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The Analysis and Analogue Modeling of the Tectonic Evolution and
Strong Subsidence in the Yinggehai Basin
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Abstract During Eocene period rapid subsidence occurred in the Yinggeha basin where more than 17 km of sedimentary
cover has been accumulated. According to the analogue modeling experiments the rigid massif on the Indochina block could
be one of the most important factors contributing to the strong subsidence and high sedimentation rate of the basin. Com-
bined the geological analysis with analogue modeling experiments, the evolution of the Yinggehai basin could be divided into
four main stages: (1) Before 42M a, controlled by the southeastw ard extension of the Beibu Gulf basin on the northern con-
tinental margin the Yinggehai basin experienced dextral pull-apart. Bounded by NS-trending Yingxi fault, the transtensional
areas mainly are the northwest part and along the eastern boundary of the basin. (2) From 42 to 21 M a, the development of
the main rift body in Yinggehai basin was mainly controlled by the southward slip and clockwise rotation of the Indochina
block along the Red River fault zone, and the sedimentation w as strengthened due to the sinistral transtension. In the east,
the subsidence is deepened due to the dextral transtension. (3) From 21 to 10.4Ma, the sinistral movement of the Indochina
block slowed down to still. From 21 to 15.5 Ma, the northwest part of the basin began to inverse locally because of post-rift
thermal subsidence of the whole basin. (4) From 10. 4 Ma to present the basin was affected by the dextral movement of the
South China block along the Red River fault zone and thermal accident in a new phase at 5M a.

Key words: Yinggehai basin; tectonic evolution; strong subsidence; analogue modeling.

(No. KZCX3-SW-234-3); (No. 40406012).

(1971—), . . . E-mail:, zhensun @sesio. ac. cn



348 — 32

0
NE-SW ; s
, (2001)
C 1. , ’
( )
s Sun et al. (2003)
’ ? :
2
’ 17 km9 1
1.1
( , 2005), -
Vv ,
8 km.
’ NE
: (1997) ’ ’
. (1997) ’ )
1.2
) 2.5 %1
« 2 1, -
, ( ,2004).
50 km ¢ , 2004). (15.5Ma)
1 6 km,
Fig. 1 Major fault structures and thickness isometric of R
Cenozoic sedimentation in the Yinggehai basin . «C 1D ,

, Clift and Sun (2006)



3 : 349

AR GE I (s)

T N e T
R s

Fig.2 Two seismic profiles of the Yinggeha basin

1, 1 (2004); 2 (2000)
( ,2004). C 3 Mo-
— ho ; Moho
C 2 24km . )
2), , 17 km, 22 km,
, 30~21Ma 5km ( , 1997).
, .21 Ma , 1.4
. ( ,1997),
, 30Ma 3 C 4.
;30 ~15.5 Ma ; 15.5 50 ~45 M a, 913393
. 21 Ma 550 m/M a,
, . 700 m/ M a, 350 m/Ma
1.3 ( , 1999); s, 36~28Ma
) , 30Ma s
17 km, 2 ¢ D. ( , 2001 ). 28 ~ 21 Ma(T70 ~

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



32

350 —
2
2.1
( )
( ) ( 0.5 cm)
( ) (Davy and Cobbold, 1991; Tron
and Brun, 1991). ,
3 Moho ( 2cm G
» 1997 1 em ( ) (Davy and Cobbold, 1991;
Fig. 3 M oho isometric in the Yinggehai basin Tron and Brun. 1991)
10°°.
. 1.4 g/em’ . 200 ~ 300 “m;
250 10° Pa ° s, 1.3
3
g/cm’, ,
2.2
4 913393 ( . 1997) D _ ,
ig. 4 Subsiding rate on Profile 913393 of the Yinggehai basin
T60) . ?
500 m/ M a, 150 m/ M a, ?
. 21~15.5Ma ( » 2001),
350 m/M aAs o
. 15.5Ma »42 Ma (Lee
.5.2 Ma , and Lawver, 1995).
400 m/M a, 100 m/ 42 Ma (Wang et al.,
Ma 2001). “Ar/Y Ar ,
, ( , 35 Ma (Harrison et al.,
2004). 1996; Wang et al., 1998; Leloup et al., 2001).

Gilley, et al. (2003)



351

34 M a. ,
( , 1995; ., 1999),
42 Ma , 34 Ma
?
s, 2 : (1)
) 3 (2)
( , 1988;
, 1998),
( 65 Ma),
(49 Ma ) B39Ma ) 3

»Sun et al. (2003)

@)
, 2 (F. F2)(C 5
AD,
Yang and Basse (1993)

. 15°
; F1 15

s F2 NE45’,

( )
1. 1 ecm 10 km,
5410, 3

Fig. 5 Surface view of the experiment after dextral

transtension and sinistral transtension in turn

, A2.B2 A1.B1 s
1
Table 1 Modeling parameters used in the tectonic evolution

experiment of Yinggehai basin

NW X Y. Z K,
(F) NW300— NW W345 —NW300 — NWW 340°

NE NE45
(Fy)
, 200 ~ 300 “m,
].4g/cm3
,28 C 105 Pa ° s

30 ~ 32,
1.44

3
g/ cm

, 1998), :
. SE135°
SE150° 15 10
160°
12 em.

2 cm,

cms;

15°,



352

32

)s

(5 A2

, 9000 m

500 m/Ma,

2

500

150 m/Ma ( .
17 ,

400 m/Ma,

300

(Tran et al.,

5 Bl B2,
(Sun et al., 2003)
2.3
(D
6 000 m
( , 1997).
5000 m
50 ~45 Ma
150m/Ma 3
m/M a,
1997);
( )
( )
m/ M a( » 2003);
, 2006),
)
2001 ),

2

(Clift et al., 2002),

3 . (D)
50 M a, 50 ~ 45 Ma
; Q)
; (3)
( ).
v 42 Ma
R 2.2 )
(50 ~45 M a)
s 45Ma
2.2 s
Petrunin and Sobolev (2006)
( ) , s
; 17 Ma
8 km, 20 ~ 22 km,
27 km; (the Gulf of Agaba
basin) 5km y
12 km. 9 km,
Petrunin and Sobolev (2006) s
20 ~22 km s
5km ’
12 km .
5 ~12 km; Petrunin and
Sobolev (2006) s
2)
2.2 s



353

3
: B3 s 3
Table 2 Parameters used in the experiment with rgid massif QE % A ?i o~ =
B (l=.— ~° =10 -
NW 3 X Y. Z,
(F1) NW 315, NW W340", NW310’
NE K, L
(F,) NE40°, NE60 7 (PD
. 200 ~ 300 #m, (P2)
30"~ 32, L.4g em’ Fig. 7 M aximum vertical offset along profile of models
.28 10° Pa * s without (PD or with (P2) rigid massif
1. 44 ¢/ em? 6
°C o 5 ’ ’
28 10°Pa- s Pl P2
b
10 cm ’
e
R s
1/3, C D.
b
//' b b
e ,
b
9
6 (AL, A2)
(B1, B2) 3.1
Fig. 6 Surface view comparison between model without and (1) (42 Ma )
with rigid massif on Indochina block ( )
A2.B2 A1.B1 s s
9 9
, 2 :
. 17 km ’ ’
Fi Fo, 3,
9 b 9
s 2.
s 2.2 3.2
, (Sun
( 6 BILB2), , etal., 2003; , 2003; Sun etal., 2004),
4 ,
2 QD) C42Ma).

?1994-2015°China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



354

32

(
1998),

2

42 Ma

» 1988;

(42~21 Ma). 42 Ma

b

160° ( , 1998),

3
10.4Ma).21 Ma ,

b

15.5 Ma

b

» Leloup et al. (1993)

15.5Ma

4
(10.4 Ma).

5Ma .,
(Allen et al., 1984 ),

9

,2007).5Ma

9

b

9

.30Ma

23~ 18 Ma
15~20 km,

21 Ma

100 m/Ma

b

21 ~

350 m/Ma,

10.4 Ma

b

21 ~

b

References

Allen, C. R., Gillespie, A. R., Han Y., et al., 1984. Red Riv-
er and associated faults, Yunnan Province, China: Qua-
ternary geology, slip rates and seismic hazard. Geol.
Soc. Am. Bull., 95: 686— 700.

Chen, C. M., Shi H.S., Xu, S. C., et al., 2003. The condi-
tion of oil and gas reservoir formation in the east of
Pearl River Mouth basin. Science Press, Beijing, 43— 76
(in Chinese).

Clift P. D., Lin, J., Barckhausen U., 2002. Evidence of low
flexural rigidity and low viscosity of lower continental
crust in the South China Sea. Mar. Pet. Geol., 19:
951— 970.

Clify P. D., Sun, Z., 2006. The sedimentary and tectonic evo-
lution of the Yinggehai-Song Hong basin and the south-
ern Hainan margin South China Sea: Implications for
Tibetan uplift and monsoon intensification. J. Geophys.
Res., 111(B6): B0O6405, doi: 10. 1029/2005JB00404 8.

Davy, P., Cobbold P. R., 1991. Experiment on shortening of
a 4-layer model of the continental lithosphere. Tectono-
physics 188: 1— 25.

Gilley, L. D., Harrison T. M., Leloup P. H., et al., 2003.
Direct dating of left-lateral deformation along the Red
River shear zone, China and Vietnam.J. Geophys. Res.
108, 2, 2127, doi: 10. 1029/ 2001JB001726.

Gong, Z.S., Li S. T., Wang S. S., et al., 1997. Continental
margin basin analysis and hydrocarbon accumulation of
the northern South China Sea. Science Press Beijing, 81
— 89 (in Chinese).

Guo, L.Z., Zhong Z. H., Wang, L. S., et al., 2001. Regional
tectonic evolution around Yinggehai basin of South Chi-
na Sea. Geological Journal of China Universities, T
(1:1—12 (in Chinese with English abstract).

Harrison T. M., Leloup P. H., Ryerson F.]J., et al., 1996.
Diachronous initiation of transtension along the Ailao-
shamr Red River shear zone, Yunnan and Vietname. In:
Yin, A., Harrison, T. M., eds., The tectonic evolution
of Asia Cambridge Univ. Press New York 208— 226.

Hong, H. J., Li T., Guo, S. M., et al., 1998. Research on
tectonic composite of the Yinggeha and the Qiongdong-
nan basin and its relation with oil & gas. Report of Chi-
na Offshore Oil Nanhai West Corporation (in Chinese).

Lees T. Y., Lawver L. A., 1995. Cenozoic plate reconstruc-
tions of Southeast Asia. Tectonophysics 25: 8— 138.

Leloup P. H., Arnaud N., Lacassin, R., et al., 2001. New
constraints on the structure, thermochronology, and

timing of the Ailao Shan-Red River shear zone, SE



355

Asia. J. Geophys. Res., 106: 6683— 6732.

Leloup P. H., Harrison T. M., Ryerson, F., et al., 1993.
Structural, petrological and thermal evolution of a Ter-
tiary ductile strike-slip shear zone, Diancang Shan Yun-
nan. J.of Geophy. Res., 98: 6715— 6743.

Li,S. T., Zhang Q. M., 1997. Basin forming mechanism
and its dynamics types. In: Gong, Z. S., Li S. T.,
Wang, S. S., et al., eds., Continental margin basin a
nalysis and hydrocarbon accumulation of the northern
South China Sea. Science Press Beijing, 111— 121 (in
Chinese) .

Petrunin, A., Sobolews S. V., 2006. What controls thickness
of sediments and lithospheric deformation at a pulk
apart basin 7Geology, 34 (5):389— 392 doi 10. 1130/
G22158. 1.

Ru K., 1988. The development of superimposed basin on the
northern margin of the South China Sea and its tectonic
significance. Oil and Gas Geology, 9 (1): 12— 18. (in
Chinese with English abstract).

Sun, J.Z., Li, L. B., Yang, S. G., et al., 1995. Evolution of
transform-extension in Yinggehai basin. Earth Sci-
ence—Journal of China University of Geosciences, 20
(3):243— 249 (in Chinese with English abstract.

Sun, Z., Zhong Z. H., Zhou D., et al., 2003. Deformation
mechanism of the Red River fault zone during Cenozoic
and the experimental evidences related to Yinggehai ba-
sin Formation. Journal of Tropical Oceanology, 22
(2): 1—09.

Sun, Z., Zhong, Z. H., Zhou, D., et al., 2004. Experimental
constraints on Cenozoic development of Ying-Qiong ba-
sin in NW South China Sea. In: Clift, P. D., Wang, P.
X., Kuhnt, W., et al., eds., Continent-ocean interac-
tions within East A sian marginal seas. AGU Monograph
Series 149, W ashington D. C., 109—120.

Sun, Z., Zhou, D., Zhong, Z. H., et al., 2003. Experimental
evidence for the dynamics of the formation of the
Y inggeha basin NW South China Sea. Tectonophysics,
372: 41— 58.

Sun, Z., Zhong, Z. H., Zhou, D., et al., 2006. Research on
the dynamics of the South China Sea opening: Evidence
from analogue modeling. Science in China (Series D),
49(10): 1053— 1069.

Tran, N. N., Yuji, S., Kentaro, T., et al, 2001. First
SHRIMP U— Pb zircon dating of granulites from the
Kontum massif (Vietnam) and tectonothermal implica-
tions. Journal of Asian Earth S ciences, 19: 77— 84.

Tron V.. Brun,J, P., 1991. Experiments on oblique rifting in

brittle-ductile systems. Tectonophysics, 188. 71— 84.

Wang J. H., Yin, A., Harrison, T. M., et al., 2001. A tec
tonic model for Cenozoic igneous activitiesin the eastern
Indo-Asian zone. Earth and Planetary S cience Letters,
188: 123— 133.

Wang P. L., Lo, C. H., Lee, T. Y., et al., 1998. Thermo-
chronological evidence for the movement of the Ailao
shamr Red River shear zone: A perspective from Viet
nam. Geology, 26. 887— 890.

Xies W. Y., Sun, Z., Zhang, Y. W., et al., 2007. The dynamic
and hydrocarbon accumulation analysis of the inversion
structures on the northern marginal basins of the South
China Sea. Earth Science—Journal of China Universi-
ty of Geosciences (in press, in Chinese with English ab-
stract).

Yang K.S., 2000. Prediction of forming evolution and type
of reservoir of Yinggehai basin. Fault-B lock Oil & Gas
Field, 7(2):4—11 (in Chinese with English abstract).

Yang Z., Basse, J., 1993. Paleomagnetic study of Permian
and Mesozoic sedimentary rocks from northern Thai-
land supports the extrusion model for Indochina. Earth
and P lanetary Science Letters, 117. 525— 552.

Yin X. L., Ma, Y. S., Feng, X. Y., et al., 2005. Thermal
stresses and their effects during the deep hot fluids pen-
etrating upward in DF -1 diapiric area, Yinggehai ba-
sin. Earth Science—Journal of China University of
Geosciences, 30(1); 83— 88 (in Chinese with English ab-
stract).

Zhang, Q. M., Hao, F., 1997. Evolution and hydrocarbon
system in Ying-Qiong basin. Science in China ( Series
D), 27(2); 149— 154 (in Chinese).

Zhang, Q. M., 1999. Evolution of YinggeharQiongdongnan
basin and its tectonic-thermal mechanics. Natural Gas
Industry, 19CD; 12— 19 (in Chinese with English ab-
stract).

Zhuw W. L., Jiang, W. R, 1998. Relation between fractures
and hydrocarbon reservoirs in Weixinan sag. Acta Pe-
troleum Sinica, 19(3): 6— 11 (in Chinese with English
abstract).

Zhong, Z.H., Wang L.S., Xia B., et al., 2004. The dynam-
ics of Yinggehai basin formation and its tectonic signifi-
cance. Acta Geologica Sinica. 78(3):302— 309 (in Chi-
nese with English abstract ).

» 2003. ( )
, 43— 76.

’ ] ]



356 — kY)
. . .. 1997, (D). 36(9): 797 810.
: . 81— 89. . ., 2007.
. . . L2001
LD 112 ,
. . 21998 — » 2000.
L7(2): 411,
. . 1997, . . . 2005 -1
. 111 121. .30(D); 83—88.
. 1988. . 199. —
. 9(D: 21— 31. L19(1); 12— 19.
. . . L1995 — — . L1997, —
— . 20(3): (D), 27(2); 149— 154,
243— 249. . .. 2004
. .. L2003 . 78(3); 302— 309
L 22(2); . . 1998.
1—09. . 19(3); 6 11.

s s s+ 2006.



