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Surface rupture features of the 2010 Yushu earthquake and its tectonic implication
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Abstract  Field investigations show that the Yushu, Qinghai Province, Mg7.1 earthquake
occurred on the Yushu segment of the Ganzé-Yushu fault in the Qinghai-Tibetan Plateau. Its
surface rupture zone is distributed along the Yushu segment between LLongbao Town and Jiegu
Town and consists of shear cracks, transtensional cracks, transpressional cracks, tension cracks,
mole tracks in right-stepovers or small pull-aparts in left-stepovers between en echelon cracks

with left-lateral component. Those ruptures are en echelon to form an ~300°-striking earthquake
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surface rupture zone with a total length of about 65 km. The maximum co-seismic left-lateral
displacement is 2. 4 m. The width of the surface rupture zone is in general less than 30 m,
showing a localized rupturing feature. The Yushu earthquake surface rupture zone can be divided
into two relatively independent sections in left-step: the Jielong section ~ 15 km long with a
maximum left-lateral slip of 0. 66 m and Jiegu section ~ 31 km with a maximum left-lateral slip of
2.4 m, and between them is a 17 km-long-section where no surface ruptures occurred, which
correspond to two subevents with My6. 4 and My6. 9, respectively. This kind of the surface
rupture pattern shows that the Ganzé-Yushu fault, a seismogenic fault of the Yushu earthquake,

is dominated by a pure left-lateral faulting and the eastward escape of the Qinghai-Tibetan Plateau

exists.
Keywords Yushu Earthquake, Earthquake surface rupture zone, Ganzé-Yushu fault, Escape
tectonics, Qinghai-Tibetan Plateau
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Fig. 1

Regional seismotectonic map of the Yushu earthquake (a) and segmentation of the historical earthquake ruptures

along the Ganzé-Yushu earthquake(b). Red dots in (a) are history epicenter, blue one is Yushu earthquake's epicenter.

Red lines in (b) are the surface rupture of the Yushu earthquake which happened on Apr 14™,2010
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Fig. 2

(a) Surface ruptures associated with 2010 Yushu Ms7. 1 earthquake(red lines) ; (b) Strike-along co-seismic offset

distribution. The beach ball is the location of the epicenter and the focal mechanism solution, the white rectangle shows

the range of Fig. 3,background map is the World-view satellite imagery which resolution is 0. 5m and other part is SPOT5

satellite imagery
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Fig. 3 Examples of mapping ground ruptures with airphotoes and high resolution satellite images

at Guoqingyirongsongduo Village

(a) Airphoto shows the co-seismic surface rupture; (b) Co-seismic surface rupture mapping from the airphoto; (¢) World-view satellite

imagery shows the co-seismic surface rupture; (d) Co-seismic surface rupture mapping {rom the World-view satellite imagery.
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Fig. 4 Typical shear cracks and transtensional cracks for the Yushu earthquake

(a) Jiegu section Jiajiniang feather shear cracks and mole tracks(96. 98956°E; 32. 99165°N) ; (b) Jielong section north-south road east shear

cracks and transtensional cracks of the end of the rupture(96. 48237°E; 32. 21186°N); (¢) Jiegu section Buqgingji feather transtensional

cracks and nomal fault slip(96. 93267°E; 33. 01282°N); (d) Jielong section north-south road west transtensional cracks and mole tracks
(96.46392°E; 33.21727°N) ; (e) Jiegu section Jiajiniang transtensional cracks and small pull-apart(96. 98945°E; 32. 99174°N) ; (f) North of
the Longbao lake “Z” like tanstensional cracks(96. 46945°E; 33. 21542°N).
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Fig. 5 Typical transpressional cracks and tension cracks for the Yushu earthquake

(a) Jiegu section Ba-river waterfall,45cm height(97. 0338°E; 32. 95548°N) ; (b) Jiegu section simple thrust scarp in the bedrock at the bank

of the Ba-river, 70 cm height (97.03453°E; 32. 9548°N) ; (¢) Jielong section north-south road east transpressional cracks and mole tracks
(96.48217°E; 33.21727°N) ;(d) Jiegu section Bimolong en echelon transtensional cracks, 23m width(96. 80628°E; 33.08278°N);(e) En
echelon transtensional cracks at the north bank of the Longbao lake(96. 58402°E; 33.19719°N).
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Fig. 6 Types of mole tracks for the Yushu earthquake

(a) Jielong section north-south road east tent-like mole tracks near Duojieranding’s home (96. 4879°E; 33. 21106°N); (b) Jiegu section

Naliku arc mole tracks (96. 82736° E; 33. 07187°N); (c) Jielong section north-south road east unsymmetry arc mole tracks near
Duojieranding’s home (96. 48814°E; 33. 21105°N) ; (d) Jiegu section Bimolong reversed mole tracks (96. 80483°E; 33. 08365°N); (e) Jiegu
section Naliku discontinuous mole tracks (96.82542°E; 33. 07289°N); (f) Jiegu section Naliku offset mole tracks (96.82576°E; 33.0727°N).



14 PINEE i 45 - 2010 AF A 3t 72 3t 3 A3 20417 L TR 8 2 A QS M 6 R X 163

H (0 1 S RIS AL (8] 6e). SEBR b o AT PR 85,
A KRR B, 20 R BN BR 8 a0 24 A0 4 2 e 1 JfE 51)
PR b, 72 g 4 I A BT[] 7R e A W 3 T
R R HLAF 25 B DX AT 1 3 1 72 4 2 o 8 R AR A8 Ak it
e, RIV[R] 5% 20 e 6 W 060 A% /N 1 AR 9 b 3R R B R
B X I 1 2 3 7 45 2 /)N o B0 S X FRCIR B S 5 [
R 70 e W RS K I R 51 b 2 S R A AT X
F 7T 4 K, B TR T SR BRI L
BCARHERAR 5 7] 7% 40 5] 224 A8 JE & 2ok R 1 )2 0 il R AR
BELESS o PR = 23 5% e 400 e D) 2 B0 0 i 1k e 4 AR ot —
]+ B0 336 KT J2 TR A 5 T AW g AS % R bR B ) e A
FEFRALAS 1.8 m 14 A R A LI A5 B 3 8 &
BAFTER K BT VI R A2 e 31 29 55 em 29 40 em
Bk D) E A (L 60 136 B 3% A 17 DX 500 RE 4%
0 Ry I A e A R Y Y A 6 RS Gk F —
E HEE G BORE BTk 5T Uk 24 B 5 D) i 24 D) )
1378
3.1.6 sk#Hu

FH T AR b R X A R i SE Ve ML X AR A
Vi) 8 5390 B L J] 300 K R e T VR A RS T AR 7R
J2 R R A 2 S 5 S 1) 30T B )2 50 M 1T 38 S A5 TE L T
— B R b DR BRSO 2 Uk A DK S 1Y R A
T3 2R R 252 DK e 1 Rk 4 L B AR ¢ ]
SR o 0 A 00 45 A R A T AR A e 2 i O
U 41 E 1) B A A 3 (e ff 90°) 1y L vk 24 4% B
] 240° (1 vk 24 4% B 36 PG 8% T B 1% 15 D J2 10 0 40 2
Hb IR FEAE — 7€ [ A7 € AE W 43 4t s 58 7] 330° Y 7k 3
B R VU TS R T O BT 0 A3 AN IR R —
(18 2 2 W 3 £ » FLIIE F B (A i 24 1 7 BB (]
Ta) , W20 L0 vk R 48 414 AE 10 24 310° = 10° B Hh
FVK BT AEIB B 2F Pk T b R W UK B A A AE
i 1] T8 4 0 I DB 2 U5 i 5 Bl R A e W B B L 45
3 A TE R 500 R 0 30 S T 2 X — g S, AT LU
X — UK SLAE AT I A — iR R 1 7R b 2 i AT .
AN, RN A DK 4 5% 1 S 15 G o 14 YR R M R L R
B G 340°.260°,200° 2 41 vk B 4% B AT R
11 BE R AE AR AERUASE 1 378 AN 0 (9% 52 30 i 0 oK 24 4 e
(8 7b) , HE TR I3 A FF A WK B i MR AATE. X
Fh UK 2488 75 9k £ bF (96°43'40. 3"E, 33°04'53. 8"ND A
SRR B LT B X B A KR K
4 km, G R AR PG 1) SE A 3L A ) 807N ~
110°E My vk 2448 ok J R, ik P i 29 3 em LA T %
23 em, ToW] I E W46 08 ) N—130°E vk 4%
B ik RSN IR AE 20 4 em ZE e B8 4 5 ok

] N—50°E K2 W AFAE LY 2 em A7 Jig & W &
X S UK LA 21 A S B A B PR [ 98 IS 1)
IS I A A R 2 5 TS B A R ok
MG WK F vk 241 Uk 1 )2 5ok 2 0 50 T AT 0, B
S E R VK2 B SR E R 2 10~20 em B TR
T2 ZRIAER X EEA I e, e R ZE R
HAK L2 FHEJEZ) 20 em [ UKZE 72 VK2 T 23 3h
(R 7K o Sy MLY% 38 2 2= 55 R 45 48 DI A 25 4 )
VLE vk RS i 24 1h 22 30 8 19 LR R BT
()RR A2 32 UK P JB 42 o Y s HL UK BB 1 o3 A 32 2
VR 2 AR L 7E B I K T A DX R vk 2 4
RE ALK KBk HERKE 2B
SUSICIRYWUES LR A=W/ S VE LI ITUB S WL I A3 £ %1
2 R B 0 DT 2 B M TS B 5 R Y
3.2 MRWMARAGHEREHERY
3.2.1 HWEABEBESKFIEL R ESLMSSH

15 1 B R SO AR R R B A SR B
Hby 7R b R 0 AT I BT DI R AL R BT DD L L R 3T )
1228 g A 2R S B i T (L 20 e M) S5 BE Al
ZLPATTL AT AR AEAS R M B R — AR AL G K
FRFER 3 B 22 AT AT B HE 5 5P 8 BT U0 il 3L ik 5 )
1 24 e HEAS 8 0 S 7 IX M B A0 45 b Bt 4] B 2y
F(E 4,5Cc.d.e) FE 6), /Kt nl WL 2247 22 B
51 B3P 8) ke B VRS 3R N A 3 B 2 B X I B
Ho(hi oy ) A 28R (] 4(boe)). ik e
A5 H w A G e A AR M e T, )
2001 4F FH G R G I M AEN T, 1931 4F B 98w 2
AL 1976 AR FE Ml B B Motagua b BN HE R R 2
oL, A 5 7 i T J2 S 00 W s P A B A T R A A
2RI W BT 2 0 LA 25 4 b ok R — B R
AR b R b 3R R Al e — A% 4l 5 U A ik T i R
B B H A B B 2R B A% A2 AT 2 B HE
H ) Je A R R W 2 (45 Ty )2 Rl B 2D 1 (A
2) EAFAE SC A7 W 2 BE K B X — B 4 R B
B (B 8) s AN e Y B b 7 2 H A T % I
ZLE R B 5 K Mk 20 e A Bl A5 R T HLIE R B
HE R b 7R b 3R Bl B W A Bk B R AR ~
65 ke FY TR 1 5 4G A SR TSR 43 Shy 4 A UK
& ML RN G5 T R Pk SR R (1 2) SRR
Hb SR 2y B A AT A SR A L B AR E 1) 295° £ 57, 3
I IX G829 3.5 km, 32 B4 7 43 75 M — B = A
P, LB T R B K 2 17 km, B & A B LR
1 24 20 45 AR I IR) 78 AL A% 43 A AL

S5 A YR G b e 1 S 07 T 8 5 0 PG e N AN 45 P &



164 H Bk ¥ B % R (Chinese J. Geophys. ) 55 %

BT

7 B0 A 1 vk AR AR
() E5 R U 3T A 3 e 5 W P L P 5 R B AT T B RS A DK 344 (96. 5804°Es 33. 16703°ND 5
(b) BT 01 B (4 1k 45% 187 (96. 50809°E, 33. 20189°N).
Fig. 7 Ice-crack features produced during the Yushu earthquake

(a)Ice cracks almost vertical crossed located at the south of Longbao lake at the east end of the Jiclong section(96. 5804°E; 33. 16703°N) ;
(b)Smooth ice crack surface at the south of the Longbao lake (96. 50809°E,33. 20189°N).
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(o) 25y YR B 24 Fb B AT 10 i b T30 3 10 248 N 7 S A7 BE 3k 22 12 (96. 80518°E;5 33. 08343°N).

Fig. 8 Photoes showing the Yushu earthquake surface cracks overprinted on the pre-existed fault scarps

(a) Jielong section surface cracks overprinted on the pre-existed fault scarps at the top of the alluvial fan at the west of the north-south road

(96.47529°E; 33.21342°N); (b) Jiegu section surface cracks overprinted on the pre-existed fault scarps at the top of the high terrace at
Bimolong (96. 80518°E; 33. 08343°N).
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Fault scarp & transtensional crack
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Ca) TG 35t 0 JEE 471 o 1 24 4 (96. 43863°E,33. 22611°N) 5 (b)) [ 5 391 PG i b 1) - 20 1% 5% 1K B b1 i 24 5 e s AL KT )2 Bk 2K
(96. 47792°E, 33. 21309°N) 5 (o) 45 [ U M 3 il 244K die K [l AR Z2 BE B & 0. 66 m(96. 4867°E,33. 21107°N).,
Fig. 9 Surface rupture features along the Jielong rupture zone
(a) Tension cracks at the west end of the surface rupture(96. 43863°E,33. 22611°N) ; (b) Transtensional cracks and fault scarps near the
north-south road at the west of the Longbao lake(96. 47792°E,33. 21309°N) ; (¢) Jielong section maximum co-seismic left lateral slip 0. 66 m
(96.4867°E,33. 21107°N).
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B 10 T W i AR 2 1 2 7 B R TR) A= 2 I 1 A% T Al IR 42 (b »5: 96. 86097°E, 33. 0650°N)

Fig. 10 Offset mark showing maximum co-seismic left-lateral slip along the Yushu earthquake surface rupture zone

(Location: 96.86097°E,33. 0650°N)
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Table 1 Measured coseismic displacements of the M;7.1 Yushu earthquake
s 25 5% (N ZJE(E) W ks e i B /m LA/ m FEHE/m
45 B R G
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5 33°12'56. 4" 96°26'18. 7" ks LI R 0.22
6 33°12'42. 7" 96°28'56. 2" I 0.25 ~3
7 33°12'39. 7" 96°29'14. 0" 0.25 4.2
8 33°12'41.9" 96°290. 08" Foggyrh 0.23 ~3
9 33°12'40. 4" 96°29'07. 8" + % 0.49 ~3
10 33°12'39. 9" 96°29'12. 1" EH 0. 66 ~5
11 33°12'39. 6" 96°29'14. 9" Rk 0.22 12
12 33°12'39. 4" 96°29'19. 1" I 0.03 ~1
Sl R R
13 33°06'02. 0" 96°46'18. 0" JHEZ) 4% B ) {37 i 0.2
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15 33°05'04. 4" 96°48'12. 1" s 35 [ 5t 1.4 11
16 33°04'54. 6" 96°48'28. 7" e AN 0.75 3
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, R ” ica Maxim. % M- fif v
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29 33°02'46. 8" 96°52"17. 1" N 2.0 3
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