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Oil-source correlation and model of migration and accumulation of
shallow—middle crude oil in No.2 Structural Belt, Nanpu Sag

YANG Shangru', GAO Gang',ZHANG Yongchao®, GUO Yu', WANG Jianwei’, TIAN Chengbo', GANG Wenzhe'

(1.State Key Laboratory of Petroleum Resource and Prospecting , China University of Petroleum (Beijing ) , Beijing City, 102249,
China; 2.Research Institute of Petroleum Exploration & Development , Jidong Oilfield Company , PetroChina ,
Tangshan City , Hebei Province ,063004, China)

Abstract: Middle-shallow crude oil is mature and light with the characteristics of low—density , low—viscosity , low—chill
point, waxy, low=sulfur and colloid in No.2 Structural Belt of the Nanpu Sag, which is not biodegraded basically. Based on
the geochemical characteristics of source rocks and crude oil, the source rocks are divided into Type I and Type Il , which
are respectively distributed in Ess.» and Ed. The Type I source rock is better than the Type Il . The crude oil can be divided
into Type A, Type B and Type C. Type A oil has lower gammacerane content, while Type B oil has higher gammacerane con-
tent. The regular sterane C;, Cas, Cao of the three types of crude oil are characterized by the typical features of “V”,“L” and
“V”. The kerogens are from both lower hydrobiont and higher plants, which are formed in lacustrine environment character-
ized by weakly oxic to weakly reducing fresh water. Type A and Type B crude oil are respectively related to Type I and Type
IT source rocks, and Type C of crude oil is from both Type I and Type Il source rocks. On this basis, the source of different
crude oil could be determined , and according to the relation of the source and the reservoir, the model of oil and gas migra-
tion and accumulation in middle-shallow reservoirs was established. The faults act as paths for upward migration of deep
oil and gas. The crude oil types and petroliferous property in both side of the faults are controlled by fault sealing. Abnor-

mal high pressure in deep stratigraphy provides driving force for the migration of deep oil and gas. The relationship between
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source rocks and faults influences the distribution and type of the middle—shallow crude oil.

Key words: source rock ; types of crude oil ; oil-source correlation ; model of migration and accumulation ; oil-source fault
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20 CHPE/ (g-em™) 50 CHEE/(mPa-s) & [ 5/ O /% oW /% BT+ 5 5 1) /%
=¥V e T N7 A > 1 N7 A > T \/b > LT \/b e LT ”il e LT N7 A4
ETAL ‘ﬁnu % il F fnu X il :Fﬁj ﬁu/u\ % il F /] f‘éu/u\ % il F ’] fiéu/u\ % il F ’] ‘ﬁu/u\ X [ q:ﬁj

B 5 B H B H B B A B A i
(1G] 0.817 6 ~ 2.04 ~ 413~ 0.02 ~ 6.98 ~
0.828 3 7 291 7 -6~2410.66 7 7.55 0.08 10.75
21 0.843 3 3.28 10.4 0.16 18.8
R 0.8050 ~ 1.68 ~ 3.52~ 0.04 ~ 435~
0.8429 24 6.53 24 2~26 653 24 10.60 24 0.11 11.78
B 0.888 8 25.76 18.75 0.54 26.44




-32- moR o o5 R oIk R 20184E1 A
2.2 JEihiERIL FAFE 1.02~1.19CF¥41.15),0.35~0.51 CE 4 0.41) F1
221 JRibiafe iR 0.37 ~0.47 CFY0.42) , DL s 2 (K 4) .

R 2 LI A DR R AR L S T R (TIC )
OV, R W g 08 2 S A 1 A7 i )2 i B A R
TR R GRS S AR IE R B Ay
A ELA PRI TR FTRUE R 2 R A Hoip SUE RLFE /R
HAARAE K A A 4 0 e A5 R A0 1) O s AP
AL SRS R ZE A T A i, X A e 5 5%
R PR A Ko JRIMBREHEARE(CPD) 2 1.02 ~
1.19,° P30 115, 2N IEF 1R ; (X nCar/
Y nCxn") 5 (nCa+nCa )/ (nCaos+nCos) {H 5351 4 0.40 ~
1.81(3FH44 1.06) F110.57 ~ 3.13(GF-1524 2.01) , W]
Jrh R BT A3, AR IR 32

JELH Y Pr/nCo, Al Ph/nCos {5 A 18 BE 5 25 A0 AN
A S R AR 2 S A T P R 2 IR P
nCyy Fl Ph/nC s (H K ZAETR A A X, S B JR Bk It
KR ETIRAT(E2), Ak, Pr/Ph A 5 8 %
B 2 ORI 1 B AL —B R ™, A R R
Pr/Ph i 7 0.83 ~ 1.45, *F- 3] 24 1.19; Pr/nC {H N
0.30 ~ 1.96, 144 0.58; Ph/nCis fH N 0.25 ~ 2.11,
1207 0.54, B A IR B TOE BT 55 84k — 5518 JiR
W

10.0
pl
g N
=
~
£ 1.0F X
© AR
<° (11 /T %)
ry
5 A 3 A
(1/1124)
1
0.1 1.0 10.0
Ph/nC

B2 ®EE2SHWiETHERERMPr/nC,5Ph/nCykER

Fig.2 Relationship between Pr/nCi; and Ph/nCis
of shallow—middle crude oil in No.2
Structural Belt, Nanpu Sag

222 JRih ST AE

JErTHT %) 5 TR e R AT LA Sz Bt R B AL AR
PRI A SERRAE 2 T AR 2 5 A A R
Car, Cas Fl Coo HLIU 55 45 HAT “V/ 7 2 “LAL I “V 073
Fh s RIS | S W AR B o B A IR A K A A ) F
W 5% v S AP O o A TR A (BT 3) o G4 HT K
e RN D e o 2% e A IR TG, 2R R RE B A
RO SUINEEIS: NP i3k fee 2 SRl U R
JESAL, Horh oo B I AR AR (R R o T F
5% X Ts/Tm, CPI, CoPBp/(ac + BR) Al Cocxcr20S/
(20S+20R) fH 43 % 7 0.78 ~ 1.50 (*F- 3 24 1.01) ,

i )

1
Cas 0 0.2 0.4 0.6 0.8 1

B3 BE2SHIEFHRERHEC,, il Cy
AN E AR E =
Fig.3 Triangle chart of relative content of regular sterane

Cy7—Cas—Co of shallow—middle crude oil in
No.2 Structural Belt, Nanpu Sag

0.8
I |
]
0.6 |- [
[
I I
[S=8 I 1
E i
_________________ o _ 1
Z 0.4 I.O& : :
[<=% le [
= I A R
&) : 1 :
____________ [
1 : [
0.2 i ! =
1
E T I b
| b
1 : [
L 1 -
0 0.2 0.4 0.6

C,,00020S/ (208+20R)
B4 ®BE2SHWEFPRERBERERALERS S
Fig.4 Distribution map of alkane isomerization index
from shallow—middle crude oil in No.2
Structural Belt, Nanpu Sag

3 B SRRt ke
3.1 HITRSFE

B £ 2 5 M1 B K m U A A A AR R
VA AR = B = M —n AR A . BE R
o, 25 2 BOle A BANUR S 5 (TOC) B4 PERN,
VIR IR A A AL 3 B e i (18] 5a) s AR —Beks
A A HLUTZAR A (B 5b) o 256 Car, Cos R Coo B
U5 Joe A B i e 5 i SRR BRI A T 2R
NI 2Fp2EAY T AR U5 A F2 B0 V- 5 41 1 AH
A, FELBRMN N =B—10 B kT
TEV—EBE, TOC 3% 0.67% ~ 2.70% , -3 5 1.67% , 1=




HosE 1l 1 W 17 58 P 2 2 5 AR T AT B Z IS L A i SR AR X -33:
TOC/% 600 R,/ %
\
0 1.0 2.0 3.0 B 0 0.5 1.0 1.5
2000 — WH=BDR 2000 : : .
CREB : Nevm=g K=
s ~ a0} | g ewom B
NDER—U B K oTe A WER—W R
3000 - * ° .\)\ éﬂ —‘~‘\.¢.“‘\\ II 3000 }.\\\
E P g NN = N o
= o ~ "m &N £ . R
M .Mt‘.‘ ‘A.:’..A‘ ‘ 2 \\\A E 200 H2 o 4 A\\ \\ \\ “fﬂ \\\ .A“: A\\\
® S8 4 s Y PR JSS \ i N
N ..‘.5A:5A“P N Y NN M e 4, N
4000 [ NI Tadlgsie s, 87 i SN 4000 - ey N
RS 5 T i o N N
.\\\ -#. . . A Lhe g; ot .\\::\_‘ c)\\}‘: N
“a * 0 LN 1 1 W s,
S 410 430 450 470 490 . i
5000 |- ) T,/ C 5000 -

a—TOCS R K R

b—T,, SHIX %

c—R, SRR F

Bs5 mE2SHiEHRIESITEN

Fig.5 Evaluation of source rock from No.2 Structural Belt, Nanpu sag

3.2

[R5y 3

PRV (S1+8,) A 1.34 ~ 11.79 mg/g, F-3I 4 3.35 mg/
g, MR A, B2 =200 AL BEAR , RAE A
0.63% ~ 1.29% , -1 0.95% , ib F A B . Car,
Cos 1T Coo B ) 55 5 2 /7 0 | 52 W A= 2B I3 L I U5
AN N I e A ARG . TSR
FEREN TR B, AR S SRR, 18 0.49% ~
2.56% , V314 1.27%, Si+S:1H 4 0.70 ~ 9.54 mg/g, *F-
Y98 378 mg/g, W AF— I keI A, BRI FE R
T — I, 2 AR, RAE R 0.54% ~ 1.19% , V-3 R
0.73% , &b TARA— B BL (8] 5¢) o Cor, Cos F1 Coo
TR S e 5 LAY 1 B AR R R BT IR AR K A AR )
B AN F L ANE S & g T 128, R A A
ML RS SR G iR, 126
RIEADLT 2R (K5),

IF 5% XA [7) 2 50 T3 Gy, Coos 1T oo I £55 5 457
TEBA S, 454 TIC , Ts/Tm FIANZh 3 g 25 b Ak S 50K
AR 2 A R A R 2 R R 4o A 2K BRI C
2o AZEIFIH T Car,y Cos F1 Coo HEIN] £ 67 522 V7 B 4
fiE, Cao—d—H B BE 5 AR, Co R e 2 105, (N5
W e B UG, 2B R RE T DA U R AN
B2 Car, Cos FT Con BRI 5§ J5 52 “ L7 BURRAE, Cao—d—
85 ot 7 1A, Cao B2 o8 3 22 150, 000 0 B % e S
T A S R HAR SRR T LIRSS K A A s Ak
Fo I IE R Se R 52 U T | Cayy Cog 1T Co LI
5 o S V7 IUARAE | Cao—d—FF L S B & LG, Cao it
i, N I A A, FR I AR SR B LA I
K A A RN B R o AT 4 SR i AR TIE (81 6) 6

m/z=217 C
LPNUF W — BLIR &
N3 860~3 870 milE

m/z=217

NP288H R =Bk 7 o
J£ 93 369.8 miE Ezi]”

Cyy

m/z=217
LPN1UJF 78— BLIR
£ N2 645.8 mif b

m/z=217
LPN2-3JF 7R — BLiR
FE A2 541.52 miih 2

m/z=217
NP2-3J R — BURE Ny
2479.2~2 847.4 mJE i

[ 37
m/z=191
I RRFH
Ts 1 T s
L ol
m/z=191 C.
11 e g 22 sl
A 2 g e
RV W DO TS\Tml.hh/.
m/z=191 Cuff 2
A JE -
I i e
TSI ),
m/z=191 Cyfli £
B2 J5 il
Ts T l 1 25 i e
" L \“m 1 i/.
m/z=191 CyoiE i
CH R
Ts Tam i1 L s e

Eo FE2SHIETHRERIESEREILRILE
Fig.6 GC-MS spectrograms of typical source rock and crude oil from No.2 Structural Belt, Nanpu Sag



-34- il

oo = 20184F 1 H

3.3 hiEXTEE

BT KRR S R AT oY, R R 2 5
a3 7 SR AR IR 2 BT BRI G R . A R
51 R0EABA RIFH RS CR MM b & i
%, oy, Cog 1 oo LU 5 58 522 V7 0, 285 [ 92
VI A IR A, AR IR = S A . B
SR T2 B AR R T i b
FHET AZE, Cor, Cos T oo FLIU 55 5 52 17 FUARAE
FEFRA LR BRI S, UARS KA B A h
Fo CZRIEIH A A SN B 2850 B TR I, R
TS T A ZEFN B2 [, A 2 i o 5 AR, Car, Cos 1
Coo HILIU] 55 o2 522 V" RUARAE , HAT IREE /K LR A W Ak
VR A R (1 6) o

4 s R

T 18 2 5 R A TP R A BB AR 1 S 2

ZZMHEEES . FIRZE R T RAERIA A,
Yo B RN AR = B IS G U Y AT A A R R
SORIRTTAL o i )2 9P Bt R B 1 22 B bRt/
HR 2082 PSR T2 (B 7a,7b) o R B
JERI R 2 SRR E B X 552 AR B (IR
JEZ178 3 000 m) FFU6 , Y 75 B 25 (AC) 1 B35 1E 5
FE SR, BT AW R R, B AR NP AR — B
KDL M 28558 4 BB, X IR Z A 2
BB ARAES) ) (B 7e) ™ AR AT 2 A X
R A2 R 52, A A TR, B
)2 AR A ARG T R

BT g R, LPNT R —BsE T A
XK kA —BURIEE, U — B i GBS
Wi e) L HEA T SR, 6 AR — B AT ) 4 SR A Al
Jil o NP208 H-1 K 2H St by BJS , LPN1 AR — B iR
£ N 2 460.0 ~ 2 499.0 m a3, #5772 il R Ol 260.91
m*/d, 7S H 15 600 ~ 17 500 m¥/d; NP208 45—

FLEE/ % %% %/ mD P 2/ (usem™)
0 10 20 30 40 10" 10 10° 10° 10° 0 200 400 600
1000 . . . : 1000 — 1000 : .
. 9° ! . 1 B
1500 » 1500 \"; 1500
2000 ':f;/ 2000 gf 2000
° 0 % oo :. ° .’I CJ % ° "..”
E 2500 [ o, nlin E 2500 ¢ o -“‘L s £ 2500 |
N - o0 R* - \I>( . n 3I\D(
* 000 ey % o " oW/ = B
¥ 3000 i ® 3000 . (d % 3000
1
° o’l O,’
3500 & ,° e % 3500 & ° e °o, 3500 |
L XY 2 (1] ,,
4000 B -7 Te b SIALIRE 4000 B 77 eitHBIER 4000
w S LB = = SE B IE e e
4500 4500 4500 L CTHIBEE

a—fL B E 55 IR BE R &

b5 35 % 5 BRI K R

eV P 22 IR R R

7 FE2SHIETELPNI AMMEREEF KNESREXR
Fig.7 Relationship among porosity , permeability ,mudstone sonic log interval and
depth of the Well LPN1 in No.2 Structural Belt, Nanpu Sag

BEVRBE Sl 2447.2~2548.0 m ik, 572 2 h
62.44 m¥/d, 775 5 8 910 m/d; LPN1 45— B¢
I 5 T NP208 J . & 8 iR LPNT AR — B 5k
N 1 )22 1 B ik v T4 1 (NP280 J- I8 52 s 5 4k
P, FHNP210 HACH ) o T r )2 Fe 25 AT DA T 4%
S W7 2 A 000 g s AT R RIE 2 40 ) s A e
I HOd W2 R R TR AR — Bt il (il
15 F W W0 LA AN IR B R 1 R 48 i A A
TS, B i S22 A 0 e S S P R M o <A

AN, NP2-3 AR — B AE7E B 2R A C 28R
U5, IO LA, T 280 I 2R U5 5 A6 il Ji
M Wi LB, PR 2 RAERUE, 1
TR 5 W 24 114 235 ] O 28 A 52 i) v 92 )2 D il 2K AR
I3AT

2 JE )/ MPa
20 25 30 35 40
2000 T T T 1
N ® LPN1JF:
\ ® NP2083f

® NP2103F

"\ ° ® NP2-33f
2500 - \-.3:-:

%/ m

\ L4
Wiy e B

A\d
3000 ®,

L] L]
\

3500+
B8 ME2SHEHHEENEREXR
Fig.8 Relationship between formation pressure and depth
in No.2 Structural Belt, Nanpu Sag



H25% H1H M ¥ A 55 T 22 2“5 A3 7 TP R R RN L S it i SR AR -35-
NP208J: NP288J: NE AR B ailxd L) ], B A o724 H SRR, 2008, 32
LPN1 - NES
-1 000 2t NP28OK NP2 3t (6):40-47
i |l gl MEI Ling, ZHANG Zhihuan, WANG Xudong, et al.Geochemical
-2000 il characteristics of crude oil and oil-source correlation in Nanpu
g s Hil sag, Bohai Bay Basin [J].Journal of China University of Petro-
~ — N
E -3000 1 B leum: Edition of Natural Sciences,2008,32(6) :40-47.
i =1 (4] BOFFLARRER], L, 45 S/ B 210 M 1 2 SR
-4000 " JR R M BR AL SRR 15 TR L (). M ) 22741, 2006, 12
i
F <B—V B (4):469-475.
-5000 - 2
JIA Qishan, LI Shengli, MA Qian, et al.Geochemical characteris-
7
I:l I:l . tics of hydrocarbon source rocks in the No.2 Structural Belt of the
IRy REMERE EmR AREMW BRBUM
BRIH BRI Nanpu Subbasin, Eastern Hebei Oil Field, and source rock corre-
: = M o Sl T Yy = .
B9 FE2SHIET R Rl REER lation[ J ].Journal of Geomechanics,2006,12(4) :469-475.
Fig.9 Model of shallow—middle crude oil migration and S TR A R ][ SR AT s b D 4R
accumulation in No.2 Structural Belt, Nanpu Sag (5] 23y 00 0, R 55 R IR R LR AT 5 MR
LT U4, 2014,32(2) :376-383.
LI Sumei, DONG Yuexia, WANG Zhengjun, et al.Characteristics
»
5 %1«/[': and formation mechanism of deep oils from Nanpu depression, Ba-

P B 2 SR A R R A E IR IR BE AR
PRI A, 75 0 AR AR Jo ) AR o S, FEA R
A2 AR . IR L BT AR B, AR
BT EAT AR AR K AR A W AR i 0 1 25 AR DU g A
FHIE, EEIE T 55 R 5518 ISR

WFFE im0 1 IR I8, Jtih o A2
BRMCA, 1A IR WA AT = Be—1b
CTERMA =BG A T, T RRE AT I
o A BRI HIE 12 I RIRUA BA R
GRR R, COMIR IR , A 2 JELah A = et g 75 i AR
A%, BIEARXT G, S Car, Cos FIT Coo BRI 5 47253531
Ly I Ve I DR 1 R VAR B T PR A
A Lz A2 A IE A, Wyt DA 1 A o DB 22 00 s
JEBI S R R R TR R R R
R BRIz A kR s B AR B sl ), K S 1K
SBCE G R R P2 RSB S A

SE 30k :

(1] FEA L TREENL, KRS , A6 T T 2 1 R e 2 [T e i A<

SRR L) ] B 5 TT 42, 2008, 35(4) : 424-430.
DONG Yuexia, WANG Zecheng, ZHENG Hongju, et al.Control of
strike—slip faulting on reservoir formation of oil and gas in Nanpu
sag [ ] ].Petroleum Exploration and Development, 2008, 35 (4) :
424-430.

(2] WSO, THE, i b, 45 I T b pi 2% (101 0 e b DX g e
R SR T3 0T LD ] AT R AR 41, 2011, 33 (1) 1-7.
GANG Wenzhe, YU Cong, GAO Gang, et al.Analysis of crude oil
source and exploration potential of offshore area in Nanpu Sag of
Bohaiwan Basin [ ] ].Journal of Oil and Gas Technology, 2011, 33
(11):1-7.

(3] M8, sk, THBAR, 2 . i 2t p 08 1 st Bk A

(8]

[10]

[11]

[12]

hai Bay Basin [J].Acta Sedimentologica Sinica, 2014, 32 (2):
376-383.

T3 A AR R T A e R i TS R A i A3
(0] AR H T, 2011,25(3) :599-607.

WAN Zhonghua, LI Sumei.Characteristics and oil-source investi-
gation of the oils in the Nanpu oilfield, Bohai Bay Basin[J].Geo-
science,2011,25(3) :599-607.

PETERS K E, WALTERS C C, MOLDOWAN J M.The biomarker
guide[ M ].2nd ed.Cambridge : Cambridge University Press,2005.
B8 MM | SRR, A5 R AR U 1SR T 3 et
FEAE B AR S L) ] o B R, 2017,22(3) : 49-55.
KANG Hailiang, LIN Changsong, ZHANG Zonghe, et al.Above—
source hydrocarbon accumulation in No.1 structure of Nanpu sag
and its controlling factors[ J ].China Petroleum Exploration,2017,
22(3):49-55.

FRELLAG, FH B, A0, 55 g o8 MBA O B I8 A /8 &
(I ] AT I & , 2007 ,34(4) : 385391,

ZHENG Hongju, DONG Yuexia, ZHU Guangyou, et al.High—
quality source rocks in Nanpu Sag[J ].Petroleum Exploration and
Development,2007,34(4) :385-391.

EVER , AT AR, S T2 R AR S B M
Jemt il Toll Ak, 2013

LU Yanfang, FU Guang, FU Xiaofei, et al.Transport and sealing
properties of faults on oil and gas[ M ].Beijing: Petroleum Industry
Press,2013.

BT R A AR R G R RS T LT ). DA i 5
53F4,2016,35(4) :22-27.

CAO Yu.Fracture system types and their controlling actions on
the reservoir formation in Nanpu Sag [J].Petroleum Geology &
Oilfield Development in Daqing,2016, 35(4):22-27.

T, INEE, DU, S5 g R IR 0 T2 S BRI S X
UBMAR Z A4 R T [0 . 3 U BT 5 R W%, 2016, 23(3)
20-25.

ZHANG Hui, SUN Simin, JI Hancheng, et al.Segmentation char-
acteristic of boundary fault in Nanpu sag and its control on sedi-

mentary system [ ] |.Petroleum Geology and Recovery Efficiency,



36-

iR

Jit

5OR MK

201841 H

[13

—

[14]

[15]

[16]

[17]

[18]

[19]

2016,23(3):20-25.

PNEE, DU, TS , 55 90 1 4 b r 2 1116 74 g B )22
SPBUREE S AL ] AT SR B i, 2016, 38(5) :628-634.
SUN Simin, JI Hancheng, WANG Jianwei, et al.Segmentation
characteristics and evolution of Xinanzhuang fault in Nanpu Sag,
Bohai Bay Basin [J].Petroleum Geology & Experiment, 2016, 38
(5):628-634.

AFIT, MR I 22 P T A R~ D~ A A 25545 1T
Mr—— LI Z s v oo S B g — BRI L ] A
R, 2015,22(6) : 1-6.

FU Guang, CHEN Jianhua.Comprehensive evaluation for control
of source rock, fault and potential on faults—enclosed oil/gas accu-
mulation: A case study of Kini of main central depression zones in
Haita basin [J].Petroleum Geology and Recovery Efficiency,
2015,22(6):1-6.

X R 0 B S 7200 g 4 (U TS L O 4
PEFILT ] A9 5 R ARSI, 2015,36(1) :43-50.

LIU Chang, CHEN Dongxia, DONG Yuexia, et al.Control of faults
on hydrocarbon accumulation of buried hill reservoirs in the Nan-
pu Sag, Bohai Bay Basin[ ] ].0il & Gas Geology,2015,36(1):43—
50.

PINBE, PRI SCO5 , 5363, 45 . T BRI I T 2208 3 2 Sk il U
AR LI ] ePhil R, 2015,22(3) : 18-21.

SUN Bo, TAO Wenfang, ZHANG Shanwen, et al.Relationship be-
tween fault activity difference and hydrocarbon enrichment in Ji-
yang Depression[]].Special 0il & Gas Reservoirs, 2015,22(3) :
18-21.

Ti AT TR B A I R MR T2 5 3 5 3 O T
SEASCHR [T i B Al R A4l AR, 2012,36(2) :
60-67.

WAN Tao, JIANG Youlu, DONG Yuexia, et al.Relationship be-
tween fault activity and hydrocarbon accumulation and enrich-
ment in Nanpu depression [J].Journal of China University of Pe-
troleum : Edition of Natural Sciences,2012,36(2) :60-67.

T A% A LA ?ﬁ“@iﬁﬁi’@[ﬁﬁﬂﬁ’é‘iﬂi%@@%ﬁ
B R B ()] Hﬁ%ﬂ M TR S AR, 2013, 38
(1):173-180.

WAN Tao, JIANG Youlu, DONG Yuexia, et al.Reconstructed and
traced pathways of hydrocarbon migration in Nanpu Depression,
Bohai Bay Basin[J].Earth Science—Journal of China University
of Geosciences,2013,38(1):173-180.

PETEAS 1T I AR AL 2 [ B A il Toll i A
2011.

HOU Dujie, FENG Zihui.Oil and gas geochemistry [ M ].Beijing:
Petroleum Industry Press,2011.

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

TAREE R, MORAE , 55 . TR A S IEdE A E ——
VAARE 1 B AL i 28ty [ . 472741, 2005, 26(4) : 35—
38.

YU Cuiling, ZENG Jianhui, LIN Chengyan, et al.Evidences of flu-
id flow along fault zones in Shengbei Fault Zone of Dongying De-
pression[]].Acla Petrolei Sinica,2005,26(4) :35-38.

A B TR I L B A 5 R AE (M ] AL st - M BT
1997:65-68.

ZHA Ming.Secondary migration and accumulation of oil and gas
in down—faulted basin|[ M ].Beijng: Geological Publishing House,
1997:65-68.

XA, KT, TR , 45 . IV 2 b me 8 111 N DX B
g 2R S5t DR Br L. B CHLT , 2008 ,22(2) :264-272.
ZHAO Yande, LIU Luofu, ZHANG Zhihuan, et al.Source analysis
of oils from the Ordovician in the shoal zone, Nanpu sag, Bohai
Bay basin[ J |.Geoscience,2008,22(2) :264-272.

CONNAN J, CASSOU A M.Properties of gases and petroleum liq-
uids derived from terrestrial kerogen at various maturation levels
[J].Geochimica Et Cosmochimica Acta, 1980,44(1):1-23.
JOHNS R B. JLRUL s W R Wb A G M ). £, 45
R R AL, 19911 16-18.

JOHNS R B.Biomarker compounds in the sedimentary record [ M ].
WANG Tieguan, et al , trans.Beijing: Sciences Press, 1991:16-18.
PETERS K E, WALTERS C C, MOLDOWAN J M.The biomarker
guide: Volume 2, Biomarkers and isotopes in petroleum systems
and earth history ( I ) [M
Press,2005.

PETERS K E, MOLDOWAN J M, SUNDARARAMAN P Effects

].Cambridge: Cambridge University

of hydrous pyrolysis on biomarker thermal maturity parameters :
Monterey Phosphatic and Siliceous members [J].Organic Geo-
chemistry, 1990,15(3) :249-265.

A, B A HT S VL A e R T R 2 T A
LR SCLY . IR —— [ R 241, 2016, 41
(5):809-819.

TANG Jianrong, WANG Hua, MENG Lingjian, et al.Pressure evo-
lution and its effect on petroleum accumulation in Nanpu sag, Bo-
hai Bay Basin [ ] ].Earth Science—Journal of China University of
Geosciences,2016,41(5) :809-819.

SR, i M, Sl USRS A T T S S M. e
AU A Tk A, 2016.

HUANG Zhilong, GAO Gang, LIU Bo, et al.Comprehensive re-
search methods and examples on hydrocarbon accumulation [ M ].

Beijing: Petroleum Industry Press,2016.

g RS



