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Main controlling factors and models of hydrocarbon accumulation
in weak structural belts of oil-rich sags,the Jizhong Depression
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Abstract; Weak structural belts in this paper refer to Wenan and Lixian slope zones of the oil-rich sags in Jizhong De-
pression , where the exploration maturity is low but resource potentials are large and exploration prospects are good. Based
on the integrated analysis of geological elements and in combination with physical simulation experiments,the paper illus-
trates the main controlling factors of hydrocarbon accumulation , reveals hydrocarbon accumulation patterns and establishes
hydrocarbon accumulation models, so as to provide theoretical guidance for further oil and gas exploration of the weak
structural belt. The result shows that the main controlling factors of hydrocarbon accumulation in weak structural belt are
source rock , carrier system and nose structure. Among them ,the source rock controlled the distribution range and the en-
richment degree of hydrocarbons,the carrier system controlled the horizons of hydrocarbon accumulation and the reservoir
types,and the nose structure controlled the hydrocarbon migration direction. Two hydrocarbon accumulation models were
established for the weak structural belt based on the configuration relationships between the source rock and the carrier
system. One is distal stepwise accumulation model on wide-gentle slope zone ,featuring in joint driving of overpressure and
buo-yancy , stepwise migration dominated by lateral transportation through sandbody and adjusted vertically by faults, ac-
cumulation in multi-layers far from the source rocks. The other is proximal Z-style accumulation model on gentle slope
belt, featuring in driving of buoyancy,Z-style migration through vertical adjustment of faults and lateral transportation of
sandbo-dies, the accumulation in multiple layers near the source rocks.
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Table 1 Classification of structural belt types in oil-rich sags,the Jizhong Depression
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Fig. 1  Distribution of weak structural belts in oil-rich sags,the Jizhong Depression
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Fig. 2 Formation pressure coefficient profile of Baxian Sag,the Jizhong Depression
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Table 2 Carrier system types of weak structural belts in

oil-rich sags,the Jizhong Depression
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Fig.3 Tracer profile of hydrocarbon migration of Wen’ an slope belt,the Jizhong Depression
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Fig. 5 Distal stepwise accumulation model on wide-gentle slope zone,the Jizhong Depression
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Fig. 6  Proximal Z-style accumulation model on gentle slope belt,the Jizhong Depression

Ng-TE P  Ed-ZR 4 3 Bst 1) -y il 20— BE L B s Bs' 1) -y 52— BE R 3 B 5 Bs - VbVl 5 4 — Bt s B VDRI A4 = B s s -y 201 D B

AT STHOAE T ) SR i A 2R I A SR
T LR WR R R AR O S TG R AN, F
RT3 oz R R B, (UL A A W JZ= B I A )
W22 2 5 i BRI, I B0A 2 B W 00 el R g Aty
RPN R LR UL T 1 22 5 0 AR RFAE

5 4

1) S AT il T il 2R A X S 2R3 0 i A
i SR MR o e S R A R TR
PRI 2 X

2) sgtaE s BA HAm R B SOSOR S ) R S8, A
PR ZR A 2 s 0 2R 8 o s I D 55
ZEH TR, GBS -t i R A AR T ) e T
AT SR 9ty DT 8 X o) ARty e AR B B B B 5 o

3) SR A Il O A2 A TR IR B T
TR HAERE Sy i T R 3R i S 0 LA S SR 1 114 53
Ay, XSG N R I R P 1T s BRI 1) Gl A Y
JEAE R B R SRR B DL R R AR

4) MG BA BhIR BTSSR , 55544 1 i U n]
SN R W SRR X, B LA SO 2 R S AR Y
VEGE AP IR — B BfebR I =R ORSE A L a EL R
R PR IR - Z F RN SSs

& X X o
(1] Zbi, EAL SErh b & i M pE R R S R B [T Al

R 5 % ,2004,31(3) :82 - 85.
Yi Shiwei, Wang Quan. New concept of exploration strategy for the
oil-rich Jizhong Depression [ J ]. Petoleum Exploration and Develop-
ment,2004,31(3) .82 -85.
AT IE, 7T 7 A BB ) R [T . b b
#,2010,15(2) :1 -7.

Zhao Xianzheng, Lu Xuejun, Wang Quan. Secondary exploration in

[3]

[4]

[5]

(6]

(7]

(8]

(9]

[10]

oil-rich sags[ J]. China Petroleum Exploration,2010,15(2) :1 -7.
RABEIE , A2 AR TR, 4. WTRE A R RS 402 )2 Y
SRR )] MRS ,2012,19(1) £10 - 19.

Zhao Xianzheng,Lu Xuejun, Cui Zhouqi, et al. Detailed research of
fine sequence stratigraphy and exploration results in the slope zone of
faulted basin[ J]. Earth Science Frontiers,2012,19(1) :10 —19.
TREL, IR B b i X S AR B AR [T ] A
M5 RIRA ST ,2010,31(3) 321 - 326.

Xu zhen,Zhang Chunming. Heterogeneity of crude oil from Wen’ an
oilfield in Jizhong area and its implications[ J]. Oil & Gas Geology,
2010,31(3) :321 —326.

Ptho, g, TR, 55, B b X SCZE R BUBRAE AR ZE [T ]
AP AR, 2008 ,20(3) 149 - 53.

Yang Weirong, Qian Zheng, Zhang Xin, et al. Accumulation charac-
teristics in Wen” an slope belt in Jizhong Depression[ ] ]. Lithologic
Reservoirs, 2008 ,20(3) :49 - 53.

BHBK AT RESE , 250 , A0 W2k 111 SC22 AP Ay 3t 1) PA) B ) i
WAL ] R S35 ,2010,26(11) 24 -29.

Hu Wangshui, He Yaoyao,Li Tao,et al. The structural traps and oil-
gas accumulations on Wen’ an slope of Baxian Sag[ J]. Marine Geol-
ogy Letters,2010,26(11) :24 —29.

BRI, 2306 2, A SEA BB M R s B AR O R v A
HY> B R yh— B T BT AR AR S B e[ ) ] o s s
2005,7(3) ;373 -381.

Cui Zhouqi,Li Wenhou,Li Li,et al. Sedimentary facies and subtle petro-
leum reservoir of the member 2 and lower submember of member 1 of
Shahejie Formation of Paleogene on Lixian slope of Raoyang Sag,central
Hebei Province[ J]. Journal of Palaeography,2005,7(3) :373 -381.
AT IE, 4 KU X FEIE , 45, 158 FH 1M A s B ARt v I BOKS A 45
SEERILI]. hEAMmET,2010,15(2) .8 - 15.

Zhao Xianzheng,Jin Fengming, Liu Jingwang, et al. Precise explora-
tion and important discoveries in central northern Lixian slope of Rao-
yang Sag[ J]. China Petroleum Exploration,2010,15(2) ;8 —15.
Mo, . S Sl Gafe [ M. m30: v SR 27 i il
41,1989 .45 - 77.

Chen Fajing, Tian Shicheng. Compaction and petroleum migration
[ M]. Wuhan; China University of Geosciences Press,1989 ;45 —77.
I, 70 BB (e, A5 R sl 1 2 5 sl o R e[ ]
£S5 KRS ,2007,28(2) 129 - 138.

Tian Shicheng,Sun Ziming,Fu Jinhua,et al. A discussion on dynam-
ics and dynamic system for hydrocarbon migration and accumulation

[J].0il & Gas Geology,2007,28(2) :129 —138.

(T 4% 608 )



608

A3 5 KRR R

PURRE

Zhang Cuimei, Liu Xiaofeng. The boundary faults and basin-forma-
tion mechanism of Nanpu sag[ J]. Acta Petrolei Sinca, 2011, 33
(4):581 -587.

A R, PRIE R, S5 R U1 R 7 2 TR AR A O 4 o)
SRR [T, #4114 ,2012,19(1) : 108 - 120.
Wanghua,Zhao Shue, Lin Zhengling, et al. The key control factors
and its petroleum and geological significance of extra-thick deposition
in Dongying Formation, Nanpu Sag [ J ]. EarthScience Frontiers,
2012,19(1) ;108 —120.

TREHR, L0538, HH 72, 45 B AR VTG A B 42 i = AR 2R it
BURBENLJ]. A7 bR 5 91 % ,2006,33 (4) 1437 - 443,

Xu Anna,Zheng Hongju, Dong Yuexia, et al. Sequence stratigraphic
framework and sedimentary facies prediction in Dongying Formation
of Nanpu sag[ J]. Petroleum Exploration and Development,2006,33
(4):437 -443.

ZAR, FAE OMRIE R, 25 1 B8 1 vl i 20 5B A P B XL
BRI [ 1], DU EE4 ,2009,27(5) :977 - 983.

Jiang Hua, Wang Hua, Lin Zhengliang, et al. Periodic rifting activity
and its controlling on sedimentary filling of Paleogene period in Nan-
pu Sag[ J]. Acta Sedimentologica Sinica,2009,27(5) :977 —983.
FOE S, TR, BT, A, BT A e R (U o T R R S A Y
Hi b [J]. M4k ,2013,87(11) 1647 - 1661.

Tong Hengmao, Zhao Baoyin, Cao Zhe, et al. Structural analysis of
faulting system originn in the Nanpu sag, Bohai Bay Basin[ J]. Acta
Geologica Sinica,2013,87(11) :1647 - 1661.
SAATL, XU R, PEMERT , A5 TR 7 o SR M TR R BRI Uk
FEAOPERIVEILY . A3 i S RAR ST, 2011 ,32(2) 1192 - 198.

Fan Bojiang, Liu Chenglin, Pang Xionggqi, et al. Control of fault sys-

tem on hydrocarbon accumulation in Nanpu Sag, Bohai Bay Basin

(E#% 600 1)

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Grauls D. Overpressures ; causal mechanisms, conventional and hydro-
mechanical approaches [ J ]. Oil & Gas Science and Technology,
1999 ,54(6) :667 —6781.

Hooper E C D. Fluid migration along growth faults in compacting sed-
iments[ J |. Journal of Petroleum Geology,1991,14(2) ;161 —180.
Aydin A. Fractures , faults and hydrocarbon entrapment, migration and
flow[ J]. Marine and Petroleum Geology,2000,17:797 —814.

BUAR AL, R AT, BEORSE , AF. B HUR S B vb b DX 5 1 R g
BN [T ] . Al RIR MBI, 2007 ,28(2) :266 -273.

Wei Fujun, Gao Zhigian, Fan Tailiang, et al. Carrier system and its
effects on the hydrocarbon pooling in Tazhong area, Tarim Basin[ J].
0il & Gas Geology,2007,28(2) :266 —273.

Nie F J,Li S T, Wang H. Lateral migration pathways of petroleum in
the Zhu Il sub-basin, Pearl River Mouth Basin,south China sea[ J].
Marine and Petroleum Geology,2001,18:561 —575.

[l A, B, 2T A, A5 AT A PE AR R T SUE RS e
B[ J]. A1l KR RHT,2004,25(2) :204 - 208.

Xiang Caifu, Xia Bin, Xie Xinong,et al. Major hydrocarbon migration
pathway system in western slope zone of Songliao Basin[ J]. Oil &
Gas Geology,2004,25(2) ;204 —208.

HE, SO, R, A TS AR A M P R T R S s
BRREAERLI]. il ,2009,30(5) :705 - 710.

Cao Jian, Hu Wenxuan, Yao Suping, et al. Manganese in reservoir
calcite cement and its implication for tracing oil migration in Junggar
Basin[ J]. Acta Petrolei Sinica,2009,30(5) :705 -710.

HAEE. ARSI S R EBME(T]. frih2Eik 1983 ,4(4)
1-10.

[10]

[11]

[12]

[13]

[14]

[19]

[21]

[22]

[24]

[25]

[J]. 0il & Gas Geology,2011,32(2) :192 —198.

SRk, AR IR, A T R IR AT A5 T2 SRR IE M XU
BOFERI [T ] AL R A2 B ARRRSA N, 201,47 (1) 285 - 90.
Shi Guanzhong, Wang Hua, Xu Bei, et al. Activity of Baigezhuang fault
of Nanpu depression and its controlling on sedimentation[ J]. Acta Sci-
entiarum Naturalium Universitatis Pekinensis,2011,47(1) :85 —90.
L0 E R, IR S BRI P R HE T2 43 B Bl S
FURIIFERIMERI[T]. JTAR41,2010,28 (6) :1047 —1053.

Jang Hua, Wang Jianbo, Zhang Lei, et al. Segment activity of Xi-
nanzhuang fault in Nanpu sag and its controlling on sedimentary
process| J]. Acta Sedimentologica Sinica,2010,28(6) ;1047 —1053.
FLERST , YRR AT, S R MR 2 s — A S A X
KA EMIZ LB [ T], A5 KRB, 2014,35 (1)
86 -97.

Lii Yanfang, Xu Chenlu, Fu Guang, et al. Oil-controlling models of
caprock-fault combination and prediction of favorable horizons for hy-
drocarbon accumulation in middle-shallow sequences of Nanpu sag
[J]. 0il & Gas Geology,2014,35(1) ;.86 -97.

WET R, PEMERT A5 R R R R A Ik SO A A A
KRBT [T]. Al 5 KRR U, 2012,33(5) :695 ~704.
Huang Manning, Dong Yuexia, Pang Xiongqi, et al. Controlling factors
of structural reservoir distribution and its prediction method in Nanpu
depression , Bohai Bay Basin[ J]. Oil & Gas Geology,2012,33(5) :
695 -704.

PNACHT , 0T, B 1, 55 R [V 4 T 2R X =38 R S Y 4 1
YEFILI]. Al 5 R H T ,2013,34(4) :540 —549.

Sun Yonghe,Zhao Bo,Dong Yuexia,et al. Control of faults on hydro-
carbon migration and accumulation in the Nanpu Sag[ J]. Oil & Gas

Geology ,2013,34(4) :540 —549.

e

(/% F )

Pan Zhongxiang. Significance of unconformity to oil and gas migration
and accumulation[ J |. Acta Petrolei Sinica,1983,4(4) .1 -10.
R, A NS BB A A I R [ ) ] e
42,2008 ,82(8) :1113 - 1120.

Gao Changhai,Zha Ming. The types of unconformity migration passa-
ges and characteristics of hydrocarbon transport[ J]. Acta Geologica
Sinica,2008,82(8) :1113 - 1120.

Wu K Y, Douglas P,Zha M. Unconformity structures controlling stra-
tigraphic reservoir in the north-west margin of Junggar Basin, North-
west China[ J]. Front. Earth Sci. ,2013,7(1) :55 - 64.

Sehowalle T T. Mechanics of secondary hydrocarbon migration and
entrapment[ J]. AAPG Bulletin, 1979 ,63(5) :723 —768.

Hindle A D. Petroleum migration pathway and charge concentration ;a
three-dimensional model[ J]. AAPG Bulletin, 1997,81(9) :1451 —
1481.

KA, A AL SR A i A R R LT ] A S R
SRS MR ,2000,21(2) 1133 -135.

Zhang Zhaolu, Wang Hua, Yang Hong. Study on passage system of
petroliferous Basins[ J]. Oil & Gas Geology,2000,21(2) ;133 -
135.

England W A, Mackenzie A S,Mann D M, et al. The movement and
entrapment of petroleum fluids in the subsurface[ J]. Journal of the
Geological Society,1987,144 ,327 —347.

2. B B RS S il R [T ] M Bk, 2004,29
(4):379 -383.

Li Mingcheng. Basic principles of migration and hydrocarbon explora-
tion[ J]. Earth Science,2004,29(4) :379 —383.

(B4 TR E4R)





