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Co-seismic surface rupture and seismogenic background of the 1951 M 8.0 Beng Co earthquake in the central
Tibetan Plateau

Abstract: [Objective] The co-seismic surface rupture formed by an earthquake is the most obvious geomorphological
evidence of fault activity. Its spatial distribution and deformation characteristics record essential information about
seismic rupture and fault motion, which not only aids in understanding earthquake rupture process and seismogenic
mechanism but also contributes significantly to a deeper comprehension of fault evolution and crustal deformation.

Therefore, it is of great importance to promptly investigate co-seismic surface rupture zones and acquire high-precision
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geomorphological data. [Methods] The November 18, 1951 M 8.0 Beng Co earthquake in central Tibet ruptured the

Beng Co fault and produced a well-preserved surface rupture zone.. We obtain precise image by combining field

investigation with the high-resolution orthomosaic images and digital elevation models (DEMs) derived from

unmanned aerial vehicle (UAV) imagery based on the Structure from Motion (SfM) method. Based on these data, we

measured both co-seismic and cumulative displacements along the rupture zone to examine the kinematic characteristis

of the Beng Co fault and the seismogenic background of the Beng Co earthquake. [Results and conclusions] The

earthquake ruptured the eastern segment of the Beng Co fault, forming a ~90 km-long co-seismic surface rupture zone

with an overall strike of 120°. A series of right--lateral offset gullies/terraces, push-ups, and pull-aparts along the

rupture zone reveal that the Beng Co fault is an active right-lateral strike-slip fault. Cumulative offset probability

distribution (COPD) analysis suggests that large earthquakes have occurred repeatedly along this fault and have been

fairly characteristic in terms of slip accumulation, with a typical lateral slip of ~4.0 m. The occurrence of the Beng Co

earthquake represents a direct response to the Beng Co fault accommodating regional extrusion deformation caused by

the rapid eastward movement of the eastern Qiangtang block. [Significance]This work not only facilitates the timely

preservation of high-resolution 3D data of the co-seismic surface rupture associated with the Beng Co earthquake but

also provides a basis for studying tectonic deformation and assessing seismic hazards in central Tibet.

Keywords: M 8.0 Beng Co earthquake; co-seismic surface rupture; cumulative offset probability distribution; central

Tibetan Plateau; seismogenic background
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05 %

Wairt, KA—FRMkEA 6 PR/ AR, WXt T 8 UL LR, JE R R MM N
100% (Biasi and Weldon, 2006) . fEFTEBIHN, FEil2wHmimshX, —# 6.5 UL EIREA 2= A%
W (BEARLE, 1992) , Hilln 2001 F RS0 My 7.8 #7E (Klinger etal., 2005) . 2008 £ 1| Ms 8.0 #hE
(Z=igEess, 2008) 2021 2 Ms 7.4 Hie GEFMHSE, 2021) . 2022 411 Ms 6.9 i (X%,
2022) 2025 HEEH My 7.1 1R (XIE WS, 2025) 25, Hb R R bR A 288 A T )2 135 Bl dse v BV 1 1 55
R, A A AR R IC SR A R A AN W 212 B M5 B . IR B85 BN B T iR s 20 R AR
AL, RN B AR W 2 A FE A e T A B2 8 Y (Kaneda et al., 2008; Quigley et al., 2012;
Panetal., 2014; Renand Zhang, 2019) . BT HIRMRW —M RAEBE B PIHE F A G &, HIER)E %
HARZ S N TusEfem, B0 A RRATRHIE S MR, D i PRANHhIc S m 24 LTS
FNAR FLASAE 2 S F 2L

T 9 e L P TR ol e i 2 A RN B8 /I Al Bl 2 A0 R 8 5% T s ol 1) 4 Bk ok I 1 1 5 #4F - ( Molnar and
Tapponnier, 1975; Harrison etal., 1992; Royden etal., 2008) . 757k i N HAIE 20k & 11— RAIE 3T R
AME &R EEMA G, FEHEHERZER KA (Molnar and Tapponnier, 1978; Niand York, 1978; Ziff
e, 20215 FKREFESE, 2022; ) o 19514 11 A 18 H, Pt X &2 T iRZIHAE . AN A RIRZG HRE+
MBERAAEER: PEMEHFZICRNBHR AN MSE0, BT 31.1°N. 91.4°E (WIHAL, 1983) ; US.
Geological Survey (1951) RMIFRHEA Mw7.7, B E A 31.056°N. 91.261°E, EVFIREZ N 30 km. HT
SR SR R g AR L X, F SRR S BN IR, M RR T R B B S R AR
20 tH 20 80 AR A & 45 R 7, Bb SRR 1R R R W J2 O 96 3 b e 5 R i i B 2 TR £ R R (R R AR
1983; Armijo etal., 1989) , {HXTHLZ MR MK B IV IREEFHL (~100 km, FhH[FEIFK, 1983; ~85km, kil
B, 1988; ~90 km, Armijoetal,, 1989) .

I U SR Ay I SRR 15 b bR PR B R i 220 3 o 1 B B2 P 2R, O 4 20 L 2 il SR R = 4
TERFE, AURIRNIEIUR FE WS 802415 B0, ot — 0 B Ak 5 i i J BT A A QA i T A o R o 92 37
Hh ST ) ZRIE RS 5 i B H e FR AR T 2 (1R AH AR PSR S S R ke . DRI, SCEE R IR AR T2 M
] SfM J57% (Johnson etal., 2014; Liu-Zengetal., 2022; VL/R¥KSE, 2024) , FREU T A 4 HuRE s R ik 4y o
KRG HER = e MG . TELIERt b, X bR 2T TR IAR IR, JRVRIRA IFE T VAN B AN B R A .
A3 T 1951 A 8.0 B F R MR BRI MK, RGWE [IRLWERABEMRRAEE, 2T
KW Z I8 S AR B 5o 1% LARAML SIS CRAF 1 Kt A5 K 78 T S P () 75 b 2 ke 3R s o0 238 — 44
s T R e i v S DT 2R ) = P I R X 3 5 XU 2 AT e LR A A S

1 KBS 1EH =

T e SR AE AT R AL [ 5 AR VG [ i R BRI T, K B K i HE MG A E T TRy, TIE N
WK E— RHErRALE R AL AR /AL R ETE WA (B 1) o IX 8 TE W I8 A E T Fa s A N 2 5 i P S o
FERIIMIERT (Armijo etal., 1986; Tayloretal., 2003; Kapp etal., 2008; Elliottetal., 2010) . HALPE—
T 2R [ A R B2 T L AR TR IR L R T RN S B W R A v ) B — SR AR R, AE PR A
AN 9 I AR B I rd 10 5 (Tapponnier et al., 1982; Armijo etal., 1989) . ITHARFFUEKH, MEATIRHE
IR MEAZ RS . AL AT B W R S R TV R BRI W R R R R, BAUR R A AT R R
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Con H - BC A 2 . AR W) 6 W) 795 55 080 T P 3T A9 P b 1) 5 T M AR G [ i FE AR T (Taylor et
al., 2003; Taylor and Peltzer, 2006; Taylor and Yin, 2009; Yin and Taylor, 2011) .
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Fig. 1 Map of active tectonics and earthquakes on the Tibetan Plateau and adjacent areas (Active faults on the Tibetan Plateau modified
from Tapponnier et al., 2001; GPS data from Wang and Shen, 2020; Earthquake data (January 1900 to January 2026) from U.S. Geological
Survey, 2026)

S T A MR 2R G0 1) B AR O T AT 2 R M R, R — 26K 230 km,  E ] 110°~120°1 45317 &
HHR (B2) o RECLEME R RS, a2 nT R0 978 BORPE B PR B T Al s DA s ZR B
W0 R 2 FIET AT BAMHSIR 3=, A T R b & 5% (Lietal, 2022) .
LT RS JE HAEE TR, DA S — 3% PRl R A A R R T I 28 e i b 0T R IR SR 22 22 M B TR 34, LA
H A A LT E W W 2SR (Taylor et al., 2003; Yin and Taylor, 2011; P 2) . #fK) InSAR Ml 45 R 2%,
TR A AT BT R 4N 3 mm/a (Tian etal., 2026) , ST IE T4 205 A0 K & 27 07 VR 3R 15 45
BILA—F (Garthwaite etal., 2013; Lietal., 2020, 2022) , {HAXT I 73RS A2 10~20 mm/a FE T
HE  (Armijoetal., 1989; ZHiEE, 2006) . 19514E 11 H 18 H, A%t M 8.0E (My7.7, USGS) WAl
TR AR B AR, TERLT K 85~100 km F[FRE MR . 9 NG, 5 i B I A% 1) ol e b B P IR
KA My7.4 (USGS) 5872 (KE2) .
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Fig.2 Map of the Beng Co fault and adjacent active faults
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Fig. 3 Distribution of the co-seismic surface rupture zone of the Beng Co M 8.0 earthquake
(a) Segmentation of co-seismic surface ruptures of the Beng Co M 8.0 earthquake and the UAV survey area (base map from Google Earth
imagery; NEDC stands for the National Earthquake Data Science Center; (b) Simplified geological map with surface rupture distribution in

the northwestern section; (c) Simplified geological map with surface rupture distribution in the southeastern section
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164  Fig. 4 Field photos showing typical characteristics of the surface rupture zone of the Beng Co earthquake interpreted from UAV imagery
165  and field investigation

166  (a) A gully with a dextral offset of ~2 m; (b)Push-ups formed in a left-stepping rupture step-over; (c) En-echelon tension cracks; (d) Pull-
167  aparts formed in a right-stepping rupture step-over; (¢) Multiple lacustrine terraces of Peng Co cut by surface ruptures; (f) River terrace of
168  Dashaxiongqu cut by surface ruptures
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Fig. 5 Geomorphological features of tension cracks and pressure ridges along the southeastern segment

(a) UAV orthophoto of tension cracks and pressure ridges; (b) Hill-shaded DEM image of tension cracks and pressure ridges; (c) Tectonic

geomorphologic interpretation of tension cracks and pressure ridges
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Fig. 6 Geomorphological features of linearly distributed push-ups along northwestern segment

(a) UAV orthophoto of linearly distributed push-ups; (b) Hill-shaded DEM image of linearly distributed push-ups; (c) Tectonic

geomorphologic interpretation of linearly distributed push-ups
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al., 2022) .
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Fig. 7 Geomorphological features of right-offset terrace riser on the southern side of Peng Co

(a) UAV orthophoto of right-offset terrace risers; (b) Hill-shaded DEM image of right-offset terrace risers; (c) Tectonic geomorphologic

interpretation of right-offset terrace risers
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Fig. 8 Geomorphological features of offset lacustrine terraces on the southern side of Peng Co

(a) UAV orthophoto of right-offset lacustrine terraces; (b) Hill-shaded DEM image of right-offset lacustrine terraces; (c) Tectonic

geomorphologic interpretation of right-offset lacustrine terraces
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8T IR A R FE DA R RS R, FEBEIEAL b, R T E BRI e AN LB D R A A
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Xt AT IR K AT EO IR (I’ 9, IR e ilE T OKEA S, MRS RIMR 1. Btk
WAL RS bn 54 DA LT 2 ELF B b s b BE R O 2, S I I B ) R R4 I B M R IR | A5 2
AN E, FRXRAEIMEAHFERSERREBNIRRALEEEN & B EHE ( Zelke and
Arrowsmith, 2012) o [, PR 1 ARSI AR I i =R oA s A B, T A2 fEL VR 22 MR M 3
BRAUI AR EZE -

L% 5 X § t & !a'..'--‘;l I ‘\ ) -‘ﬂ
a— R AR AT AT T HE~17 ms b—IEBER M P VA B A AT AL ~2 ms c—REFEART BT VA A AT A4S ~2 ms d-T0 R Rl A AT A At
~9m

Bl 9 J Al A AT 4 AR A R B AN R A

Fig. 9 Field photos of geomorphic markers with right-lateral offset

e 7 0 . o v “:‘ﬁ?m “‘I;n

(a) ~17 m right-offset gravel pile; (b) ~2 m right-offset gully near Dasa; (c) ~2 m right-offset gully near Kangtuo; (d) ~9 m right-offset

shoreline

TR A 25 IL R 85 MU AS AU, By A TRV B AR B, /T 25 m IfE 3R 79 A
(K 10a. 10b, B3R 1D, HARM 6 MEW KT 100 mo FEEIKT 100 m AL AED, HEHA 79 MEMZE
K, BRI G N T 25 m PEMECAIX 2, FeERA @ H 578 2 G % 5 360 ~25 m B
W B A BT 98T (McGill and Sieh, 1991; Zielke etal., 2010, 2015) . 455 B RITHE WL A
(1) AN B A R 2R 25 B iR B 2 I 3 AN B R kg, WE(E 5N 3.5+ 1T my 8.8+ I mAIZ20m (B 10c) - M
iR bE, BMEEEIHLA 4 m FEEREOCR, W7 i 4 W R O R 38 R A % B 0T e Rl SR 44 4 KT O
£,
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Fig. 10 Inventory of cumulative offsets along the surface rupture zone of the Beng Co earthquake

(a) Distribution of measured points of cumulative offset along the rupture zone; (b) Measurements of cumulative offsets (<30 m) along the
rupture zone (Each point represents an offset channel or a terrace riser); (c) Probability density function of cumulative offsets (<30 m)

NEDC—National Earthquake Data Science Center; USGS—U.S. Geological Survey
4 il

4.1 [E] B th 7l 24 E v 1

1951 4F 4l M 8.0 Z R T A [FI RE A 4 B A 438 70 45, U1 A0 XL R ot/ - 0L 22 g AR LR ol 2
NI A CANE I . X T AL PE B e, BF MR A 45 R S A T B4R A B PR RN
15 224 170 A 78 2 4 25z K BR3P IR — 3 (I 3B)  (Armijo etal., 1989; REEHIMATE A, 1989) . Hb
TN TG B K I R IUE SR T (B 3A, B 1AL 11B) o Fidik Bilths, RERZE
R BRANEMT, HTERE L W R RESIWREL (110 « M T AR R, HEEREM
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AN EAR. REHMLEAR (1989) MR WIEFE (BRI WP Tib i, #y sy
UKER I REAT, I R AR AEAR 2 EE R RN, 2k TR G AL MR CREHAMABEAR, 1989) ; Liet
al. (2022) AR BLIKHFE T AR A& ol 75 b BT PG00 SR b &5 R SR e N 2 TR R A T g A im R Y, A 2 iy SiE A
FEEZEGENHL (Lietal, 2022) . MR AELE RE R, MEMREEFERIABN 2 X (K2, B
3) ¢ B SCUSE VKR IA) B R T AR, b SCUS ) 115077 [a) 4k 48 1) 1 B Hb BT RN SEAR , SR N AT 2 () 2
Bk (E3b) .

200 m

a—]b P Bing M AR (H7 Sk fm e EMIE) 5 b—Fr JCR I B ZR M2 1 s R 52 DEM S218 ;o Kk LI i 70 0 2 P Ay i
d—F 7R3 B ST AR DV BIDKTG ;- e— i AR o P ST (L35 AT s F— ZR L ST R DI e (R SRR RIS ) ¢ g—7
AR 3 b S T AR L 38R AT

BT 11 A48 0 R R R B 3 R o A 38 AR

Fig. 11 Tectonic geomorphology at the end of surface rupture zone deformed by the Beng Co earthquake

(a) Bing Map image at the northwestern end, with arrows indicating linear structures; (b) DEM image of linear surface rupture on the
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278  eastern side of Lahuolipuqu; (c) Linear structure on the western side of Lahuolipuqu; (d) The glacial deposits cut by the southern branch
279  fault at the southeast end; (e) The southern branch fault at the southeast end extending along the slope; (f) The northern branch fault at the
280  southeast end cutting through gullies, with arrows indicating linear structures; (g) The northern branch fault at the southeast end extending
281  along the slope

282

283 W T iR SCEAMESF R, AR IRAFIE I 770 ] AN R R AR e AT B B AMIESE #5238 T 70 0
284  DEEBTOR (WKZD , FERERALTE BRI R AR B i 00 e i Bt 3 % B8 30 Ak 250 w] R H 2 R s AR S5 i HL I R e
285  ANMNE BT RIS (AEVEE: B 1la. 1le; BIZRBIRSC: Kl 11d. 1le, BARBULS: E11f. 11g)  HEFH
286 HLZRVENHIE 5 Al R b SRR AR T 2840, 3R T sy T B2 5 A5 Pl S o< ¥ T T J2 S 2 AR A T BEAE 1951 4F jii B b 7 o
287 WRAETHE. Bib, T Wells and Coppersmith (1994) & Hi i) 1 Wr 24 Rl 24 K 5 3 7B B R I 42 56 5%
288 A

289 log(L)=-3.55+0.74x My (1
290 A, MRS L—RKE . SaRERHERE/ORS (M7.7) , HHESRNBERKES

291 N 140 km, & KT XA R BLA IR 2 90 km IR K Z (Armijo et al., 1989; 2% B AN 4R,
292 1989) , HREH| 1951 FHhfE f5 AR KR R R R MR A TAE, SRR TR T 20 t4d 80 548 CEli[FIAA,
293 1983) , 23T 30 A RHIRAL Rk, O R S AR /N 1 1 SR A 2 HE LR, R BRSO [ 7R M SR A K B 1Y)
294 ARAh. DHL, 546 DEZERERMZ 90 km KL MG, DLRAR AFHELE R, HEN 1951 4F 1 4
295  FETE R LR AR N KT 90 km, R AR vt AT BEAE A 2 EL AR GE R TR (Lietal., 2022) , JbiGu )5 4
296 K L S Gk SR U S AT IS B T R AL

297

298 4.2 FRERETRAFERINITA

299 R R A (A (R b e 7 #8404, 1T DASR AR OC T 2 B om R SR P s A R U B LR ( Zielke et
300 al., 2010; Klingeretal., 2011; Zielke and Arrowsmith, 2012; De Pascale et al., 2014; Bietal., 2020) . fE
301 GEWEWIZE b, AHEEARR SR G S T AR R B E R A, AR R RO . XA B
302 fEFE COPD & (Zielke etal., 2010; Zielke and Arrowsmith, 2012; Renetal., 2016) FEI AL B KHIE,
303 FEANBEIEMEHERT S LR R e R SR . Ak, COPD P /N A RS VAR T AVA IR - Bl — K
304  HAMIFEREAAE, TS KRR IEE N AT ReAER T SE AT 2 Ik Hh R 1 RAL RS .

305 T A I R R 2 D S E SR A4S COPD BB oR T 3 AN A Bk (3.5 + 1m, 8.8+ 1 m flZ)
306 20m) o IXUEUE(EZ M) RAMGI RS EARML, KB N 4m 1. 2. SEERAR, WREHRE T R Py
307 MR EAZ KHE BN E (<12 m F~16 m FIBIEARI B 5 E/DAH L . COPD EFH %) 6 m HIE(E T
308 AEARFR T HIEEHUE I R RFREAS R, X5 20 IS S BB KRB AKFARSEL (~Tm; REH
309 AIXBAZZR, 1989) o FHL b, RFHXFITTIELESEE San Jacinto W% (Salisbury etal., 2012) . #7782 Hope Wt
310 % (Manighetti etal., 2015) PAEHER 4 LKIZ (Bietal., 2020) « FEFGLKIZE (Lietal, 2012) . &ZiWT
311 % (Klingeretal., 2011) HMERKULINFFAEIE I G . Blt, FRATHENRFAEH R VRS B TR AR BUR B K
312 A, RRIRFEARIRHEN R N~4 m.

313

314 A3 WIREHMFFHEMARENEL =

315 EE R ST REATIRIK AR FrR s, M S, X2 20 UK 7R W7 218 3 A4 A IR O IR
316  HFAMAEEIR, 1951 F S M 8.0 MU B A AT AL v I . IR LR vRYA, AR B A X
317 FEEREA, HMES R XTI E MG YT SN, BRI R — A AT B N E IS S 2
318 (E4) . fEJUFIHFHET T, WA, HERIARIMER (B2 o FBONER~110°0) 5 —W, 1
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REBRIA 2 3FEM~120° A7 WA HA G FE R o 2t (2 . 75 3 R b 1m) 55 1 R0 2R 78 el e e 9 B2 75 34 1R
M, PHECARTERBIYIARTE N E, MR B LATK B VIR T o 3 o % A = I 2 A L ) (R 9 0.3 B R B Ik 2R DA
B N (REWAEEAR, 1989) o BLKHLFE Y B ZE AT il W 22 R B 43 73 1 o9 A0 1) S A3 3 Wi
it (B2) o 2 CHRAEFm EREAMMES XA, 7T Be7E o B X T1iE CE 5K 58 R s B 58 BT
1992) , 2 At Wr 2 2 Bk BY U)AR T 72 v s (9 B 0B T A . A MR B 1 K~30 km,  Hi~6 km R H iz
I3 T 1 T R A B TR B 2 VR R T AR B R

T e S5 P 1 e D — 5 B M AL A O R R R A R ) AR I8 #% 1) 4 5 ( Tapponnier et
al., 1982; Armijoetal., 1989) o FitEWIZAE N IZMIEL AN ) — F BRI A AT LR BR, 2T
NI EEA A (Hanetal., 2019; Lietal., 2024) . FEEmEERFH LE 24 (Global
Navigation Satellite System, GNSS) HEE¥ R, B BIZLALM AR FE Bk GNSS & AR 17 7 =& B 2K TRl
PigEHR (B 1), REFEHE PRI LB R R B HE s N E, TifipE - 5 DR fh gk mdbizsh, B
WA - B SR KRR E. M P i RE b, mi R ERER (4 4~5mm/a; Liet
al., 2022) 7T H GO 4E H %1 (B R (~0.6 mm/a; Lietal., 2019) , MUk 1%t X I8 A KA AT
RE T BRI ST L o DRI, A5 AT 8 M MO 1D A T 2 40 B T R AR 1) R RS e 1) AR S b H R SR AR
[ AR T (R e B . e Ak, AR [R5 SRR R 1) J LT R AT R, R RS AR - R AL B
R R ARIE o XM REI IS S AUINIE TR - RSB AL TE (Chevalieretal., 2020) , i H.
1951 4F 11 H 18 H i &b % 4 o B th 25 3 PEAR R340, FFfidk 1 1952 42 8 H 18 HIRA1E H SR L BT N ¥ M.,
7.4 MHEHLFE (Yangetal., 2019) o FIRGFFERSCRIE BRI, AT IRL 0035 B 2 5 m 21 5 2 AHE 175 96 = R
LA R R, LR ETIR, 1951 4F i A b R 2 I8 T M AR S S ) AR IS A B R R, R AE
T 98 R R B R I A R SRR R G A, T S D SR R AR o e R P IR RS R R
BEBN, NN FEURME A RTAR -G ILB IR R R R A .

5 %&b

(1) oA R R AR 1K ~90 km, G AGE [1~120°, JREKE K — RIVAAT LA A s, LU S
TR 8 5 7 A5 T S BN 2 P D S5 M R F e s AR W R — 2k A AT A E T N TS B W 2

(2) [FIFRHVR BN S A7 I A W R R B AT, BRI R AT I B 17 3 MBI fE (3.5 +
Im, 88+ 1mA~20m) . XELUEME 8] () RARGLAZ I BAIML, FR KGRI E B R M B L, B~
A HIRFIERL S ~4 mo

(3) AR R I A A 2 e S U e W 52 1) A3 A% 19 357 o B D 288 8T 1 ) 3 AR T 1) B

Hibt: R pBEIAAFTAALT R AL INAFTNE, FE T HFE@mO5 R E B
WAERTFMEE: ALRKREWREBLRALANKEMEZRE RS IHTBIFRAEE LT,

fEEREAERA: XM, FEF AT IANE, KBS, AR T FA LEN; LR, RIS B5RES
A B R FEOER T Af2 B ; FiH K, Marie-Luce Chevalier. #4828 53 AB5047. AR T kA s, BT
HAEH R B AR AR e K K
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