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Study on the seismic structure in the southern section of the Xiongpo anticline
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Abstract On March 29, 2022, an M4.3 earthquake occurred in Danling County, Meishan City, Sichuan Province.
This event took place near the Xiongpo anticline at the southern margin of the Sichuan basin, with a focal depth of
3.5~5.5 km and a moment magnitude (My,) range of 4.06~4.15. To investigate the seismogenic structure of this earth-
quake, we conducted integrated analyses of the regional historical seismicity and major fault activity. We referenced the
focal mechanism solutions inverted by the Sichuan Earthquake Agency, examined seismic rupture characteristics and
stress field orientation, and combined high-resolution satellite imagery with Digital Elevation Model (DEM) data to

analyze tectonic deformation and fault activity. The seismic profile data were also used to identify key fault zones and
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delineate their geometric and kinematic features. The research revealed that the focal mechanism solution of the March 29,

2022, Mg4.3 earthquake indicates left-lateral strike-slip faulting. Nodal Plane I (NW-striking, dip angle 79°~ 87°) is

considered to be the more probable seismogenic plane, the orientation of which is nearly perpendicular to the regional

dominant structure, the NE-trending Xiongpo anticline-Pujiang-Xinjin fault. This plane represents a high-angle, near-

vertical tear fault (strike-slip fault), formed by differential thrusting of adjacent blocks due to stress transfer following the

2008 Wenchuan earthquake and the 2013 Lushan earthquake. The spatial distribution of the aftershocks provides evidence

to indicate that the Danling earthquake probably activated local stress adjustments along the Pujiang-Xinjin fault. This

event highlights the control of stress transfer in orogenic forelands over the activity of hidden faults in intraplate tectonic

settings, thereby providing new insights for assessing seismic hazards at basin margins.
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Fig. 1 Deformation pattern diagram of the southern section of Longmen Mountain and its foreland area (modified from Ref.[17])
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Fig.2 Structural framework of the Chengdu basin
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Fig. 3 Distribution of the Xiongpo anticline and the Pujiang-Xinjin fault (modified from Ref.[3])
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Fig. 4 Distribution map of historical earthquakes in the study area (modified from Ref.[11, 25])
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Table 1 Focal mechanism solution and focal centroid depth of the Danling earthquake based on different velocity models (from
Sichuan Earthquake Agency)
B ER HEOR w1 gl P T B
BB (My)  BEkm SEae fiiffe ahfne Ewme e wahfe Jriifae e Jrdifae e Jrtife e
Lgs 4.07 35 294 79 16 201 74 169 67 3 158 19 328 71
Wzr  4.06 35 296 82 14 204 76 172 69 4 161 16 325 74
SCBB 4.15 5.5 294 86 20 203 70 176 67 11 160 17 305 70
Lms 4.11 5.0 113 87 -16 204 74 -177 67 13 160 9 283 74

T Las: 78 5 L W 290 DX IBAS R 270 Wz 2% B — gt o 8 45 0 2%, SCBB: JII ZR KB, Lims: g 7] L5 70150



664 o oE R

¥k JE 2025 4

JERSHLE )Ry 113940, Hify 3 AN BERRLE [7] h 294°~
296°, HINW [a] 5 [y fil 24187, 100 Ff1 o 79°~87°, ¥
B 160, 14°, 20°L) K —16°, HA W £ JE A0 e
FEAE s 38 BT I 0T B, 25 8875 1) 2 201°~204°, ]
NE [a] 5 [ h 0 24180, 0 FA ol 70°~ 76°, Wi B Ml
169°, 172°, 176°L4 K —177°, 2 B 1 B A7 e 8 1
S o VR b T A ) S R R 2 X AL AR R B R
N 7% 3 5 0 T R L -

ATV E T E)NW T A B 24, ]k
P M2 10 & iR W 2, 58 X Ak 2 1) RE B 5 A

103°10"' E 103°20’

Fy: WL —HEmR,; £y
El's

A SR T LR NE [ 5 T A A, DU
e b Y A R T 2L 5 R R X NE [n) 2 (40K 1 (RE 35
BB W ) AT R A, HARSE R IR AL )
fifp 2y 3 AT A A I Bl A DA SO, R BLRT R 2 R A
JEE A i A WP T, LA I D IR O U A Ml R O AR il
LW 24 sh 5 R Y, nl e 15 A3 7 R K
1 13 A1 9 BV DR 9 )22, A U AR AR 18] 9 K P B T
IR (S M eV =G
32 ETHERHFNESNT

O JHL S AS YR 7R 4 KRR, T AR R XA AT
i — 2% NE-SW ZE [l i i 52 50 1 #E 47 17 % 28 (1 6) o
fifp PELE RGN R TP AR G R IET L £ 30 I L
Koves £ BEE W BU AR )R (I 7). SR RETE R, 5

103°30’

T VLT T T 2 L v A R . AR AR L
71N, TR R B Y 2 i@ E W BT L, A LA P9 AR
R I8 S 25 oI5 DEM E R, RRIETT &)
53 VLT T A I B A A S A S W . A R
PWr 2 AL TR LUK, st j AR R, BT 69°%
AL, HARTHPURE A0 bR AR o MR, 225 K T bk
i 5 B ) L P B S DU AR BT, RN
DEM 45 78 i% W7 J2 © 1] 19 S i 2= ) b B 11 74 R
(1&1'5), FEARR EZ ARG N S m, UESE T HEER 7Y
LA B R A

103° 40 103° 50’

30°20' N

30° 10’

30° 00’

29° 50

KW Fy: ANINIR
PHRE = 1 X A3 A% S ]

Fig. 5 Regional tectonic framework of the Danling earthquake

MR AR A, AR R PO 5 X
DA i A0 e A T TSR AR G TR A T T A2
M, 28 53 Bk FOE AR Al fE -5 2008 4F 501 b7z
Jei, DX 3 7 AR 2 1) U 1 23 M A i B DA O . L
ESVINE S AN TR R A APAR ) SR e S |
i 25 S AR A% 138 5 OB I g A 1 2 A IX e, L
ARWZ P RLE B AR 22 5, NI A B 244 2l 3%
o 22 5 3z gl AN AU T 35 4 W7 J= A 22 AL, i HL AT
AE 2L T AR RHE AL RIS B AR

4 i

WA BAE R A R 1 30 Jy 27250 e (1EL 8), 12 i
VR R T ]S NE-SW (], 1% 4518 5 BRI )2 114



5123

A ARYCTT R BUBRR M E ST 665

Ko MmNt B REKE Google Earth)

Fig. 6 Location of the seismic survey line (bottom map from Google Earth)

Bl 7 NE-SW [ fiy 2 51 e (2120 7))
Fig. 7 Interpretation of the NE-SW seismic profile (red lines represent the faults)

103°16' E 103°22'

103°28'

103° 34’

30°08' N

30°04'

30° 00’

K8 2022 43 H 29 HAHE BRI RS ROREKR B Google Earth)
Fig. 8 Simulation results of the Danling earthquake on March 29, 2022 (bottom map from Google Earth)

POBAFTEN G o —OR UL, RT3 5 R 5 X
FA1E L (NE 1)) 3T 1E 32 B9 NW [i] JB 7 FFAiE, NW [1]
Wi 24 15 5 B W7 2 132 3l 2 R AR o DB 55 I ]
PIE H, 4k 2022 4F 3 A 29 H 524 NE J7 ) 28 &
A — R GN/INGE, X /N AR AL T3 VL — 7 e R 2L 1Y
A H R R REZ R T/ NEEHR (M <3.0)
TCVE IO B RE IR ML, A 25 [ Jr A R Ak 2% W AT

RE i 7% fioh i W7 224415 Jey ¥R I g A BE I B B R 4
7R P L RE T RE G I A IV ) 33 T R AR 18T =
B, BIUCRPHE MRS A 1l L — B W R A 5 30

KT IZARWZ B X B8 57, &I A 2008
AETONHLRE A K 2013 AF 7 L MR Je , XN 1 1)
& VUG N B AL b i R b, DR A A, A
51T WA e A 22 ) 0 22 S 3 8, KT I T



666 o oE R

o R 2025 4

ZWr%
5 #%5ie

kX TR IEALE A . =R R LA K. DEM 55
TSl R 1 5 00 T P A AT, A AR S e

(1) S YR b 52 A7 3 VT — W 24 B 3, 6 F
4 F A [vi) 3 32 455 8 ) 7% R AIL ) A 00 s LG O ML RE Y
MR FL L R 4.06~4.15 9%, BRI H 3.5~5.5 km,
P Hh 52 09 K RE A 1 R 5 RE BT AR — T UL — R T
2450 0 B T L A EE TR AR W2, R IR MLE A B R
PAHIT AL T 67°~69°, 52 UK 4K 1) K F- 4 R
WIECT B

(2) %F H A M LASH S Uk 52 ) Bl 1 T, AR
SCRTEAS AT BE Y 1 I R IT TR AT, BEHIAH
I 1 AT R R, R T 1) Y1 b Y 3 e

JE A b, PO o A 22 S e s 5 | e SRR L ) B v
T RGZ AR W Z o BN ML RR e X3 T 37 ] 8 it — A0
fiuh 2 FEAE Bl , A% 23 18] JE A K 7R AT RE SO Wl T — B
T R JRy RN )RR

)BT R, TEPI MU= A A — R AT
NE J7 [l AT B/, B ZBR T/INERE S (M <3.0)
TG A IO B 7= UML), 03k ) W7 ik 26 /N2 O S
i e b, {EHC S [ R A AR 2R I AT RE R R
W7 2287 Jrg I8 1 T 9 A BT B IZ B G 4B R PHR MR TT
REE Ao 2 107 ) £ 328 YT AR 2B 0T J= B, IV e
Mo R e 1 VL — T HE W A 1 Bl X — S B4R
A M DN R TR0 b 7 15 2y I FE 0 2 A 1 W R Y
M L FTRZ M) o R AT 28 /N R2 A R AR AL, P
I B et L7t 3t 5 05 3 H9 JR O ML, Ol i U A
DRI 47 B4R 4t S T AR 0

SE 30k
(U] 28, 2055, BS AR, S5 01| 2 M AR e 7T ARHA 3 A7 IE B R DAL (0], BRARHL 5T, 2014, 28(4): 761-771

LiJ B, LiY, Zhao G H, et al. Structural features and genetic mechanism of Xiongpo anticline in Sichuan basin[J]. Geoscience,

2014, 28(4): 761-771

(2] Z2RA. Je T Ll mg By K HC T bl X 060 545 DY 22 4 38 722 T #9300 3 b 350 0F 9 (D] b st o [0 b 52 J b B F 5 e, 2017

Jiang D W. A fluvial geomorphology research about the Late Quaternary deformation of the southern Longmen Shan and its foreland

basin[D]. Beijing: Institute of Geology, China Earthquake Administration, 2017
(3] MR, MW, 2L Ak, . ARYOH RN 8 TE 15 3 71— it i 2435 S 5 A4E (7], s 72 b 5T, 2008, 30(4): 957-967
Zheng W J, Wang W T, Li C Y, et al. The deformation of the Xiongpo anticline and the activity of Pujiang-Xinjin fault[J].

Seismology and Geology, 2008, 30(4): 957-967

(4] 25, MARZE, REA, S Jp ]l s i 558 b - B8 800 T 0] RS B TR 2 22 R (A SRR ),

2013, 40(4): 353-363

LiY, Zhou R J, Zhao G H, et al. Thrusting and detachment folding of Lushan earthquake in front of Longmenshan Mountains[J].
Journal of Chengdu University of Technology (Science & Technology Edition), 2013, 40(4): 353-363

[5

[

2= 11 PG 34 I T B R B LA 1 R AR Bl RUAL T 5T (D], WS R BTk %, 2021

Li Q Q. Study on the structural characteristics and genesis mechanism of the Xiongpo anticline in west Sichuan depression[D].

Chengdu: Chengdu University of Technology, 2021

Lo ] BLEE, fHERZ, ToA, & 7 MOm R G0e 1] W7 285 3 A AU 3 b 300 28 1 ok 2 i 17 (3] 35 M 42 WF 5, 2010,

30(4): 825-836

JiaYY, FuBH, WangY, etal. Late Cenozoic tectono-geomorphic growth and drainage response in the Longmen Shan fault zone,
east margin of Tibet[J]. Quaternary Sciences, 2010, 30(4): 825-836

[7

[

XWHIRY, et #&sr i, % NP6 080T 1o W7 24 i 4 =X 5 A0 Rl A0 AR (0], b R # 4R, 1994, 68(2): 101-118

LiuHF, Liang HS, Cai L G, et al. Structural styles of the Longmenshan thrust belt and evolution of the foreland basin in western
Sichuan Province, China[J]. Acta Geologica Sinica, 1994, 68(2): 101-118

[8

[

g5 Ry i) [J]. R 2 di, 2003, 77(2): 177-186

XURAR, B isr, BB s, . b [E P A R G AR A 58 R KL aE B DU T il i Lhal — 1P i R 2 R

LiuS G, Luo Z L, Zhao X K, et al. Coupling relationships of sedimentary basin-orogenic belt systems and their dynamic models in

West China: A case study of the Longmenshan orogenic belt-West Sichuan foreland basin system[J]. Acta Geologica Sinica, 2003,

77(2): 177-186

(9] &3CIE, W RA, By, % NV6JET] LLRE % il 40 1k 22 T2 RRAE [0]. 3 BT 2= 4%, 2007, 81(8): 1072-1080



5121 FEE A%, AENETY Al e B FR AL iE 5T 667

Jin W Z, Tang L J, Yang K M, et al. Deformation and zonation of the Longmenshan fold and thrust zone in the western Sichuan
basin[J]. Acta Geologica Sinica, 2007, 81(8): 1072-1080
R, XURR, BRULAE, S5 R T I e W A3 B - a0 R T AR R M HE 2% S AR B R AE D], MR B TR AE i (A A
BE2£RR), 2008, 35(4); 440-454
LiZ W, LiuS G, Chen HD, et al. Structural segmentation and zonation and differential deformation across and along the Lomgmen
thrust belt, West Sichuan, China[J]. Journal of Chengdu University of Technology (Science & Technology Edition), 2008, 35(4):
440-454
[11] Z=5, FRZE, Densmore A L, 5. 75 58l e il Ak 2% KBl 3 7 4 3 72 15 3t BT om 7 (M. B 3T 3t 5 3 jiAd, 2006: 21-26
LiY, Zhou R J, Densmore A L, et al. Continental dynamic process and geological response in the eastern margin of Qinghai-Tibet
Plateau[M]. Beijing: Geological Publishing House, 2006: 21-26
(12] 25, FIZRZE, Fl5g, 55 BT AR 5 % mad 2 (M), Jb st BR2# i piekt, 2017: 33-81
LiY, ZhouRJ, YanL, etal. Tectonic geomorphology and surface process of Longmen Shan[M]. Beijing: Science Press, 2017: 33-81
[13] FhEEA, BRZE X, S8IEE . M T 2L 5 0 00 U 2k i . 4 7 X R 3l A8 M TE 0 8 A R ) (0], A ik 52 36 3 Jo
1991, 13(2): 107-142
Sun Z C, QiuY Y, Guo Z W. On the relationship of the intraplate deformation and the secondary formation of oil/gas pools: The

[ 10

[

general regularities of the oil/gas formation in marine environment of the Yangtze area[J]. Petroleum Geology & Expeximent, 1991,
13(2): 107-142
XIB AR, B8 2, B Ean, 45 e 1Tl Ay — 7 AT RE A &R e s RO 5T (0] O B D A B 4, 2001,
28(3): 221-230
Liu S G, Zhao X K, Luo Z L, et al. Study on the tectonic events in the system of the Longmen Mountain-West Sichuan foreland
basin, China[J]. Journal of Chengdu University of Technology, 2001, 28(3): 221-230
[15] E RS, 2255, Ak M, A5 AR 0 B AR AR 8 8558 1 D0 BURRAIE (9] BC#8 B8 TR 2 22 41 (A 4R B2 i), 2003,
30(2): 139-146
Wang F L, LiY, Li Y Z, et al. Sedmentary characteristics of the Cenozoic Dayi conglomerate in Chengdu basin[J]. Journal of
Chengdu University of Technology (Science & Technology Edition), 2003, 30(2): 139-146
XIBEAR, 2Rk, W%, S 0TI A 1 1L Y DO 4 454 4 3 R AE [J]. s TR, 2009, 44(4): 1151-1180
LiuS G, LiZW, CaoJ X, et al. 4-D textural and structural characteristics of Longmen intracontinental composite orogenic belt,
southwest China[J]. Chinese Journal of Geology, 2009, 44(4): 1151-1180
[ 17 ] Burchfiel B C, Royden L H, van der Hlist R D, et al. A geological and geophysical context for the Wenchuan earthquake of 12 May
2008, Sichuan, People’s Republic of China[J]. GSA Today, 2008, 18(7): 4-11
(18] JH 2% 5, i 22, I3 2 W 24 15 452 (M. dbat: bR i pitkE, 1993
Tang R C, Han W B. Active faults and earthquakes in Sichuan [M]. Beijing: Seismological Press, 1993
[19] AR, Btk , BN b 7T 1l B FE <8 DX A by 38 0 b 752 3% 80 Ko 8l g 2% [0]. MR M BT, 1994, 16(4): 389-403
Deng Q D, Chen S F, Zhao X L. Tectonics, seismicity and dynamics of Longmenshan mountains and its adjacent regions[J].
Seismology and Geology, 1994, 16(4): 389-403
[20] 20U, P e XL 3 V3t DX A8 35 I J22 SRR AR B3 Sl PERIE 52 (D). DU 11 b 52 %% 4%, 2010, 30(4): 383-385, 389
Li HW, Tao X F. Characteristics and activity of the Xiongpo fault in Pujiang[J]. Acta Geologica Sichuan, 2010, 30(4): 383-385,
389
[21] fap R 2. 38 ml 0 A s (OF J0) 8908 B [0]. o B X B 5T, 1987, 6(2): 169-176
He Y W. On the formation of the Chengdu basin (plain)[J]. Regional Geology of China, 1987, 6(2): 169-176
[ 22 ] Dennis E G. International tectonic dictionary, English terminology[M]. Tulsa, Okla: American Association of Petroleum Geologists,
1967
[ 23] Stone D S. New interpretations of the piney creek thrus and associated Granite Ridge tear fault, north eastern Bighorn Mountains,
Wyoming[J]. Rocky Mountain Geology, 2003, 38(2): 205-235
[24] ZEULAN, AR S7ME, XUHEBE, 45,2024 4F 7— 12 A v [ KBl X M=>4.0 b 52 52 TRAL ) A 0 € (7). M B 2= R, 2025,
55(3): 172-178
Liang S S, ZouL Y, Liu Y Q, et al. Determination of focal mechanism solutions of the earthquakes with M=4.0 occurred in the
mainland of China during July to December 2024[J]. Progress in Earthquake Sciences, 2025, 55(3): 172-178

[14

[

[ 16

[

(T # % 677 W)


https://doi.org/10.1130/GSATG18A.1
https://doi.org/10.2113/gsrocky.38.2.205

%124 SRS U1 e 55 KA AR AL T B S B PR 23 A 677

Earthquake, 1994, 14(1): 65-72

[29 ] Manga M, Beresnev I, Brodsky E E, et al. Changes in permeability caused by transient stresses: Field observations, experiments,
and mechanisms[J]. Reviews of Geophysics, 2012, 50(2): RG2004

[30] Liao X, Wang C Y, Liu C P. Disruption of groundwater systems by earthquakes[J]. Geophysical Research Letters, 2015, 42(22):
9758-9763

[ 31] Rojstaczer S, Wolf S. Permeability changes associated with large earthquakes: An example from Loma Prieta, California[J].
Geology, 1992, 20(3): 211-214

[ 32 ] Elkhoury J E, Brodsky E E, Agnew D C. Seismic waves increase permeability[J]. Nature, 2006, 441(7097): 1135-1138

[33 ] XU Mo 5E 1 ) 5 48T 7K 8l g e 7 (M. Jb st #h R Ak, 2017
Liu C P. Crustal stress and groundwater dynamic response[M]. Beijing: Seismological Press, 2017

[34] Eob, HEM, FLME, %352 M4 152X JE 30 W02 098 07532 00 50 B (0], AR BT, 2021, 43(5): 1041-1059
Yue C, QuCY, NiuAF, etal. Analysis of stress influence of Qinghai Maduo Mg7.4 earthquake on surrounding faults[J]. Seismology
and Geology, 2021, 43(5): 1041-1059

[35] 107, & ASF, Eb, 2. 5T 25020 fJ5 i 19 2020 4F PO I 7 F T M50 Hb 52 4 38 BF 52 (0], MR b 5T, 2022, 44(1):
220-237
XuF, LuR Q, Wang S, et al. Study on the seismotectonics of the Qingbaijiang Ms5.1 earthquake in Sichuan Province in 2020 by
multiple constraint method[J]. Seismology and Geology, 2022, 44(1): 220-237

[36] k&, %, A &M, %.20224 6 A 1 H I Al M6.1 52 Y & 528 & 5 20 2= HL BRI [7]. b 2Rk ) 3 2% 4R,
2023, 66(10): 4095-4110
Zhang Z W, Long F, Shi F Q, et al. Discussion on seismogenic structure and mechanical mechanism of the 1 June 2022 Mg6.1
Sichuan Lushan earthquake[J]. Chinese Journal of Geophysics, 2023, 66(10): 4095-4110

(£ % 667 )

[25] J7 RIS . AR b X 04 Hb 7% o 35 B OBy 48 % 56 [J]. DO 1 i 72, 1989(2): 55-58
Fang H D. Earthquake disaster in Chengdu area and its prevention countermeasures[J]. Earthquake Research in Sichuan, 1989(2): 55-
58

[26] VEDTAS, SRHE 2. 20224F 9 H 5 H PUJI 3 %E Mg6.8 M7= .00 A 5K & fif [J]. i iR Rl 2= 1 J#, 2022, 52(10): 482-486
Wang Z J, Guo X Y. The centroid moment tensor solution of 2022 Luding Mg6.8 earthquake in Sichuan Province[J]. Progress in
Earthquake Sciences, 2022, 52(10): 482-486

[27] Zhao M, Long F, Yi G, et al. Focal mechanism and seismogenic structure of the Mg5.1 Qingbaijiang earthquake on February 3,
2020, southwestern China[J]. Frontiers in Earth Science, 2021, 9: 644142

(28] myfEs, e, RUIGI, &5 701 4 2% B — g am — W8 ob i X % 5 40 35 LA 285 4 55 40 3 A 0 R A . 3 T 5 DML o At
BN URT R 7R [J]. M ER 9 B 2% 42, 2020, 63(9): 3275-3291
Yi G X, Long F, Liang M J, et al. Geometry and tectonic deformation of seismogenic structures in the Rongxian-Weiyuan-Zizhong
region, Sichuan Basin: Insights from focal mechanism solutions[J]. Chinese Journal of Geophysics, 2020, 63(9): 3275-3291

[29] Xk, sl ZE. PO b DX b 78 - b e 5 3 45 49 A9 00 26 0 92 (0], s B 244, 1987, 9(2): 154-166
Zhao Z, Zhang R S. Primary study of crustal and upper mantle velocity structure of Sichuan Province[J]. Acta Seismologica Sinica,
1987, 9(2): 154-166

[30] BykEs, Jete, I 2, 55 790 JEUR G e 1]l B 244 R 7Y B A= 16 I 1k 0 (0], [ PRI AR 3 25, 2012(6): 97
Yi G X, Long F, Qiao H Z, et al. Earthquake risk assessment for the southwestern Longmenshan fault zone along the eastern margin

of the Tibetan Plateau[J]. Recent Developments in World Seismology, 2012(6): 97


https://doi.org/10.1002/2015GL066394
https://doi.org/10.1130/0091-7613(1992)020<0211:PCAWLE>2.3.CO;2
https://doi.org/10.1038/nature04798
https://doi.org/10.3389/feart.2021.644142

