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Abstract; On September 17th and 18th, 2022, two earthquakes struck Taiwan Province of China in Taitung
County and Hualien County, respectively, measuring M 6.5 and M 6.9 in magnitude, followed by multiple
aftershocks. Both seismic events were situated along the Longitudinal Valley Fault and exhibited a reverse strike-
slip mechanism. The geological setting in this area is intricate, as the Longitudinal Valley Fault zone represents a
subduction zone where the late Mesozoic Paleo-Pacific plate converges with the East Asian continental margin,
resulting in a predominant thrust-type tectonic stress background. However, historical earthquake data in this
region have indicated a prevalence of reverse-faulting earthquakes. To address the causes of these reverse strike-slip
fault earthquakes and their relationship with the tectonic stress field in the area, we first reconstructed the tectonic
stress field by analyzing the focal mechanisms of past earthquakes within the study area. The resulting stress field
was characterized by compressive stress oriented with an azimuth of NWW. Subsequently, this stress field was
projected onto fault planes with various strike and dip angles. This analysis revealed that certain fault joints
experienced more significant relative shear stress and lower relative normal stress, suggesting that these joints were
more prone to dislocation, leading to earthquakes of the reverse fault type, reverse strike-slip type, and strike-slip
type. Furthermore, the proximity and timing of the two earthquakes within a two-day span prompted an examination
of their potential triggering relationship. Researchers calculated the Coulomb rupture stress changes caused by the
M.6.5 earthquake on the rupture plane of the M 6.9 earthquake and its sliding direction. Their analysis indicated
an increase of approximately 0. 02 MPa in Coulomb rupture stress, suggesting that the Taitung M 6.5 earthquake
may have triggered the Hualien M 6.9 earthquake. This study holds significant importance for understanding the
seismogenic mechanism of the Longitudinal Valley Fault and gaining insights into the geodynamics of the study region.

Keywords: Longitudinal Valley Fault; stress field; stress system; Coulomb failure stress

BEETIH: HRAKXPAREIH (42174074, 41674055) ; R EHBHIRL 55 28 & 50 (2Y20215117) 5 -k 45 Mo 2 3 ) 2 i 56 46 % 0T I
ETH (FZ212105)

This research is financially supported by the fund of the National Natural Science Foundation of China ( Grants No. 42174074, 41674055) , the Special
Fund for Scientific Research of Central Universities ( Grant No. ZY20215117) , and the Open Fund Project of the Hebei Key Laboratory of Earthquake
Dynamics ( Grant No. FZ212105).

E—ER: WML (1998—), B, wEiL, EEMNEREHIE . N5 RE S AT T, E-mail: 1961921173@ qq. com
BIEE . TAKE (1967—), B, W56, ETMNFMEN 13, WEN itk E )5, E-mail: wanyg217217@ vip. sina. com

Wi EH: 2022-07-08; EEIEH: 2023-06-10; REHE: WV



%5 B, % 2022 489 A 17 F A £ MR U 19k 2 B B 3 S 675

B OE:202249HA 17180, YEGELEREGRELE M6.5MALEEL M6.9 WARBERKERRR,
HRBEAASARAME, EEFHMLTEZALNRT, ZHEMELEL, AR PFEREKRFEFENR
FAATHENERY, BASEREANEN I ER, QLB RTAERX TS FPA AN EHRTL
HEAR, KB2HEAEWA, I RAZHMRI R AR AES EREABENRERLEMENL A HHX R,
BARAAHEARXEXNHERERNY, REZRXOHEL Y, AHEZUEE VT EHHE
BMANEWR A ; KRB AR PEER, MATRHNHET L, AA-RY¥TWEXAERANM
MM AMBANAEANELY, RAXR YT FEAREN T ERAMR NG ERS, ZHZXEHFT
FFAMMWA #HAERAMERANME, B, VABREHENRABERNNRAXR, B31HH M6.5
WEEMO.OMBEHRREMES T E L7 AW ERBEREN A RMAI, M6.9 & 454 0.02MPa 7 B 16
WA NMAETEAE, HXEBAHREBNILFEHENLENERm R hFEHE—FNERTEL,

KRB JBWRE, NG, BAEFR; ERBEREY

FESZES: P315 TERARIRAD . A
DOT: 10.12090/j. issn. 1006-6616. 2023056

0 3=

HE GV T IR AR A, O RO AR B
AT Al e I HE A =0 Al B = R M B g 32 A,
BISYNA Wr 27 E 3 p b, G\ W 24T B9 vE
J&TROEAR S, RS TAEREEFERE (P,
2019) ., JEHEEE AR B 5 RO A e & A= il 18 FL AR o
FEEERGINZ T, Hon A6 v b [E AR K2 R
X RS 92 ~ 94 mm/a (Sella et al. |
2002) , #EZHILATZ R B R K LIRS ROE AR S K fif
NGRAERE, AKX AEE I —R
m B N 3 A VE R BLR 29 8 em/a A 1 U8
(Yuetal., 1997), #43& {7 & #9457 5% 5 SO - Bl Al
AT A PG K O P R i R Y 5R E 2 R M
(R, 2019), Pise 10 &4 1972 4E 1 A 25
HIEE KBS REE T MJ7.6 #15E; 1999 4E 9 A
BIEHE A AN M7, 7 EEHE ) N R D 2297
ANFETS, BRAGITIA 140 {270 (FEHRY, 2017; KR
=, 2019; MEH, 2021) .,

2022 4F 9 A 17—18 H & & 1) M R& 17 91 A0 45 7
M6 EZ, 45 17T HEREKM, 6.5
AN 18 HAEZE R M, 6.9 #73E, FFTEI 2 Wr it
JE LR AR RS M >S5 I HLRE o 38 3k % g s A
SO R R R R T g R, RBLDLAE
KRR 75 306 W7 Y b 5%, 2R 2 o R L A5
PN RIFFN T A M >5 7= 8 52 IR ML e
IRV 1 7R 5 5 1 2 IR AL 28 B A ) T i b X
M) TR EALH, FEMR M>5 MR T, A4 4

XEHS: 1006-6616 (2023) 05-0674-11

M EW R, 2 AN EW R, PRI X U 3 A
0T AR b R S R 5 AR 8 o B 1 N O R
S I A R T R R R M AR Y R A,
MAB RV (Wan et al., 2016) J 3 b 52 J& Bl 4 7
F1%, BN b I g R R B R R 2 L,
g8 H 7 A S ORI E W R b R A T R, T &
Az 30 i U M R R A AT G Y M A 3 1 T 7 RRAE
TN R M >6 1580 5% B A7 76 fil & ¢ &,
HEEREN M, 6.5 MBTEAZERD M, 6.9 HiE
W23 1T b 7™ A 0 PR A ol R T, RIS B T
fik 2 R, BLAh, WRAE KA S M 3 2 e] DLy BT
WrJZ B 6 S AT A A X E et (A, 2022), X
o TR LB T R M RR R A A M >6 H
e Fh A 3 B M R AL R 3, X 26 [n) B W AR A B T
B £ 1 b IX b 72 1Y) 7% WL B R b R 2 g 2R A A
X £ V5 Hb DX Bl R K TAE R — 8 L,

1 K RA %

1.1 EiREALE AROE

IR E TP 9 R A5 (35 e 5 A K ]
I ULIE 1), A Z ALK RN 27 2 T il FH 4% 1A %
AFFI 7 1 A8 LR R AL e, SR i A R
05 ¥ 0 AN T) 4 0 4 R ] — 3t 52 14 522 R B A1 e =2 Tl
B —E 0 22 5, A AR 2 0 52 R A B 0 A
VAT B — Ff 7 0k 0 LA F 2 A o G A, IR
SCELA Z R 2 R G — A L R AT IR
Zksr (JikE, 2019), MWOPAEAEVFZ I T
TEMH (WS, 2021; B &S, 2022;



676

W FFR https ; //journal. geomech. ac. c¢n

2023

fLAEAF, 2023),

o+

\2022-9-19M,5.7

2022-9gm;~.s\

.

2022-9-18M,6.9

——
0 20 40 60

[ — T |

0 1000 2000 3000 4000
E/m

1 202249 H17—I18 HEEHEBHEFH+

M>5 6 7 NHE A
Fig. 1  Distribution of seven earthquakes with My >5 in the

Taiwan earthquake sequence on September 17-18, 2022
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Table 1 Results and standard deviation of the central focal mechanism solution for the M 6. 5 earthquake in Taitung County, Taiwan,
China
2 2 AL A Py 0t fie 53411 WEE () / S fie /N L i
FS GEm, i, Bl LR IRPLE R (B, . 2% e BRALHI A 09 /N
W) /() Wi, mE) /() - S/ ()
1 202, 63, 13 USGS 205.4, 58.2, 20.8 16. 499554 8.38
2 208, 44, 9 CPPT 205.4, 58.2, 20.8 16. 499550 19. 63
3 199, 76, 15 GFZ 205.4, 58.2, 20.8 16. 499544 19. 07
4 212, 62, 53 OCA 205.4, 58.2, 20.8 16. 499547 29.65
5 214, 50, 26 IPGP 205.4, 58.2, 20.8 16. 499576 10. 71
6 206, 39, 11 o [ 1 G 205.4, 58.2, 20.8 16. 499550 21.71
7 207, 57, 39 RMT 205.4, 58.2, 20.8 16. 499550 17.39
8 197, 74, 10 BIEHRE TR PO (PSR 205.4, 58.2, 20.8 16. 499543 18. 62
9 206, 62, 21 BIHRRE ORI (W RRAHEE ) 205.4, 58.16, 20.9 16. 499525 3.73
10 204, 62, 19 GCMT 205.4, 58.2, 20.8 16. 499572 4.19
11 205.0, 55.0, 16.3 GRMT 205.4, 58.2, 20.8 16. 499573 5.43

E: AWHURFHEFOR PO BT E R @R PR, — PRI R B P RIS, S — R R I W OR AR A F
®2 PEATHER MO IMBERBENHHOMBERMIRAEE

Table 2 Results and standard deviation of the central focal mechanism solution for the M 6. 9 earthquake in Hualien County, Taiwan,

China
5 AR AL fiep FE NP6 i A5 1Y bREZ () / S e/ HR O fif
75 (Emr, s, HLHg L R EALE A GE T, ‘<O)‘ 545 WAL i
Waif) 7 (°) s, Wahf) 7/ (°) /A e fa s ()
1 201, 61, 31 GCMT 205.4, 59.1, 34.3 13.815634 4.40
2 205, 60, 31 CPPT 205.4, 59.1, 34.3 13. 815623 3.28
3 204, 54, 31 GFZ 205.4, 59.1, 34.3 13.815624 5.79
4 215, 60, 48 0CA 205.4, 59.1, 34.3 13. 815633 12.12
5 200, 52, 30 IPGP 205.4, 59.1, 34.3 13. 815634 8.43
6 210, 77, 19 USGS 205.4, 59.1, 34.3 13. 815631 25.07
7 207, 40, 26 o [ 4 5 T 205.4, 59.1, 34.3 13. 815622 21.26
8 206.7, 53.2, 36.5 GRMT 205.4, 59.1, 34.3 13. 815642 6. 14
9  205.0, 61.3, 46.6 RMT 205.4, 59.1, 34.3 13. 815644 12. 67
10 199.4, 72.7, 43.4 HEHERERE DL (W EMSER) 205.4, 59.1, 34.3 13. 815638 18. 65
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Table 3 Table of central focal mechanism solution of the five earthquakes with M <6
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Fig.2 The central focal mechanism solutions for two strong earthquakes in Taiwan on September 17-18, 2022

(a) The equal-area projection and three-dimensional radiation pattern of the central focal mechanism solution for the M 6. 5 earthquake
in Taitung County; (b) The equal-area projection and three-dimensional radiation pattern of the central focal mechanism solution for
the M 6.9 earthquake in Hualien County

N, S, W, E represent geographical directions; U, D represent up and down; red arrows indicate the principal ( P-axis) direction;
blue arrows indicate the tensional ( T-axis) direction; the black arcs represent the two fault planes of the central focal mechanism
solution ; the green area represents the uncertainty region; red dots, blue dots, and yellow dots represent the central solution’s P-axis,
T-axis, and B-axis (intermediate axis) ; the red, yellow, and blue circles represent the uncertainty regions of the central solution’s P-
axis, T-axis, and B-axis; black dots and green dots are the projections of the T-axis and P-axis for each seismic source mechanism
solution; purple arcs represent the fault planes of different research institutions and the current mechanism solution; blue spheres

represent compression zones; red spheres represent expansion zones.
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Fig. 3  Classification of earthquake types occurred in the study area between 1978 and 2019
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(a) Location of historical earthquakes within the study area; (b) Classification of historical earthquakes

NS stands for normal slip, represented by pink beach balls; SS stands for strike-slip, represented by black beach balls; N stands for

normal fault, represented by red beach balls; RS stands for reverse slip, represented by green beach balls; R stands for reverse fault,

represented by blue beach balls.
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Fig. 4 Inferred stress state in the study area

(a) Result of stress field inversion in the study area; (b) Chart displaying the three-dimensional stress distribution

N, S, W, E represent geographical directions; U, D indicate up and down; black curves represent various fault planes corresponding
to earthquake focal mechanism; red large arrows indicate the optimal direction of the principal stress axis; red small arrows represent
the theoretical slip direction of faults; blue small arrows indicate the observed slip direction; green curves represent the maximum shear

stress planes of the stress field at a 90% confidence level; yellow small arrows represent the maximum shear stress direction on that

plane; red and yellow spheres represent compression, while blue spheres represent tension.
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Table 4 Relative shear stress and relative normal stress of stress tensor on the focal mechanism nodal plane of each type of earthquake

focal mechanism
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Fig. 5 Relative stress on each plane in the Study Area

(a) Relative shear stress on each plane; (b) Relative normal
stress on each plane

Black beach balls represent reverse fault earthquakes; pink
beach balls represent reverse slip earthquakes; purple beach
balls represent strike-slip earthquakes; SS marks the location of
overall strike-slip focal mechanism solutions; R marks the
location of overall reverse fault focal mechanism solutions; red
beach balls mark the locations of earthquakes with M >6.
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Fig. 6 Inferred fault status of two earthquakes with M >6 in

Taiwan on September 17-18, 2022

(a) Fault movement type of the Taiwan M 6.5 earthquake; (b)
Relationship between the Taiwan M 6.5 earthquake fault and the
stress field; (c¢) Fault movement type of the Taiwan M 6.9
earthquake; ( d) Relationship between the Taiwan M 6.9

earthquake fault and the stress field
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Fig. 7 Coulomb failure stress changes generated on the fault
plane of the Taitung M 6.5 earthquake by the Hualien
M 6.9 Earthquake
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Fig. 8  The coseismic displacement field generated by two

earthquakes with M 6 in Taiwan, China on September 17 —
18, 2022
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