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Abstract By using regional GPS and leveling data and through an analysis considering seismo-
tectonic background, this paper studies interseismic crustal deformation in the region across the
Longmenshan fault zone before the 2008 MS8.0 Wenchuan earthquake, discusses the active
tectonic and geodynamic model that caused the interseismic deformation, and, from these,
analyzes the mechanism of brewing and producing the Wenchuan earthquake. The result mainly
shows that, in the period from 1997 to 2007 horizontal shortening in the direction perpendicular
to the fault zone and horizontal right-lateral shearing parallel to the fault zone occurred in the area
from the middle segment of the fault zone to about 230 km away northwest. The shortening rate
is estimated to be 1. 3X107%/a (that is 0. 013 mm/km/a) and the distortion rate to be 2. 6 X107%/a.
Vertical uplifting also happened in the same area during the period from 1975 to 1997, with
uplifting rates changing from 0. 6 mm/a in between the frontal-range fault and the central fault of
the fault zone to 2 to 3 mm/a near and northwest of the back-range fault of the fault zone. All
these reflect that at least in the last 10 to over 30 years before the Wenchuan earthquake the
frontal-range and central faults of the middle segment of the LLongmenshan fault zone had been
locked with strain building up. The main reason to cause such deformation is believed to be that,
taking a low-velocity zone in the crust as an “uncoupling layer”, the horizontal southeast-ward
movement of the upper crust of the Bayan Har block was counterworked from the South China
block at the western edge of the Sichuan basin and transformed into the thrust movement along
the middle segment of the fault zone. The interseismic locking of this fault segment made both
the horizontal shortening perpendicular to the fault and the right-lateral shearing parallel to the
fault occur in the upper crust of the Bayan Har block. However, during the period from 1997 to
2007, horizontal shortening across the northern segment of the Longmenshan fault zone was very
weak, but a right-lateral distortion deformation of 0. 9 mm/a happened there. Such weak activity
of the northern Longmenshan fault segment should apparently be attributed to that those fault
zones of Minjiang, Huya and Longriba on the west of this fault segment have absorbed most of
the horizontal east-ward movement of the Bayan Har block. In addition, the difference of the
crustal deformation features between the middle and northern segments of the LLongmenshan fault
zone before the Wenchuan earthquake is consistent with the difference of along-fault distribution

of the coseismic energy release during the earthquake.

Hi Bk ¥ PR 2% i (Chinese J. Geophys.) 52 %

Keywords Wenchuan earthquake, Interseismic deformation, Fault locking, Longmenshan fault
zone, Bayan Har block
R ik — 20 BRI BON 8. 0 Z 5= i H LA K T
1 5 7 I L BT ST R i 2 o AL ) ) A

2008 4F 5 A 12 HAYRU BN 8. 0 3t 72 4 A
TE 75 0w AR G L B i 45 8 g 1 A 3 gl st Bk 3
SR NE [ e 11l 288 . R Is iAo R 2 B
718 H UL 1) A e H o 2 T 1) L W SR e B
T FCRE R T Jd 7 3t 2 e 28 o ol 0 e 1) L v ke
b JCBORUT LT R0t BR A RR IR R 4
TR B F5 LAY 5 A0 AR B Al Sy i = )1
BRI ELAE @24 1 B VG B b 5% I8 )2 32 5 LA s
o U AR WA S LA TEGE i D L ks g

E 5 PO Mo 7= Bl R BIL 1 AT 58 AH 56 1 7 2 (]
W, — AN E R () B X R BRI RR K AR Z R T
IRNTTE S R &l Py ey s i AW TR L LN
B b BRI A RRE R X— R
S B RERIE AL " I F 5T

X [ — i 7 AR 2 PR KK 3t = 22 [R] A Ml e TP
AR R R T AL B BIF S o — L2 M= A PR AT 5 Y T
B THL. XSS 2 A b 5e AL g 2 R A Y
BT R BRI ES A R KUY AR 3 5 v A KRR M
By FRAE Y R R B AE 1970 4F X, Thatcher,



114 ko D58 2008 ARSI 8. O S b R TR B e 1] 1l W 4 4 2 (] B 72 2731

Prescott 27 B Ji7 F K 1 100 4 9% RLAF 55 R i
SR AEZT W2 A0 B DL K B E VR st B AR B
I8 BB % JE R W T AR Savage' ™ ) K i
D5 ORI 5% R M 2 22 20 3 )23 DA S H A e T
A B AR oty 1) R ) M e B e, S5 5. R T 2 ARk
GPS Fi7K o 0 & 55RE0 25 6 IR 150 15 7% 18] L 52 JE
AR DA S R b 72 0 TR A B 1k 1) i 9 i — 20 R L 491
Xof R A ph A O R R A B i A
3 V5 HR o Ly ko X A R ) e T AR A AF 5T DA K
FUFH X 38 GPS 3 3 B 43 A A 5 e 171 1L U 8475 ) 7
B34 3 2 2 R Al T F S ) s R 2R N R
PR B R B b i gE e, S A

FTATHEEFNTE 2008 4EHI] 8. 0 HHE Z A,
[0 Ly VT 2R R L o 5 K DX 3k 2 Al 2 B GPS
5 LA SR 0 S Bl R TR IR WY R T 1L ey Y
T B A T 2% I 2R 1 K HE S I kL. AR SO
bR A T S A BT X S K i R EORE BT 1)1 b
AT BT 10~30 ARAFERE S e ] W A b JE AR
B IX 1 b 5 JE AR R0 3 B R A2 B S 1 T TR R
o2 W 28 % LA I Ml DX 52 8] B A8 R AR 5 8l ) 2
A BRI 8. 0 Z i 732 22 F 1 44 1 30 858 5 i
PRI B

72 UL T 02« 0 T 7 80 5 AR & I T AR A
ARG (BT B B 1 AL 2 DAHUARAKCE B R JE 5
A b 7 18 JEE DA R b b e ) 3 vk — R A R 327 iE
LA R AT R A ey Ry L HEr A
g AR SO AR P FR R R DR AR 2 R 1 B
W 1 55 v b 5 A e 254 o 75 Ok 0 2 fie g
O] b 752 A0 2] () b 52 T AR B4, (HOR HEBR 1 K
R ARG LR EA T o s R IR AL ) s
% 5 H I EH M 5.

2 WX L BERRE

ARSCHBEFEIE BN 1 frs . 23 & NE [
JE Tl W 2 Je A AR A I SN [ RV 5 PR F W
U ORAT TP 20 247 /K w5 Z 1) NE [0 Jg H
LT 287 R A T 21 I AR D 26 3 sl 2. &1 1 22
T 2008 AE 1] 8. 0 7 Y L R BB (SR LD
FCIRAG T 1] 1l by 287w Sk Ty 287 o Be CAR VL HE—
JEND G A B AL —T7 T8 LR i 1 87 21 Hh B (B
VL2 8. 1 o0 Hr B 3t 72 AT 9 A K 7 1B 2R
e G AT ) 3t 7 T A8 R AL L R ATTTE 25 6 75 R Bl
25 PN 72 M A M 3T AT L5 BT 2R Y GPS X I

ity R 7K V0 B (K 2 0 AT A A B BT S a3 R
Jo 1Y L B A Y v B 5 G B IR TE S R A W 34T DA
Fe BT 24487 1 = AN SR XL 4 A ALBLC
=B R (8 D).
2.1 g GPS ifEE AR

M 20 fiE4g 90 S A E 2007 4F 1k 1y« v [ M
FCIZ BN P 2 TR I H S e L W Rl B A
X ARAS 4 WX IR GPS 3 (14 3k 20 0 I &5 4 . A S ]
T H [ R Ry 5 B B I AR Y L
T 53 A SRR A L | 4% I S B R G - 34 2 B R B
B, X T2 52 3l UK TRF2000 HEZE T 9 B K
12 By i 4 R R R 1 IO Al B 2 25 HE BT I 32l 114 R )
s B i . GPS LI K e 1 Ak 38 A R O vk
S5BFZ 0 CEk[22,23].
2.2 kESMER

H FT A AT 3RA5 50 )1 H 52 A 58 NE ) e 11
W 2Ry e B T A% £ 1 25 PRI T S K o T R R
O — B EOR T RUER . R VLHE O R B SRR
PAZR BRI, 4K 530. 8 km, ¥R EE . 1F4F £ J&
1975 4F A1 1997 48 K HED s M FEAE 0. 1~24. 1 km
Z 18], 89 U4 (i A5 ) BE /N T 15 km 55 A BE R T
L aduN] 72 B B AAT, BN 172.9 km, K
YEM S BIBEAE 2. 5~19. 5 km 22 [a], 98 % (1 I & 8]
FE/ANT 7 km, BEORHAY R | 1R A A & 1987 4EF0 1997
AR X% 1 A K ME N £k 2 28 T R T L By A
B (B DA ST R A RR R 2 W I e AR
TX T 2% I AR K I i 25 SR Ak B A B A I P R R
FORE S A0 e T W R L B (R — T JT) HiL X AE
DO R A/ — 30 114 7K oE D & %% k), AR 0K
i 1.

3 OV ML A 5 1 L W T Y

—= A 3
e B AR

3.1 ARWKERT

2 2E 1 A XS E GPS K- i) 5 B
P R ERE 2F NE [ e 1]l Wy i b B 5 e H
W7, G # B UE S — A TE s AL |
2(a, b) 43 3R 3 H AP AT T3 PR 4% W 240 1] 1)
GPS 3 3 J 43 12k B 25 T W07 2405 B B 1 A8 4k, 5 48
L TR B 3 A % T S 11 B A ) o 22 B B

(DS H 30T 2445 5 6 w5 00, 36 2 W 2458 17
(A 3l 3 3 4y R 7E GG B R EE T W Y Y225 5 R
HO315 S °59. 1 mm/a, &7 A FE7E TR B T W



2732 H Bk ¥ B % R (Chinese J. Geophys. ) 52

34°N

30°N

P A ]

[ S EE A #E S GS (2008) 12015 F

N RN N B b el &
Bl 1 BEEE X G sh 2 L X Sk GPS 3l 8B 5% 5 DL KAl R T 45 7K o I o o 28 [
R B R A SO 58 XA B R B A28 IR . 1. GEMWZE . 2. IEWZE .3, WWE 4. B0V LR b R g 20
5. GPS i BE ki KO iR 2% 6. AKHEM R K2k 7. F iAo LA . 8. dE.

Fig.1 A map showing active faults, GPS station velocities and first-order leveling lines used in this study
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The index map indicates the position of the studied region of this paper in mainland China. lLegends explanations: 1. Strike-slip fault,
2. Normal fault, 3. Reverse fault, 4. Surface rupture zones of the Wenchuan earthquake, 5. GPS station velocity vectors

and their errors, 6. Leveling lines, 7. Key studied areas and their symbols, 8. City or town.
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Fig. 2 GPS station velocity profiles across the middle segment of the Longmenshan fault zone(area A)

(a) For velocity components perpendicular to the faults, (b) For velocity components parallel to the faults.
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Fig. 3 GPS station velocity profiles across the Minjiang-Huya faults(area B)and
the northern segment of the Longmenshan fault zone(area C)

(a) For velocity components perpendicular to the faults; (b) For velocity components parallel to the faults.
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Fig. 6 A model of the interseismic crustal deformation and
geodynamics across the middle segment of the Longmenshan
fault zone before the Wenchuan earthquake
(a) A vertical deformation rate profile (see Fig. 4a for the position

of the profile); (b) A deep tectonic and geodynamic model.
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