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Coseismic and early postseismic fault slip model and the seismogenic fault
friction properties of the 2021 Qinghai Madoi My 7. 3 earthquake

ZHAOQO Lei, XU WenBin*, FANG Nan, LIU JiHong, FENG GuangCai
School of Geosciences and Info-Physics, Central South University, Changsha 410000, China

Abstract  Coseismic slip and early post-earthquake afterslip are important ways to observe
seismogenic morphology and friction properties of seismogenic faults. We use InSAR data to
obtain the coseismic and early postseismic deformation and estimate the fault slip distribution
model. The coseismic slip is mainly distributed in the shallow upper crust and shows several
shallow slip deficits. The dip in the eastern branches fault is opposite to the western and main
segment. We process 4.5 months postseismic deformation based on the N-SBAS method, which
accumulates ~5 cm displacement in near-field and ~2 cm in far-field. The afterslip distributed in
both updip and downdip areas and laterally extended alongside western and eastern ends. The
shallow upper crust afterslip fills the shallow slip deficit, and several areas overlap the coseismic
slip. The maximum afterslip is ~20 cm in the updip region. The temporal-spatial moment shows

rapid afterslip in the shallow upper crust and stable afterslip in the downdip area, which indicates
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the complex friction properties of the seismogenic fault.

Keywords

i

0 g

2021 4E5 H 22 H.EHIEH L KA My7. 3 il
i I E AR A PO R IR IR EE S 17 km, E
(34.59°N,98. 34°E) i F B 25 iz He 4 A 35 11 VL4
W LRI (I 1) B B B A b i S 1 B T )2 g )
25 70 km (FRAAF, 20215 ik ZAR AR, 2021 KR AR
TR B B P 47 252 il A L 7 R JRUE R T 2 4%
R LR 27, 3 26 W7 R4 48 4 Ay JeL R 40 o 2 Ik
YR, B R P Sy 7 R R L A U G B
T SR MR = A B i B G, T B B e b
0 53 530 32 G 7K ] T 2R AR B T 2R 4 A R AR 1) 2R
B 0 3 vp sz 3 00 )1 2 g BELES LB S T R T L
B 8 Ly o RO 9 g AR 3 . e 3 25 20 AR
(51NN AR s S R 2 L3 1A= N
(Klinger et al. , 2005; F T B4, 2008;Xu et al. ,
20105 Huang et al. , 2013; Liu et al. , 2014; ZR iz
&5 ,2017 s W B AB 45, 20185 Zhao et al. , 2018) ,{H fif f5
XF T A N B Bl 2 Y. B 2 RR R FAT]
B9 B A% P4 78 Ui 228 1) 146 20 7 RN 328 1 ) R AE 2 4
TARGF A HL 2 » TORS B 1 K 5% W J2 A B0 T 20 A
S Wt J2 1 3 2 7 R 3 0 R B OBV .

CA W58 R R B, 3 2 Hh R 1 R 5= 2 A AN
InSAR [F] 52 JE 28 37 52 B — A 52 4= 1Y 2% 52 7 )2 JLA]
S5 A Y ] SE AR 2 150 ke, 5% W2 A8 2R i 23 5
TE V8 i 2CAS W7 2 5E 7] (Zhao et al. , 2021; Wang et
al. s 2021; He et al. , 2021). 3& T 0 & £ 3 i
B0 [F) % = 4 0B 72 3 s e B 228 1 T T2 T 0 A £
o = I T P 1 0 e e o1 o (I -2 S .2
(Zhao et al. , 2021; TP VY4,2022). [ ZEE LM
T3l 3 W U M 5= 0 S I )2 B A I 69 8
FAE (LB B4, 2021). HASES I S 45 50 8R4
JRe 3 A 55 N 3 fin 2k DX AT AR B Y S TR A OG 1 (R
WAF.2022). BARE A BT STHE T 1 2 Fh b 2 A A
(He et al. , 2021; Jin and Fialko, 2021; Wang et al. ,
2021; Zhao et al. , 2021; FFIER5F,2022; M8 € 4%,
2022He et al. . 2022) H R 25 T A58 FI LM 8
T 7 W7 J2 TLAT 45 48 X8 4% T8 0 A% 7 1Y 5 T A O 1
D52 S AR 1 I S AR AL RRAE I BE ST A D R T
G it 1) DB 22 TL AR 25 44, A ST DL I 307 S 4 i

Fault model; Afterslip distribution; Postseismic deformation; Friction property

705 AR 2R S8 7 1A T IR 2= L AR R 3l o3 A
BRI R i e 0L T 50 0 A0 A 0 B = A TR s i [
ORI 52 I 3 Bl A I PR B A 2 18] B 2 (8] A O
P s T T ATF 52 T2 B T 4 DR 1

1 Bt b B A gy ik

1.1 FEEMERHELE

A InSAR [F] 528 22 5 Fil i # 1ok A Lia 5%
(2022) 1M J5 4.5 A WL Z A GAMMA
AR A3, R RS R B 21 SERTHEL 17 R
8 30 3 XU 22 43 T W49 30 22 43 T 00 B e 8000 Ak
b A BEE ) A7 AL w430 SR Y 10 R0 2 AT 2
AP AR MR EL L SR T 90 m 43 B R BT i AR A
B4 (SRTM DEM) I F A IE M AR L. SR 1 3 B
W R B 2N 2% A B (Goldstein and Werner, 1998)
RENfRETWE. Z S EEAMATERT 0.7 MR R
JERNG TF B AL KT 30 m (T 9 X ol 5 s
DX 1 S5 2800 Sl AR AT 77 SRR IR A 68
ST 4 T IR F LICSBAS(Morishita,
2021) HEAT IN 7 52 5 B A8 3 M B8 B R P B RE A2
H¥A 1.5 rad I Ht5 4 = T 95 1# 09 F BR AR A6
SR A B B R 22 10 T V0 ] R 5 TR A8 R
(bR 22 SR RRAAE TR AR 22 R R A G R
FHEE 23 B A5 BN 0 P 2 5 B A2 5 (Li et al. » 2022).
.2 ARMEREISHRE

M [7) 52 T 20 T RS 3R i B Bt 45 2R 4 7 2 T
I3 A ASERGY < R W2 P i (T2 1) R Y 32
HBLWZ 2) KBy P B ()2 3 M= . %
JEOULIN 55 A A R 2% 1 S 1 E BE L i T BEAT $1
(Vasyura-Bathke et al. 2020) 3% F D1 M- Hp 380 55 Sl
R W2 T M R B R IR SR TE R FE L T
BB SR AR R A . 16 2 /R T DU 37 4 2R 45
T DB AE 95 00 1 B A DX IE] P g A4 A oA b i
83°, 7k )y 2857 Ky e Jike & W W = . 7E W AE 32 W7 R B
Wr 22805 . A 1K SDM(Steepest Descent Method s
N [, Wang et al. ,2013) 3& T /D e £k 1k
S SN g T =S g I K 712 S e R
B R E B A R AT Wi O 0. 13, 2R 5 ¥
JE TR UK 2 km X2 kem fY W7 )2 B 8 3 B A 200K
P2 [ =457, 45" FE N R BIA FA EL 2 0. 258 S 5 4



1088 i BR 4 B %~ it (Chinese J. Geophys. ) 66 #
96°E 97°E 98°E 99°E 100°E
TR N . E
36°N —)O_ - Lﬁfﬁf —3\ 4 9 © 136N
— l)_ _9

35°N A -35°N
34°N O _ [34°N
o ]
o RfE o Jfi Stz
TR o FEHEL
— GBI R -- B
L W2 S 47,
. I%%Mz\z GPSi#E %1 33N
96° 99°E 100°E

B X
(a) BB SRREKZ N (Wang et al. , 202D, A 1M EARFRBHAE 2 GWHEEK KR United States Geological Survey(USGS) ¥ £
i 7 AR R AL A 5 2% (0 S R IR W JZ R M R 2 L (A SE R SRR S W) L W A1 Sk 2R (] GPS 34 (Wang and Shen, 2020); (b) £L
2k 2R L e B A B R 2t €0, HE 43 3 8 7 LN T BURICHE Y L 56 5 70 Bk 3 R D SR M AR R DR AL R (USGS).
Fig. 1 Regional tectonic setting
(a) The purple dots denote the relocation aftershocks (from Wang et al. , 2021), the white star represents the location of the epicenter, red
beach balls show the focal mechanisms of the Madoi earthquake from United States Geological Survey (USGS), the green line indicates the
rupture surface trace, the black lines denote the active faults, the blue arrows indicate the interseismic GPS velocity (Wang and Shen,

2020). (b) The red dotted line represents the Bayan Har block, the blue and green boxes represent the descending and ascending frame

respectively, purple beach balls show the focal mechanism of historical earthquakes from the USGS.
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Fig. 2 1-D and 2-D posterior probability density distribution plots of the fault geometry parameters
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Fig.3 The coseismic and postseismic deformation of the Madoi earthquake

(a), (b), (d), (e) represent the coseismic deformation field of the Sentinel-1 ascending orbit, Sentinel-1 descending orbit,

ALOS2 ascending orbit, ALOS2 descending orbit respectively, the dashed-lines AA', BB’ represent the location of the profiles.,

the white star represents the epicenter; (c), (f), (i) are the profiles of the surface displacement; (g), (h) represent the

postseismic deformation field of the Sentinel-1 ascending orbit, Sentinel-1 descending orbit respectively, the white circles mark the

locations with complex deformation characteristics.
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Fig.4 Time-series of postseismic deformation after the 2021 Madoi earthquake in Sentinel-1 descending orbit
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Fig.5 Time-series of postseismic deformation after the 2021 Madoi earthquake in Sentinel-1 ascending orbit
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Fig. 6 (a) The optimal dip angle of Seg. 1, the cyan star represents the optimal value; (b) The optimal dip angle of

Seg. 3; (c¢) The optimal dip angle of Seg. 4; (d) The optimal dip angle of jointly inversion of Seg. 3 and Seg. 4; (e)

Coseismic slip distribution of the Madoi earthquake; (f) Postseismic slip distribution of the Madoi earthquake, the

blue dots represent the aftershocks, the colored lines represent the rupture surface trace, the red star represents the epicenter
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Fig. 7 Coseismic deformation field of the Madoi earthquake

(a), (d, (g), (7)) ALOS2 descending, ALOS2 ascending, Sentinel-1 descending and Sentinel-1 ascending data, respectively; (b), (e),

(h), (k) The corresponding modeled data; (¢), (f), (i), (1) The corresponding residuals, white star represents the epicenter.
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Fig. 8 (a) Model coseismic slip parameter uncertainties, the colored lines represent the rupture surface trace, the red star
represents the epicenter; (b) Model early afterslip parameter uncertainties; (c) Coseismic static Coulomb stress change;

(d) The calculated rate and state friction parameter a—¥b of the seismogenic fault
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Fig. 9 Postseismic deformation field of the Madoi earthquake
(a) (d) represent Sentinel-1 descending and ascending data, respectively; (b) (e) The corresponding modeled data;

(c) (D) The corresponding residuals, white star represents the epicenter.
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(b) Temporal evolution of early afterslip seismic moment with depth
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