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Abstract: The Riganpei Co fault (RPCF), located to the north of the Bangong Co—Nujiang suture (BNS), is a
ENE-WSW striking left-lateral fault that belongs to the V-shaped conjugate strike-slip fault system of central
Tibet. It plays an important role in accommodating coeval east-west extension and NS-trending shortening in the
interior of the Tibetan Plateau. Two large earthquakes (M>6) occurred on January 9, 2008 and July 23, 2020 near
the southwestern end and northeastern normal splay of the fault, respectively. Therefore, determining the Late
Quaternary activity of the fault and its relationship with regional large earthquakes is essential to the better
understanding of the active deformation behavior and its influence on regional earthquake nucleation. In this
paper, the authors studied the Late Quaternary slip-rate along the RPCF and its tectonic-geomorphologic
characteristics based on the interpretation of high-resolution satellite images and field surveys. The seismogenic
fault of the Mw6.4 Nima earthquake on July 23, 2020 was also discussed. The results indicate that the RPCF has a
significant linear distribution characteristics. It cut through the Quaternary geological and geomorphic units,
forming a series of typical fault related tectonic geomorphologic phenomena. The RPCF strikes NEE 60°~80° for
~360 km, with a long-term cumulative displacement of 14~15 km. The late Pleistocene slip rate of the sinistral
RPCF is about 0.2~0.3 mm/a, which is significantly lower than the values along the dextral faults south of the
BNS. This implies that the mechanisms and dynamics are most likely different in the north and in the south of the
BNS. The 2020 Nima Mw6.4 earthquake resulted from recent activity along the Yibug Caka graben, and the
seismogenic fault was most likely the normal fault bounding its eastern side. The results obtained by the authors
provide a new reference for the deeper understanding of the EW extensional deformation process and the
mechanism of large earthquakes in central Tibet during the Quaternary.
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P& P () X 38 3% 30 W S8 k) 2 35 2% FIME B Molnar et al., 1978; Taylor et al., 2003; Chevalier et al., 2020;

W& .77 3k KR K GPS #E 48 Zheng et al., 2017; [FE R M>6 7= (& E LR IH E R 1949—2020).
Active faults modified after Molnar et al., 1978; Taylor et al., 2003; Chevalier et al., 2020; blue arrows are horizontal GPS velocities
relative to stable Eurasia after Zheng et al., 2017; the circles represent recorded M>6 earthquakes (1949—2020, data are from USGS).
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Fig. 1 Active tectonic map of central and southern Tibet
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Fig. 2 Satellite image (A) and simplified geological map (B) of Riganpei Co fault and its adjacent areas
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Fig. 3 Satellite image (A) and its tectonic geomorphologic interpretation (B) of West Riganpei Co site
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A-satellite image of East Riganpei Co site; B—geology and tectonic geomorphology of East Riganpei Co site (interpreted from the image);
C, D—geomorphic interpretation of the offset terraces and alluvial fan; E—field photo of sag pond and left-laterally offset Terrace T»;
F-uphill-facing fault scarp.
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Fig. 4 Tectonic geomorphology of East Riganpei Co site
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Fig. 5 Satellite image (A) and its tectonic geomorphologic interpretation (B) of Jiusong Co site
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A—-Google Earth image of the study area; B—interpretation of Fig. A; C, E-LiDAR image of extensional graben and its interpretation with
profiles across the fault zone showing the height of fault scarp, at 4~6 m; D—formation mode of this graben;
F—photo of active fault distribution by unmanned aerial vehicle (UAV).
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Fig. 6 Tectonic geomorphology of the releasing bend site
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PEMcAT 5 R I, FE16 N40°E, {ii[5] SEE, [HE5
H T Fo 48 W 24 1 . M 7R i ST 3 AR AR A A5
WL, 2 b p B T2 T I AR BT, JEBUR AR H
L3 55 1 R AR DY &R 22 ) Ak A A, R AGE 1) ~
N40°E, i) NWW, il RAS R, Wiaddt e
BOE MDA, 5522 e R A T 2B A W S 5%
AR TR AR ) Ff A H DR SR 0 i 5 5 DU 8 AR
YRR A, MAAGER NNE30°, i NWW, K
i AE P E ) AR AR K, R AE M 4SS NEE, 5 H

TR W24 AT, 1 d6RE ) & A AR AL 5 VT % i A
BT BT ZAHE (E 2, 9),
3.2 2020 £BI Mwe.4 BRI X EHIE

2020 4F 7 A 23 H 4 i 7 4y, IRETVEH AR X
A e B 2R E Mwe.4 HIFR, ZIFIREE 10 km,
BT N33.19°, E86.81°, #E A4 )5, EWNINE
A MO FEAILRS R AN [R) 7 6 R GORHMR B 25 S 1%
R HE B Z DR IRHL R (R 1) RE R AR =R /Y
P ALE . R . RBAAEARAR, HA
[FIATLAA 4 72 DR AIL T A7 — 500 7R AR YR b 72 A 1 T 28 ik
BN 1) HERE P AL E AT H B 24
PIRAT R R . AR AR, XK MR AR A A%
O EEIG B A5 IR, T4 B 7R W 2 b A AR A
1 5 Wi 2R 2 VA 0 T S Wi

MR AR B KA 4 R 8 AR R AR
MARWE . AR H W2 HoAh 5 2 3 AT IE
W, XS IE B R B NWW, 2P RRAE

A—WEE S TR LR, B— DR R . M vE HSR e I8, C— T4 GPS Ml 45 - R 2 W 4% 0Pa 19 22 AT 0 5 43 31 9 ~34 m
F1~24 m; D—IC AN I IZ s BB BER . 0Py 45 FILBT e st B R o
A, B—Google Earth image of the study area and its interpretation; C—handset GPS measured data showing that left-laterally offset
displacements of two gullies are ~34 m and ~24 m, respectively; D—photos of fault scarp, offset gullies, pressure ridge by UAV.

E7 $fEEDRANR migE i SRFE
Fig. 7 Tectonic geomorphology of Gully Offset site
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A—MWE R DEZRIE B— LRGSR . iR R, C—ZMh i A7 i85 RS AL B AR IR R AHLIAED);
D—JC LA A2 i W B 191 (13253 23t ) P S0 IR Ao
A, B-Google Earth image of the study area and its interpretation; C, D-Field photos of linearly distributed pressure ridge and sag
pond (pull-apart basin) by UAV.

B8 AN E i IREHE
Fig. 8 Tectonic geomorphology at Pull-apart Basin site

B9 {RMmEFRMEFENEHRSME
Fig. 9 Active tectonics in Yibug Caka Graben
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®1 TREARNELE L 2020 £ 7 A 23 AREEIE Mw6.4 R R IRLHIF
Table 1 Focal mechanism solutions of the Nima Mw6.4 earthquake that happened in Tibet on July 23, 2020,
given by different research institutions
BIEBLEY RTOE RRRE gy ALILE LLER

4 £ 3 /km EM A sl A 1] 1 £ EESIb
CENC 33.19°N 86.81°E 10 Mw6.4 10° 50° -81°
USGS 33.146°N 86.867°E 11.5 Mw6.3 203° 29° —88° 20° 61° -91°
GCMT 33.09°N 86.86°E 17.3 Mw6.4 187° 44° —94° 12° 46° -86°

EMSC 33.12°N 86.87°E 10 Mw6.3
GFZ 33.13°N 86.78°E 13 Mw6.4 204° 41° —65° 353¢ 52° -109°
IPGP 33.131°N 86.840°E 11 Mw6.3 174° 45° -106° 17° 47° —74°
CPPT 33.17°N 86.74°E 15 Mw6.4 163° 53¢ -130° 37° 52° —49°

1 CENC-H [E HuFE &5 W Huls; USGS-3E [E M BT R 2F J5); GCMT-2BREERHE O A 5K 5 EMSC-RM H Hifg st =2 Pty ; GFZ-F8 = i BRAL 241
FEHL; IPGP-74 [ (22 Hh Bk P35 i, CPPT-32: [l 44500 5 M Bk S 56 25

PG 321 50k 2 0 . (2, 9). A4, MR TE S &
Jr ol Bk 2 KA TE S 25 R, AR A B —
FRAN NWW IR, U8 B2 5 A< 00 Dy 2 4%
B, AT A EE B AT 2SR M A AR 34
FLIE W2 2455 TS pa a0 sp B R, T R BOK Y
NW i [ BE XK, 150 BH AR A0 100 570 0 284 5 D0 20039 sh P
5, [FIEFEA AR HILRTHHE R 5 28 R AR 2
BF AL LB T E B2 T (B 10), i EIE B 3
S IEWT 2, PRARAY B R 344° £ 41°, 348° £ 510,
8°£.43°, X F1 Wr)Z1H F 48R 1" IR 2 45 2R B s
SEREAR ) 3210, AR 42°(&] 10). FE % 1A K
JEH ERRATIA I TR X B AR AE, KWW
FEA KRS DT . MR R R P A B
K, BIRARFINAG L 0S5 R A R, H5467
FAUATZE R AR 1 FLAE 2 LT, b b [ 3
B | ERRL A 2T O AN E R S

BRI = 45 R P OB O A B TR A8 R
P SR W2 PE0 . F T 0 A T2 )
A, ARONKTZ K5, 1) R SE A R R A7 B H AT R
ML FWHZ A, X5 FIRAFFE AL 45 H 125 AT,
PR M2 IR 1 72 11 2 2 I Sk K A 55 R 8 A A 2
FEWZ . DA E R & 0 O s S, 45
D B VA VAR B P PP NI B VA T 1 W 28
RN FWH~10 km, EIEHRE 10 km, PR &
W R 2R 450, X 5REIEHLEIZA AR FRAT
e BF AL 2E 3 () W7 2000 40°~50°X 43 W1 6
ZiA DRSS E BT SIS 45 R, AT IR
Hby 52 1Y) A T 22 A MR A 25 R b B Y A 0 s A B
2o HmE R AR R AL B RS, T IE I
Wy SR TR T S W S T A ) AR ki, S S
KT AR PG 1) (P JR SR R AR R MR R A 1 8l ) 2

=N
o

10 RHBEFFBERMDFEHERHNETIREREEE. #8R~K5%1HE
Fig. 10 Field photo of the normal fault at the eastern boundary of Yibug Caka Graben
(the inset gives lower hemisphere stereographic projections of fault kinematic data)
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4 HT Bl R i AL R I R

T 2 IR DA T 2T B 1 R M AR A R 1
HEARARAUKYE . A HERRBR 2 H T B A 2 ) B A
PULE I shE A, FRATE PR 2R PE B H T AS AR UL
S BT 2 227 TR T A TR S b EA T T RS B b
LA, JETER H FORAE TR A Bk E B 145
FERERB AT U ZR AR A 5 B i 4 T8 B st 1]

4.1 M=

AT ] B s A B A% (Riegl) 2> 7] F VZ-1000 %!
SYEBOERA (L LiDAR) XA AT B 55 14 3
i B L AR HE AT T 4945, A RISCAN PRO Hi
Global Mapper FC/4XF 45 3RA5 19 55 = Fedig B4 74k
L, AR 7% 20 em 3 BEEE) DEM(KE 11A, B).
i 3% DEM SEAR AR BT, 7212 0 5043 H 3 B
i, H T, T g B B 45WT (& 11C). FRATLA
B 1 E IR R AKOE i AR R 4R, ] LaDiCaoz_v2.
1 4 (Zielke and Arrowsmith, 2012)XF [ Hi s 5 &

HEAT I L, R4S Ty/T, B HBE KA A0 55 5 N
(8+0.5) m, To/T, By b i o7 485 1t A (7+2) mo HE BTt
JZ BEIR ) b T35 1 S8 7 W 2R T 365 3 %) () B A 7
Higgh i, TEM AR M FIEBGR 20 5 m 1Y
i BER(E 11D).
4.2 MrittERZEEEEER

AN JE A AR B T B A T, G b HE R K
FRA R GBS AE(E ), XS R 7E B b
K DS RIS TR Y, AR S AT DI 3R B i T
BB, I C Bk 2 A T3 244 i i 5T (Blisniuk
and Sharp, 2003). Kitt, FRATTFE Ts Fl T, B b ir i 5
T2920 em AbSREE T KA BRARE N, X LR E B
AT T U RN, 245 T B 9 T2 B 4F
#4(61.9£9.0) ka BP(RC-13), T, B Hb T8 B AE 1
(29.7£2.8) ka BP(¥ 2). BT &M Ty/T, Fl To/T, B
HBEIX (A7 4843 91 (8+£0.5) m FlI(7+2) m, W#
BEMHEAT o A5 T2 0SS DU 20 0 o R PR S 1345
Ts F1 T, B b 1A 04 2 7 AR i N B o B23, (H U R

A—H TR TAF 5 LiDAR DEM 2 AR P, P1.P2 . P3 Sy EBES ML 7l 1fi; B—H5Wnl il its LIDAR DEM [El; C—HSWTi i it LIDAR
DEM HMiR#RE, BIrP @I U RAEEERI AL E, D28 H T sl ZBELK A IR T GRITEAL B UL A).
A, D-LiDAR digital elevation model (DEM) of Riganpei Co site (with relative elevations) with three profiles (P1, P2, P3) across the fault scarp;
B, C-LiDAR DEM of offset terraces and its interpretation, yellow stars indicate locations where samples were taken for U-series dating.

B 11 BFERERNERMBAISE LIDAR DEM El& K 2 ith i f#iF

Fig. 11

Shaded relief map and its tectonic geomorphology interpretation of the offset terraces at Riganpei Co site

*2 BFEREIESURNFELERIRENRN 20)

Table 2 U-series dating results at Riganpei Co site (20 error)

pepm U/ “urtu 22Ty #OTh/?*Th MU 20Ty 20Th Age/a 20Th Agel/a
Lid 107 /(107%) 1072 (atomicX10°®)  (measured) (activity) (uncorrected) (corrected)

RC-4 3288+11 63.66+£0.144 518 849+10 487 32+0.7 158.0+£2.6 0.309 8+0.002 2 33 692+296 29 705+2838

RC-13 238549  66.98+0.173 1235 164+25 070 20+0.4 218.5+£3.2 0.614 3+0.004 1 74 554+758 61 936+9033

T AR H B Aas=1.551 25x107'°(Jaffey et al., 1971); 1,345=2.822 06x107°(Cheng et al., 2013), £k FEAEHEL: 1230=9.170 5%x10°°

(Cheng et al., 2013), *: 62*U=[(***U/**U)*(A234/2235)~1]x 1000,
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A 285 S 8 7R T 2 9 b B AR S 25 I . AR T
F T, [ M A 0% 22 590 K %) D DR ] B H T 1 224
16 Ty B % 5 )5 A — B if ] (61.9~29.7 ka)if
PEN S, 15 T, Btk 05 (29.7 ka LLE)TE s AR
NP BB, ST RS S e s R AR — Pk

454 T/ T, B HBBEXR A9 47 485 B 4 (8.5+0.5) m, it
A BT I AR T T A O 2R ) S i s R
M 0.1~0.3 mm/a. #5 L To/T W HBE R 0 47 5
(7£2) m Al T, B (P 4E IR T, W RTS M gl %
B RBRA 0.2 mm/a, £G4 Fakgh S nl I H + fic 45
MR DO 20 4 3l %R 0.2~0.3 mm/a.
5 i
51 HTYEEHNHEIZBMUBEENENIHE

Taylor et al.(2003)# 1 12 Jak f 19 FI1 HEF A1 3R]
B H T BC A BRI 3 v B2 A T RS BT R AT T
W24 7 km, KA 55 5L 4 7T 2 A W 3 221 T
FEWT T &AM )Z i ep W22 14 km, MfiTIA
KA 2R W A i e K RV A N 14 kmo 7E
H T e 48 W7 24 g Be L VG A5 0 Va0, TR 2 2o )2 Hh &
B —4< NWW-SEE 3 [n] i3 phIbr 2, 12380 np 72 3

SEDULE G S 1) SE K WLAE ([ 2B, 12); WFH T
FEWTRLARZE L R 29 15 km &b, Wi ARMIpRS £
K I3 T2 E [ o NWW-SEE, [ NW g6
DU 2 5t WL 2 SE AR (] 2B, 12), 4558 mh kT2
0 S A TRl — M s, 5 Bl e T 2 A A T A T
DL sh 72 bR S T A5 20 B T R R i A
P2y 15 km(& 12B), %4585 Taylor et al.
(2003) 0 () 25 S — B0 b Ah,  H T 4 24 R 75 i
T IRl R ST A B e B AR O T A, (L ZEFL PR A L PE
A L NEE 3 [ 28 P R A i 57 Bt 35 1R B ke g v
47 T VR AT AR e B 2 0T I NE60°~65° 4Efii )
LRMEA T, WG I LR M s 4k 52 1) B VG L (A I 2t
T 55 T 2 BRESIE, T s AL VG R S T YA DL
FHEAE W2 AL 7458 2B, 12), Ffil@E o LA
G A7 0 RN BT S S ST R AT, A0 2 TR R L P
T 0 R 2R, AT by I A L A 9
(K 12B, WKL), LIS AL A0 4 oh
PR 2R A5 B AL A F~14 km, SRR wp T2 )
HR BRI A I BRATHED, A A
ANFLTG 5 0] B R 6] — WA, 76 H B A4S W 24 R <,
R, B T BTE R HSIE S

A—IBIBGE A B—HL AR
A-remote sensing image; B—geological interpretation.
12 B FBe i 245 7 o LUR S8 —FL 73 $8 A0 NWW-SEE & [0 i B ARREM MR i R 2=
Fig. 12 Cumulative displacements of Riganpei Co fault using Dong Co—Zhaxi Co and a NWW-SEE striking thrust belt
as the markers
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KT H T BCRS W 2R B IR TS S ), FRATTAR 5
HARBESE, (HARE AR ST AU 5E 3] i) 1% W 22 45 4K
MR SN [ b L HEAHIE, DL ILHE A &R
55 SN I [m) 1F W2 2 ) 55 g b BW [ e AR
PR, H T LS K22 0 46 1% 2l 6 8] 1 5 I8 I
My SN SEm A — B, s E SR EEY
13.5 Ma(Blisniuk et al., 2001; Van Buer et al., 2015),
B FRATARAT A H T 150 5t W7 228 e B T 7 i i A<y
0.2~0.3 mm/a 0] DUCEZWI R [ 1 4R ROE 912 3l
R, HGRF) 15 km PO R /DT E~50 Ma, T
G DL F 12 W % B S B IR 1 OB T L2 ke 1 538 b ik
FOR LG TS S () B AT REIX 4 .o —FP Al REA M
B g H T T W7 224 00 8 3l S AE AN ) (9 I 18] RUEE |
A B, FHA J7 AR RUEE 13 3l 3R A AR,
W, BE T T AR 3 2l M AR 5, 1 B R AR,
InSAR M & 3RFAY 4~6.6 mm/a(Taylor and Peltzer,
2006; Wang et al., 2019) A9 ¥ 313 0] BE S B T % Wr
A TE SN, 455 B AR 3 2008 4E U
Mw6.4 HEFEFI 2020 4FJEH) Mwo.4 #IFERY KA,
R R Y R R S B M T RE A o
52 EiEEPERER AR HEREZ AT

AR SCARAT Y H T T A8 DT 22 165 B0 TS R
4 0.2~0.3 mm/a, 5 Taylor et al.(2003)#iiM A9 Wr 2
7 A I A RO -2 1 3 R (1~2 mm/a), DL K&
InSAR K Hby Wl &t 4% 15 (9 W 2 B 4 W o o R
6.6 mm/a(Taylor and Peltzer, 2006)5{ 4 mm/a(Wang et
al., 2019)HH L 22 HIAR K, H -5 FRATHE BUH H 22 115
B4 1 W7 J2 B S BT TV 83K 0.2~0.3 mm/a(Pan et al.,
2018)%: A4 —%{, Blisniuk and Sharp(2003)#f 55753
A ST L 0 30 S T W SR 6 255 D0 2 T 3 Sl R TN,
20y 0.064 mm/a, H LS W2 R £ 7 4K 15
AT DRI J2 LA 1 2l 30 5 AT 14+ 81 ) e 285 1 4 - 24
Bl A1 22 9 W] LA RS [ B (] RUBE 1 72 0 Bl %
H) 22 55738 4k K fi# B (Chevalier et al., 2005), {H[F7E
G5, ST A I B RUBE TR, BRI — VA8 Gl AR Y
FEAT 55 W B ~F- 245 4l 2~5 mm/a(Shi et al.,
2014; Wang et al., 2016), HLIRATTEIE A WI—FR VT 4%
At AL R H T ECRE A EARIR S5 RS —
(10 £), o BEARSH W M L4056 1 AR TR A
KE—DERMWEER . AOCEMRE W2, RATE
PERAT LAAL Y SN ) b 55 PN B4 (%) 1 I8 )2 2 EL I
B34 %4(0.2~0.3 mm/a, Pan et al., 2018)tL 5 BT )
F A SN SEMIEWZE(1~2 mm/a, Ha et al.,, 2019;
Chevalier et al., 2020; Wang et al., 2020)2= 515K,
XAR R KEAPEA B — VLS5 I A, HpdLm
DR 3 ST B2 3 122 SOF A —8, —Fhr

RE 1) i B2 (i it v S 52 I b R 1) 2 94 [ it Jr S AE Bk
A& A 0] A< 55 ) 5% T (Peltzer and Tapponnier,
1988; Wu et al., 2011; Han et al., 2019), PEFRA[E7
B0 AR I8 S Y 22 U LT — R A SR B A 0 3
HOEWWI AR SN [IEKIZL, [N UL AW R0
Bl R ARG T g 5L R TR B b e A T 1) R A
S B EE AR e 1] 5 SR e SICIE A 5 N b A 4528, B
55 AR 5 WO AR R 4 ) Rl A G, B TR AR
TEILAA B R IR N, TRLEG T 3 3 4 1L 98 30

6 4k

LEE VL BT, RIERIG AT FEZEE5IR A

(1) H T TEC 5 DT 2 DA 730t 1] A6 R o) 42 fif
BTG RN =3, Hr W 3% M NNE 435
EJ KA A5 Mo ST 00 10 B E W A, ) — Ak Sk
1] NEE J7 ] 4 {22 5 4t AR 00 o DRI 2R v B AR
AE ] NEE60°~80°, ALY 360 km, R4
# 14~15 km,

(2) H T ThC At Vi 25 6, 5 357t DA ok i) 1 1400 v e
N 0.2~0.3 mm/a, TC/NTFHTATEHEL H—ELIT 4%
AT S 2 R RO AE TR E AR R, X
— 55 B0 T TR s PR AR B I 0 e AR T
T AT REAFAEAN R, B2 45 T 6] B A 15 A8 B
BUTI RN A Bl 2 ) 278 5

(3)2020 42 Mw6.4 HiFE R H TR a5 W24t
MR AT 2SR HUEL TG S 45 5, KRR 2 iz i 5 A
G FIE W, R b R Y & AR R T R R R
Y52 1) AR % L b0 ek FRCAR VY [ (v SR A T B 45 2R

Bt U AN AEDLZ LBRFRAMLE RBRE DA,
Fhrid 2P FE T TH ERIFGIEFAHY, T
AR TSR E I, F B R A bR AT
AT E R, B AR RAIT ) F AR PT
0. P NI ERRR R A e T IR 454 AR, A
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