
The results are consistent with the geothermal distribution of the hot springs developed on the
surface and the high geothermal flow value of the earth. These suggest that the mechanism of
Yangbi earthquake is closely related to the thermal anomaly and deep process from the upper

mantle, besides the southeast escape of the material in the eastern margin of the Tibetan Plateau.

Keywords Yangbi Ms6. 4 earthquake; Crustal velocity structure; Seismicity; Deep seismogenic
environment
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Fig.1 Topography and tectonics of the southeastern Tibetan plateau
The red star denotes the location of the Ms6. 4 Yangbi mainshock. The abbreviations are; LMSF: Longmenshan Fault; XSHF:
Xianshuihe Fault; ANHF: Anninghe Fault; NJF: Nujiang Fault; LCJF: Lancangjiang Fault; JSJF: Jinshajiang Fault; RRF: Red
River Fault; NTHF: Nantinghe Fault; LJ-XJHF: Lijiang-Xiaojinhe Fault; XJF: Xiaojiang Fault; LFF. Lianfeng Fault; ZTF.
Zhaotong Fault; YZ. Yangtze Craton; SCB: South China Block; CXB: Chuanxibei Sub-block; CYB: Central Yunnan Sub-block;
IC: Indochina Block; MYTB: Myanmar-Yunnan-Thailand Block; SC Basin: Sichuan Basin; SGB: Songpan-Garzé Block.
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Fig. 2 Seismotectonic setting of the Yangbi Ms6. 4 earthquake region in western Yunnan
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Fig. 3 Distribution of regional digital seismic stations, dense mobile seismic stations (arrays)

and location of seismic events

The red triangle denotes the regional fixed station, the blue square denotes the mobile seismic array, the yellow circle denotes

the distribution of seismic events,the red star denotes the location of the Ms6. 4 Yangbi mainshock, and the green frame denotes

the scope of the study area.
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Fig. 4 The checkerboard resolution test at different depths

The red star denotes the location of the Yangbi Ms6. 4 mainshock.
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Fig. 5 Distribution of P-wave ray paths in the study area

The red star denotes the location of the Yangbi Ms6. 4 mainshock.
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Fig. 6 The images of P wave velocity disturbance at different depths

Black lines denote main faults in the study region, red star denotes the Yangbi Ms6. 4 mainshock.

TREE SR A WK M — 7 T A S 1 PR 5 B A v LR
HA S FE AR 1) 1 R B BRI 3058 P 3 B LUIRME
S O X — A R S AT BE A5 R T 48 s
IR S R AT R AE AR — B (B SCR A5, 2015 BHR AR
2020).

Wit S5 TR JBE 1 I PR TR X B ] i b e
JEE S5 e o3 A R Ak B B — E R A2 4K . 20 km Al

25 km W SR TR XA Lok B NE 2208 3
A PG A A IR S ) DY R O G 4 TR S
W 2L H 3K 2 e BT A B S h A B T DUAE R
NG T8 45 B S H (CE RS, 2002 6%,
2014 ; Bao et al. s 2015) , [a) Bt R+l 6, 1 0 8 4455 SR o,
FZ IXRTR & B A R H 7K R AE ) I BE
JZ (PG %, 19895 28 SCHE 4, 2016). 7% X DL EE 1 2%
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B — S5 3t K - — B 1 R0 R SRR AR AR TH A
T H Bl PR L 4 36 I i e A2 . 30~ 50 km I8
JEE AL 1 P o B2 45 A B R R AR X LA R R 7 Y
PSSR RAAE L T8 T 5 (2017) W PR 25 R R % X
5T b R S BB A AR B S R B R R
B BT WO O 22 B RSP R AR A K —
A0 11 A5 DX IUAT A P 58 1 1o BEL 5 DR

4 = YRR R

R TR M Ms6. 4 R i 7E DX M 7 A 7] R B
S AL TR )RR [ R A RRAIE L 43 HT R I b 52 AR DX Ry A
JEPE A2 52 5 AT R — Fh 2k T2 3 03 B
SIE A 4 = AR B By kL 3% R 1A AN AEAR
22 Al 72 DX 0 5008 A 3R b 55 45 B BF T 4 TR
U 3 (Pawlowski, 1995; Fedi and Florio,
2002; Cooper, 2004 ; #H#i%,2007,2009; %4 %
45.2008) .« 1fif HLAE B 5¢ — 26 58 52 X (A& ) Ms6. 5
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A2 VR Ms6. 3 MR ) B R 4 R A SR B Ty L
il Jy Th L B WA B 7Tz B (R R AE L 2015,
2019).

K7 R T M6, 4 PR RE XA W) 3 2 /9 AL
BT S A5 0T LA PO TR B A A S 0
A1 REAE A R B AN A IXRRAE B 2 A i A BB % A ]
PO, I 5 ke 8 B2 J&T AT I rh B 4K Py 3 42 7Y A 1
AL NS ] 8 i 750ty DX AR X 18 2% 2 s {8 57 o P AIE
3TN 22 T8 P 0K 74 b 3 A v ) A i A 4
PG I W 28 0 L 0 T B I A 2 R A A e
D R U5 7 VR A U R ARG B e 0 AR AE
it nfr i DX A AR T S 0 A, A IR R R
T3 — S (BRI 2, 2002; Lei et al. , 2009a; %
BevB4E, 2011; FW4E, 2012, 2013). Mk 10 km %
FEP E0T LA H 4 PG R 3 iy o 2 B S o ROR AP TE
AR WL Ms6. 4 Hy 5= A7 T g 0L %5 B8 5 o A ol
A BEE I R ek A2 DX LA G (4 48 7Y — % 5 I 2R o fa)
T DX TH 22 3 2% AR B PAT A IR S 3 9 S
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-0.02
-0.03

A
Depth=20km | = 0-04
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Fig. 7 The figures of 3D apparent density inversion at different depths

The star denotes the Yangbi Ms6. 4 mainshock.
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R AF (2015) A A3 BE I i U 46 4 F e BiLad 7Y
AN LTI W 2l SR AT, SR T 4 F s hE 5 A S
b Rl 1 A b A AR 2 L R 3R b e 2 R IR
B REARG (FR# B, 1994 5 Bk 75 S04, 2004).

Wil ST TR B Y 30, R AR X 58 9 AL R
SRR R B BB AE L 15 km KRR
P B A B V) (B 3R B T A2 X b N K e b
DA % B2 S o 4 A1 3 L K, ik 5 R AT B T 3R AR
HIPE W M6, 4 HbRE 72 X = 4 P i 8 B 45 4 FT 48 7R
AV S S R A R — B AR NS [ R A HE 1 R
EXT e 2 B S AR 3R T R VY A R A Y M oS PN A
TE A 1o 85 B TR 1 R AL ok R[] AR 2 45 3 e i R
S5 R R G Ak R R AE ) M RR AR 1 S HE (E R
2016). 20 km ¥R BE AL, 3 B 52 X0 #E AR B R
AR B 5 8 40 A R AE L JF TR BT W AV — T
S PR B B 0l s R X e N B A T e
BB 1) A8 A S 80T R R X R S B R A R H —

TR 3 L ST AE TR B T3 D LK Ms6. 4 M7= 11y
FAEARME T DR R AR AT A SR =4 P s BE 4G
) NI T S T 45 SR 3 48 7 1R X DL A7 AR AR
IR B 1) S A3 A L TR Ms6. 4 iR AR VR A A T AH
X e A 1 Ml e Y L N

5 g

5.1 EEEMBESHERFIISH

J T — B R U M6, 4 MR R X B A
FYRRAE 55 M2 P 9 43 A Z RIAFFE I SC &R, AT+
MBI R A WC SR P RE S 3 K 1 M A= 0 D £k
P 58T 2021 4E 5 H 21 H Bk Ms6. 4 HimZ 75
P AL TAE IR T 415 4 M =1, 0 R E R
L Il T 7 5 PR e b 52 T 5 43 A & (A
8). I ml LA M 3% 4 78 77 41 4 b o3 A 7E E R 1Y
SE il . I W5 % 4k 75— 7 J5 W 4 = NW i) % 47 4R 43
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Fig. 8 (a) Distributions of epicenter after precise relocation and the (b) A—A’, (¢) B—B', (d) C—C' profile,

and (e) the relationship between velocity structure and sequence distribution in earthquake region
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i K2 20 km, EEREHEE N 8. 607 km. 5
QDKM ERER ML REA K. H)F
5 RV A A JZ D0 AE 5~15 km, R FH 4 £
B AAE b SE T R N . T2 b R K A TR
VR AL i 55 M 7R N 2R B S P 45 R Chtp: //
www. cea-igp. ac. cn/kydt/278248. html) , B L Ik
b 72 B W2 1T E ) Ry 320° Zc A ] SWL 4E P — T
Ja—#Wr At B Bl LAk, ) AR S E T L
BTG B G WS R KGR E S 4
W7 2 R 2 L PG S IE P L — e KN 220 km,
SVASE ) NNW,SW ik 3=, BE A . © A = IR L
ffBIF 5% 45 AL WYL 2017 4F 3 J1 27 H R MsS. 1 K&
M4, 8 M 72 1 K R Ah) v Sl 4V — T I T 24 (TR B 45
2019) i M ER TSR R R W] TYEVE— SR IE WAL B
SRR DLk & A ik 22 vk i 24 & M 3 5 R 1
(Chang et al. ,2018) , Ju H R T S8 45K 4BV —Fv 5
W7 2 R JE 0 X3 A W )2 b i R AR i 2 IR Ms5. 0
DL Ry s s R, 4 2013 AR R Ms5. 5. Ms5. 0 M
R GRR/INHE R ET L 2014) #2016 4E = JB Ms5. 0 #l
= (Jiang et al. ,2019). K Ms6. 4 B R G M
5 N AR AR IR K B M R R A L R X
Hh 52 P 9] e A 5 7 PN R SR TR R A S5 45 ) S 1 T S
R F W ATy I — A AT BT (R 2 )

ZEG =4k PO B 2 R RN M R 5 R AT E Y
SERTT LR L, B M6, 4 b7 F 0 1 23 (8] 4 A
fiE 5 52 X 58 A Jo B 45 K A7 A2 % D) O R TR
M 6. 4 352 5% DX S ) 11 b Mo B 45 0 MK R 2
IR L Y Sl R [ S 2 5 3 A RRAE L R XA L G )
FEGEARRAE £ 5. Horp AR i R A TERR XL
A T 7 S U 43 A AE AR X DA . FRATT SO T
10 km % Ab B 7% 15 X ) B o 5 25 4 1 iz
IRVR I Ms6. 4 g2 A A= 7 ey AR B S 3k AT B O
([ 8e) , 3X Tl A i 4y 1 & 26 A5 Ak 1 300 55 mT BB A R
SER ML 7R 2 N R AR A R BB AL R e b RR T A A
A T A S R T B AT PR R M. 4
b 7R R DX 5T N A ST 45 K 14 AR 1157 43 A1 2 48 R Uk b
R S HL T B R A T A5 TR A s R 2%

5.2 RBERMEBRELS

el Ms6. 4 Hb 5% R XA F 7 9 = R R A
V§ = VTR 371 8 T 5 SR LA i — 3B 4 (R A
BEAE L 1987) [ M 2 2% 35 38 3a b JoT AN (]l Bk
Py PR 7 P 5T % XM 58 TR AR A5 4 JFHE I TR R
1o R R B K L P — Vb X A FE 5 9 4 T (Royden et
al. ,1997; Clark and Royden, 20005 Beaumont et al. ,

2004; Unsworth et al. ,2005; Schoenbohm et al. ,
2006). VEL VG Hi DX Y 7 R LR i g L R Y A I A
M4 E R A 2 5. 0 DL b L RR L 3% BT b IXf S
J&— I I Sl FU L b RE T S B H AR IR A A i
DX W2 X b 56 25 K4 R AT 1) WF 5% AT Ol b 72 4 3 3R
SV 0 3 52 155 Bl e a3 BT SR AR 27 A TR B
PR M6, 4 7R R X = 4k P 3 B 25 1 1
R X M 5 W) B A A L R ) 25 S, HLRR DX AE
Hh ) A 3 5 DX AE 15~ 20 km I Ji Y8 Fl A7 75 4% 58
SR AT YEVE T IS W RLE LD K 3 NW ) (19 4
iy, AL AL 5 4 VDV OR W 2R 2, 3L W) Al )1 22 B
R 0 g 74 A Qg il A0 AL L 2013) i v fa) — i
A g e ke D AN T ELVNG 1 A N DL B
TIvJG . He T A SO AT 1 L RE S5 25 21 AT A
ot 7 AT 2 1A AE R P G TR AR P 38 i
e i 55 ) IO I 1A i A% 114 3 T IR ) B AR AL B
HEVG—TT 5 W 2O BCAT T W 2T O M e TR T L
L FRATT I = 4 % B BT 45 SRR SR W TR Ms6. 4
b AT e AR B S 10 e P B T R R X
PAb %) 4 76— 7 S W7 28 0 ) 4 3 Y 2 B A Ik
Rl A ) AR S o 0 Y 17 32 DX L 58 40 o R R
. B TIZ X B S AR AE = AR R A 3
A AT 0 XF YR P M DX Y B BOHE R AT
e 22 RUBE 43 fifk R BT AR A5 1) i 7 — 4 5 32 25 M L 4
AR T — g (B R %, 2015) , M6, 0 L |- 9 3078
WL TR R B AY S R DS XA A B
70 MRS B 5 H 2 AR B S 6 10 7P R e ) o i sl )
AEA OCIK. H T3 A 78 N BT A0 %8 B2 10 Dt A A7
TEZ R T BEVE . ANl B2 A8 Ak L I ) 2 4k Ca PR A &
Uit A S5 N A5 T RE A 7 A B A P B S i, AN
233k A0 RE ) ARG T Lt 2 ) b e R )
Jo 7 A W 2y o PRI b e PN R A TE B AR R R R T B
5 B AT — g 1 IR L R Hb 5T 0 B W s
B A T RE 2 FECP IR b AR K A T 5T Y R B A
Bl 25 R & i 75 ) o U A2 i 3l B T ) M R Bl X
A R HEIN 6 G0 DL b M RR 5= v AL T M 5 I
B AR AR AR Sl L T RE S R BT b oe A E
it B AL E AW A () SCRAE L 2015) . H T R Ml v %
G CMT) J5 356 R R B A Tt v, S 38 728 A e I de %
SRR (R 95, 1997)  H AT B B 32 1 T
e A 1 DX P 2R R T Rt R R A Jo e A A R D F O
G 645 ,1998; Ogawa et al, ,2001;Chen et al. ,
2002 ; Unsworth et al. , 2004 ; & #1645, 2008, 2013;
Becken et al. , 2011) , U5 b 7 1% 5% B 58 X [
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rhOpT AR AR 5 W) o 0 S A G B B IR 4 X B AL
122 H e AIG L BEL R 1) 5 X (B SR A8, 2015). 4R E
A R PR DU R 25 SR R A T NV bR R A
VAR 114 v ) ) 36 T AR RS B 43 A1 AR BEL )2 (i
41989 2550 ZE 4, 2016) 43X 5 A ST 8 R 1 Hh )
iy DX JR AT AR T TG B Y R AR — B ok A
T PG IR G e A P 35 A A% 34 AR %% 2 4 I 1) SW
8B i R, 2 R B G VG T S T S S A A
T 118 235 K 260 R e P O e A1 T 2 AR B R R X
N 7 3 B e AR S B VG — % S T B P A A s
T B B X T RE R R M6, 4 R H
R A= (R TR R AL 3 5 S AN Bl ) 25 AL

BRI Z Ah o 25 18 B R U A2 XL R — R OGS
LAY Ml IR SR A T R i R (R O e S AR
Oy AR DA S b g POk R S E RS R (s
45,2018 8% 28 - 45, 20145 25 HoMk 4, 20195 Nie et
al. s 2021) , AT VR 3 4E VY — T J5 W 24 (140°) F st
ZEYE VY — T J W 24 (40°) 43 5 25 il T P 4% 2 o R ik
2R I AR 4 b R % R 5 R ) e 1 (T 90, NW-
SE I &% ki Ms6. 4 HirE 2 X N'W il #7778 Ho
76 ROBE WA AR B S ik — i B 3 R AIE L PR
R T e I o AR A0 %5 5 Y Al B O s SW-NE 1)
T I RER R T HE I Ms6. 4 Hb 2 52 X NE fl] ££ 7 Hb
70 ROBE B AR % B2 S 8 0 A » AR 3¢ % 78 15
km REME LA B MO AW aE A F—Ta
b 7% ) T 1 b 5 45 A8 25 R ) A T v )
DA 1Y) 5 52 S5 ) R AT 3 S 5 DX 0 1) 5 S
S AR 5 R XA AR R TR A K (R
Z5,2006) . - 1l 5y 8 0 il | S A O P b 9 AT el R
S (108 R AR G2 S B R R M (R R B A AR Y
BT R SR B T 5 R R XK R
%33 )2 ( Gold and Soter, 1984 ; Italiano et al. , 2000).

NW SE
0 1 " _I 1 1 6
10 ﬁ" | S
204 - 3 L L S
% 30 IR X (o %
| - L3S
-40 > - 3
-50 S | SRS 6
N | " | L | | L
18 ﬁ » 0.008
£ 20 = iy 0.000 g
2 2K -0.008 2
40 -0.016
-50 ! _ : : | : -0.024
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z/km

b M5 R I S U S R L T A R T A TR
T AR AT A ) b 3 3 B e S TE R L o b b R
J2 M A TR DK A A B 2K TS (2014)
DA 33X 2 B X PN I A S B R b e
BT T R L AE KN 1 3 AR 51k
i Hb 7 17 B v ) S b AL A T S fi T 2R B 4
RSN R AR HL R, F =% (2018) i 3 He [6 47 % 19
B 25 A8 A R AE BT 50 7 980 555 AL 7R B 2k M AR 5 b R T
Bl A ER TR O AR T 2 T BRI X HOIR A i ek A
J2 filh 2 K M R Y S B K. Nie %5 (2021D) BF 58 4%

TR K E i b g Pl B AR, R &
2% X 5 A P b A X B R SR AR (202D LT
T E AL AN R ) 3 B A5 R A Sy b R T 2 1 k&
A FH B VRS 1 T A4 3 B #f o w9 Bl T b v ) 2
W72 T s NI & A T 2 IR B S S R R R
Z0H5 M AR G SN 1 o L 0 R) 2% 1) A Bk 3 k)2
T F TR F & R A A E . AT 45 R m
TR U AR X AU MR AR B R T g 5 e IR
WA AR O S I A A6 A B U/ )N D 24 5 32 0 38 i
M ARG Sh . [ N AR5 R X AT A 5 BR 3 3
B T 3X — & (Sibson, 1992; Hickman et al. , 1995;
Zhao et al. ,2002) , 418 4 A A1 8L K MG (2005) X
1 P 1 X5 7% 2B 1 TR B 85 F 5 6 B 2 HOR M
AL AR Sz A T v T A Y M i AR AR R X O A
TE W 8 A ARG A4 43 A1 s I TA Ry X B IR S o 5 U A
AT sE PR AR 5 51 b b e R EE
554 AN S HE v i 2 AR 2 B T T kA K
. Lei il Zhao (2009b) WF 5¢ & B0 )1] 3 7% 7% U [X.
R A R AR R B R N = o K (1 B 8
PRHIUCAT T 171 L 7 284 7 3 A b 5 TR T 1L P IR R
B AR F TR A B 24 L O 4 oA O 01 AR 1Y
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Fig. 9

The NW-SE profile (140°) and SW-NE profile (40°) that cross Yangbi earthquake region
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K.

LR b HATHIBE TG AR R T 3 Ms6. 4 HiR=
2 DX A0 T R BT AT A7 7 e RJRE 8RR e AR % R
X i B AR L LR R A M R SR K
TR R M S 5 O 5 25 3t A A ey JEE — B X 2
PSR A PRI LR LI BR 15 7 R R &R
Jit SE [i) ki A & Hh . Al GEIE 50Kk A L M 88 1 K S
TR A R AR O

6 Z5it

FeF o E M BB 2E A BRI (ChinArray) B b
R B H” CE DR E T DML s
A DX T U AR T e i 0 D T B L S T A
FT 2021 4F 5 H 21 H =R Hk R Ms6. 4 Hh7ERE X
J 8 i =2 Pl o B S5 R A A S R B 2
V4R 285 B A8 1) JR AT AR AIE L 25 G 4 T AR IR W M 6. 4
i 7R R IX M 5 45 A4 R AE 5 AR T Bl 06 R IR R A R
B G RL2 BARZS R .

(1) J 245 5 ¢ P R 0 R X P ke 1 B 454 5 400
P R AT R AE TR BE A A3 DX R b 3 B AT i 1
FOFIA] LM 52 X = 4 2 45 44 0 A0 5 B S T 4G
YR I B I A [ S 48 59 43 A RRAE L R X b
00 38 32 45 4 VAL 5% B8 20 A FR AR 45 57 S B T K
T R X b 58 ) IO A7 7 2 T R T 22

()R Bt Ms6. 4 b 52 77 51 5 h 43 A1 78 F 5= 1)
SE filf, JF K& NW-SE [1] 2 245 R 5 24 05— 7% )5 Wi
SUE AT RAG K 29 20 km, 52 IR R B4 16 )2
PIFE 5~15 km, 5 i Ms6. 4 2 ) H P 5 Ak T &
G S ok T BT L A X SR A SRS i A S
3 A A TR ek Ml 52 S I ) i A TR 2 1 TR A

PR R BB T =/ bk i Ms6. 4 #5252
DX 0 0 o 3 A A b e RUBE I I S
X — I B AR R A R iR R R R AR
R B (B S O e A M AR A A R — B X ey
5 78 B R B M SR AL B T 15 7 e D AR % TR ) I
SE Ja] #k 3% A5 SC Ak AT AR IE 5ok B Mg i) R R R
TR 3 2 D) A O
BUgt B E AR AR G R NG R B A A b AR A
P Z AT UG ARE I 2 AR E K B R K E B
TG WFFE e XU 3 AF 52 5% 0 v [ 4t 52 e ot R AIF 5% T A
Ha B 5 N SCEE 45T I 4G S A By =7 R T 0T
A SCHE T AR R E S S SO AR S MR R
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