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Simulation of Crustal Horizontal Deformation in the Weihe Basin
Using a Combined Disclination-Dislocation Model

ZHANG Yong, ZHANG Yong-zhi, QU wei

(School of Geology Engineering and Geomatics, Chang’an University, Xi’an 710054 ,Shaanxi ,China )

Abstract: The Weihe Basin, which is situated in the middle of China, was the area of interest for
this study. The basin is several hundred kilometers long and forms an S-shape, representing a
deep rift that divides China into eastern and western parts. Bounded by the Ordos, North China,
and South China blocks, the Weihe Basin is the accommodation zone for the differential motion of
these three blocks and also the border and decoupled strip of tectonics between western and east-
ern China. We simulated the deformation state of the main fault slip and rotation in the Weihe
Basin using a combined disclination-dislocation model. The horizontal displacements caused by
fault slip and rotation were acquired through numerical calculation and compared with GPS-meas-
ured horizontal displacements in the Weihe Basin. The results were as follows. (1) The move-
ments of fault slip and rotation can be described well by the combined disclination-dislocation
model, and there are only small differences between the modeling results and monitoring data.
(2) Use of only the dislocation model does not adequately describe the activity features of the
faults within the Weihe Basin that show slip and rotation, and there are significant differences
between the model results and monitoring data, particularly in the direction of crustal movement.
(3) Compared to the dislocation model, there is good consistency between the simulated horizon-
tal displacements of the combined model and the measured GPS results.

Key words: Weihe Basin; combined disclination-dislocation model; fault slip and rotation;

horizontal displacement; GPS

O WHRHEH:2014-10-07
ESWMA :EHKHRFAHA (41374028;41202189;41274005) ; 1 E 12 J5 F 42 (2013M530412) 5 e i3 B8 L AR ML 55 2% & 300 %% 4
(CHD2012TD004,2014G1261050, CHD2014G3263014) ; 1 %2 K 3% KRBT 5% 32 #57+ %) 4 T 3k 45
EEBN K k1982, B AR IR, PRI, 35 2L\ S st 0 o | M 5 9 78 S5 5 T A B 9K T . E-mail: zhangyong@chd.edu.cn,



8537 % 5 4 B AR T A A R AL T VT 4 M 5 K O AR I AT 997

0 3|8

Wi JZ 12 3l 5 3 1 28 P B9 ¢ 2R 2 0T 5T W JE A B O
SR SCHE R, T N A 22 R AL S R Rk
T = 3 S A B 0GR . A Heki 55 F
P HE IS B RE 5T T H A Y8 B9 0 R 3 8l s Bz
ZR AE AR TET I AR WL 25 A AL B BE BRI Y T
1966 4F rf [ i 5 1 2 1 R I 2 4 0 SCRF AR
7 G A K AR T AF 5 (9 1 -5 77 A8 119 TR AL
SR o b A AR5 45 2 AR A7 i B 98 5 Y 4F 5 W7 J= 19
RS S RIE LT 1 C R L PR W R 06 gk
A5 e e e S TR RS

PRI o S SR 1) i -7 8 L 5 55 2R 68 W7 J= 52 B
FR 9 3 5 B SIPIR A AT BRAE 134 L OF LA 3 I ¢+
O3 R BOE T A A S I ST R G BT 1 B 4
BRI SR T EIC(EL 5 05 X1 T 2 s A 3 R )2 B T 8
55 ez 5 R i o 1 A2 T2 PR AT RO A 0L K 2 A 1
BEADL I 31 K (2 88 5 52 GPS JK - 67 8 #E 17 %)
BE 0 A o 6 AT 17 -7 i 2L A5 TR i 3 B )2 S B i 30
55 b T AR Y B BRI AT AT

1 HEMEDHNEREDSHEELXR
MEE-EAAER

T 4t T 7 SOV ot A BRI T 5 R A5 31 T R &
Je T A R G 1 B 2 3 3 0 B 5 A D A
Heif . X EL A I W7 2 0 Bh 5 T R M O AR [ i
F o R ERIS R R T A B A J 82 T =2 ] Y AR
T3 5 R AT 2 ) B B 5C &R L S 0 B PG 1
KUY A8 5 43 Bt i R BIE 5 rf kb FE N 98 32 . 2R
Wt 205 20 1T 4 R S 2l QU sl S 3 38 43 5 oF sl
3T R PS8 B0 R B AR L T % 20 3 43 AE W 2 3R
AR NE A B [ o Ran B o I s i B s [ = ) R
Hb TR Y OC R A A 5 TR A A S A AR DL SOk
[4].

A TG R Bk R AR D R TR S T Y
25 1 [P A 5 1 2 T R 2 [ o — A 96 01 11k 3 Bl
it A X R A TR AL AN 1 BTN . LAA R M T
MRERE O 850 R A AR R 1Y IS 3 O 54T F I8
JZHE RN X . Z St O 5 TEE T o A b
SRR A TS M E AR R I Z=0 AR,
PLAC0,0,—d) gl iR 8, B 2 B &SR T
THUU, U, W HENAEN 0 0. WHZ
T b AT SRS Bl R Bl ) & iz 20 T i B E W
AU ] TR .

Bl WEHHFREILEEHFLEEAILEXZ
Fig.1 Geometrical sketch of the fault slip and rotation

in local coordinate system
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Fig.2 Distribution of the main faults in the Weihe Basin
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Fig.3 Comparison between the horizontal displacement

/

diagrams based on the combined disclination-

dislocation model and the measured GPS data
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Fig.4 Comparison between the horizontal displacement

diagrams based on the dislocation model and the

measured GPS data
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Table 1 Sub fault parameters of the Weihe Basin fault system
e Xl ¥ 2R/ ) i/ B/ Wi/ K/km S/km W /km o GERA/C) GEM/mm BiH/mm
1 106.329 503 34.629 373 1 60 80 1 60 —40 —100 —100
2 107.000 609 34.311 871 1 60 29 1 60 —15 —100 —100
3 107.428 053 34.272 014 —1 60 —35 —100 —100
Zs—Jum 4 108.383 447  34.0496 628 1 60 55 1 60 —30 —100 —100
5 108.209 004 34.037 498 —1 60 19 1 60 —10 —100 —100
6 107.791 38 34.125 875 —1 60 50 1 60 —35 —100 —100
7 108.697 604 33.996 920 1 60 56 1 60 —10 —100 —100
iR 8 110.108 362 34.880 288 1 60 130 3 60 60 100 —100
L 9 109.449 905 34.710 082 1 40 80 2 60 —2 —100 —100
M—k1l
10 108.132 674 34.701 467 1 40 110 2 60 0 —100 —100
e L. 11 109.500 000 37.792 792 1 50 69 2 52 55 100 100
I — K% ) )
12 108.838 709 34.017 857 1 50 97 2 52 50 100 100
13 107.802 027 34.176 563 2 40 100 2 70 18 — 100 —100
14 107.854 302 34.399 802 2 10 30 2 70 —10 —100 —100
3 B _ -
15 108.880 456 34.518 625 2 10 16 2 70 10 —100 —100
16 109.138 077 34.176 563 2 40 55 2 70 28 —100 —100
17 106.296 414 34.547 212 1 30 20 3 62 —15 100 —100
N 18 106.576 755 34.516 406 1 30 115 3 62 —10 100 —100
TR YT 17 24 _
19 107.948 683 34.272 005 1 30 52 3 62 5 100 —100
20 108.639 781 34.327 457 1 30 52 3 62 15 100 —100
21 106.770 887 35.018 609 2 60 35 4 60 —50 —100 —100
22 106.938 775 34.828 828 2 60 30 4 60 —30 —100 —100
23 107.195 652 34.672 727 2 60 20 4 60 —30 —100 —100
U 1 — E
24 107.326 086 34.612 612 2 60 25 4 60 —30 —100 —100
25 107.489 130 34.540 540 2 60 135 4 60 —30 —100 —100
26 107.695 652 34.432 432 2 60 110 1 60 —50 —100 —100
27 108.161 788 34.095 433 1 45 140 3 65 —10 100 0
28 109.318 293 34.041 521 1 45 118 3 65 -8 100 0
By
29 110.291 016 34.010 329 —1 45 48 3 65 —9 100 0
30 110.452 752 33.975 671 —1 45 24 3 65 —10 100 0
31 109.310 332 34.042 906 1 70 25 5 60 50 —100 —100
32 109.522 176 34.244 353 1 70 25 5 60 20 —100 —100
K= ,
33 109.763 48 34.459 664 1 70 25 5 60 10 —100 —100
34 110.189 769 34.510 35 1 70 25 5 60 —10 —100 —100
Bty 35 106.516 483 35.020 61 1 40 110 5 60 —65 —100 —100
AR NI 3 A1 A TR A 0L H 1) 3 T 2 M b 72 s e shiz s IR A

K2 Sl R LLE L W5 KV £ 2 8 HF
HUR ] AR 5% H (4 52 W, Y YT 2 M S TR 3 1) b 5T 02
S EZUMARE T iz sh £, B L, A H
PN Bl U7 2R A 2 B — AN 3 S 1 3 1 A e i
BRHE

3 it 5iIAiR

AR 3 1 16 %**—ﬁ%**éﬂAﬁﬁUXﬂ‘EEﬁ}%'il‘ﬁﬁfﬁJ
HEEAE 14 90 S0 FIUE % e S RS 2R AT B H A L OF LA
LABERL RS E’J(Eﬂﬁﬂﬂ?ﬁjﬂﬂ?ﬁﬁ% IEAT A
PO AR R

(1 1) o) 57 5 4 5 5 TR0 6 58 8 Ml 40 3 1B )= 1)

(2) [ A5 4t 20 A B R AR AL 11 K S A7 8% 5 12 i X
GPS Sy 7K SEr % HA MR g, H - F 7K
JNFIJT ) B 32 Bl 5L A BT i — SOPE L DI 56 IE

T Il A A 2 B A A R W R S B i B B A Bk
LR E
2% 3k (References)

[1] Heki K,Miyazaki S, Tsuji H.Silent Fault Slip Following an In-
terplate Earthquake at the Japan Trench[]]. Nature, 1997,
386:595-597.

(2] WRiZ 78 ARIBE Mo i, 45 AR 8 1A 1ed T 25 19 WL I AFF 5% 1966 41
TR M2 R IR FE (] ). Mo Bk oy ¥ 4 i . 1975, 18(3): 164-



1000

B 14 2015 4F

(3]

(6]

(7]

(8]

180.

CHEN Yun-tai, LIN Bang-hui, LIN Zhong-yang, et al.Study on
the Seismic Source of Xingtai Earthquake in 1966, According to
the Observation of Decent Deformation[ J ].Chinese J Geophys,
1975, 18(3):164-180.(in Chinese)

FNSCRE b 72 A 4 FTe 7E M R A 5 b 1 4 T S A TR 1Y 8]
(1. E b2 sh 5 ,2012,6:17.

SUN Wen-ke. The theory of Earthquake Dislocation in Seismic
Research Functions and Problems[ ] ].International Earthquake
Dynamics,2012,6:17.(in Chinese)

TRk R ok, RS, LW R sl b R AR IE S R T
KMo 2 SRR B) 1%, 2013, 33(2) 1 2-6.

ZHANG Yong-zhi,ZHANG Yong, WU Yan-jin,et al.Relation-
ship between Faults Rotation and Surface Deformation[]].
Journal of Geodesy and Geodynamics, 2013, 33(2): 2-6. (in
Chinese)

BIAE, T e R A A e e MO 58 — & e nt B
JiR At 1998 :546.

YANG Shun-hua, DING Li-hua. Theoretical Basis of Crystal
Dislocation[ M. Second Volume. Beijing: Science Press, 1998
546.(in Chinese)

Steketee J A.On Volterra’s Dislocation in a Semi-infiinte Elas-
tic Medium[ J].Can J Phys,1958,36:192-205.

Iwasaki T, Sato R.Strain Field in a Semi-infinite Medium due
to an Inclined Rectangular Fault[]J].] Phys Earth,1979.27.
285-314.

FEAG KB, E R R L AFTE 25 B4 b 58 K P B AR AT T X
B NG S )] R R % i A5 BRI, 2011, 36 (7)
830-834.

QU Wei, ZHANG Qin, WANG Qing-liang, et al. Research on
Present Crustal Horizontal Deformation Feature of Weihe Ba-

sin and Its Tectonic Activity[ ] ]. Geomatics and Information

9]

[10]

[11]

(12]

[13]

Science of Wuhan University, 2011, 36 (7) : 830-834. (in Chi-
nese)
WA KR, O A i L A5 R 2 T 2 1T 2 b i o (M.
PO PG RS R . 1992:89-101.
PENG Jian-bing,ZHANG Jun,SU Sheng-run,et al. The Activ-
ity Faults and Ground Fissures Disaster of Weihe Basin[ M.
Xi’an: Northwestern University Press, 1992:89-101. (in Chi-
nese)
T L W72 A 4 B R (). 2 AT 4, 1995, 2(2) 1 187-
202.
DING Guo-yu. Sectional Model of Active Fault[]]. Frontier
Science,1995,2(2) :187-202. (in Chinese)
A, ERR L FELLWE . DU R 2P R 1Y 57t 5 1A 7 A8 Ak 1y ™
TE W2 BT ] M BR 2 4 . 2011, 32(2) : 189-194.
ZHANG Xi, WANG Qin-liang, TANG Hong-tao, et al.Simu-
lation of Listric Fault Dislocation in Wenchuan Earthquake
and Coseismic Changes of the Background[]].Journal of the
Earth,2011,32(2) :189-194.(in Chinese)
TR IKGE R AR, AR L A B 2 M T 4 T 2l A kT R
Bk ) ) T R 2 4 . 2011.33(4) :322-325.
ZHANG Yong-Zhi, XU Hai-jun, WANG Wei-dong., et al.In-
version of Particle Swarm Algorithm for Fault Activity Rate
in Weihe Basin[ J].Northwestern Seismological Journal,2011,
33(4):322-325.(in Chinese)
THWETT  WE K B , B R F AR R N ) 3 R AT B GE 1B 2
ANRBG ) L BRI [T ] MR TR 2 4. 2014, 36 (2) : 372-
379.
MA Hui-ging, YAO Jia-jun, MA Jian-xin, et al. Research on
Stress Field Characteristics and Normal Fault Small Earth-
quake of Southeastern Qinghai[ J]. China Earthquake Engi-
neering Journal,2014,36(2):372-379. (in Chinese)



