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Abstract The Jishishan Mg6.2(My6.0) Earthquake occurred on December 18th, 2023 in Gansu province was a
small-scale thrust strong event (M= 6) that caused significant casualties. After rapid inversion of rupture process,
we performed joint inversions of seismic moment tensor and rupture process, and then compared and analyzed
the fault parameters of this earthquake. On this basis, we discussed the disaster mechanisms related to the source
process by determining the radiated seismic energy, and obtained the source characteristics within a broad

frequency band. The results show that the earthquake fault is more likely to dip to the east. The major rupture

E2WB EZEEAPE LT (2022YFF0800603 ) il 6 58 1 SR RE 4 3 45 (42074058) ¥ 1.
F—EEEN ERE, B, R KA AR, 2N R IR KA AT 5Y . E-mail: huasibo@pku.edu.cn
*BWAEE k5, B, AR RAVIR 0, ET PR IR S A TS . E-mail: zhang-yong@pku.edu.cn


https://doi.org/10.6038/cjg2024S0089
https://doi.org/10.6038/cjg2024S0089
https://doi.org/10.6038/cjg2024S0089
https://doi.org/10.6038/cjg2024S0089
mailto:huasibo@pku.edu.cn
mailto:zhang-yong@pku.edu.cn
mailto:zhang-yong@pku.edu.cn

2626 M Bk 4 B % 4R ( Chinese J. Geophys. ) 67 &

area is located between Jishishan County and Dahejia Town, spatially consistent with the meizoseismal area

indicated by the intensity distributions. The hanging wall effect, the Doppler effect of the rupture extending

towards the northwest and shallower areas, and the amplification of high-frequency waves in shallow soil layers

are likely the main source factors for the severe earthquake damage.
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Fig. 1

The star denotes epicenter, the orange circles are history earthquakes, and

the red lines represent active faults. Beachballs are moment tensor solutions

determined by the Global Centroid Moment Tensor (GCMT) group

(Ekstrom et al., 2012), the United States Geographical Survey (USGS), and

this study. NLJSF: Northern Lajishan Fault; SLISF: Southern Lajishan

Fault; DTH-LXF: Daotanghe-Linxia Fault; WQLF: Western Qinling Fault.
RYSF: Riyueshan Fault.
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Fig. 2 Fast inversion results of rupture process obtained with the IDS method
(a)(c)(e) Inversion results with the nodal plane of strike 303°/ dip 52°/ rake 62°; (b)(d)(f) Inversion results with the nodal plane of strike 164°/ dip 46°/ rake
122°. (a) and (b) are surface projections of fault slip distributions, (c) and (d) are source time functions, (¢) and (f) are fault slip distributions and the position of

the conjugated nodal planes. The stars denote the epicenter in (a) and (b), and the hypocentral location in (e) and (f).
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Table 1 Misfits of rupture process inversions based on different fault parameters
No. Strike/Dip/Rake Joint-Tele Joint-SM Joint-InSAR InSAR-only SM-only
I 168°/42°/122° 0.217 0.460 0.073 0.060 0.442
Il 308°/56°/65° 0.218 0.523 0.230 0.184 0.485
1 309°/55°/62° 0.218 0.485 0.157 0.134 0.467
v 171°/44°/123° 0.312 0.575 0.348 0.289 0.535
N 169°/37°/122° 0.245 0.466 0.070 0.058 0.446
Vi 309°/52°/62° 0.181 0.430 0.067 0.060 0.422
VI 164°/46°/122° - - - - 0.368
il 303°/52°/62° - - - - 0.406

FE 14 km, H5.0 i B 055 18] 5 3.9 s, - 34 1 28 3 3 2R
23 kmes ™, Jria b w2 6°. WA e XU A Y 1 4
S A FE R] 168°/41 F 420/ Bl ffi 122011 3 7] 308°/{5
1 56°/ B 1 65°. B UG 17 2506 79.8% (3 I
B 4—6).

HuRR & A e, AT AR (2024) ) A X80 B AN
TR Ml 5% U B B B K R R R N
35.748°N, 102.812°E, E IR IR 16.4 km. K& T iX — &
VR B, PRI A S I8 72 PN W RE AHAS 2 A 4H
WA MyS5.94, F 0L E AT 35.82°N, 102.86°E, ¥
FE 14 km, F 0 D 8% 055 6] 2 3.6 s, °F- 35 1 4
2.5 km-s™, J5 18] A AU 25 £ 28°. WA die A4 X g 4H
023 0 A E 18] 171°ABiff 44°/18 3£ 123°F05E 7] 309°/
Wi f 55°/0 sl F 62°. WX LA 09 J7 22 46 18R 79.5%
(TE WL HL P BB 7—9) . AT UL7E SG J5 P & R B A
B () O B R 2Ty 1) AR — 25 5, (A K
2 ORI S B AR — B, 22 R

3 REWZ A E P RGE FR IR S Be T

FA1R FH Zhang % (2012b) $ H (1 86 & S i
5, VR HUE T BEAE 300~ 90°Z [8] (1 19 > 5 441y 6 1.
g1 id sk (BHZ) 1Y 72 B ik Pk (FB 1 FiF &l 10a) |
24 M IRFR Gl B =4k il sk (HL R 11—12) M
iT 3% InSAR( Interferometric Synthetic Aperture Radar)
S B (1 3a, b)), SEATHR & ST . 76 SR, 1T
2 P BRI i 52 A X AR 03 S 5 B BB I R AT ki
ARBR R, SRR PR BT D 0.01~0.5 Ha, i
XoF T 0 2 RN, Ry Ao SR 2R RS 5 B AN R 52
BEFE T 0.03~0.5 Hz (38 B A4 . InSAR B4 7 I,
AT 25K JH AT GMTSAR JF 8 %% 4 19 pSAR ¥
B AL HE AR B T InSAR [A] 52 JE 28 375 ( Sandwell et al.,

2011; Feng et al,, 2016) . Ab # v, #8115
Sentinel-1 75 A E 48, [F] I 25 J& 1 I B A 8 I ZI) —4F
BRI B A, FH DA SR A [R] 22 5 (R0, e sl b W 7
KATHE. R T 30 m 73 #E % 19 Copernicus DEM H
T b I A A K BR, W EE 25 1 (range) M7 A 7]
(azimuth) 73 H 8 F 7 8:2 AT Z AL BE. 28 b
B, e T ok A T128 A T135 #L3E (19 20221231-
20231226 F1 20231120-20231226 1§ 4~ 1% % FH T Hb 7%
STE . S R, AT T PSOKINY 4%
14 H B O SRR R R A £ R (Feng et al., 2013) e & 43
FIARAR T 4826 il 5268 R AF .

FE S 2o A B Y v, T R A i A Y
BN W7 2 9 B A R R R S B ), DA A E BT
T 3 1 B LT ) i, s T A B 3% ] 7 P Y 3 3
AT W2 000 3h A R LUTE 45 52 19 1 3 f +45°
LN A B, R g RAE Y T A A
PE, TATHE S H oA T A 6 A, IR R
2 i AN H AL = A R s m &, DU
A B W 2L B M AR AR R R BT RCR T
QSSP(Wang et al., 2017) F£ /7, J&F AK135 4R M
LAY (Kennett et al., 1995; Montagner and Kennett, 1996)
HI CRUST1.0 17 4 % ( Laske et al., 2012) i+ 75 5.
J 8 b P A8 1 T 55k FH Okada( 1985) 19 5 2,
B TR IO PR 23 (R B AL AR 2L X F RPN T
2 T B 233 [ 9 1 8 A% MK R B30 T 532 BT 1, 1A
R, 18 T 72 1w R KR 5
A b I AR XoF I Ml 1 2 1 FE A S, X TR A
AR, R P T PR 23 (R ASE Y 43 J2 A AR 8
RS 8 1) 25 S /N, R 52 i ) b 7R R R AR IR
F4) B 2 A HT AT

T eI CENC & A 1 AL 45 R, 456 5 T It
AV 25 S S AT B A R K i AL A T2 1, G )



7 19 A SR A, 2023 4R H R L1 My 6.0 HiRE 52 U5 AR 1E 5 9 E ML B 2629
Observed InSAR T135 m Observed InNSAR T128 m
T T T T
@) 0.06 ®) 0.06
0.04 0.04
35.8°N - 0.02 35.8°N | 4 {10.02
0.00 0.00
-0.02 1-0.02
35.6°N |- -
-0.04 -0.04
35.6°N -
-0.06 -0.06
1 1 | |
102.6°E 102.8°E 102.6°E 102.8°E 103.0°E
%107 %103 %103
T T T T T T T T T T
12 B o 90l ad
A 921} i
% 10 % 8.7 Lé
R I 3 88p ]
M
B = © 1 1 84 (d)l 1 ] 84 (e? 1 1 ]
0 2 4 300 310 320 40 45 50 55
Distance to A/km Strike/(°) Dip/(°)
%103 %103 %107
T T T 10F T T ] 14F T T |
9.0[8€ .
12 B
Zsst D4 gor 1 £
s p = |
80 N .
I(f) 1 1 8 (g) 1 1 1 8 _I (h) 1 1 ]
0 2 4 160 170 180 20 30 40 50
Distance to C/km Strike/(°) Dip/(°)

K13 (a)InSAR T135 WLk a7 #6 S A8 AR A5 2 A AR (ZL 05 HE ) | 9T G (05 ) W)= A 8, A-B 5 C-D 4303l o ZR fhi
RV 7 J2 7 3548 2R3 s (b) 5 (@) ZE 8L, /R T InSAR T128 MR I 455 (c—e) AT 07 B | S [l FAG £ 48 R
% 22 M2k (f—h) PUBTNTJZ= A0 1 A 1o R AR 8 3R A 5 22 1 2

Fig. 3

(a) Line-of-sight displacement of InSAR T135 and the locations of the searched east-dipping (red rectangle) and

west-dipping (blue rectangle) faults. A-B and C-D are the searched ranges for the east-dipping and west-dipping fault

positions, respectively; (b) Similar to (a), but it shows the Line-of-sight displacement of InSAR T128; (c—e) The searched

misfit curves for the location, strike, and dip of the east-dipping fault, respectively; (d—f) The searched misfit curves for the
location, strike, and dip of the west-dipping fault, respectively
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Fig. 4 Joint inversion results based on the optimal east-dipping fault

(a) Slip distribution on the fault; (b) Source time function; (c) Snapshots of the slip distribution. The stars denote the hypocenter,

and the gray arrows denote the slip directions.
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Fig. 5 (a) Average source spectrum. The black solid line represents the average source spectrum measured at each station.

The blue dashed line represents the result obtained by fitting with a power-law decay model, with a corner frequency of

0.15 Hz and a spectral decay power law of 1.45 above the corner frequency. The orange dashed line represents the source

spectrum of the quadratic decay model, given the same scalar seismic moment and corner frequency as the blue dashed line;

(b) Average energy spectral density. The color scheme of the curves is the same as in (a), and the area under the curve

represents the radiated energy within the frequency band
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