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QOil-controlling models of caprock-fault combination and prediction of favorable
horizons for hydrocarbon accumulation in middle-shallow sequences of Nanpu sag

Lii Yanfang',Xu Chenlu',Fu Guang',Liu Naiyu®, Cui Shoukai’ , Pang Lei*

(1. College of Earth Sciences ,Northeast Petroleum University , Daging , Heilongjiang 163318 , China ;2. Baikouquan Oil Production Plant
PetroChina Xinjiang Oilfield Company ,Karamay , Xinjiang 834000, China ;3. No. 2 Oil Production Plant ,PetroChina Qinghai Oilfield Company,
Mangya , Qinghai 816499 , China ;4. No. 2 Oil Production Plant ,PetroChina Daqing Oilfield Company ,Daqing , Heilongjiang 163414 , China )

Abstract ; There are 3 caprocks that control the vertical distribution of oil and gas in the middle-shallow sequences of
Nanpu sag,namely the mudstone caprock of the Lower Minghuazhen Formation( Nm ) ,the volcanic caprock of the third
member of Guantao Formation(Ng” ) and the mudstone caprock of the second member of Dongying Formation( Ed”). The
sealing abilities of the caprocks were destroyed in different degrees due to faulting. Based on analysis of the thresholds of
juxtaposition thickness of faults in these caprocks and in combination the vertical positions of fault cutting cross the ca-
procks , areal fault distribution and faulting history , we built 3 oil-controlling models of caprock-fault combinations. (DFull
sealing at the bottom. This model is favorable for oil accumulation under the mudstone caprock of the 2nd members of
Dongying Formation ;2)Open at the bottom but sealing in the middle. This model is favorable for oil accumulation under
the volcanic caprock of Ng* ;@ Limited sealing at the bottom and middle. This model is favorable for oil accumulation all
the reservoirs under the mudstone caprock of Ed” in Nanpu sag. According to these 3 models and the characteristics of ca-
prock and faults in Nanpu 1-5 block,we predicted the horizons favorable for oil accumulation in the study area. Area un-
der the control of fault f1-3 and £2-12 is the second model , and favorable horizons for oil accumulation are the 4th member

of Guantao Formation,the 1st member and the reservoirs below the 2nd member of Dongying Formation. Area under con-
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trol of fault f4-48 is the first model ,and the favorable horizons for oil accumulation are reservoirs below the caprock of the

second member of Dongying Formation. Area under control of fault f13-1 is the third model,and all reservoirs under the

caprock of the Lower Minghuazhen Formation are favorable for oil accumulation. These models have effectively guided the

prediction of potential exploration targets.

Key words: juxtaposition thickness of faulted caprock, oil-controlling model , source rock-rooted fault, caprock , Nanpu sag
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Fig. 1  Source-reservoir-caprock associations in Nanpu sag and vertical distributions of oil/gas layers in each oilfield
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Fig. 2 Distribution of oilfields and the relation between source rock-rooted faults and

oil-gas distribution at the bottom Nm in Nanpu sag
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Fig. 3 Thickness of mudstone caprock of Ed” in Nanpu sag
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Fig. 4 Thickness of volcanic caprock of Ng’ in Nanpu sag
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Fig. 5 Thickness of mudstone caprock of the lower member of Nm in Nanpu sag
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Fig. 6 Fault system classification and distribution of source rock-rooted faults in Nanpu sag
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Fig. 7 Relation between juxtaposition thickness of the faulted Ed® mudstone caprock and vertical distribution of 0il/gas layers in Nanpu sag
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Fig. 8 Relation between juxtaposition thickness of the faulted Ng’ mudstone caprock and vertical distribution of oil/gas layers in Nanpu sag
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Fig. 9 Typical reservoir sections of oil-controlling models of caprock-fault combination
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Fig. 11 Juxtaposition thickness of the faulted Ng® caprock and distribution of source rock-rooted faults in Nanpu 1-5 block



96 SRR IS IP N

5535 &

Belesa i )2 W Z /T (90 ~95 m) (5] 10) , [A] i
T = B A 3 2 B W )R R T (130 ~ 150 m)
(I 10) & T R B, 3 8 B ad i )= - W)=
s B DB C P iR =, 0 £1 — 3 Dy 2R 4 o] X3 P )
AR EIMIEA N 7R — B I B SR Bt R
JZ s TEMPR TS 4 — 48 2] IXIR , 2R — B i )2 Wi ik
JEERTF (90 ~95 m) (& 10) , J& T F B, i
4 — 48 W SR A il U B A R R AL AR
BeatiJRZ R s AE IR 2 £2 — 12 Pl KB, 2R — BL
Jeia 2 RWHER IR /NVT (90 ~95 m) (5] 10) | ififiR =
Bl g i = BB IR R T (130 ~ 150 m) (& 11) ,
WJE TR IF B, T £2 - 12 W R4 il X Sl A Y
AR EIMEAINA 7R — B I B MR —BLZ T 4%
B R IR TR £13 — 1 35 X, 2R Bl
BB =Bk A = A W 5 5 14 /N T L A e 55
E(E 10,8 1) J& Frp oA BRE s i, BT B
HEH R —BZER B TR EHZ Y M TURE
5o R

1) B XCA 3 Bz, A Lo s AR B
HEE I EBkIA SR U AT B A SR M
A2 M1 2R — BRI = B P o )= i U 1) 20 A 14
2 EE G R, T2 B W R B R B )= AR
ot J JEE DRl U, JFL b P i Y i/ W 4 R R i SR 90
51290 ~95 m F1130 ~ 150 m, B FE 552 M T H
TR, FEIBPEAR RS AR — By, Wi SR FE S R TR — B
R F T P 4 N0 DRI 22 68 12 5 2 B4 8 DA E T 0
ER

2) MRMBETE)Z 3 Bi)Z - WiRA A2 T
Be i 3 B, 20 R T e, I A A
REFAN TAR B A HRZZ T s TP ERE,
REA MR R —Be DU B S 7R — Be s o
JRZ TR EHR s A FRE A i URE A A
RO AR B TR R — B A F 2 DL K W
TE)E

3) MBI 1 -3 K f2 - 12 5 XK EUE TR T
Hh X, TN A R 5 i = S A B DY B R — B
RBe s w2 2 TR I IR 4 - 48 ] X
Il Ao = W CRTLURTH R < Y1 S 1) = WA AV 7
Brlem i 22 P RSB MR s IR R €13 — 1 aifi] X
s T A R A, AT RESR AR A I Bk
JEZ TR HIZ

2 % X #t

(L] xlzgte, R, ARt 5. M B MBS IR E R[] A

(2]

[5]

[10]

M5 RIR S ST ,2000,21(4) 1364 —374.

Liu Yunhua, Zhou Haimin, Xiong Baoxian, et al. Analysis of petro-
leum system in nanpu sag[ J]. Oil & Gas Geology,2000,21(4):
364 -374.

JEEE B BRSO AR R AR IR R GRS T AR G R
L] A5 RAR AT, 2000,21 (4) 2345 - 349.

Zhou Haimin, Wei Zhongwen, Cao Zhonghong, et al. Relatioship be-
tween formation , evolution and hydrocarbon in Nanpu sag[ J]. Oil &
Gas Geology,2000,21(4) :345 —349.

W SCHT A3, o B, S5 TV 23 b i 8 111 R 5 b R A 2
TES B L] Al S 57 ,2012,34 (1) 57 -61.

Gang Wenzhe, Wu Yue, Gao Gang, et al. Geochemical features and
geologic significances of source rocks in Nanpu Sag, Bohai Bay Basin
[J]. Petroleum Geology & Experiment,2012,34(1) ;57 - 61.
PINACTHT , AT, T B, S5 A R M A DT 2R X A SR R 1 s
PERILI]. A3l RIR LT, 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.

TRUEDE, VLW, AR 2. B T A R R TV AR A )2 kA
EERRAE B B HE R R SC LT ). i 92 58 B, 2010,32 (3)
285 -289.

Xu Deying,Zhou Jiangyu, Wang Hua, et al. Chemical characteristics
of formation water significant to oil reservoir in Dongying Formation,
Nanpu Sag, Bohai Bay Basin[ J]. Petroleum Geology & Experiment,
2010,32(3) :285 —289.

JWHATL, 37 8, DErERT. A7 R0U0E BORE I 5 M R i 2 LATS
PEIMRE A (] v B R 2 it AR 24 i, 2012,43 (1)
229 -237.

Fan Bojiang, Dong Yuexia, Pang Xiongqi. Establishment of effective
source rock and hydrocarbon expulsion quantity : taking nanpu sag for
example[ J]. Journal of Central South University ( Science and Tech-
nology Edition) ,2012,43(1) :229 -237.

WET,EARE, TR, 55 TR MBI B SR AR R
R LT [T]. A5 RN BT ,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.

1 %%, Kamaye Tourbal , T-4E , 45, Y 745 735 i ma £2 U1 3 1 25 43R AiE
B HATFI R SRAT 50T [ T]. BRI % 42,2004, (1) :53 - 57.
Xiao Jun, Kamaye Tourbal , Wang Hua, et al. Characteristics of ig-
neous rocks and their favorable forming conditions in Nanpu Sag, Bo-
hai Bay Basin[ J ]. Science and Technology Information,2004, (1) ;
53 -57.

FREE, T4, EMK. v R MRAJE)Z U8 A 0 2 3515 0 K497 45 b
RKFRLT]. Ah LR 5T, 2001 ,4(23) 418 -423.

Wang Jiahao, Wang Hua, Wang Genfa. Capping of thick mudstones
and its relationship with oil and gas in the Nanpu depression|[ J]. Ex-
perimental Petroleum Geology,2001,4(23) .418 —423.

LR )T, BIERY, A5 0 MG YD AT A — B R Xl 2
HRBE NG EIH [J]. AmE KA H B, 2011,32(5) .
671 -681.

Shi Jijian, Fu Guang g, Lii Yanfan, et al. Comprehensive evaluation of

regional seal in the middle of the first member of Shahejie Fm in the



513

EVIER, 45, B R MBS )2 502 - WURAL S iR A ] 5 2 457 B 97

[11]

[13]

[14]

[17]

[18]

[19]

Qikou Sag[ J]. Oil & Gas Geology,2011,32 (5) :671 —681.
SRR, BB, ), S AT A AR SR IR A L 2
RN GEERIM[I]. Aih24z,2011,32(3) 1424 -431.

Shi Jijian, Lii Yanfang, Fu Guang, et al. Synthetically and quantita-
tively assessing gas-sealing ability of volcanic cap rocks in the Xujia-
weizi Sag of the Songliao Basin[ J]. Acta Petrolei Sinica,2011,32
(3):424 -431.

54 3¢, 7 ¥, 45 T B U1 D 0% R I R LT AR L
[T]. WiHe < M ,2012,19(04) :409413.

Tian Tao, Jiang Youlu, Wan Tao, et al. Development characteristics of
fault and its evolution mechanism in Nanpu Sag[ J]. Fault-Block Oil
and Gas Field,2012,19(04) :409413.

XL AT, BAERT , 55 v B8 TR TSR0 i A B4 R D 1
PN [T, P E AR 2240 (A R RHA D) ,2013,37 (1)
27 -34.

Liu Zhe, Fu Guang, Lii Yanfang, et al. Quantitative evaluation for
control of faults on hydrocarbon accumulation in Nanpu sag[ J]. Jour-
nal of China University of Petroleum,2013,37(1) ;27 —34.

SRR AT, )T, S )2 TR 3 1) B AT S A A T i
BRI LT]. 35 MR 2 i (MR BE2A ) ,2012,42 (B ) 2)
162 -170.

Shi Jijian, Li Lili, Fu Guang, et al. Quantitative evaluation method
and application of vertical sealing property of faults in caprock[ J].
Journal of Jilin University ( Earth Science Edition),2012,42(S2) .
162 -170.

A7, SRR SRS 5 R 23 PERE D 2R KO AR SR 2 )
YERI— IR B Wil A il ]. A<, 2013,25(1) <51 - 55.
Fu Guang, Zhang Chaoqun. Time and space matching relation be-
tween gas source faults and cap rocks and its controlling action on gas
accumulation; an example from Xujiaweizi Depression[ J]. Lithologic
Reservoirs,2013,25(1) ;51 - 55.

ZRo S, PR BT, AR TRV A b g 2 (T T2 X g
Ryt E L], AT, 2010,24(4) 754 - 761.

Li Hongyi, Zhang Zhenxue, Dong Yuexia, et al. Control of faults on
hydrocarbon migration and accumulation in Nanpu sag, Bohai Bay
Basin[ J ]. Geoscience ,2010,24(4) :754 - 761.

B, TR, FRELAG , 45, 7 T 24 PN 1o 62 110 e
RyFERI )] AR 591 & ,2008 ,35 (4) 1424 - 430.

Dong Yuexia, Wang Zecheng, Zheng Hongju, et al, Control of strike-
slip faulting onreservoir formation of oil and gas in Nanpu sag[J].
Petroleum Exploration and Development,2008,35(4) .424 —430.
A7 AR, BEER. )2 XM AR R EERIE LT KRR
HIERBL#,1999,10(5) 117 -22

Fu Guang,Fu Xiaofei,Lii Yanfang. Controlling effect of cap rock on oil-
gas accumulation[ J]. Natural Gas Geoscience,1999,10(5) ;17 -22.
EVRER , T4, V018, A B IR (4 35 )2 AT BE 1 PR Ty ik
BRI ] HRRRL,2008,43 (1) :162 - 174.

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Lii Yanfang, Wan]Jun, Sha Zixuan, et al. Evaluation method for seal-
ability of caprock destructed by faulting and its application[ J]. Chi-
nese Journal of Geology,2008,43(1):162 —174.

HORAE , BT, R SRR AR RIREE )] b
W EIAR (M5 ) ,1998,12(5) :328 -331.

Cao Chengrun, Lii Yanfang,Chen Zhangming. Quantitative analysis of
effective seal rock thickness[ J]. China Offshore Oil and Gas, 1998,
12(5) :328 -331.

Ingram G M, Urai J L. Top-seal leakage through faults and fractures:
the role of mudrock properties| C] // Aplin A C,Fleet A J, Macquak-
er ] H S. Muds and mudstone; physical and fluid-flow properties.
Geological Society Special Publications,2011,158 ;125 —135.

A5 JH 5, 22 W) b R 2L S AURE ) A 5l R
—LIMEMER—BOABI[T]. & PR AU, 2012,24 (4)
8 -12.

Fu Guang,Zhou Liang, An Ligang. Quantitative evalution for hydro-
carbon transport ability of faults connected with source rocks and re-
lation with hydrocarbon accumulation : An example from Ed' of Nanpu
Depression[ J . Lithologic Reservoirs,2012,24(4) ;8 —12.
WEE R, A, SR I R 11T DG B U 21 2 2 i LB AT 1 4
Brid]. PUZ AR ( A ARBRR) ,2006,21(3) =5 -9.
Xie Jianlei, Yang Kunguang. Analysis of the closeness of the main
faults in Nanpu Sag in southeastern Hebei at key hydrocarbon accu-
mulation moments[ J]. Journal of Xi” an Shiyou University ( Naturnal
Science Edition) ,2006,21(3) ;5 -9.

JElERE  HE BT, X2 4F. WA A T U R e S e ——
VL6 V5 4 i % (T8 o ) [ M. B0 Al Tl i A, 2005
Zhou Haimin,Dong Yuexia, Liu Yunhua,et al. Theory and practice of
petroleum exploration in fault basin—take Nanpu Sag in Bohai bay
basin as an example[ M ]. Beijing ; Petroleum Industry Press,2005.
Watts N L. Theoretical aspects of cap-rock and fault seals for single
and two phase hydrocarbon columns[ J]. Marine and Petroleum Geo-
logy, 1987 ,4:274 - 307.

Caillet G,Judge N C, Bramwell N P, et al. Overpressure and hydro-
carbon trapping in the Chalk of the Norwegian Central Graben[ ] ].
Petroleum Geoscience,1997 ,3(1) :33 -42.

Holm G M. Distribution and origin of overpressure in the central Gra-
bin of the North Sea[ C]. American Association of Petroleum Geolo-
gists Memoirs, 1998 :123 - 144.

H Sibson R. Conditions for fault-valve behavior[ J]. Geolo-gical Soci-
ety,1990,54:15 -28.

Holland M, Urai J L, Van Der Zee, et al. Fault gouge evolution in
highly overconsolidated claystones[ J]. Journal of Structural Geology,
2006,28(2) ,323 —332.

Gray M B, Stamatakos J A. Fault-zone deformation in welded tuffs at
Yucca Mountain, Nevada, USA [ J]. Journal of Structural Geology,
2005,27.1873 - 1891.

(w4 *

i)





