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The Simulation on Listric-fault Dislocation Background and
Co-seismic Deformation of the Wenchuan Earthquake
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Abstract: Using long-leveling section observation data crossing Longmenshan fault during the period of
1983-1997 and 1997 (or 2007)-2008, aided by positive and negative dislocation model of pure thrust and
spade-fault, in combination with the method for grid-searching and testing, the authors simulated the locked
energy background before the Wenchuan Ms8.0 great earthquake of Sichuan Province on 12 May, 2008 and its
co-seismic deformation. The energy accumulation before this earthquake and co-seismic rebounding of Central

Longmenshan fault are revealed to some extent.
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Fig.1 Wenchuan earthquake area and distribution of
fractures
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Fig.2 Rectangle dislocation model in half space of elastic
symmetrical media
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Fig. 3 Model for negative dislocation model (entirely

locked): the ground surface displacement (left) is the
difference between rigid block motion (center) and the
ground surface displacement due to locking of boundary
dislocation (right)

DT 2 £ 46 K oft ) TG BT A B, FOARERN O DAl —
SR B R B SRR AR o I s, )BTRS A
Bk (=1, 2), Vo AR RO HE SR sl K,
B4 Matsuura T4 {7 &5 87 (Matsu’ura 5§, 1986;
AL, 2004), 55 i NI 5 T 52 B0 B BH A T R
IR

Z'+€ =Vy) = F(x,,y,,U,U,,6,LW.p,a,.a,)

FRBEDE 1, 2 AR W S8OEE; A
VAR, KPS 2 WM ULU, BN BE
frgnoE W SN i 0 LW 2 5h U |
KEE. RWEWE 2); p.a,,a, 505 K8 E (2 T
JAERA bR R X B S &R AR R IEAL R Je A1) K Bl
B (ERABPRR K V-85 — RIS, i % 5P
7 P AR AR X T 48 B e 3 A AR, T
BE FRbREEZHUBREEEIT, LM
He 3 132 h40 B Bl S0l N BRI L LA
Xk R S (0 3 e LML A B (8 (P I SR R £, 45
B B IRGZAE) . A SCHIER AT | TR TR AR,
M EEEREE | km FEHEEN 15~20 4



i

ok A DO AR AERY B IR R AR Y b W A B 191

Okada HIEAHHIHEMIEN, fe B2 HER R ik b
X, WERGIRBIRE | R E—EERMN T R
B LA WA AN, (VLA [) V2 0 A A Ak, BRI
A1 {152 S R A2 28 op o 0 A i) TR RE Y e B, R
HAQ - eV, K b IR, A b BTFESEL
Co B A eI ITTRURCR s B 1 e A o i
AN, W AR S, 2R 2R S BUR
L B MO SR R S TR AR B RO AR R
IR T2 BT A S 2R e 1 R K M b, R
FELTRD A T 24 e o) L O D2 0 B ki s o s
HNRE, A, b JZEOLAGHT R T 1 A A A S
S TR M . i L b b . SERE L WA
Wity oA, b KA, SE—ASEEHERE
PUE LAY 225, 2 n] B AR HLIE 19 S Br L) ith 2k &
T T 2 . X [ AR R L R e, i
JCIE) RE A% Al h 5 W 2 R sh = A Il A SR )l b
FEHIEEEZAL 1 km A9 15 ~ 20 4~ Okada 5 JF F 7 6
PHERF R R AR,

2 PIBREBERSFREMAMTIEN
BALE

FIA 1997—2008 4E Kz e [n] 7% 72 fb. CHI 6T 54 b
VA B L s A W e e W AL 471 m, 1983—
1997 SERERT 1 245 RS A B fh e A AL —+ L=k,
T 6 Y 3 XA, & ] FR I . 10 R4EAY IR B0
BlAL RS2 AR CRES,2009) ; H

A bl SR T T 2007 4R, SOCREAR R B R] R R Ak

2008 4F {11 8.0 YMuFRRLFMET R D bR
FEARE A T R IR) R 437 %% 1Az FH 7% 255 W 28] 1 3 ) 78
At g WL IR NS | TR I R B
MR sl . AR G ) ARl 2 L, WO
(2008) . £ P AE(2008) . 5 5582 (2009) 114 3l 5 il 1
SR 2P R L T, eTIRCH R
e 0 b A (i R AR A L g AN B SR T Y
LSl 11 I E A R M Y T P £l YT Y el
S, B(ZR4RIE 104.4630°E, 31.8262°N, fv FAb )| kff
V(A 4 RS 1 25 ZE A 100 km 15 140 kg 5 ] HC
SiEdbi e 219.1791°, PEECIMBE BSR4 Lk 3
MRS S R Tl e RO . ST S,
UL 20044 DT S £ AR AR 0% JL A~ 000 4R T (b 22 S
L B A0 A5 A W LR B, RS BN 4. (H 5
YN, M ACE R T e R S sh
HEYEN15-20km BI 15 ~202; 4471 mi®
fe KRR A R 4~ 8 m SUBN, SRR,
PAG T RAF RIS ROR, FRTHERRE R 18 km, i

5.6 my (A BT RE AR AR I O R AUl 88(1-¢" I,
e, fERIFEAE M TT A SERE Uk RNV R Y
G ETRLIL, BESR R 18 20D 18 km HIE (2L
S5 RIS I 2 O e AR5, U EE N 18 12,
W2 BB AR, Wif SRR R DS E 28 4, b
af LA e S R AR . i A B AY A (A2
FEVFFE 0~ 6km. 6~ 12 km, 12~ 18 km A [ VA5
B SEEREELAE LI 6 S 2, JUh, A i v
WK RH 88(1 - "V, SR A R L R
A 7. % 3 5K 18 JEMifAM T K2 R
2.6° ik 3.49), KA b ATy B[R] e AR Y 5
FHOE: FEAS 0~ 6 km FRIEMGH ALY 23.5 mm, 6~ 12
km VRIS A 13.6 mm, M3 S ¥, o 12~18
km G RSN 7.0 mm, B SR

ZRfrP 5. P o BUUIE AL, MORASCRT M, A
DR ST LR S B I 30 Bk, — ey
Ak, FUREE— RO R T AR 1 A A

103" 104° 1057 106"

|:, ) [E M
Co-sCIsmIc siles

i Wi Jai it
unn carthquake Z] Fault track

[ iR T
sites before the earthquake

B4 KENSSTREERNE

Fig. 4 Distribution of leveling stations and fault track
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Fig. 5 Co-seismic deformation (relative to the
northwestern side of fault)and positive dislocation
simulation result(Standard error is 0.1 m; horizontal
coordinate is the vertical distance from fault)
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Table 1 A comparison of simulation effects of co-seismic deformations

WS 7P SEr ARXE R R xR | OB ﬁﬁﬁﬁjb‘l BB
‘ 5] BE 5 /km W W{E/m BRI E/m
it 103.8783 31.6983 -33.9889 0.0000 0.0000
&t s 103.9050 317217 336559 -0.0027 -0.0026
it 6 103.9217 31.7183 -32.1890 0.0046 -0.0074
Ei7 103.9467 31.7283 -31.0470 0.0008 -0.0098
b 11 104.0133 31.7567 -28.1315 0.0316 -0.0038
&t 12 104.0483 31.7633 —-26.0193 0.0793 0.0187
AL 13 104.0783 31.7683 -24.1637 0.1017 0.0575
it 16 104.1350 31.7933 -21.7472 -0.0048 0.1464
it 17 104.1667 31.8033 -20.1194 0.0090 0.2402
ik 21 & 104.2667 31.8383 -15.2334 0.6192 0.7536
&t 22 104.2967 31.8600 ~14.5552 0.7696 0.8579
it 23 104.3133 31.8550 -12.9877 1.2499 1.1335
W 104.3200 31.8590 -12.7772 1.3035 1.1741
B 24 104.3383 31.8600 -11.5062 1.4663 1.4377
=zt 104.4581 31.8289 -0.5458 47114 4.7658
=7 104.5938 31.9514 0.7686 -0.6196 -0.5908
HE 20 104.6602 32.0199 0.7956 -0.5815 -0.5857
=83 104.6360 31.9831 1.6201 -0.5045 -0.5269
=3 104.5297 31.8704 1.7790 -0.5040 -0.5214
Bz 17 104.7193 32.0554 2.6062 -0.3928 -0.4836
JLi 8 104.3950 31.6300 8.7950 -0.1616 -0.3166
JL¥ 11 104.3317 31.5600 9.0561 -0.1605 ~0.3070
L 6 104.4427 31.6633 9.9582 -0.2021 -0.2861
1L 17 104.2283 31.3833 13.8319 -0.0933 -0.1788
L 20 8 104.1900 31.3383 14.1598 -0.1187 -0.1678
PR 104.7273 31.8832 15.3248 -0.1587 -0.1581
it 15 104.3367 31.4450 17.4914 -0.0878 -0.1112
Je¥ 18 104.2633 31.3567 18.2763 -0.1028 -0.0922
=89 104.7464 31.8453 19.3914 -0.1458 -0.0845
=412 104.7327 31.7691 23.7603 -0.0448 -0.0242
mHNE 104.7364 31.7723 23.8054 -0.0445 -0.0236
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Fig. 6 Leveling section deformation crossing fault during 1983—2008 £E B 15 I 111 B 2447 ¢ 7K o 351 o o i)
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side of fault, Sichuan basin)and negative dislocation

simulation result(standard error is 2.0 mm) ERBH BT R ENER)] 8.0 HABRATRER



Fig. 7 Relationship between fault depth and dip angle
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Table 2 A comparison of simulation effects of deformations before the earthquake
W P AR HAXFILHE 18 X ILHE 18
SR/ HErP . .
HE 4] BE £ /km A7 WM {E /m LSRR BB B /m
BAkHF 8 Z L 103.8520 31.6757 -34.3495 15.00 13.84
it s 103.9030 31.7197 -33.6636 17.90 13.84
it 4 103.8923 31.7070 ~33.5649 14.30 13.84
#ite 103.9197 317177 —-32.2943 18.00 13.85
Eak 2 103.9040 31.6883 -31.3977 16.00 13.85
L 7 103.9413 31.7237 -31.1232 15.80 13.85
%3k 10 103.9873 31.7530 —29.7852 11.50 13.85
&k n 104.0080 31.7540 ~28.3325 13.30 13.84
it 12 104.0423 31.7580 -26.0898 12.70 13.81
&L 13 104.0737 31.7677 ~24.4598 14.80 13.76
Bl IsEE 104.1167 31.7883 -22.7414 9.80 13.68
&it 16 104.1343 31.7893 -21.5186 14.00 13.61
&k 17 104.1667 31.8020 —20.0283 16.00 13.49
7%dt 20 104.2363 31.8257 -16.5802 12.90 13.01
); =R B 104.2667 31.8363 -15.0932 14.70 12.69
it 22 104.2913 31.8560 -14.6706 13.90 12.59
»dt 23 104.3080 31.8530 -13.2360 12.20 12.16
&k 24 104.3363 31.8560 -11.3721 11.30 11.43
Ak 28 104.4520 31.8383 ~1.6529 1.30 0.80
e EERES B 104.4550 31.8217 -0.2670 -2.20 -1.88
dbi 2 104.4333 31.7833 0.8404 -4.90 -5.54
dedE 1 104.4530 31.8000 1.1109 -5.70 -5.21
dL¥ 10 104.3403 31.5833 8.0537 -4.80 -2.06
dei 9 104.3697 31.6040 8.7617 -3.80 -1.90
db# 8 104.3903 31.6247 8.8219 -3.10 -1.89
dL¥ 11 104.3257 31.5560 8.8955 -0.40 -1.87
AL 12 104.3333 31.5237 11.7203 -2.80 -1.09
A6 19 104.2237 31.3413 16.4355 0.30 -0.11
dei# 15 104.3353 31.4403 17.7181 -5.00 -0.03
e 18 104.2580 31.3540 18.0748 0.00 0.00
i fr/° 0.0 #3 . Afu#EEampaxEs
Table 3 A comparison of dip angles of positive and
120 negative dislocation models
AR BEkm LSRG A ﬁ&%‘é%ﬂ{tﬁﬁa
—14.0 ©) )
1 0.5 88.0 88.0
deo 2 1.5 87.8 87.9
3 2.5 85.6 86.4
2 VA (B 450 p i3 1 s
iﬁﬂﬁ’gg‘:ﬁlﬁjg y £ 6 5.5 70.9 737
" 100 § 7 6.5 66.0 69.1
p b 8 75 61.5 64.8
TR L0 9 8.5 575 60.9
PRI 120 10 95 53.9 57.3
A 88(1-e ) 1 105 50.7 540
—14.0 12 115 47.8 51.1
13 12.5 45.2 48.5
~116.0 14 13.5 42.8 46.0
" 15 14.5 40.7 438
180 16 15.5 38.8 418
7 BERWASRELRTEE s oy s
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