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Abstract: [ Objective] Over the past 30 years, Menyuan Country, Qinghai has experienced three strong earthquakes,
demonstrating active seismic activity. The focal mechanisms of these earthquakes show remarkable differences, and the
epicenters are all located near the Lenglongling Fault. [ Methods] In order to quantitatively analyze the activity char-
acteristics of the Menyuan seismic sequence, using InSAR technology to obtain the coseismic deformation field of the
Menyuan earthquake in 2016 and 2022, and establish an appropriate fault model, the fine slip distributions of the two
events were obtained through SDM. Finally, evaluate the static Coulomb stress changes on the faults in the region and
its surroundings caused by the Menyuan M,6.6 earthquake in 2022. [Results and Conclusion] The coseismic defor-
mation field in 2016 exhibited a single elliptical uplift center, with predominantly thrust motion. In contrast, the spatial
distribution of the deformation field in 2022 was more complex, showing a Y-shaped distribution, and there was a slight
variation in the rupture direction from west to east, with primarily horizontal deformation. The two earthquakes also
differ in their slip patterns and the styles of shallow and deep structures. In 2016, the seismic activity was weak, with a
slip zone existing at depths between 8-12 km, where the maximum slip was only 0.23 m. The fault plane had a low an-
gle of inclination, characteristic of deep-seated slip. In contrast, the earthquake in 2022 was a typical shallow-focus
event, featuring three distinct slip areas. The primary rupture occurred in the Lenglongling section, concentrated in the
shallow part from 1-7 km, with a maximum displacement of 3.22 m. Significant slip also occurred along the western
extension of the Lenglongling fault, reaching a maximum slip of 2.59 m. The Tuolaishan section experienced rupturing
mainly between 3-8km, with the maximum slip recorded as 2.1m. [ Significance] Combined with the analysis of the

Menyuan earthquake activity in 1986, It is inferred that the Menyuan earthquake sequence is dominated by the activity
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of the Lenglongling fault, The Lenglongling fault is continuously adapting to new structures and stress adjustments in
its north-northeast extension and compressive-shortening activity trend. The 2022 Menyuan Mw6.6 earthquake had a
significant impact range, and earthquake hazards need to be continuously monitored and further studied, especially the
parts where the static Coulomb stress changes exceed the hazard threshold.

Keywords: Menyuan earthquake sequence; Lenlongling fault; INSAR; Activity characteristics; Coulomb stress
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AT REREGME R ERLENE, A ELET THEERY, BXHATHE (SDM) KE2RMEWEEEN I, &
FETHAESNATATMET 2022 4178 My 6.6 3B X% KK KA AW ZHE A, HRLHN 2016 FREHEH RN 2
—HHEEA TS, BHBMEUEA N E; W22 FHER LGB0 AR AEE, EYELSA, HAEHEWEHREEME
f, UKFHEHE. 2AMENENER RN ER KA OFEEAEZR: 2016 FHEFEHNEE, EFRH$~12km FLE—NE
HE, RABHERNE 023m, WEAHAMR, EHEMBHEL; 202 EHEHREHZERE, FEINMHENEHX
B, THEREAARBE, EFEEH 1~Tkm, BAREEHN322m, ALBKEARE#RRLL LT ARES, RAEY
EiAF259m, KX LEBFHNEEEFTEISkm, RAFEHEN 2.1 m. &4 1986 F 1 1RMEE 247, HEBTITEME FF %
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T R P ) R ARG T2 0, MRS AT AR o AR LA T R s AR RS, P e B
2 5 R B b b E 3L R T SRR AV (Allenetal., 2017; Zuzaetal., 2018; Guoetal., 2019;
LR, 2019) o BREEPILLIK, SRIERRSE LRy sk AR, 5 )R i R g s SR 5T 2R 22 i B
MEAER, SEREN DR, WERGRIGERIERG SR, s b, #BE R R R AT 1920 fFifEJE 8.5
A1 1927 EHIR 8.0 24 2 YR E KHE (Gaudemer et al., 1995) . ¥T4EK, Horb BA & i 2 BoR R m b 2
WEAIE, AR AE T 3 UORVERNLHIESA AN FE R . Hd, 1986 4F Ms 6.4 [ TIRHLE A 2016 - Ms 6.4 | TR HLE
BGARRMRHE, RN FECAS AL, R AAEA e I Z A F AR 2 b, AR AR R Hh 2 it 3R
(Lietal,2016; #5124, 2016; Heetal., 20200 o 2022 4F Ms 6.9 [ TUEHIE R KA AEA I XK 2 EEK &%
B R D BRI AR, RS TS, DIATR SR, W EBEIRRIK AR R (GRS, 2022;
R, 2022; #PSE, 2022) o [F—HUB XIS E KRR, RBGEZIX N 5T W2 RaEk, R
A HIRRAESRBR E RS (He et al 20200 o [Rlk, BF 701 1R SR E 15 ShARFIEXHZIX (1 H 5B fE R M 4 b B &
B

2022 R TR E R B G, 2RSS (2022) FJ KA InSAR H ARSI A I MFAZ I s A, s
RN TIHGE, KEWZ A RIGWE, sRESIE (3.5m) AT 4 kmiEkk. thjE, HALGFE#H LT
InSAR $i AR, FEAL T A A W7 245 ROk iR N 50 T TV 32 i = VR AL A 2400 72 (Yang et al., 20225 Li et
al., 2022; RS K%, 2022; Luo and Wang, 2022; Wang et al., 2023; Zhang et al., 2023; T k%,
2023) o A, Wangetal. (2023) 38 fif 3 o0 28 BEAR A B VR bR B R W), RILESL T SRR
U FNFESE L R B (XU E A Y s Wi L5 SRR A R R W EAEH T 4 km AMIA B KIS E (4m) , RFEWE
N BIE N 2.7 m. Luo and Wang (2022) KHG H W & 5P 2RFE, Bon WA IR I E &7 24T



SELL T E R PUE R A ARRIE R, Mo R ERZEA 58 6 MW R, HS i s 1 5 B v R i K
e (48 3.6 m) KAETE 1.5~3 km EGRIRE . LTI, AR ZEME R AHE I BAREAERRKER .
T A A LT 2 B 28 0T R T2 4 1 31 52 2 A o S5 M B 3 R, T TR R AL il B R B0 LS (Wang et
al.,2020) o AEFRIBZ BRI TR Z s RRE B O E 2, RN, R X I i A E
&, 02022) o B, X 2022 4FTTYR Ms 6.9 HiFRIX R K 2 Wi BRI FAE, AN A IE RS AR R
i

2022 SR JJRME R A G, RS (2022) HET GF-7 5 TSR LI RE R, AL 2 SOR A,
I H b R R A e s W 2 P55, A PR SEEZ) 10 kmo EUCIERE B, W HHES (2022) FIFFH GPS. /)
BT NHUS BT AT 7 EATVEA RS R A, S B SR il PR R B AR SR BOE AR E AR AL, IR Ik i 2
BN NVEBL. B KRB BB (2022) A KH BRI ARIR TSR I Z B IR, RIUA I W EAE
AN X B B A R R SR A AR AE, R I B 0 o BOPE o AR B AR A R O G R B A mT A, =2
PR TE L& 2022 4F [ TY5 0 RE W 2 AR AR S MR R R ALRE 0 AT, A BY T SE RS 0 M 5 08 7 J2 ) L AT R e A 20 AT A
Rk, TERESIWZ AR, S5 B b Sl 5 23R 15 1 Hh R B L0 RS B 0 AT DL L, JE5 FE VA RIS T2 ) 75 AiE e
MR ELEE, ARPEA LB E AR, ¥ 2022 SET TR AR Z R0 3 B IR, &F%F 2016 4F Ms 6.4 [T HIFE
52022 4F Ms6.9 [V EHE BN 5, (1 InSAR £ R 43 Sentinel-1A FFFEHUEHE, 153 2 R H1LE 1)
EHERTEAE, WA ZE S R RN =4I s A, SRR B8R 1T TR P S V& Sh A1 s 4,
FRAE 2022 4F | TN FE SO 15 B0 S R S AL, T SRS O B AR ] A BRI b 2 R R B, X X I
TEBIHEAT 2 M IR IR I AR B fE

1 EE SR F

TR LR BB RE DX LR B R Hb AR A B A T AL AR I I8 (LA . BT ZEAR ISR, Bl BE AR R 5 KT AR B hilf 43 51
RICRERNL, X AERTENCN R AR (Zuza et al.,2018; FREAESE, 2019; RRE, 2023) , [ 2o AiE a0
MIEZ . TESNRE G RETE WIE . ABE R IENE KRG KL 1000 km, 7EZSE B RIIE AR, RN, [
PEIRFERARE L (BRESSE, 20190 o 10 km T8 19 R PLRL 53 78 HKs 48 3% 1 J5 97 2 R Ge ki) 2R 2K m BRI PG T B,
(Gaudemer et al., 1995; Daoutetal., 2016) , RrgB AR IEEWRE IRKZE . WIEEZE. &l -RELEE
KA. FEVUILETR RN E KRG AYN 6.9~10 mm/a A TEHs 3, FBIE LYk R S48 % 2.3~4.8 mm/a (Daout et
al.,2016) o A A R W2 FIFESE (L 2 i 5 T 2 2R G0 W B 1) P A TR SIS . FESE LR AR
AT BUBGH W 2 BEIR . VAR S,  SARGE ) 290°~300°, U ) G PG, SR BB I R sy (GRIE PH &,
2023) 5 AR EIRARARE L LR, FEREA RS, 2K 120 km, 2 —FaHHEAEESEDN
e TR R, AL eI shi AN I 2R 0 N 4.6£0.8 mm/a A1 5.9+0.8 mm/a (He et al., 2020) , 7EHIE
e T — 25K ZH50, HBAE. KR Mt . P MK ES e M A Il R. (AT SC 54, 2010,
Guo et al.,2017) o AR W ZEAOG N ERGR, MHARRE T 1986 4F1 T8 Ms6.4 HifE . 2016 -1 1R Ms6.4 HifE
12022 T TR Ms6.9 HIRE .

TR I R FIE K E 2 550E 3, BFERA-KSERZ . 2IROIEBIZ . 755 b=
FTEBZSE (- 1D o RS- KIDERZATA0E AL g W 20 Brgit, K42 250 km, WiFEGHE, 2% 7 A0E
L e e 5] G A R DR i, S BT SO AR R R BB SR DU 20 R B R TR L, 05 T RO - K S E
JEAEMG 2 VU 28 TG BRI b, AN L HIE A2 %N 0.920.2 mm/a (Xiong et al., 2017) ;  S30—XUE Wi /=76 48 1H:
WARIEER, 2K 120 km, WHAETEN AL, 2015); R E-EKE NS S-S 2R AR, W5
PG, W E AR BE AR SS, FECAME R IIE ) (GRIERESE, 2023) o EIMICNTTIRIEZS, RS E R
PLRIESNPE 2S5BS, KA 70 km, HiFdbR, DAdrEsihE, & TR S A R0 L 1)1 5 2
(GRAEFNZHESL, 2008) o
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Figure 1. Lenglongling fault and surrounding active structures (The red arrows represent the GPS velocity field (from Wang and

shen,2020); Three colored beach balls represent the 2022 Mw 6.6 (red), 2016Mw 5.9 (blue) and 1986 Mw 5.9 (green) events; dots in pink

and gray are the relocated aftershocks of the 2022 and 2016 events from Fan et al. (2022) and Liu et al. (2019), respectively. TLSF: Tuolais-
han fault; LLLF: Lenglongling fault; JQHF: Jinqianghe fault; MMSF: Maomaoshan fault; HYF: Haiyuan fault; LHSF: Laohushan fault;
GLF: Gulang fault; MYF: Menyuan fault
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2.1 InSAR ¥MALIE

InSAR EORREFINE ks BEH R AR, B 2 E RIS ) IG DL RE /7, AR R 22 7 Hh 0y v 3 =1 20 #
(ZERIZE, 2017; BEEREE, 2023) . EMER 2016 4R 2022 4 JHREH X TR SAR 18 GR D,
BH “ZBUE” R T BT E 0 T A, EE 2 RITTEEREE AR . SdEa st iEd, KA
NASA (National Aeronautics and Space Administration) [ 30m 43 #¥ 2% SRTM H0 5 15y R 45 28 3 i th T 2008
IR Z AR AL B, 4O e S, SR T B E . AR AR R 38 A TR T X s 2%
(Minimum cost flow) 777437, &/ailidthEgmiy, 52HEANRR T, BELUARIEZY.

% 1 Sentinel-1A HIESH
Table 1 Parameters of Sentinel-1A

i B P KATITIA) AR H A A% H
W 128 FHERL 2016-01-13 2016-02-06

2016-01-21
I\ 33 [N 2016-01-18 2016-02-11
W 128 FHL 2022-01-05 2022-01-17

2022-01-08
w 33 PN 2021-12-29 2022-01-10

22 EERZES

2016 “F [\ 2R A T4 s F Wi Z bk is iR X, JiREai A E, JRAE—MHEREEEA SO, EF.
PR F) TR A e KA AT 00N 5.9 em 7.8 em, BRI RIZ S @ M LA pp o 3. AR S A, R
TE AR T B 52 Ml B A PR AR HE IR AT X3k BRI TR BRI B AR, X2 H T AN () (%) T2 At ) RN



55 (Lietal, 2016) .

2022 EFF. BEEL InSAR [FI RN BRI e M R ITEAS, W10 R W R DUKCSP TR ARy 3,
DU AR I . I ML B AR E L K, S8UE 5 RAT, (ERARS R T RE R E S
)5 LR A R AE o 228 1% XIS Bh T2 A6 1, ¥4 TR 04 W7 J2 N FE 31 1L W 2 14 e A 5 2022 451 1R R TR A2 3%
XTI, AR BRI PG — R R AR ). iz BRI R L 4%, AEPEBCH LT 20 XL R, BiE R E T A 2R
WA AR, SAHOCSFE A CE RPN RIS MR GRS, 2022; #HIh%E, 2022) .

FIFH InSAR HiARRA T REH MM ERBE L, EEIESHEL. BEK, RE— TR 62 R
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Figure 2. The coseismic deformations of the 2016 Mw5.9 and 2022 Mw 6.6 Menyuan earthquake

Colored beach balls represent the 2022 Mw 6.6 (red) and 2016 Mw 5.9 (blue) ; Black lines denotes active fault

(a) The coseismic deformations for the ascending orbits in 2016; (b) the coseismic deformations for the descending orbits in 2016; (c) the

coseismic deformations for the ascending orbits in 2022; (d) the coseismic deformations for the descending orbits in 2022
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3.1 BEiREY

ST JZE T ALY 52 InSAR B¥Ria 3l 2 SO M G P IR (FERIZSE, 2017) o 2016 4F My 5.9 I'1JEHLE S
1986 4F Mw 5.9 [ TR HIFZEARSL, 35 RAE MR A B S8 (A 28y, X T BB 5 58 X B 2% A s BR B RO T 2 6 3 K
% DX BT () = EEE B T Z AR A I e e E W W E . KRR - KRS ET MR, X2 %WEEEE P RiT. KiE
CUA 1 2016 45 TR 7R, BRI R E NP (Liu et al., 2018; Xiong et al., 2019) , £54 InSAR [FA/E T
IHIEAS, (ER RIS ITEFI R SR RS 8 Wi 2 2 (AL T — AN 28 M.

VA e U W7 2 G BEORTHE SR L W7 2 2R B e i 2022 4T 1ML R R R IR AR Yy,  HO 38 e A0 I R R 25 () 4 A 5 7 41
H L EIE BRI R T 2022 FEHIFE MR R EUR RIS (FESR LI ED FIdbsE (A RIGWIE) 2 K4k
GEFRMAEE, 2022; #iIP5E, 2022; Fanetal., 2022; FIEFHEE, 2023) , #eF 2022 45 TR HLRE K RE W2 5
532 B RS, JE3IEEMN, RARRNS BN, FiMhREZR S, RIS



DABRAEVA S N A, PIONAE IS A A8tk GBEX S, 2022) o Bb4h, dbSepiZeatR& IR T4 04 W2 vhs, 1
RSP GRS, 2022) o fEESLWIEBEAN, SHEINSE R MR MR fif E,
FHEEA R R T R, R B M E R, 2022 F I EEBEWZER 5N 3 AT W2
(F1. F2. F3) , HVMZREH] TIiX 3 %W Z4. i, FLIVETSELWTE R EAT: F2 U5 LS v i
(37°49'59.117"N, 101°8'0.324"E) ZEBAEAWE CGREE, 2022; HEHE, 2022) ; F3 & BRREE 7R
MR, S5 CHMALE R (Liu et al, 2018; Xiong et al., 2019 ; & K %%, 2022:; Luo and

Wang, 2022) , #ERNTWIRAPIMGE, SUEERESIBOVEBRZ R RARENZH (R2)
® 2 THIRRREARSH

Table 2 Basic parameters for sub-fault inversion

L} I E RGNV E
I 1] RSCITC)) ifh/ ()
2 &R i/ ()

F1 101.123 37.793 90.113 82.270
2022 4 F2 101.130 37.833 108.030 88.050
F3 101.281 37.792 118.890 88.270
20164 Ml 101.556 37.779 125.000 46.000

32 BESHRE

KH SDM  (Steepest Decent Method ) 27 73 HlI 3K i 2016 A1 2022 4 [ 15t 72 RS 43 3070 i ( Wang et
al,, 2013) . fEyERES, BATH. BRUEBSAR, FHELRMFTNRER S EER, FH crustl.0 Hi5E
R Green AL KW R B UL S TA 1 kmx1 km /NFWIE, DB 078524 52 b 7 2 T & b 138 5
THl. BbAl, NEEGIG BN AR, XRE e 2.

2016 4 [ TR FE I i ALIE s AR o (B 3D, IREBAAE — MECIR N 3 X, HHEISESIRY R E %,
RIEWE FE RIS g s BB AT 8~12 km RS, BKEZE 0.23 m, X5HH
(2019) WFFEEERARML . SIES B IFEB SN My 5.96. FRIEH R B s R, kR BWELN T4 Rk
EWEACM, RIA— KPR ERNZ . 2022 FHUERAA/E 3 ANHEMESIXE (H4) , FEERERZ
1~7 km, JSE—XRMPFPREMIEHE . WRIE3h 7 R, ZHGE BA s A e MR E, REea s
WSS . Hod, FEMAKRAEEA BB (F3) b, EIRE 3.5 km ik B A4 R 3.22 m, 1)
PR R . A RIS WETEAEBYE (F2) R4 T RSN, BKEIEN2.59 m, KAEEHT 4.5 km.
TR (2022) A I T E [ TG T AEE N2 . XS, FEELE (F1) BRI LA & BN,
Heh IR B MOET, MRIREETIE 3~8 km, HAENE (~2.1m) KRAETE 446 km iRfE. SES B
BN My 6.626, 5 USGS HLH AR IEHE —5. 2022 T TR H B B A i 3%, 0 3 BE V& ML B A 31| B 5
IR, X P RE SRR A IELL IR A K (FEIPEE, 2022) o 2016 1 2022 4F [ ] F 1 FE iR AR 7
DB B B 22 o0 A WL 5 B 60 ARUE 2 4R 5 WMIME B A B0 — . 2016 FEHRE [ 8 7E Wi 2 37 Sz 3 77 4
%% 25 0] e 5 S IR RLAEAE — B TR AL A 2%, BRI PLAM InSAR 45 5 A ik 4% ) R AR 22 ] E 2 2 1 21 H5 4 1)
FEEE (XFESE, 2019) o (HEARERZERDN, HORIES)RETE R 0.97. 2022 #5215 30 i T35 Kk TE
B[R S EUE SRAH T EERMT, EFEHIAERPIIT, (H5E8A BE/NFEIEE R, WIE 554
ERINEEE N 0.98. PR A E R a SEtt. SRR, PR E I SOE A 45 5 [ i Y InSAR ##E %f
W Z R R T RIFAOZI TR, RIS S T TR b X b 5 A Y A
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Figure 3. Slip distribution models of the 2016 Mw5.9 earthquake
(a)3D slip distribution; (b) 2D slip distribution
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Figure 4. Slip distribution models of the 2022 Mw 6.6 earthquake
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Figure 5. Inversion and fitting status of the 2016 Menyuan earthquake

The red rectangle represents the surface projection of the fault plane

(a)~(c) InSAR observation, simulation and residual from ascending; (d)~(f) InNSAR observation, simulation and residual from dscending
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Figure 6. Inversion and fitting status of the 2022 Menyuan earthquake



The blue rectangle represents the surface projection of the fault plane
(a)~(c) InSAR observation, simulation and residual from ascending; (d)~(f) InSAR observation, simulation and residual from descending;

The red rectangle represents surface projection of the plane
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Figure 8. The coulomb stress changes caused by the 2022 Mw6.6 Menyuan earthquake under different friction coefficients

dots in pink are the relocated aftershocks of the 2022 events from Fan et al. (2022); The black line represents fault; The red rectangle rep-
resents the surface projection of the fault plane.

(a) Regional static Coulomb stress changes under friction coefficients of 0.1; (b) Regional static Coulomb stress changes under friction co-
efficients of 0.4; (c)Disturbance of coulomb stress om surrounding faults under friction coefficients of 0.1; (d)Disturbance of coulomb

stress om surrounding faults under friction coefticients of 0.4
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