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Fig.1 Displacement distribution of brittle normal fault
population in extensional basins (one-dimensional

~ sampling) (after Marrett, 1992)
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Fig. 2 Plot of seismic lines TX92044 and VBPZ1085
in the Bohai basin (modified from
Qil Corporation of Bohai, 1991)
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1—Coastal line; 2—basin boundary; 3—tectonic subarea;

4~—seismic line
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heave (D) from seismic lines TX92044 (a)
and VBPZ1085 (b)
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Table 1 Extensional amount of the Bohai basin by fractal method

WRAK I > A BHER [FREREAR o

WE Cem) (km) iy Cetesd Gemd | B km)
TX92044 144 0.074 27.278 5.910 33.188 26. 550 1. 29
VBPZ1085 94.8 0.140 10. 218 5. 419 15.637 11.728 1.19

2% S0 R ) il — 4 RAE B AT BT, E T —
A ) T B T VR b 0 B AR LR, B R 4
REREITE, TAESENAREMEC, — R4
FREBERNBEENEER 1. 3~1. 5 (Marrett,
1992), WAk, IR AFI T E LA 4E 7k B X Wi 2 28
W4T = e R BB A 0T, MR, A T E N
(Scholz et al. , 1990; Walsh et al. , 1991; Marrett et
al. , 1990; Marrett, 1991, AT, F fl— 4R
£ #HF RS EETTH (Walsh et al. , 1991),
WA Xt TF /N IR B TR B K/, AR 2 5 T T Z Y
BRI SR T A B FT B R 4 B (OO IR
MNREENHEHEENE . CHBK, HEEHOE
KyRZIR.

EZRAXHKSERS . Y 5TRRB. EHFAE
+HEEBHIT SRR, R —FFRRE O

& % X B

Bed,. 28 MRE  BFEE. 1999. AEEEWENSEHIR
g s RIS, 45(2) :202~208.

LR, B4, SR, 1998, P EBTE A M EEAME PR KILES)
BEEX. #EILW¥,44(2):136~142.

2. 1986 B AN A RMSEE W RIR. GWE
#®,7(1):1~21.

X3t 7. 1988. i {ehH ity Hg i K B2 0 S 4 00 T A B T —— DA
Bl FMSCI R, 10(1) :33~43.

XDeHE 4E3CEG. 1996. BT EETR. YFE S5, 20(4):338~
341.

BFEE, K15, BB . 1995. B H AR BRI R
HMERKXIRKMEN N ELE GHERBIK,17(4): 316~
323.

HEZ, B 1990. MG HE M KBES T SHEE . Al
#®,11(2):1~12.

BN 1985, LV EH A R R A 2 4 B4k K2 B4, BEAR
FiEsh (1. d650 R 1 AR AL

HKWMES. 1997. PEAMSA®FERAN. BE . BRAEH R,
351~352.

References

Allen P A, Allen J R. 1992. Basin Analysis: Principles & Applica-
tion. Oxford London: Blackwell Scientific Publications, 90~92.
Childs C, Walsh J, Watterson J. 1990. A method for estimation of
the density of fault displacements below the limits of seismic reso-

lution in reservoir formations. In; Buller A T, et al. , ed. North

Sea oil and gas reservoirs 1. London: Graham &Trotman, 309
~318.

Dai Junsheng, Li Li, Lu Kezheng, Qi Jiafu. 1999. The control of tec-
tonism on the petroleum systems in the Bohai Bay basin. Geologi-
cal Review, 45(2) :202~208 (in Chinese with English abstract).

Davison A. 1986. Listric normal fault profiles: calculations using Bed-
length Balance and fault displacement. Journal of Structural Geol-
ogy, 8(2): 209~210.

Gibbs A D. 1983. Balanced cross-section construction from seismic
sections in areas of extensional tectonics. Journal of Structural Ge-
ology, 5(2): 153~160.

Jin Qiang, Xiong Shousheng, Lu Peide. 1998. Volcanic activity in
major source rocks in faulted basin of China and its significance.
Geological Review, 44(2):136~142 (in Chinese with English
abstract).

Kakimi T. 1980. Magnitude-frequency relation for displacement of mi-
nor faults and its significance in crustal deformation. Geological
Survey of Japan Bulletin,31: 467~487.

Kusznir N J, Ziegler P A. 1992. The mechanics of continental exten-
sion and sedimentary basin formation: a simple-shear/pure-shear
flexural cantilever model. Tectonophysics, 215:117~131.

Li Desheng. 1986. Prospect of the composite megastructural oil and
gas field in Bohai Gulf of China. Acta Petrlei Sinca, 7(1):1~21

(in Chinese with English abstract).

Liu Chiyang. 1988. The reproduction of paleo-structure and the estab-
lish of equilibrium profile for extension structure area— An exam-
ple of Bohai gulf basin. Experimental Petroleum Geology, 10(1):
33~43 (in Chinese with English abstract).

Liu Guangxia, Ren Wenju. 1996. Study on crust thickne:ss of Bohai,
China. Geophysical and Geochemical Exploration, 20(4):338~
341 (in Chinese with English abstract).

Marrett R, Allmendinger R W. 1990. Kinematic analysis of fault-slip
data. Journal of Structural Geology, 12:973~986.

Marrett R. 1991. Estimates of strain due to brittle faulting: Sampling
of fault population. Journal of Structural Geology, 13:735~738.

Marrett R. 1992. Amount of extension on “small” faults: An example
from the Viking graben. Geology, 20:47~50.

Marsden G, Yielding G, Roberts A M, Kusznir N J. 1990. Applica-
tion of a flexural cantilever simple-shear/pure-shear model of con-
tinental lithosphere extension to the formation of the northern
North Sea basin. In: Blundell D J, Gibbs A D, ed. Tectonic evo-
lution of the North Sea rifts. Oxford. England: Oxford Universi-
ty Press, 240~261.

Patton T L, Moustafa A R, Nelson R A, Abdine A S. 1992. Tecton-
ic evolution and structural setting of Suez rift. In: London S M,
et al. , ed. Interior Rift Basins. A. A.P.G. Special Publication,
9~55.

Pickering G, Bull ] M, Sanderson D J, Harrison P V. 1994. Fractal
fault displacements: A case from the Moray Firth, Scotland. In:

Kruhl J H, ed. Fractals and Dynamic systems in Geoscience.



E3M

XA kb RE RS 233

Berlin: Springer-Verlag, 105~119.

Qi jiafu, Zhang yiwei, Lu kezhen, Yang qiao. 1995. Extensional
structure model and dynamics processes of Bohai bay faulted basin
in Cenozoic. - Experimental Petroleum geology, 17(4): 316~ 323
(in Chinese with English abstract).

Scholz C H, Cowie P A. 1990. Determination of total strain from
faulting. Nature, 302:837~839.

Sclater J G, Shorey M D. 1989. Mid-Jurassic through mid-Cretaceous
extension in the Central graben of the North Sea —part 2. Esti-
mates from faulting observed seismic reflection line. Basin Re-
search, 1:201~215.

Tian Zaiyi, Han Ping. 1990. Extension analysis on the Bohai faulted
basin and its hydrocarbon potentiality. Acta Petrolei Sinica, 11
(2):1~12 (in Chinese with English abstract).

Villemin T, Sunwoo C. 1987. Distribution logarithmique self-similar
desrejects et logueurs de failles: Exemple du Bassin Houiller lor-

rain. Paris, Acade’mie des Sciences Computes Ser. 1. 305:

1309~1312.

Walsh J, Watterson J, Yielding G. 1991. The importance of small-
scale faulting in regional extension. Nature, 351:391~393.
White N. 1990. Does the uniform stretching model work in the North
Sea? In: Blundell D J, Gibbs A D, ed. Tectonic evolution of the
North Sea rifts. Oxford England: Oxford University Press: 217

~239. ’

Xu Jie, et al. 1985. Evolution and moving features of North China
plain rift basins in Cenozioc. Modern Crust Moving (1). Beijing:
Seismic Press (in Chinese with English abstract).

Zhang Yuchang, et al. 1997. Prototype analysis of petroliferous basins
in China. Nanjing: Nanjing University Press, 351~352 (in Chi-
nese with English abstract).

Ziegler P A, Van Hoorn B. 1989. Evolution of North Sea rift system.
In: Tankard A J, Balk Will H R, ed. Extensional tectonics and
stratigraphy of North Atlantic margins. A. A.P. G. memoir, 46:
471~500.

Ffactal Analysis of Extensional Quantity of the Extensional Basin

——Taking the Bohai Basin as an Example

LIU Shaowen, WANG Liangshu, LIU Bo
Oil and Gas Research Centre of Nanjing University, Nanjing, 210093

Abstract

Study shows that the displacement distribution of brittle fault population exhibits self-similarity and has the

power-law relationship between displacement and accumulation. In other words, brittle fault population follows

the fractal size distribution. The extensional quantity of a basin can be estimated based on this result (fractal

method), which demonstrates the contribution of cumulative extension of a small fault to the whole one, and

accounts for the discrepancy between the plain spastic restoration and the other methods. Taking the Bohai

basin as an example, the principle and procedures of this method are introduced in detail and good fits have been

obtained in the study area.

Key words: extensional basin; fractal dimension; heave; extensional quantity; extensional factor
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