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Fig.1 Schematic map showing the main tectonic units and location of the modeling section in the North China region (dark lines)

1—First—order tectonic area; 2—Second—order tectonic area; 3—Number of tectonic area;4—River; 5—Fault. I-North China circular rift basin and its

surrounding range zone; II—Ordos cratonic block and its surrounding elongated down—faulted basin zone: II—=1—Ordos cratonic block;

II-2—Surrounding elongated down—faulted basin zone: II-2—a—Yinchuan down—faulted basin; II-2—b—Hetao down—faulted basin;

II-2—c—Shanxi down—faulted basin; I[I-2—d—Weihe River down—faulted basin
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Fig.2 Diagram of model layering
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Fig.3 Diagram of model layering
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Table 1 Parameters of layering of model No.1

EPEIX 7] /km fif: o A RGeS
{7 0~1000 1000~1500

e 0~22

0~22
THbAE 22~32
a0 32~80 22~50
i bl 80~300 50~300
g 300~400 300~400
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Table 2 Physical parameter of model layering
W B (Pa) TIRALE R (Pa « s) W % (kg/m’) R IR AR P e W
0.9x10" 0.255 0 0.000 0 0 1.000
0.9x10" 0.260 0 0.000 0 0 1.000
0.9x10" 0.267 0 0.000 0 0 1.000
0.175X 10" 0.270 0.1x10* 530.000 0 0 1.000
0.175X 10" 0.270 0.1x10* 0.000 0 0 1.000
0.175X 10" 0.270 0.1x10* -500.000 0 0 1.000
0.175X 10" 0.270 0.1x10% 500.000 0 0 1.000
0.175X 10" 0.270 0.1x10% 0.000 0 0 1.000
0.175X 10" 0.270 0.1x10% 500.000 0 0 1.000
0.28% 10" 0.270 0.1x10% 0.000 0 0 1.000
0.28% 10" 0.270 0.1x10% 0.000 0 0 1.000
e 0 =
T3 BRZHXSE 5%
AR
Table 3 Physical parameter of model layering ~100
VP IX [7)/km i b A B 5k B A B S . ——
L 0~400 400~600 600~1000
e 0~22 0~22 0~22 200
T HEA 22~32 22~32 22~28
it 32~80 32~90 28~60 400
B 80~300 90~300 60~300 100 200 300 400 500 600 700 800
Pttty 300~400 _ 300~400 300~400 E 4 MO AR R
Fig.4 Diagram of model layering
F 4 BRZHBEYESH
Table 4 Physical parameter of model layering
W A% (Pa) HFALL K e (Pa » ) W% % (kg/m’) Rl bR ENINE AL by TR
0.9x 10" 0.260 0 0.000 0 0 1.000
0.9x 10" 0.270 0.1X10* 0.000 0 0 1.000
0.175% 10" 0.270 0.1x10* 500.000 0 0 1.000
0.175%X 10" 0.270 0.1X10* 0.000 0 0 1.000
0.175%X 10" 0.270 0.1X10% -500.000 0 0 1.000
0.175% 10" 0.270 0.1X10% 0.000 0 0 1.000
0.175% 10" 0.270 0.1X10% 500.000 0 0 1.000
0.28% 10" 0.270 0.1X10% 0.000 0 0 1.000
#z5 BRE=HK
Table 5 Model zoning
IRBEIX [11]/km P g
or 0~200 200~400 400~700 700~800
e 0~44
[ o 44~134 44~80 44~134 44~80
K 134~250 80~250 134~250 80~250
ey 250~400
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Table 4 Physical parameter of model layering

W A i (Pa) AL KGR (Pa = s) B ¥(kg/m’) biEiiked BRI P WL
0.9 10" 0.260 0 0.000 0 0 1.000
0.175%X10" 0.270 0.1x10* 0.000 0 0 1.000
0.175% 10" 0.270 0.1X10% -500.000 0 0 1.000
0.175%X10" 0.270 0.1X10% 0.000 0 0 1.000
0.175%X10" 0.270 0.1X10% -500.000 0 0 1.000
0.280% 10" 0.270 0.1X10% 0.000 0 0 1.000
0 T 1 \
S— . xR 7 BEMSX
-100 A g Table 7 Model zoning
YR PEIX 8] /km HAT B SR
00| -
——— LA 0~100 100~300  300~800
300 b HEsE 0~26 0~24
TS 26~50 24~42
400 g 50~200 42~160
0 100 200 300 400 500 600 700 800 oA 200~250  160~250  160~400
5 FERIPY SRR EE e Wi 250~400  250~400 I
Fig.5 Diagram of model layering
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Table 8 Physical parameter of model layering
W A (Pa) AL R e (Pa » s) W% (kg/m®) R BB AR P e WL
0.9 10" 0.255 0 0 0 1.000
0.9 10" 0.255 0 100.000 0 0 1.000
0.9 10" 0.267 0 0 0 1.000
0.175% 10" 0.270 0.1x10% 230.000 0 0 1.000
0.175%X 10" 0.270 0.1X10% 0 0 1.000
0.175 X 10" 0.270 0.1x10* -300.000 0 0 1.000
0.175%X10" 0.270 0.1X10% 0 0 1.000
0.280% 10" 0.270 0.1X10% 0 0 1.000
0.175% 10" 0.270 0.1X10% -300.000 0 0 1.000
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Table 9 Model zoning

PR X ] /km HABGH
P g 0~200 200~300 300~400 400~500 500~800
ekl 0~20 0~20 0~20 0~18 0~20
T 20~36 24~42 24~42 18~36 20~36
g 36~200 42~160 42~120 36~120 36~200
i 200~400 160~400 120~400 120~400 200~400

@B B SCT A AL DX A7 R = AR S (BF SRS ), 2003.



X 2245 AR DT A AR A B D L 1 A (A4

891

336 54
Fz10 HERSEYMESH
Table 10 Physical parameter of model layering

W A (Pa) HRA L Ry BE(Pa = 5) W5 72 (kg/m®) i DL ENINEVR Gy AR
0.9x 10" 0.260 0 0.000 0 0 1.000
0.9x 10" 0.270 0.1x10* -100.000 0 0 1.000
0.9x 10" 0.270 0.1x10* 0.000 0 0 1.000
0.175X10"? 0.270 0.1x10* 0.000 0 0 1.000
0.9%x 10" 0.270 0.1x10* -200.000 0 0 1.000
0.175x 10" 0.270 0.1X10% -200.000 0 0 1.000
0.175%X10"? 0.270 0.1X10% 0.000 0 0 1.000
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Fig.7 Results of simulation of the Shijiazhuang—Ryukyu Islands section
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Fig.11 Results of simulation of the Qingtonxie—Shijiazhuang model

0L AL NN S K 2| T SR T AN AR S AR — i, T LA
i H T R R D0 B 5 I T A R A4 ORF e B4 5 e (B
ORF s BRI ), PRI 9 9 v D 1 6% T 2 AR b 3 A 3 3 T 3
1oy = AL T8 3 i B A e X BRIV A e f AR b 5 o A s X
1 107 3 37 7 1E 28 06 B (WSS R S A AR AL I s R i R
BT IE kWA B T AT A 00 SO AR R (FE
TR AR R ) DR e B A AR b i XA T AR RS 3 bl R Y
VTR AEAAE ORF iy BAE T 7= A A R A S R 20 P 00 Do
NSRS A PNIN TR Ao N1 L L /NS @ /P
HOE AL A B 1) 3 T L 5 R AR b b X R
AR (K o),

BT A 025 A0 R 85 R B BUE B AR KT AR
e (4 O v e LT 7 2 A ok 7 B 25 O s R G 2
AR oh 3R IR 0 R F R AR 5 e 1 3 [ R
H 200~300 km (&l 7, KL | BLal 0 K- B0 b T REAS 25515
1 50 37 (14 A b B A b %) R I ol TR T A ST 9 A 0 b s B
T L 5K 5 A SR B b DX A L g e S R R 103X 5 b
TR Ay — I AE R FF AR 52 (0 30 230 1) S AR W & B e 7T DL
DUty 3T 20 B H AR 1 I g 1 0 BT IR 55 T PR 0 ol A5 2% 1)
MR 2R |3 — 5t T AN GPS P LI BIF 55 Hp 45 2 S0 R840 %
AL X AFAE I ZR B 8% 456 A0 GPS B9 WL IR (5),

TP = JELTE 7S B Ly B o SR R 22 S e At m T — A~ b

AR BB TR X 7E B b GPS EIR K i N 5 DL R
A0 P = R 5 K b AT AR Y S lets o170 s DAY B T A
IR 2 JT B A N 0 3 32 BRA B AR 5 TR TR 7S L XA B TR A
T R B | TRARAEAE Ve B i AR O, R AL(UR R ) 57E
W43, B TR B 5 TR NI TE A B R ECE KO R R
Biia % LR R B LR R 22 1 0 04 W 6 2 3t T RE RS
B e S B IS 5 A Y ) 56 7R 1) R Sl A0SR R 22 0 B 4R T
A S B A P I A AR L A VB = A 45 B HL i AL
R Y e b X A R — A V2R G 0 ) g s
AT BRSO AR [ T K FC ) B OE YK TR B o
e S A Pl RO JEE P T, R v [ 4R 9 o £ BB D A
FHBRAE T B AT 2 ) A 36 AR Y IR DG B 3 g 2

%% Tk (References) :

(1] FEI 5 MO R S 7 1T 300 B AN 5 7 2 0 9B s O 25 4 7 3
B M. dEat: Mg Rk, 1992b.57.
GGTMC, CSB. Explanation of GGT from Suizhou of Hubei
Province to Kalaxingi of Inner Mongolia[M]. Beijing:Seismological.
Press. 1992b. 57(in Chinese).

(2] FE 5 HOAE IR M T V95 WK 55 7 5 T 0 2 0
M. b b . 1991,68.

@B B SCT A AL DX A7 R = A4 A (RF SRS ), 2003.



894 h E5|

i J5 2006 4

GGTMC, CSB (GGT Mapping Committee , China Seismological
Bureau). Explanation of GGT from Xiangshui of Jiangsu Province
to Mandula of Inner Mongolia [M]. Beijing: Seismological Press,
1991.68 (in Chinese).

[3] FE 2 i Jm . s WL, P 5l AR L R R D0 T L T ARV M 2 B
T U B A5 (M. bt HRR Rk, 1992¢.59.
GGTMC, CSB. Explanation of GGT from Dongwuzhumoxingi of
Inner Mongolia to Donggou of Liaoning Province [M]. Beijing :
Seismological Press. 1992¢. 59 (in Chinese).

(4] 1EI 5 M2, M T .96 2 25 4 5 o B 2 L 2 0
DL A M. db s 52 AL, 1992a.66.
GGTMC, CSB, Explanation of GGT from Fengxian of Shanghai to
Alashanzuoqi of Inner Mongolia [M]. Beijing: Seismological Press.
1992a.66(in Chinese).

[5] X L, i sefs, A, A5 I ORIt B G418l IX i b 7 )22 T
Z[)) MR Y3 AE 42,1989, 32(3):281~291.
Liu Futian, Qu Kexin, Wu Hua, et al.Seismic tomography of the
Chinese continent and adjacent region [J].Acta Geophysica Sinica,
1989, 32(3):281~291(in Chinese with English abstract).

[6] AR AAN, PRIESE, 2 Bk, A5, [ AR 0 S FOAH QR S i — 4
BE SR 7] ML BR P B 254, 1992,35(3) : 316~330.
Song Zhonghe, Chen Guoying, An Changgiang, et al. The 3—-D
shear wave velocity structure beneath eastern China and its adjacent
Seas[J]. Acta Geophysica Sinica, 1992, 35(3):316~330( in Chinese
with English abstract).

(7] RAFF, WK, A5, A5 [ B AR DX Bk = A 45 4 0 i A5

TYI #HE T []] H BRI B2, 1997,40(5) : 627~648.

Zhu Jieshou, Cao Jiamin, Li Xiangui, et al. The Reconstruction of

preliminary three—dimensional Earth’s model and its implications in

China and adjacent regions [J]. Acta Geophysica Sinica, 1997,40(5):

627~648( in Chinese with English abstract).

WRIZERE, Bl &, sk, &5, SR X = 2ek s i 11 dg )] iz

iz, 1999,21(2) : 140~149.

8

Chen Lianwang, Lu Yuanzhong, Zhang jie, et al. Three—dimensional
tectonic stress field in North China [J]. Acta Seismologica Sinica,1999,
21(2):140~149(in Chinese).

o, BRERIE, MOl AF L op R QG DX B A 1 b 5 3 3
GPS WHFE[]]. BF2=im 4z, 2001. 46(13):1118~1120.

Ma Zongjin, Chen Xinlian, Ye Shuhua, et al., Study on the GPS of

[9

the recent crustal movement in the Chinese continent [J]. Chinese
Sci. Bull., 2001,46(13),1118~1120(in Chinese).

[10] Do, Hah =, W04 g, BRI 53 J1 %4 M) )R BHE
RAt, 2003.564.
Ma Zongjin, Du Pinren, Hong Hanjing, Structure and Dynamics
of the Earth [M]. Guangdong Science and Technology Press,
2003.564 (in Chinese with English abstract).

[11] ShH A, AR T, B, 45 ARl AU R b A AR 2 A T A % H5
AR [)). M4, 2002,8(1) 1 15~25.
Ma Yinsheng, Cui Shengqin, Zhao Yue, et al. Transformation

Process of Mesozoic Cenozoic tectonic regime in the north of

North China [J]. Journal of Geomechanics, 2002,8 (1):15~25 ( in
Chinese with English abstract).
Northrup C J, Royden L H, Burchfiel B C. Motion of the Pacific

=
N

plate relative to Eurasia and its Potential relation to Cenozoic
extension along the eastern margin of Eurasia [J]. Geology, 1995,23
(8):719~722.

Sz, I, JEASUR, A5 GPS WL £ S i [ Rl B 45 X B4
732 2h AT AR 9025 BRI [ LR 2 4, 1999,21(5) :545~553.
Wu yun, Shuai Ping, Zhou Shuoyu, et al. Tentative approach on

[3

crust movement and deformation in China continent and adjacent
region using observed GPS result [J]. Acta Seismologica Sinica ,
1999,21(5) : 545~553(in Chinese).
[14] B, A 5, 45 LTI B4 0T 50 R 9 3 A A E ).
E L RE ) 2002,18(2) : 148~156.
Yang Guohua, Wang Min, Han Yueping, et al. the Movement of
trend and dynamic character in Shanxi fault zone [J]. Earthquake
Research in China, 2002, 18(2):148~156( in Chinese with English
abstract).
LR, SREREI, TR, A W GPS Bl v [E SR B A A
YA SN2 g R i) 2L WIEAR ()] MR 2% 31, 1998,20(4) : 347~355.
Zhou Shuoyu, Zhang Yuegang, Ding Guoyu, et al. Tentative study

[15

on building present blocks motion inner China continent plate
model according to GPS data [J]. Acta Seismologica Sinica,1998,20
(4):347~355 (in Chinese).

[16] Liu M, Cui X, Liu F=T, Cenozoic rifting and volcanism in eastern

China: a mantle dynamic link to the Indo —Asian collision? [J].

Tectonophysics, 2004,393 :29~42.

ARF A, BREFY ) BE, A R ECR AR -G (M), dEs

J R AT, 1996.1~110.

[17

Deng Jinfu, Zhao Hailing, Mo Xuanxue, et al. Continental roots —
plume tectonics of China — Key to the continental dynamics|[M].
Beijing: Geological Publishing House, 1996. 1~110 ( in Chinese
with English abstract).

(18] XBF4R, I DO, W H e, 2 ARt DT A= A 7 R il e gl il
HYALE SRR Y] P E MR, 2006,33(4):751~761.
Deng Jinfu, Xiao Qinghui, Qiu Ruizhao, et al. Lithospheric
extension of North China in Cenozoic: mechanism and processes[J].
Geology in China, 2006,33 (4):751~761 (in Chinese with English
abstract).

[19] XDCE, B0, 2=k, 55, B A = 20 2R P Ik 1 s ek oy 3
3BT ). A AL MR 24T, 1996,18(3) : 18~24.
Liu Guangxia, Zhao Wenjun, Li Zhixiong, et al. Geophysical
analysis on the Tertiary rift valley expanding of Bohai Sea [J].
Northwestern Seismological Journal, 1996, 18(3):18~24(in Chinese
with English abstract).

[20] fHA S, WA AE WAk, S5, AR WK B R 78 BT ) 3 4% s A Y
BUE AL )] 35S 78 53072, 2000,20(3) : 1~10.
Fu Rongshan, Huang Jianhua, Chang Xiaohua, et al. Numerical
simulation of the evolution of the deformation and stress patterns in

the East Asia continent [J]. Crustal Deformation and Earthquake,



336 54 X AR A ARl DT A AR A el o eyl S o) 108 5 (AR 4L 895

2000,20(3) : 1~10( in Chinese with English abstract). evolution of the Okinawa Trough—Ryukyu arc system [J]. Che.
[21] 3R AR T, V. E KB A2 3 ) A B A R i R R Geol.,1999, 157:69~88
0] %R, 1999,21(2) : 133~139. [25] Tatsumi Y. Mechanism of backarc opening in the Japan Sea : role
Zhang Dongning, Xu Zhonghuai. The bounds factors of China of asthenosphere injection [J]. Tectonophys,1991,187(1—3) :299~306.
continent rock stratum dynamics numerical model [J]. Acta [26] VFA 7, JENLHE, G, 4 ABAbHLIX GPS e b A g A AL
Seismologica Sinica, 1999,21(2):133~139(in Chinese). 37 e HoK 15 32 30 43 B7 []). Hb BR P 32731, 2002,45(4) : 497~506.
[22] Zhang G—B, Bott M H P, Modelling the evolution of asymmetrical Xu Caijun, Dong Lixiang, Shi Chuang, et al. A study on annual
basins bounded by high —angle reverse fault with application to accumulation of strain energy density significance by using GPS
foreland basins[J]. Tectonophysics, 2000,322(3—4):203~218. measurements in North China [J]. Chinese Journal of Geophysics,
[23] XU E %, XUBIZE, St R AR b b R 330 b 2k 1y 38 55 R (B 2002,45(4) :497~506( in Chinese with English abstract).
M52 N 1 ()], M 72230, 1998,20(3) :240~249. [27] E/NIE, RSO, #5597, 55, GPS Wil ity v [ B G ] 20 B il 7
Liu Changquan, Liu Mingjun,Jia Shixu. The Numerical Simulation TEAZ ). M BR ) B 2231, 2002,45(2) : 198~209.
of crust stress field according to the geophysical data of deep section Wang Xiaoya, Zhu Wenyao, Fu Yang, et al. Present —time crustal
in the north of North China [J]. Acta Seismologica Sinica, 1998,20 deformation in China and its surrounding regions by GPS [J].
(3):240~249 (in Chinese). Chinese Journal of Geophysics, 2002,45 (2):198~209 (in Chinese
[24] Shinjo R. Geochemistry of high Mg andesites and the tectonic with English abstract).

Numerical simulation of the mechanism of Cenozoic lithospheric
extension—thinning in North China
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Abstract: The extension—thinning mechanism of the eastern North China rift and the tectonic stress field at its peripheries during the
Cenozoic and the mechanism of the uplift of the Ordos craton and formation of its peripheral down—faulted basins in the west are the
hot topics of the current research, but they are seldom approached from the angle of numerical simulation. The authors used the finite
element program FEVPLIB to perform numerical simulations of five sections in this region and present the following views according
to the results. (1) The extension —thinning of the lithosphere near the Pacific subduction zone are strong, which coincides with
pulling —apart of the Okinawa trough that the section passes through, while the effect of the Pacific subduction on the extension—
thinning of the North China basin that is relatively far away from the subduction zone is weak. (2) Upwelling of asthenospheric
material beneath the North China basin during volcanic eruptions resulted in the extension—thinning of the North China rift, which
conforms to the mechanism of pure shear. At present the lithosphere beneath the North China region has tended to be in isostatic
balance and the dynamic system tends to be in a steady state. (3) The Liupan Mountains were thrust over the Ordos block, indicating
the compression on the northeastern margin of the Qinghai—Tibet Plateau, which was a great force of pushing North China and might
induce the uplift of the Ordos block, while the movement of the Ordos block to the northeast provided the background of extension
of the peripheral basins. (4) The extension—thinning of the lithosphere beneath the North China region is the combined effect of the
compression from the Liupan Mountains and the subduction of the Pacific plate in the east. The simulation results are in agreement
with the GPS data, gravity anomalies and 3D lithospheric structure in the study region.
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