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Dynamics of Sedimentary Basin and Basin
Reservoir(Ore) Forming System

LIU Chi-yang

(State Key Laboratory of Continental Dynamics, Instituteof
Oil and Gas Basin, Northwest University, Xian 710069, Shaanxi. China)

Abstract With introduction and discussion of the dynamics of sedimentary basins and basin reservoir (ore)
forming systems to be amain line, this paper generalizes and summarizes author s thoughts and viewpoints in this
area. Sedimenlary basins are significant in three aspects (scientific research material needs and living
environment) of earth science research and application especially those large and medium-sized basins having a
large distribution area and long development history (e. g., oilgas basins). A sedimentary basin is a negative
tectonic unit formed in a depression of crust or lithosphere, in which sediments continuously infill in geologic
history. The author defines dynamics of sedimentary basin as: A coupling dynamic system and evolution process
of earth internal and external dynamics directly controlling and obviously impacting on basin subsidence and
sediments infilling and it is an im portant component of geodynamic systems. According to different driven force
of basin depression, the origin of basin can be divided into thermal, stress, gravity and composite four ty pes.
From redefinition and revealing distribution position, evolution and relationships of basin subsidence centre,
depocenter and accumulation centre, ruling out the sedimentary effects generated by nomrsubsidence processes, it
is possible to characterize the role of subsidence and its temporalspatial correlation and reasons with deposit and
accumulation centers. The Chinese sedimentary basins are characterized by their strong tectonic activities deep
processes and intensive late reforming. All these are attributed to tectonic features of China continent. Based on
the main geological processes of reforming and reforming fashions the reformed basins can be divided into eight
types. Eliminating impacts of late reforming and recovering original basin can build up a firm basis for recognition
of basin evolution reforming processes and oilgas reservoir forming, positioning and distribution. According to
the geological facts of reformed basin and the research practice of the author ideas and regulations of study on
reformed basin and oil-gas evaluation are explored and proposed; The time limit of oil-gas late-extra late reservoir
forming-positioning in Chinese basins is redefined in terms of absolute time and relative time. And also, the
influences of deep processes on oikbgas accumulation oibgas escape and geologic effects are discussed. The
research for dynamics of petroliferous basins can be divided into three major systems of basin forming reservoir
forming and assessment. In the study of basin evolution and reforming a close correlation and interaction exist
betw een the major systems and the sub-systems. The "whole, dynamic, integrated "principle for research of the
basins is promoted to follow. More than 82 percent of proven sandstone type uranium deposits on the earth
cexist with oikgas or coal fields in the same basins. Association and enrichment of the four main energy minerals
within the same basin is common. But, the distribution of enrichment for different minerals is localized especially
this is typical in centraleast Asia. The characteristics of occurrence of multi-energy mineral deposits in all basins
of mineralization domain in centraleast Asia show a complex but orderly spatial distribution close correlation of
each (reservoir) ore-bearing stratum and region background, the same or similar timing of reservoir (ore)
forming-positioning related occurrence setting and reservoir (ore) forming. Also, the uranium main
mineralization processes and mineralization period is in response to the regional dynamic changes, and basically
consistent with the reservoir forming-positioning period of oibgas in basins, indicating a close inherent
relationships and unified geodynamic setting between them. The single sedimentary basin having multiorganic
and inorganic, metallic and non-metallic minerals and water resources inside represents a basic unit and a giant
complex system for multrmineral accumulation and reservoir (ore) forming in the same basin. The system is
called the reservoir (ore) forming system of sedimentary basin. In the system, the occurrence of various
sedimentary minerals is not isolated. Their formation and distribution are closely related interactingg mutually

affecting, and intrinsic relationship exhibits in different forms. This system possesses its own characteristics of



ore forming and reservoir (ore) forming setting. Thus, it should be treated as an independent mineralization
system differing from and paralleling to other ore-forming systems. This paper discusses types of smallsized
petroliferous basins and the conditions of oitgas accumulation the necessity and guidance for further study of
mature basins. It is suitable for the system dynamics study of (stable continental) block-basinbelt (all types of
tectonically active belts) in west China. The earth and basin all belong to the complex giant systems of different
classes. Itis an effective approach to use integrated and systematic academic thoughts to study complex science
such as geosciences. In study of complex systems, the interaction of various sub-systems is the most important.
In the mean while, the attention has to be drawn to the evolution of ideology and methodology, and to effort to
disclose the individual characteristics of research objects.

Key words; sedimentary basins; dynamics of sedimentary basins; basin formation mechanism; reservoir (ore)
forming system of sedimentary basins; mineralization domain of energy minerals in centraleast Asia; late
reforming and reformed basin; oil- gas escape; smallsized petroliferous basins Chinese sedimentary basin;

research system; complex science; methodology
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Fig. 1 Relationship Between Dynamics of Sedimentary Basins and Geological Processes of Various Earth s Layers

~

2.2

2.2.1 mARZ W LA RE »E

Boot* .

s 2006

2

[3]




30

2.2.2 &nEAHARR

’
o
[ 6
, 3
« »
’
13 »”
’
’ o
N
s
o
’
’
’
o o
’ ’
° ’
’
o ’
N N
. o ’
’ ’ °
’
o
N N
[7
. o
o
. ’
o
o
[§

@

3

, 1980,

191

(6]



( ),
L4 .
75.350 m .
100 a.1 6X10" a Y, .
10X 10° M a, 1 km
13X 10"
200 . . .
/3 10 km.
65 Ma BP .
198 km, 900 m'", 3X10* km’,
. Gosses
Bluff , 5 km 22 km;
L 4x<10°a ',
200 .
[10] , ’ ’
2.2.3 anHHRE
(
— )
. (Michigan)
[ 11] . [12 .

[6.13-11]

b

[13, 6]

[13, 6]

43

” o« ”
N

»2005.



8 30
, ( )
b b (2) b
(613 3)
2.2.4 &Ry LA REA .
, [16-18]@
s i 3 ‘
, ¢ ; C .
1
’ Tab.1 Contrasting of Inferred Distribution
Relationship of Basin Subsidence
J—K) Deposit and Accumulation Centre
2.3
2.3.1 WIUARGR AR L A2 S beebon  Osspey FTRFA @5=AED
@D=S.#A @D=A,#S
' A @DA=S #D ®A=D,#S
) (G » 3
« ) . 5 C D ,
’ [1&18]’ , 1 ®.
D) : ,
. . . 4 (
, ( . ) | DR (
( ) @,  2a) ( Q.@,  2¢d)
s ¢ ) . 3 (
’ ®) M
@ b
2.3.2 3 Ao L fxX & ¢ 2b) ;
, . @ . @
, 3 . .
, ) ¢ 2d ,
3 , ( 2b.c)s
. 3 @, ¢ 2d). .
(D : ,
s @)
2006.
’ ®



.3

al—#) e 43

v 0

=h05 B
(S=A#D)

S A b2— i il £ 3

v MOEE_

YU M~ R
(S~A,#D)

S~A d— 7 il 7 1

A—HEFR L 5 DR L S—UTRE L

Fig. 2 Relationship of Basin Subsidence Deposit and Accumulation Centre

¢ 3b).

) ( )
¢ )
( 3a)° ’
()
( 3p)tt
, 3
Elﬁ 18]
2.4



10 30

— PEKX MR KX

[ B LYK —'}'— 7K i 38 [X | K FULARIX

128 WK I ) T
AMEVIRRE

.t -_ ’_--'1-'.‘ _____________ Rl -nd (ﬁ%ﬁ(ﬁ?ﬁﬂq@ﬁ) N NN N NN
& —VUBUBRHE IR SR 191 (£ B 55 ) SN T e e
G
- . F————
AR B , 5
1]
_____________________________________________ J
LR B T T
P PR O PR L
b— i 32 T B 43 A 10 P o ] g 4 R YR
3
Fig.3  Analysis and Comparison of Basin Sedimentary Setting and Sedimentary Thickness
[20 [20-24]
o o ’ Al
2.4.1 BIFERAGHBRE FKF I F e
(1 N N N
2 ) . s
(3) ’ ~ - °
J— 3 y
N s s N
3 [20-26]
4) ; 2.4.2 BHHGEMER HEf LR
b ° b
5 , .
N ( ) . ( ) N .
o o b
[25
b °
b b b b
° ’ b ’ 9
, [ 20



1 ) 11
. . 2
R 5 Tab.2 Classification of Reformed Basin
[25]
b -
2.5 ’
. ( ),
2.5.1 MERHZE L ( )
[22] : ’
, .
b o ’
’ 2
b o
b o
~ ~ . ’
’ ) ’
b o ’
2.5.2 KA HLGEA
’ ’
[22]
° ’
. . ,
[26 [23-25]
. 2). ( ) ,
, 212227
, , G
) ( s,
b
b . b
) 2 .
o ’
b Al b 9
~ v
(G La . . .
2). . . ( )
2.6 ,
b ’ o
, 20X 10"
) 9911 o 171 ) ,




12

30

N s 20 (

X 10" km?, 9 6X 10" km* )N (

[23] [ 6 31
s H s s ~
H ’ N N o
, N N
H ’ N
[23,29 « « »
o o b
2.7 - - — . - ,
’ o .
[ ] 3
s N . 3.1
2.7.1 k&R AE R NF
’ ’ ’
o ’
3
. ~ 50 [ ZJ ° 9
[32
’ ’ ’
« 2 « [13
’ N
”»” 43 2 (13 2 “ ” 2 [ 33]
o b ’ Al Al ) b
. « 731l AWHMABRNNFRAERENNF R L
[13 2
[32°36] »l 37
N N ’ ’ o
. s , ( )
( )\ .
A) ~ ’
o b
’ ’ ’

31,
) . - - pra

, 8 (

3).



13

3

Tab.3 Structure of Research System

of Petroliferous Basin Dynamics

(o I e Y S S

—_

RSN NS IS )

3.1.2 RBINFER %%

(D

2

3

<y

D.

3.

8)3

3.2

a
@
3

@
(5)

[24]



14 30
. (8~5) Ma
(6) , BP ,
D , )
8 ,
(9) ’ ) 5 Ma
N , BP 3.4 Ma BP
’ ’ (5 ~8> Ma
. R [38]
s , , [20. 38]
3.3 - ,
N ¢ )
5 , (20+2)Ma BP( )
[38] . , [6].@©
) - « .
’ . IX10%a -
b 4 - _
Tab.4 Time Division of Late Extra Late Period
’ Oil Gas Reservoir Forming and Positioning
[39 3 @10l i ~ N
[ (65~45)MaBP (60 ~45)Ma BP]
- >1X10%a >2X10%a
; [(45~20+2) ; 2X10° a(
Ma BP] . . - ),
[ (20 £2)M a BP] 138 , ) .
7 973 , 2002,
®

[38]@_

, 2002,



1 () 15
3.4 \
3.4.1 HABIRAIK 3) ’
( ) .
. 2 700 km*>. 1939 . .
60 ,
\ . . 3.5
( ) . b
o, (4~5)%10" km>. ,
9 ° 3
. 3.5.1 JEBRERAKRE TAFE R
' [41742;
) ( - ) 3 ~
, (4, . C )
3.4.2 AR HA aHE R BAFAE 43%  65%,
_ ) , [41-42] (
, , « )’ ( 3 )[42J
» ( ) 3 [40.©,
D) , (43
, [ 44 ,
[21
) 3.5.2 MARERAE BRI BRAZ NN
( )

, 1993.

, 2006.



16 30

3.5.3 AR AR G mAE H A Al 4269 Rhvk

1X10 / . 5
Cmao ] A 2
. 300 . .
C~400 C . ,
, [ 50 .
[45]
1~100X 10" 9, .
[50-51]
, 460 km’; C ) ;
’ (3 75 ~ ’
4 50) C/100 m' " 481 ,
[49]
[3]
. [3.52:53
. . (
7 ) .
, C ) .
. . 3.6
; , C ) C )
[ 54
( ) ’ . b
. . 80% 90%.
, 10 , 70 %
. ,48 5% 41. 4%
[55]



4.1

(D

2

[32-36]
2

4.2

4
' [3.52
. (IAEA)
. 333
. 94
. 274
82%.
° 4
[3,52-53]
, ( 20" ~50")
80%
56 2%,
20" ~50) .
., 95% 35
D)



18 30

6 000 km. ()
. 4 4.3
4.3.1 AR I A3
— 4 3 3 ,
) ( ) ,
[53 .
! C - , ;
() @
ISﬂ ° b
() . .
[13 ”‘“ 2 ‘“ ”3 y
100 Ma BP.(50 £2)Ma BP. (20 +2)Ma BP. (8 ~
5)Ma BP 4 . 350 ,
) N 35 Ma.
D ~ ° ) , , 1/3
’ [ 58
. . ¢ - ,
. (20+2)Ma BP , (8~5)
Ma BpP"*>
’ ()
’ . ()
()
. ( )
, * ¢ 4.3.2 RIRHE 5 FE A
4
’ @ _

,.2007



19

1 ()
. - Q)
( ~ ) ° -
)
, C 4,
100 km.
X 1R
13 km , 45 . e )
i
. o
[59 #
° |
¥ KRB HIR N ET R
’ E BART ET(ERARL
E MR A hFE
. 300 km, 2 z
~35 km o %
[59 .
39.7%°" . 4 ()
Fig. 4 Basin Mineralization System vs.
, Geodynamics and Sedimentary Basin Dynamics
s 5.2
, . O (
200 C 250 C,
. 3500 © , © @
, « . ®
,®
[ 62
5 ¢ )
5.1 () :
(D)
. . . . @
3)
, R R — — 3
@) ;
. C : :
, Q) e &)
©) ,




20

30

5.3

),

D

®

C))
(10)

a1

~

[32-37]

»[ 63



6.3

[ 66]

[63-65]
’

[ 64



22

30

Fo MR ARE T I 80 F M E,

3)
@ ( )
(5 .
(6) )
[64] .
i AL B PR Tk e ©
WERS ZEE, RETER .
Fo EA FE b, BN RGN
Bl R stk 48 M, B R MBS 4.

P AE 42 #0% F 2005 47, #1485 F & T 2006
RFE

BEHEH W EKITY RE I iFE B F S
T G . RKIE R AR R EAET &K A
T8y 57 ArAb K. AT A A E TG R A R A
AT FRE B g ey IK T 5- K. BHERE
Z IR, EMARE ZHIEREK F.

[10]

(11

[12]

[ M].

, 2006, 27(2): 131-142.
Boot M H P. Formation of Sedimentary Basins of Graben

Type by Extension of the Continental Crust[ J] . Tectono-

physics, 1976, 36(1-4). 77-86.

(M /
, 1988.

.2005, 12(3): 113-124.

. (1.
, 1981, 2(1): 37-46.

Watts A B. Lithospheric Flexure Due to Prograding Sedi-

ment loads: Implications for the Origin of Offlap/ Onlap

Patterns in Sedimentary Basins[ J] . Basin Research, 1989,

2. 133-144.

. . . [M].
, 1989.
, Carbis. [J. . 2003
(12); 24-40.
Leighton M W. [ M]. s s
. . : » 2000.

[ 13

[ 15

[ 16]

[17]

[ 19

[ 20

[21]

[ 22]

[ 23

[ 24

[ 25

[ 26]

[27

[ 28]

[ 29

[ 30

[31]

rc / , . ) —
, 1999.
: (1. , 2005, 26
(2); 147-154.
[J]. ,
2004, 11(3); 285-297.
rc /
, 1990.
- [q
/
, 1997.
(c / . .
, 1990.
[J. , 2008, 82(4);
[J. , 2000, 18(3). 369-375.
[J- , 1996, 17(4); 255-261.
[J. , 2000,
21CD); 1-6.
s . [].
1999, 20(2): 79-82.
(cy / , ,
, 1993,
s . ).
, 2000, 21(1); 11-14.
[Jn.
, 1991, 21¢ ): 1-8.
. 1. ,
2007, 28(1); I-7.
[J]. , 2008, 29
(3);
. [ M].
, 1997.
(a/
, 1991.
[J. : , 1991, 21(2). 55-63.
(a / ) .



[32]

[33]

[34]

[35]

[36]

[37

[38]

[39

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

2000
, 2000.
[J. , 1990, 11(1); 108-113.
VA .
, 1993.
[M] .
. 1979.
ra / . .
. 1993,
[q /A »
. 1965.
Perrodon A. [ M]. , s s
, 1993,
[c1/ .
. .21
, 2003.

Tung-Yi Lee Lawver L A. Cenozoic Plate Reconstruction of

Southeast Asiq J] . Tectonophysics, 1995 251(1/4). 8-138.

[J].
, 2008, 29(4);
). , 2005, 16(2);
127-142.
[M]. : , 1998.
COs-Au [ , 2001, 36(4); 454-464.
[M]. : , 2006.
[ N]. , 199507
-19(2).
[M]. ,
2007.
(. , 2000, 43(5); 635-645.
). , 2006, 26 (4);
41-47.

[ 49]

[ 50]

[51]

[52)

[ 53]

[ 54

[ 5]

[ 56]

[ 57

[ 58

[ 59

[ 60]

[ 6]

[ 62]

[ 63]

[ 64

[ 63]

[ 66]

[n. : D, 2001, 31
¢ ):8389.
, . [J.
, 2000, 21(1); 50-52.
. . 1999, 20(5); 365-370.
. , .o «
(cy /
D) . 2005.
[J. D
2007, 37C  ); I15.
. . 2001, 22(1); 9-12.
. . [M].
, 2002.

OECD(NEA)/TAEA. Uranium 2003: Resources, Produc-
tion and Demand[ M] . Paris; OECD, 2004.

bl

[M]. » 2002
Mac Gregor D S. Factors Controlling the Destruction or
Preservation of Giant Light Oil Fieldg J] .

1996, 2. 197-217.

Petroleum Geo-
science,

’ ’ ’

— L.
. 2006, 27(2); 233-238.
[J. . 2006, 80(5); 740-747.
(. . 2006, 80(5);
748-752.
. . ) CH .
. 2007, 34(3); 365 374.
[M]. ,
. 1987.
. [M].
. 2006.
7. . 1990, 13(1); 3-10.

[N
2007-12-11( Bl .



