4% % 0B & 20184 #H63% £ 19H: 1882 ~ 1905

&, CHIRRRE) gkt

SCIENCE CHINA PRESS

T 2] EAEE

DON-F5 Ms8.0 Muenystak ity ) ) pid #4

Hzﬁ‘%_i 1,2,3*’ T‘HHEJ;X 1,3’ ilj;ﬁl—l—l 1

1 ERE B 5 S s RS, JEET 100029;
2. EMOEH BRI SHOR Y BE, KA 1300265
3. REPBEEBERY, LA 100049

* I & N, E-mail: jwteng@mail.iggcas.ac.cn

2018-04-24 ks, 2018-05-15 &[], 2018-05-17 4357, 2018-06-28 M4/ & 7%
[ 52 T 5 R RIT 2T & R 114 (2008CB425700) Fl FEl RHE 37 #1141 (0907804078) ¥

P B FEMBORME L A YA HETF AT AT LA R L, ERFRERAENER
AT —4+K300 km, T80 km, K4 T70000% K& E K EEH, w7 ENMEHIAMAEARAGT, T
BEHHANBTUNEARELEEXBEARR X FNAERIAE, TRAREREXELET. SENTEELH,
HKRMBORME MR AT M THEERRGREARSAE , H1E, EAMELE Mt HANFEE R AL
ARERT IR ZX A HEHENES, AHERT: () BREMT . B R A FEBZH, LA EF, &K
W REF . RE RS EHRATRIALYE, Q) BEREAANAERESEM TR, #A, HERENTNE
EXHE, 3) NI TERE, ks, B4 RaeREym )| axnx. B REET, BATLFENEHZEEHE
ok, FEEITWIAFEAETHAM R G TREABARE, 4) BERELCRBTENA KRR T 5O -8 5

M8.0K 3% th K 7 Wi 2.

Kkl

AR AT N A S N R
M TR AR K LR (Ms8.0) R AE R, I T Z
AR MR IR 3 200845 12 H ZE U1 4
b gk, 5 R AR AU SR BT - F5 Ms8.0 K b RE Y
RAEBEATII04E T, 75X 104F ] 4 23X UK =
ZHE | RIBME ARG ZERBL R T2 E. 24
e AN Tl ) B 2% 3 0 Y38 SCRCR = rT Y,
W15 I B A 5 22 /0 A 300~400%5 . AWLIX — R 51 1Y
SCE, MW EAETT. BRPN, £ 0 HA IS S
W, XX AMTFECB X K KRR E . KR &
AR E R IE M R 2 F o EEAICE. Mk, 10
SRR TR — ELTE % F I] -e 55 Ms8.0 K b 7% & A Y
KL W, IRERR S5AT L) EATTHHEA N,

DI -8R % Ms8.0 KHE, MR 5 e EX#, =

EEMRE, EHAHE, RBMLRBERE-ZEHH

Yy itz g B B0l S R IR S Jrad e, a4 1 —
CIPSEESRER) v B S AV BB b Oty W

DN - 75 KM= K A e PR Bl AR D8 . BF )%,
AR T 5 ] AU A A B AR 3 A R 3 B B s, 5
BT WREZIRAERS. X T80 -B 55 KR K
A BOHEIRT, A H R | SRR AR ZARFE N
AETETE T TN 2R B L2672 b, (HARE 28 I 2 L
A% X1 R 1 1 2l A5 b T 30 G A 1 BT R TR
AR 340201 b Hh it GRS 45 S 14 B el AS 5E 4
Gp 22028 iy BRI TAE 3 A R R MR R A TR
W TIX—HIX B T e R ST MR i 5
ORI F BHL 3R 45 R 3t 52 BB PR R AR 7251 53] -
e 75 K b, 72 114 752 U5 AIF 9 R ) 30 b e 4 00 - 3R

SRR el SC, ARMEDL, XUAT L. BOUI-BETS Ms8.0 MR A HbER W37 58 Jyad 2. Bl 4R, 2018, 63: 1882-1905
Teng J W, Song P H, Liu Y S. Geophysical background field and deep dynamics of the Wenchuan-Yingxiu Ms8.0 earthquake (in Chinese). Chin

Sci Bull, 2018, 63: 1882-1905, doi: 10.1360/N972018-00397

© 2018 (HpIERIE) Atk

www.scichina.com  csb.scichina.com




IR

R M 72 01 2 A R R SR AT TR 22 Fg AR 744521,

O 4 17 O DA TR B, 7 i A 4 R 4 1 R AN fiE
AL R AL R i Bl AR AL S A g S
R T SN RE R B de 1] L il R F $b7e o ) I
SRFAE. A SR T R SRR JE S L b i e 4 2
ARG BT S D T (EIEAE AR R AN ST A .
PR b JEE B N T R 5 | e TR 5 75 JE 1]
Ll 3t 4 B Ml e 4% 2= 45 15 b IR R AR 2 () e B 5%
E/‘J [27,39,53,54J'

TE T 9 JRUAR AL 2% (0 A AR i dsk, SR AN [] A4
ERPYER T, W0 TR b R R R AR ) 2042997031 1R
IRl 7% Jy 1 AR BHOOOTSIYCT R AY . R — R4
7RI (AR B T AR, R AT TR B E
A X TR IRALZR 7 | AR I R BB IR, 5T
FR Nz —, BIT7 iR B [ AT AOHS BE 55 ke, o X LA
25 s T Ol AR AL RS, Rz =, BRIy
AN, QUSRI R RE, (E WD A v, dle R A
o B A, WA AT REARIBURS A2, e 3 4k 1Y
TARMZ T, B Xk B OE @R BE 45 2R OR RE 40 T AL
H; RHZ =, DUR R @ AR A 5E P HE DR 5 B
[[IRSRZBE L PN = N2 7L 11 BN R | B R B
f) it = B A i R TR D AN ] Y el Bk ) B D77 32 G T
A0S BB, LIRS B2 55 73 B 3R 1 {4 Sk A A i
— VR ARRZE S, R Bl e Xt A E R I A S
W, BFS PRELG TIRARY ST, A 42
5 6 B P4 RS RT3 A A 7 4 1 4 )

HI T ZA AT RAUHER, el KR
S M T TR B TR T2 5 R FBIL AR 1 AL FE SR R B B, ik
— R M A G, WANTRIRY T i . AR R IR AR
PG e, Fols o] LAAE AN [ BIF 52 0085 400 BT 412 1 4%
MR R A R A, HJE A
Uiy, BB -Be M8 0RMFE 2 E . KR
A A AT L D7 1% LR IR AE B R A AR A= P Ao
BT HWZ AR DIBAR Y. R T e iR X
UCR MR B S A 5 R AR Ut fag 8, IR AR BAE A 55
ANFETr I FE AT LA B A0) G A B 48 IR K AR AU
AT RLE LAY, X AE I, 2B R R A 2t i Bk
Yy LI, e o3 B A A RO SR A R 25 Y SRAE T oK
21 FBL A 18 45 F S A0 20 A SR B 5 5 R 28 i 20 7
R 2 RE R TR A K ) i M B ) A By B m e L 4
. DRERERSE AP, SReE AR R R, DLk
JoEL T TR A2 5 W B A SR AR AR B L 5l g 2wl

BT RXAEIRTE, ASCRIFE R T ILAS TR (1)
T T 1 W 5 5 M e ) 37 Y AN B, (2) el T
Wi 5E . MERTAREA SRR TR S AR (3) DI - FE
Ms8.0 KRR 28T 55 K A ) S IR AL

1 el T2 & HuUs R ) 5 0 B AN 2 1l

EiAEE DIPTSR R W 3B =i s = S B /S |
LAY 7% 06 A 25 W 22415 1R R W SR8ty o el i 3l ¢
Vi R TT AR, RSP AN, m LR
T 1 BB (& 1(a)). FEK— " 8 P FE A 3 2 7 I Y
BE R AR, HAE . sresm G, bR S
W 4, V4 2R 0% b % W 41 55 I NS 1] A IR L7 2
JE F Wt A 3 L 72 A 4 - i R P RS A 2 T T -0
AT W SR -/ NV W 40 ) DA e AL R Al R, AR i
W RETE B b, B A M =T 5 FUH R R A
FHXT R, MEA 1T L BT 24 A% B 5 b s B 4> A
Y R TG S R R I pa AR, BIOR KA i M = 683
RPN WL, MMM S . MR Sl it e LA
T AE MR K AR B AT RE, P 8 R M A 1 S A 1 T Kk
AT

oA DA 20 25 2R BE AS S TR ) Jo E T o 5 L 3
B E KA.

1.1 Bl VU 7 M 5 e AL, fEd )34

b1 L A1 e 7 U

FT7E98°~110°E, 24°~34° N3 [l 4 (1 )1 1L b H7
() R 2SS R R 0 E O S B, S A g
TES R IR T W2 R 5 Hopg b m i i B 2 25 5
(K 1(b)).

IR T S35y X I, RPEAR | R PR
AREE RIS R A, MO S A A% O R R IR A,
ST bl DX R R A I 43 S R R M e R A Ak
BN = RN £ s o 982 W 3 B o N A -
ELAE A A% T 7 S TS N1 S A ) 45 R
SR, BT AT AN TR RS B AN 2 S AR
e (43778991971 - 3 AT T 1) R 3k o A 50,

T 1Y Ll L S — AR ) SR R AR A Y BE D
JEA7100~350 mGal(E 1(b)F(c)), BN A—A>idh i AR
SHHE. E30°N, 102°ERY BT A7 — JRy L 50 (R R 5 fff
IT); FE31.5°N, 104°EFf T (BP7E SO BT )t A7 76 SR
FRHLZh; SRIGTE33°N, 105°ELLIbHbHs & B, X Al fig
SR 111 - B2 A W7 24 Mt %) P 3 i o7 AL DG I T B A

1883



a4 % B & 20184 7H $£63% F19#

=
102°E

24 o N r A A - ~
98°E  100°E 102°E 104°E 106°E

0 1000 2000 3000 4000 5000 6000

104°E_ 106°E
(m)

24°N
98°E  100°E

102°E  104°E  106°E

Bl 1 TR R LR T AR S A R A . () MRS DA (0) A P2 IS (o) AR 5

Figure 1 Distribution maps for the gravity field and response of boundary in the Tibet Plateau’s northeastern margin. (a) Schematic diagram; (b)

free-space gravity anomaly; (c) Bouguer gravity anomaly

WMEIDSEEREAEN: ERAR LT B
(30°N, 103°E~31.5°N, 104°E)F1dtE(31.5°N, 104°E~
33°N, 106°B)Fissr. el T Wi &R Disd (S5 4R
) PO 1] 20 b ) A i XA A ) S —-80x 107~
—200x107 m/s?, MMi7E e ] K2 & LA (52 A PE L)
) A5 A% T 7 S8 O R A, B —400x107~
—300x107° m/s”. HEAEAE I 1T 11 U 24 2 04 R e 2 AR
At i A2 — 4> 7 A /N ) R B, T e )
Ly T 28 2R 1) e T B D 5 A v e B AR A

TE T 0T L L b, B G Y g i R AR I i A
K& EE ) S T R R A R FR B VORI 1Ay, &
FIBBEES1x107 m/s?, DU Z5Hb<1x107° m/s®, 5 i
JRARACG IR < 1x107° m/s®, ML TILE 1Ay, HE
SEAU 1 A 3 ik 2.0x107° m/s?LL b, e ik R

1884

— DGR B | PR AR R R ST A

12 5E. BTSSRI o i

XFFHISE AR, B b Te R BE AT, R A
FH 37 NP 2 % BE I 3 ) B i b AT R, IF it —
Ao trtseh . ERSMTRAR A A TR R E 22 5
oS L BE A (B S 1 () S eyt v B LSS
I R R, D) s N R b | b b e B R A
S B 1) S TG Al B — B, TR A - H
O ) % A I S1(a) AT UL, e Il g
P o3 A AR IE DU B S WAL R A b, HAL T
FER R I — 0, Bk AN - H OB B R e
AR B ES U7 ) is %, H S5 35T 08
Wy I A e R ) W 1) 2 M 2 () R AR O R,



PR

T 1L 3 L A G U 1) WNTIT [1] 22 G2 0 i A

X F5e WY, EIS1(b) R T IR E 1 5%
B B A, R T B RAL, BR HbAE S g
TOUR B % B A AR RRAE . ST 5 DL, DU 1] 2 s s AR ol
T UK, {HL W R A A L B R A A — R 2
SE. TR X A LA R R — B, IR
B DX NASTE Z5 M0 F 5, T A 43 1 R 0 30°N B
. KB T oA H g A 1) 1 R A I A
RV 5 v 3 AR RN e BELAR — B, IE R X PS5 b
e T 508 3 A g DI R A BEL B T 7 s R AR L 2R
e MY A AR MR, ELae e I g S, BP
— R4y SSEIZ S | 1M Ji [ e SR [R) s AE i 2B
JEAE R, B3R s 7 A b g 35 2 4 5 R A <
g ifm Lisks.

FATES -H PO A T T M A R R, i b b T
T P S BE Qi % 5 HNNE [ % %8 8 (R 6 0. 38
VR R R 0 22 5, T e DO )1 3 b RS e
JEE A B M BELES AR TR TR B AN 2 W o
L BN MR, X UR . R T 2 ) A R
2SR, N ST MY A Z IERT, s
Bt 5 Bl P se .

1.3 ISR AL S 50 R A i
R
(1) FEET 1Tl R R T 2% ol ks B2 &
PR (10 5 S T S M SR P A MK P AR e A T
Ty ) 7 PR B (M) S5 A Ay 32 i PR 5E 19 A
IF] o Rt Ao L9 32 £ M 7 JE JEE (D) (1 2()) 1 32 £ 25 1F

S (km)

100°  101°

103°  104°  105°E

102°

B2 SR T IR R (a) RNt 58 5 FE A A 22 SRR FE () 53 A1 T )

Figure 2 Distribution of theoretical isostatic crustal thickness (a) and isostatic crustal thickness difference Al (b
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Figure 3 Isostatic gravity anomaly and uplifting of Longmenshan and surrounding areas ""°”!. The green lines denote the contours of the isostatic
gravity anomaly (x10™ m/s?). The black lines denote the faults. The green pentagram denote the epicenter of the 2008 Wenchuan-Yingxiu earthquake.
The blue dotted lines denote the zoning boundaries of the isostatic gravity anomaly ( I indicates the weak negative anomaly at the Eastern Tibetan, I

indicates weak positive anomaly at the western Longmenshan, I , indicates the strong positive anomaly at the Longmenshan, [l 5 indicates the weak

positive anomaly at the western Sichuan basin, Il indicates the weak negative anomaly at the mid-east region of the Sichuan basin). The color area

denotes the uplifted zone derived from the inversion of river bed slopes. The red area denotes the highly uplifted zone, the brown area denotes the mod-

erately uplifted zone, the light green area denotes the softly uplifted zone
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Figure 5 Structure of crust and upper mantle along the Songpan-Ganzi-Longmenshan-Zizhong
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Geophysical background field and deep dynamics of the
Wenchuan-Yingxiu M¢8.0 earthquake
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The Wenchuan-Yingxiu Ms8.0 earthquake occurred along the Longmenshan fault system where the tectonic and seismic
activities are relatively less inactive than its surroundings. After the great earthquake, a dynamic failure corridor zone
was formed at the surface, which was about 300 km-long and 80 km-wide and more than 70000 aftershocks occurred.
The earthquake caused serious surface damages and large numbers of casualties, but no confirmed precursor phenomena
were reported. In the northeastern Tibetan Plateau, geophysicists had applied many kinds of geophysical methods, in-
cluding the artificial seismic probing, the natural seismic imaging, the gravity probing, and the electric and magnetic
methods. Many researchers believed that the crust or mantle shortening is the main dynamic of the M8.0 Wen-
chuan-Yingxiu earthquake. However, the evidences were not enough, due to the disadvantage of the geophysical meth-
ods, such as the dubious resolution problem and the ambiguous interpretation from colorful results.

Based on the previous results and our extensively study, we made a further study on the Wenchuan-Yingxiu Ms8.0
earthquake which mainly concentrating on the three issues, including the highly isostatic equilibrium of the Longmen-
shan fault system, the fine structure and abrupt deep dynamics of the Longmenshan fault zone, and the force source sys-
tem, the development and occurrence of the Wenchuan-Yingxiu Ms8.0 great earthquake. First, we reviewed the gravity
filed and response of the boundary in the northeastern margin of Tibetan Plateau. The free-space and Bouguer gravity
anomaly were given. The distribution of the theoretical isostatic crustal thickness and the isostatic thickness difference
were analyzed. Considering the topography and gravity field of eastern Tibetan Plateau, the Longmenshan zone was far
from gravity isostasy. Second, the electrical structures and the S-wave velocity structures were reviewed. We reanalyzed
the four artificial seismic sounding profiles. Third, we showed a diagram of the 15+5 km deep convergence and the co-
lumnar force source of the seismogenic fault. Fourth, we summarized the three flow locus of deep matter in the eastern
margin of Tibetan Plateau. Meanwhile, a model about the Wenchuan-Yingxiu Ms8.0 strong earthquake and deep material
motion was proposed, illustrating the opposite motions of crust and upper mantle materials, and the strong collision be-
tween the crust of the Songpan-Gantze block and the Sichuan Basin.

We believe that the Wenchuan-Yingxiu Ms8.0 earthquake was caused by the collision and extrusion of the Indian plate
and Eurasian plate which the east tectonic knot was extruding north under the Tibetan Plateau and the large force system
intensified the tectonic and seismic activities in the east margin. In summary, we illustrated the processes as follows. (1)
The crust and mantle material in the central Tibetan Plateau was blocked in the east which resulted a large-scale stress
concentration and strong exchange of deep materials and energy. The variation of the crustal thickness between the
northeastern Tibetan Plateau and the Sichuan Basin was large as 15-20 km. (2) The structures and properties of the mate-
rial in the deep source mutated and leaded to a highly disequilibrium of gravity field. (3) Blocked by the hard crust of the
Sichuan Basin, the low velocity crust and mantle materials beneath the western Sichuan Plateau thrusted upward along
the steep fault plane of the Longmengshan fault and collided at the convergence spot of the three west-dipped fault
planes. (4) The three surficial faults in the Longmenshan fault zone were not the seismogenic faults, but the convergence
fault at the depth of 15+5 km. The convergence fault was a columnar focal volume, which had a radius of 5 km and a
length of 300 km. The convergence of the fault planes in the deep focus induced the seismogenic fracture of the Ms8.0
Wenchuan-Yingxiu earthquake.

Wenchuan-Yingxiu M8.0 earthquake, exchange of materials and energy, mutation of crust and mantle structure,
gravity disequilibrium, deep convergence fracture-seismogenic fracture
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