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Source Parameters and Slip Distribution of the 2023 Mw 6.0 Jishishan
(Gansu, China) Earthquake Constrained by INSAR Observations

LIU Zhenjiang'?3 HAN Bingquan®*?2 NAI Yihan 123 L1 Zhenhong*?** YU Chen*?4 SONG Chuang*>* CHEN Bo%??
ZHAO Lijiang* ZHANG Xuesong22 PENG Jianbing*?®

1 College of Geological Engineering and Geomatics, Chang’an University, Xi’an 710054, China
2 Key Laboratory of Loess, Xi’an 710054, China
3 Big Data Center for Geosciences and Satellites, Xi’an 710054, China
4 Key Laboratory of Western China's Mineral Resources and Geological Engineering, Ministry of Education, Xi’an 710054,
China
5 Key Laboratory of Ecological Geology and Disaster Prevention, Ministry of Natural Resources, Xi’an 710054, China
Abstract: Objectives: On 18 December 2023, an Mw 6.0 earthquake struck Jishishan county (Gansu, China). It is the largest
earthquake ever recorded in the Lajishan fault zone at the northeastern margin of the Tibetan Plateau since modern seismicity has
been recorded and is of great importance to determine seismogenic fault geometry and refined slip distribution for assessing future
seismic hazards in the Lajishan fault zone region. Methods: We used Sentinel-1A synthetic aperture radar (SAR) images to acquire
coseismic surface deformation and used them as a constraint to invert the fault geometry and refined slip distribution. Finally, we
analysed the regional seismic risk based on the static Coulomb failure stress change (ACFS). Results: The INSAR results show that
the coseismic displacements were dominated by uplift deformation for both ascending and descending tracks, with the maximum
line-of-sight (LOS) uplift deformation ~6.5 cm for ascending track, and the maximum LOS uplift deformation ~7.2 cm for
descending track. Source modeling results show that the coseismic surface displacements of this event can be explained well using
either east- or west-dipping fault geometries. Conclusions: Based on aftershock and coseismic landslide distributions, we prefer
to the east-dipping fault model as the seismogenic fault of the event, i.e. this earthquake occurred on a NNW-trending, east-dipping,
blind thrut fault. Stress loading in the region indicates that future attention should be paid in (1) the entire section of the South Laji
Mountain fault, (2) the NWW-trending segments of the North Laji Mountain fault and its NNW-trending segments south of the
epicentre, and (3) the segments east of the epicentre of the northern margin of western Qinling fault and Daotanghe-Linxia fault.
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59 7%, HEHEHAIEE MG ILE (357N, 102.79F) K4 Mw 6.0 H17E, ZEEEE N 10 km, HIE
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58.7 N/ km?, BUAIIEM AN ER 263 A /km?. A% 2023 4 12 A 22 H 8 i, MiE iR HIE
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(C https://tv.cctv.com/2023/12/22/VIDExGUu0iSY MozQ7n4xInNz231222.shtml?spm=C52507945305.P1Tyk
9aHorGZ.0.0) , HUNH A4k 2013 4F 52 7§ Mw 6.1 Hh7E LIRS B i e ™ S — Ut 2 M, 8% 12 A
20 H 7 B, FL3REN 355 R ARTEAS B AE B, Hih 3.0 LA EARTE 9, WA RS R B s EEE NNW
)34 RRIRVR SR TE 6~15 km CECH IR ) oo [ RE =) M BR A ERRIE AT B L AR, B 1b) o Hb
KA, B NS RN EEE AN AR AN [R5 R0 X A8 b 52 () R IR AL A A AT T
AT, —BON AR E & — IR AR gl B S, (LA e T = ) L ART 2R M8 2 1 40 i A7 AE R
W, FRAEE R 1.

AR R R AEAE T R R AR AC G B RE (L TR o A Ll AR Ll R AR Sk, AR R R
FEH S 5 L m R A R 4k, mdb S A ReET I H A (Ll RAREE, mRE S A e e B v
UG W ANER, Pt T, DI s EAERCE R AL MR AE T 20 439k 5 G4 AT 1) P 556 i Hh
ERA, HREAR A, KA EREHEN RS AL, SEH O RE LW R
MG R Hb o ST 2023 SERUA LR R P I WA A B A BRI R e Sk DIOR B B IR s R
i, B FEA TR 0 K REATL IR B 4 ) S AR R 1L BRI 2R T T B P BT 2 R G 1) A 1 3 B AR A AN B T
5 SR AR AL AR 109 R i sh AR TR AL B A A .

20 42 90 EAXYT, SCHR[S1E XA & BFLA T IA Tl &+ AR (interferometric synthetic aperture
radar, InSAR) FKHX [ [ Landers #iEHIFRELAy. HILLLE, fiETHNSERARERELZLIK
W L B 7 T 2 8 s AT 5 Hh 459 31 78 70 B R JRH S FH 281, At 58RI T Sentinel-1A T 75 7AW
PRI, He TS s ALY, S TR W E LT SO s A, TR T RS AR
ZLHEN DAL 1 XSRS R AG AR X = 7 R ek i S it 7 AL S R4
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Tab.1 Source Parameters for the 2023 Mw 6.0 Jishishan Earthquake

) AL E UML) Kz EE MR
BRI - —
ZREI9 ZREI(9 VR BEkm (9 I WA /km /km (Mw)
333 62 88
USGS 102.83 35.74 10.0 - - 5.9
156 28 93
303 52 62
GCMT 102.81 35.83 18.9 - - 6.1
164 46 122
331 52 98
GFZ 102.81 35.74 18.0 - - 6.0
137 38 79
307 50 71
ke 102.79 35.68 10.0 - - 6.0
155 44 111
298 61 62
FTIRRET - - 10.4 45 33 6.1
165 39 117
102.75 35.76 7.3 319 43 104 14 8 6.1
102.79 35.76 9.3 319 42 - 25 15 6.0
ENTIN
102.81 35.77 6.7 143 38 104 15 10 6.1¢
102.80 35.73 9.2 143 37 - 22 15 6.0

CENC: HEHFE A M; USGS: EEHF AR, GCMT: ARRMIKE; GFZ: fEEN PG, a RGUBIEL 13 213 S b 2R U5 2L ) o A1 =0
R o VH MR R X S B B d VE MR R 4 A N ) B B e hitpsi/www.cea-igp.ac.cn/cxdt/280419.html;
http://www.itpcas.cas.cn/new_kycg/new_kyjz/202312/t20231219 6945583 .html.
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AR R OB SEARTVP AN B L B s DX 3 2 R GRSkt R fa R Ve it 7 B2 .
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2.1 InSAR ##is 4b 72

AT MR 22 8] 5] Chttps://dataspace.copernicus.eu/) F#% 1 78 oa 2023 SEAUA LI HURE ) C I B (3%
£~5.6 cm) Sentinel-1A F+ L TR FIAAZ AT Z 0 T A, SRICARRMER R EML R (line of
sight, LOS) Hi&Aifeds, AMEMREEWE 2 frr, MGESEELE 1. 8/ GAMMA A
ITHE AN EE, R 22187 #5% 30 m ) SRTM (shuttle radar topography mission) DEM %4 2 i Hu 2 250
RSB, FERHRE A FE R, N THRFHEMELL, RA TR A 8 FThL 2 AR FRE T 240
bR, FFRA Goldstein H & M€ % % 34T T 95 M AL JE DB, AR5 M H i/ 2 H I (minimum cost
flow,MCF) FyLBI & dt4T i, KA LOS MR F2 . EMgEL s, BAHTHET 03 1
B3R TR, DRI AL R 5. A A DEM S THHEIES T 5B R RS IEIR, &
Ja R B AT B b, 15 BRI YRGS () LOS MIFREAIFEY (B2 (a). 2 (b)).

F 2 AP E I Sentinel-1A 248
Tab.2 Sentinel-1A images used in this study

kAT 7 1) Fi¢B LA ZE [ 28 /m B[] 2 28 /d
T (T128) 2023-10-27 2023-12-26 63.94 60
[ (T135) 2023-12-14 2023-12-26 -117.14 12
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Fig. 1 Regional tectonic setting map of the 2023 Jishishan earthquake
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Fig. 2 Coseismic Surface Displacements Maps and Profiles of the 2023 Jishishan Earthquake
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TEGRREZ AT, A DU SR B RAE 7 X InSAR SREUKI T 5 Tk AT B RAE AR BB, TR0 B KA I 5
P 50N 1204 4, BRI RAE G 8 S8 1680 4,
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USGS %5 i (1979 215 TR 20 A 2 28 AT 2 A00RN PG AR 28 1) S J At e 7 J2 S 33 A PSOKINY A 4
B3, SR PGS B AT SR,  BAR R O A2 22 AT A DS IR BCST, AU IA
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PL USGS % —4 ¥ GEIF 333°, Hiff 62°, B30 88°) NS%, 1EGEIGHZEE R . WA
T B A A8 R TS 2 909 B DN [300°, 360°]. [30°, 90°1F1[50°, 150°]. FET InSAR B ER (B 2),
T S5 75 IS Ui 2 (4 K A B (148 2 B B M [0, 25] km AT [0, 15] kme  F AL () 22 W AR -3 5 06)
REWZ VAT ARG R, AR RE AN RMIIEINES IR 1 Pon. EREBEWER
BRSO R, WiEER 3190, fHifh 43°, 1EshfAN 104°,

e KW ER A S5, 8T 0 A0 AT 20 S BRI, 3k i SR ECRE A A A 1 W7 2 3 2
I3 Aie N T BFIEA R BRI AN, R WS K GRERD TR R #4718 2 4
K, BPRE— AR SN 20 km x 15 km FIFE AT AE R, JRB LB HUE A 300 4~ 1 km x 1 km
FIFHE RN P2 . SO fE v [ e 7 W 2R E R A B, RE R TIE R 3 A TE[S50°, 150°)78H]
WHBE R, T Y500 S 2 0T A ) BB P AR A, 78 20 A 3 3l S vt A x4 A T
[30°, 55°1E Fl N BT 2R (RS K N 1°), FI I T LB S i R P AR e R 5
Wi, “FIERFLE[0.5, ISTEEBHTEER (B KN 0.5, RAERMEIM (420 AOEHEET (2.5
IR, 752 2R 0 W 2 A2 () 7 J2 T 80 20 A o A P b e I T8 1) 2R A K7 J2 4 T 0 A 351 7E 50°~60° /2
i, TIAWE AR RR BN RMMA N 420, SRS ESRNGAMEIE N GB D, TEARFA
[F) S TR B o 1 Wi A P BB MEAN [ . B 3 JBoR T R FE W ZE AR, 2023 4EAUA L HbRE (1) [F] R Hh
TEAR Yy 43 A S SRR () IR AR 3 e i 2 B . WA BB, Rl E R a2 InSAR XLl
BRIy, TR IIAE 5B ME RS N 93.3% A1 93.0%, X RiARZE M35 7R A 0.61
cm 1 0.62 cm.
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Fig. 3 Observed Coseismic Interferogram, Modeled Interferogram from the East-dipping Model of the 2023 Jishishan
Earthquake, and the Residuals after Subtracting the Modeled Interferogram from Observed Interferogram.
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KW E U AT AR M R, RARRE AN RIS INES R | Fon. RITERENET
RN R, WEER 143°, §iff 38°, 1EEIMHAN 104°,

FREh, 760 sIB B A B 2 AT, B E[25°, 50°156 Bl N R T 2R (BRI KN 1°),
U AE[0.5, 1S]TERHTINR (HRBKAN 0.5). mAERMLHA (370 FGEFET (2.5 B4
BN, 452 5 VAT R A A I I 2 TR B o0 A . OIS B SR A S TR SR A R R R R
V4D AR T AR LA B — B, BE USGS A A i &, B GCMIT 45 HE I s (3% 1),
AT HE A DR Tt AT TR AR DR YRR I g S . T 4 JEOR T R R E U, 2023 SEAAT I HRE )
AR R A7) oA NI SR IR AR 3 Sk 22 . NEEfR BE T IT R AR 7 AT A4l
InSAR LM 2] (s R LAZy,  FHFIBEPUI I S ARME RS BN 92.7%F1 93.3%, X BiFRZE I35 J7
RN 0.64 cm 1 0.61 cm.
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Fig. 4 Observed Coseismic Interferogram, Modeled Interferogram from the West-dipping Model of the 2023 Jishishan
Earthquake, and the Residuals after Subtracting the Modeled Interferogram from Observed Interferogram.
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Fig. 5 Spatial Distribution of Aftershocks of the 2023 Jishishan Earthquake
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Fig. 6 Distribution of Coseismic Landslides of the 2023 Jishishan Earthquake
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M5 km IREATFGR TR . RIS AR AT LLE H, AKHLFE & — ke /b B A e /o E i ph g
4, FEEANAEEE. FEESEDE 7~12 km IREEHE, &AKEZHEN 0.6 m, KAEEMTIHE
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Pt g AR —3
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Fig. 7 Coseismic Slip Distribution of the 2023 Jishishan Earthquake
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Fig.8 Static ACFS at 10 km depth in Neighboring Regions induced by the 2023 Jishishan Earthquake
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