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Abstract: The explored areas in eastern China have reached high exploration maturity as a whole. Selecting evaluation
units suitable for fine exploration in these areas is of great significance to reducing exploration risks and achieving
efficient exploration. As a hydrocarbon accumulation-geological evaluation method suitable for current geological
understanding and fine exploration, research of “synthem units of exploration” mainly includes the definition and
division of synthem units of exploration, the evaluation of remaining resource potential, the analysis of oil and gas
accumulation patterns and accumulation modes, the selection and classification evaluation, and related exploration
deployment. The concept of synthem unit of exploration inheriting the thought of system theory, is an extension and
development of sedimentary facies-control theory and structural zone-control theory in hydrocarbon play study. It puts
forward a comprehensive research system integrating petroleum system, play and oil and gas reservoir, featuring
research methodology embodying the unity of the whole and individual, the unity of systematization and heterogeneity,

the unity of systematic research and fine characterization, and the unity of predictability and effectiveness. According to
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the concept, the 193 synthem units of exploration are recognized in 9 exploration target zones in Dongying Sag and
classified into 20 types, comprehensively considering the differences and similarities of reservoir-forming processes and
characteristics. Thereby, fine, multi-dimensional geological understanding and exploration deployment have been
achieved. Fine assessment of the remaining resource potentials and benefit evaluation of exploration targets are carried
out based on the concept of exploration structural-layer unit, making it clear that there are 22 optimal exploration
structural-layer units in 4 domains of interest in Dongying Sag, including the upper fourth member of Shahejie Formation-
Dongying Formation of the Paleogene, the Neogene Guantao Formation-Minghuazhen Formation, the Paleozoic buried
hill, and the Paleogene Kongdian Formation-the lower fourth member of Shahejie Formation. These are important targets
for reserve growth and exploration breakthrough in the near and medium term, serving as a basis for efficient exploration.

Key words: resource potential , hydrocarbon accumulation mode, synthem unit of exploration, mature exploration area,

faulted basin, residual oil and gas resources, Dongying Sag, Bohai Bay Basin
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Fig. 1

Schematic diagram showing the concept of synthem unit of exploration
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Fig. 2 Technical workflow for studying synthem unit of exploration
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Fig. 4 Plane distribution of the synthem units of exploration in the upper fourth member of Shahejie Formation, Dongying Sag
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Table 1 Different types of synthem units of exploration and their features in the upper fourth member of

Shahejie Formation, Dongying Sag
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Fig. 5 Histogram showing the distribution of the synthem units of exploration in the Dongying Sag

FCAR A Bl 2 |25 185 I 1 J2= B0 2 28 Py 3
I RO A R AR ATAEGE— T, 27 T2 B0 N i R
T R o3 Ai 22 AR K, W53 AN TR 26531 o AR 5 Dt
W), K AR T R b i B R R B0 0 72, A 1 i
71 BT IS IO~ = A N 5 e TR e R G e
e S 22 ik B | g 78 % ot — M SR 3 3 R | v ol

GERUIGA R ey i RIS ST al SN U sy G THF - w4
A7 P 00— 100 8 A 52 Qi R R RN A B e PR K
B ERE T AR M R I & IR = B e i, ke B
XT3 I TR — Ry A ) J2 BT ARG oA B R
A —E G —PEAARNE . AL R B AR J= FoT
ST URLAR R 0 L R R R S T K A A L



53 RIZK A5 BCVER DX SR 2 AT B  B HCA H V5  2 T ) 1o 507
P, G078 MR AL A2 o2 U RR AR S A SCEVERTT RO AR EE B b R AR R R R . A TR

JRCR 22 B0 T T R SR T A = BTN ) 2 L
=N = DRI i — e PR = BT IS R A B
PRI EZ BT R R 3R LA i
TR M ST~ = A N 2 Y 5 3 — M 0L
TYSE o X T AN [ R R 415 11 5, J= B oG IEHL A) Ari W)
AR R 22 51 (1 6)

3.2.2 “BIRBERLHARBAEX - Kok

ML

AN RSB AR R B CAE SR A B R —E /Y
PR AN 22 S e | HC R A 2 e M BB TS [ BB AR
JEFATTR R I T S RTUR PR, [] I RE A% Sz Wil U
I ZE S VERIA Pt . DUARE Mg A ib A A 2
F IR B = o B, i T = BORvb Y BeAN [
JREABE ) Z2 B R IR R, R 22 I R 22 0 R
AURAIE o A BR A R AT R, h TR A i
FFAE R R ) S e 0, S AR IR - s 1 22T 1)
Rl DA S0, 1E P DA i 37 0 A T A5 ) 4 i o
(L SRAE , T2 FATC PN Jay A8 R 42 v R R 4, R 22

BN B9 A D) ol 1, A3 AU A v XU
Pl N A S A TR AR (7).

G54 B AURAT L, X T 75 8 M fa b 10 ik
RS G RN = BTN S, R i A A 25 57
A IAE 5341 P 50 LA R ASOK 2 R A Y 2 5
FRER VD U B 2= v v =R R v =P Bt e Al
MU VUTT 4 B Pl P BSE BTt , 2170 DY b S B ) 1l
Rl PAT 3 R, P 2100 = -0 = I B A A i S i
TS e O} VAR R =Y SDE 22 I N E I AT o o SR A 1
BRI BN, B0 = B p K (] B, FE RS =
W B gk A T A KR B E LA A, S
(D ERF, JHAE o B8 e B TR 6 A= A A, LATD DO E S B
191, A RIS LEL A8 A o 8 P R 1) B8 8 e il , i 15
PR AR EERE 1A S0 (151 8)

3.2.3 “BIREEALKREN

“HI PRI BT By AL DX DR B IR T
M A DR 3 BT B Bt B SR o LA PR 2 B 5T
e RO FER, TR CRE) S (Geihk IR

N~
Fo 1 K701 LARN40F ERN31IIE B 46k 700 1543 1703 LHN8HF FR2IE FE I 3h223F #h16J1 3h2035F
Ng-Qp
NUR A / 2
: S il ,,/;77
o ZEk = 5 — | _——]
1 3() -
N Z B 3(F) L i fj —— =
e‘:d * _'Sur —
V. 3 )
g i Es 3
%% €0 Ek Ek,// %@
) E G
N &
: B »
Mz
0 5 km
{ — |
%gm@@ T 3 - — S P B 21 2 3t/ YT - T I 27 3¢ st — M 0L b =N
ey 32 i g A 5 4 i 2 M v R A = Ay R s Y ey 32 i e Y 1 i e
o o 2 5/ e gty R b gy R At/ A = AN A of et = g - B RS SR = N s/
3 Pty g i [ TCY T R T
PRSI B e = R LR LRSI IR = AR R A6 =
R e/ 322 e 2 S R 3l 52 5 i 9 T 4 gl FESE § RS
Ab I 24 1 Ho 230 7t REE 4 17 )2 il

He) 36 i 284

Pl 6 A< I g g b e G P T R B2 B T2 R 43 A1

Fig. 6 Map showing the north-south reservoir profile and the corresponding synthem unit of exploration types in the Dongying Sag



508 £S5 KRR R a3 &

Rt BEUE #h22JF Eh1edf £h2033F

KN B

<]

B Wik B WEL WA
o wE atbmE R S

W VMR R SR K
WU

O - H H T -»> A /\‘?%/ /

PoRES Fi AR B "R i)z Kz

+2 BRI B S WIESIREm) k2

K7 AE BT RO RR & A A2 A iR R = BT R X

Fig. 7 Accumulation model of the exploration synthem unit of composite reservoir type in the coarse-grained clastic deposits in

the north structural zone of Dongying Sag
a. JUHEPIRA PR G B B R)Z BT/ AV L b, LA v I B B (R R A SIS B RFAE s oo SREHL XM IS S50 AT il LB R BRAR 5
d. AL R RS R B P2 BTl S ] S A R AR

5 RARIIR R ) MES &, 455 IO T R IX A
G PR . AR, B 5 B e B AN B
JE BT IR Z BIT I IR E , B IR 2 R
ROs A2 R, @ S E R G, H 1T
B Z ORI . GOhA R DIEZ foct
S B R A B AR D R SO R AR | BT IR A B
PRI B 225, 0 TR B2 BB & B Eh IR =
TCIE P B B A SRFEEE TEAT VA 5 X0 T 58 U5 A AH X 45
B HHRZ BT TR e SIE AT PR

TR LA BSOS 3, 0 28 MR 193 4 Bh R 2
FAIT AT TR IRETER WIEE T AR A TR B U
o0 AR, “ I ERJZ S0 R AR IR T

1 000 x 10* t AYAT 414 AT -EBE KT 20 X 10* t/km?
B 24~ AT5 R ELAG 58 R 8 A T 6 R At % v 1 R A B
EE HARZERFAEER(FE2),

3.2.4 ZFRMABAE RN

TESEAT 2 GE PN I, 1 Je A & G PN e i
TR R, 953 B At 0T Sl A0 2 T 51 DX B R o B B R
LAY, T 7 16 i ABTR 5 B 00 14) DA 22 BRI 4 A
RR o TEWTFEA R 2B BT 07 S8 BT AL V2 5F
ZHRCPMERS SR SRR L A0 0 il i, 35 FOT R e
AR FE , 73 B B4R 2 B0 REIR I3 A1 Rk S
B , R LML T ARk 2 5l A7k i ar 2



RWIK A5 R DX PR R B0 IF T8 B A BRI 2 M 2 M1 4 102 509

[TITTTIT

SR E "R R

KIE Tz i =

B8 ACE MIBA-LAT A0 BRI RS Tih Uk 22 57 o A A X

Fig. 8 Differential distribution model of oil/gas-bearing properties of the coarse-grained clastic reservoirs in

the north structural zone of Dongying Sag

a. MM FFI 5 b. il =K MA PS5 e Y07 Bk =

BT R T ARE . B X S M AT, AFF AT AN [R] 2 AL i
At 2 B R0 A R AE 20 W B AR 2 BT T it
FUASEAR CARFAE 7= REAT 6 A REAE SR il 8 s el R
L @ R/ NA T U R . i TP, AR
BB 1934 R 2 BT P i 41 /> 4 B R L U
TR Tl 45 92 U = 5 v (R 2 BT e, PRI 32
33ASEARHHT /N T 70 $ /bbl Y “ IR Z BT (£ 2).,

AT F M AT 2 AL S Hb S R ] SE A A
PITRFEARTE R PPN o 3l R DOR IR
SO T RUR [R) A DXy ML AL A5, & BG4 2 N 2 T
VAT DR 2% i A1 3% ) e 8 7 AV 2 3 LI 2R R 1Y) 3=
BRI . 3 B A R TR SRR A DTG AR 2
KE A AR S & SRR AT SR A Bk
Y BB A T O 2k BRI o W PR A T R T
AT, 38 o RAIE 5 FH Bk Py B R (figg )2 W0 e 1 0 A
Z2T A 2 R 4 2 i bt 2 A RS B A ) B3 4
AL T 5 S RRG BE S A W) A R LM bR
T, SC BB AR TE B M AT . T IR
TG R F ARGE T 4387, % 0 2 R 9 33 A R 2E
“EHERZ Bon " — P R B, #A T 26 DR
“WHRZRITT,

3.3 BRI

2019 45, X PL 3 Hh 9 26 A~ “ B R 2= 300 7 v 22 4>
TR T A4, BB B S 40 O, 5285 19 1, ol il i %
58 %, 55 2017 4F A1 2018 4F 14 37 28 Ft Tl i i % 4 5
14N 50 S DL (2017 4F 40 %,20184F 44 %) , )2 50T

FEAAHEE R YR % EsY BN R F % Es, /)
B-ai bRy Es* S BEYE W AT BsYY 4 FEEE AT
Es"" BRE - E 4K Wrddaly Bs* D Rl LB 2l Es
5 BTG A T TR I S TN A G S 424 <
10° ¢, BUAS T 880 i R %5 25 o 9 dn, R v Iy 284 iy
Es* V2R HIT, RAPERA R A s R AR T TR
211 km?, FAF PG 1 865 x 10° t, FAFH AN K T 50 $/
bbl, £ A 1& FPEPE M B 4r . 2019 4F, SE AR 6 11,3
FR Tk (R AL 939 JERE 206 3B 41 208) , Fl &} 854
FVP DU bW B2 A AR )2 7 )2 20. 9 m, BRI B
FI4} 939 Hedss bl fig £ 945 x 10 t(&19) . H4b, iR 2
BT ST A B B3 B4 N FH A RS T AR A AR
2019 R H 52 it T M 51.9 %, fif & 5T kR N 56.5 %
(2018 4E 43 5110 32. 0 %, 47. 7 %) , 1 B 326 DX oo 1 42
i AR BUBOR IR AR T

4 45t

1) YR TR T i LA S R
AR 04 1R — M S T vk, R ST A )= R
JLHE SR R ITRIAR BRI G R HOTI R
IR AL 73 A SRR 5 BT L 5 0 JE PN K
PRAR B A5 5 Dy A N A

2) “ERR IR T R GEE R AR R R X
AEFE AR IS A RS A A R R . B T
— AR RS IR DT U D RIS
—MZREOIER R . HBFEIT LRI TR S A



510 A H R KR 43 5
F2 FEMMBERERTMLIZITEN
Table 2 Selection and evaluation of synthem units of exploration in the Dongying Sag
— _ . s RN FIRGIRERE P/ HAR
- iR = HHRIA R (10*1) (10*e-km™)  ($-bbl™)  EAME
B JeE3 Wi Ay Es =AM A 1492 6.36 <70 i
B EE R JH 2% £ W ORGP T Y 1387 4.65 <70 &
R b 2 Es'H PR AR ST A T 1865 8. 84 <70 i
R G R SRR Y Es* LB I — I S it 1 1886 5.00 <70 1
REAH JiE 3 Wy Es'H) [ eiuS -Reeti bRl 2455 13.27 <70 i H
AEH TR SR 2% Es*H EOBRE AR AT A i 6047 20. 82 <70 i
b | O ) I R A Es*H WS -BD iR 5 A 2 5 T AR 2468 12.15 <70 1
ARE A RE P RN Es? AR U T B AL T Y 4091 11.83 <70 B
ARE B TR Es* SR I — L LR 3 T R 1238 14.63 <70 s usil
KREr R JH % Es? =SAINE A IR 2121 11.79 <70 B ]
REE ISP B Es*H PO AR 3 /2 P il i 7Y 1505 7. 41 <70 Bud
ARE ety AR e AL EsT LAYl ey R 3118 8.43 <70 B
g o A R EsP IR H P 2390 6.20 <70 B35
R RS AT Es"M-Ek EAWFE oy di 1% 1423 2.82 <70 B
REFI SR ARG Es' PN — = 7 P 3t )2 31t i 25 1557 4.57 <70 s ]
REmY AT B A s e ESE D M 2 T 2253 6. 61 <70 553
RE MY G R BRI 1 Es* T -Ek LT JARE T 1A T 1012 2.00 <70 B
g R % Ng T3 25 P Y 1248 3.61 <70 BaE
REA R BEY Y Es* TR S il Y 3743 37.16 <70 B
RE M R Es'H P = A 2 A R 2563 4.15 <70 Bed
HRETRA  NE S Es* PESURD 25 T R 3074 10. 48 <70 B5dE
ARE ety EEREHA Es* TR A R 1610 3.98 <70 B
REMWY REE-TRi W Es' TSR ) 3 70 7 TR 2072 4.01 <70 6L SN
REA R BEY Y Es ARG 2 060 9.88 <70 FRYOC
REAeE KRS Es? =AINE A IR 2008 16. 05 <70 [GLeS
RETRA NE-Lli Es*T WA AP 1106 3.48 <70 RIS
REFH 2L Es*T AR S A il 2127 3.44 <70 [§RLeS
REdew JHEAE W LY Ed AR 3 P 1 401 5.18 <70 [(2U€S
KREIH W 2y Es' AT ROk 25 A 3 T R 1148 4.33 <70 (SRUEGS
REAN WL TR Es' TSRk 5 A 3 )2 T 7R 1212 5.94 <70 [GLeS
Ao e FRE R Rl Es*H AR 2 1502 4.00 <70 (FR4ES
REIAE K- Es*H = F - A A A 1111 7.83 <70 [§RLeS
KB TR LM R 2% Es> PR AR ST Al 1068 3.68 <70 [LR4ES
REmY 2L Es"M-Ek EAWFE oy G % 1788 3.20 >70 i H
FEMEH BERE-TRAWEN B V-Ek ZT AL T 1A P T 5544 12.05 >70 i H
REmY Eee LN INOf Ng VAL P T 1072 2.00 >70 e
REFH LR ap ki Ng AT TE A P T R 1253 2. 40 >70 B ]
sl Tk W Al Ng SBER e caliih %in 1309 6.51 >70 B
ARE ety A EER Es"M-Ek L1 R T T 2010 5.00 >70 i
KEMY  BEE-ERREHE Y SR A — W LR 3 T 1543 2.83 >70 BedE
KREde K- F R Ng T D T R 1230 4.51 >70 Bud




F3M

RWIK A5 R DX PR R B0 IF T8 B A BRI 2 M 2 M1 4 102

511

NE-GhA
Hey i

) MOR —— ® Ji: 1204
WA R RS R&m) W HAr

i B

PR fif B

2 ] fih

PO AR M Bl A T 25 V0 1 S BE R R
Fig. 9 Exploration results in the upper fourth member of Shahejie Formation in Lijin fault zone in the north structural zone of Dongying Sag

a. RE MBS b B )2 BT 500 5 b ALl AR Rl v B B R AT

G — RGNS 2R GE — RGO TS R A AL
GE— TIN5 SR G —

3) AR R TR DRI L B AR E RS 12 8
FA R R R O B IRIRE (193 N -IIRE BT, 7
L35 75 SR SR A M SGRERAIE A9 22 S BAR UL ) 3
fifi 2 b R RE BT B4 20 Fh R A, S8 T b B
PR S s AL A S AR AL

4) JTJEHE T R BT 19 R0 A% WS JRORS 40 5%
IR B R PFHT, I T AR UG Tl O AR 4 R
S 22 MR ALEHPRIZ BT, Sy i rp T i R SRl Y R
Jrian, o = O RS A

£ % X W

(1] 3 500, 000, 5 IR OR 4 7 0 12 & X 3T
WITELI]. AR 5T % ,2013,40(1) : 27-35.
Niu Jiayu, Jiang Xuezhu, Liu Haitao, et al. Detailed assessment
of a single-combination oil-gas accumulation zone in a mature ex-
ploration basin, China[J]. Petroleum Exploration and Develop-

ment, 2013, 40(1): 27-35.

(2]

[5]

LS, 252 5 . BT A Il R AR BE AR I B A TR
L] fihEeR, 2001,22(1) : 1-5.

Hu Jianyi, Niu Jiayu. The further deepening of oil-gas accumula-
tion theory and exploratory practice of Bohai Bay Basin[J]. Acta
Petrolei Sinica, 2001, 22 (1): 1-5.

A T A A A R BT R TR T ] iR,
1986,7(1):1-21.

Li Desheng. Prospect of the composite megastructural oil and gas
fields in Bohai Bay Basin of China 7.
1986, 7 (1): 1-21.
FACKRE, A WIBH . R A A P R 2
P LI 2 4 5 B B 28 TR [0 ). A R 5
TP, 2018, 45(5) : 785-794.

Wang Yongshi, Hao Xuefeng, Hu Yang. Orderly distribution and

Acta Petrolei Sinica,

differential enrichment of hydrocarbon in oil-rich sags: A case
study of Dongying Sag, Jiyang Depression, Bohai Bay Basin, East
China [J]. Petroleum Exploration and Development, 2018, 45
(5):785-794.

ARARE L IREA S AR AL R S
RSB R LT R 57T %, 2014, 41(2) : 14-26.
Zou Caineng, Yang Zhi, Zhang Guosheng, et al. Conventional
and unconventional petroleum “orderly accumulation” : Concept

and practical significance[ ] ]. Petroleum Exploration and Develop-



512 AT IR NN F43 5
ment, 2014, 41(2) :14-26. (2): 178-183.
(6] WIWITT. X HALL A M HROE R 43 A LA R A5 AR [T ], [17]  Pelfear , BRACET, kR . Bamaim Tt iyL BT 7T SR B e 2
RPA M E I, 1989,8(2) :1-17. [J]. AR B, 2007, 12(1) : 56-62.
Hu Chaoyuan. A preliminary knowledge of the hydrocarbon accu- Pang Xiongqi, Chen Dongxia, Zhang Jun. Progress and prospect
mulation and its distributional regularity in Songliao Basin[J]. Pe- of research on hydrocarbon accumulation mechanism of subtle re-
troleum Geology and Development in Daqing, 1989, 8(2): 1-17. servoirs[ J ]. Marine Oil and Gas Geology, 2007, 12(1): 56-62.
(7] #ARATC . A i DX A< P 23 A —— v ) AR 3 i A 2 i R 4 7 (18] BRXWEIE, G XN, AL, 45 . kA IR 6 £ b e A 2R i B0 b HO R
IR A RS )], A, 1982,2(2) :9-13. F——LAhit v g b B b A S A BT ). A,
Hu Chaoyuan. Source bed controls hydrocarbon habitat in conti- 2011,32(1):18-24.
nental basins, eastern China[J]. Acta Petrolei Sinica, 1982, 2 Zhao Xianzheng, Jin Fengming, Wang Quan, et al. Theory of hy-
(2):9-13. drocarbon accumulation in troughs within continental faulted ba-
(8] HINL S, et 5, L. Bhi s i g MR B EX ) sins and its application: A case study in Jizhong Depression and Er-
TERA AT ). AmRE S5 7 % ,1986,1(1) :1-8. lian Basin[J]. Acta Petrolei Sinica, 2011, 32(1): 18-24.
Hu Jianyi, Xu Shubao, Tong Xiaoguang. Formation and distribu- [19] BRXWEIE, &R0, 22 FHF, 55 . Wi fa 2 e Ak daty 288 S5l < 3|
tion of complex petroleum accumulation zones in Bohai Bay Basin BOEALE 1], ARSI %, 2016, 43(6): 841-849.
[J]. Petroleum Exploration and Development, 1986, 1(1): 1-8. Zhao Xianzheng, Jin Fengming, Li Yupang, et al. Slope belt
(9] HAEZ L MR, BV 45 TS a0 2 =0 SR A0 = BHE types and hydrocarbon migration and accumulation mechanisms in
PR X St — 2 F ek [ ) ). Am2#4Rk,2002,23(3) 1 1-5. rift basins[J]. Petroleum Exploration and Development, 2016, 43
Tian Zaiyi, Shi Buqing, Luo Ping, et al. Further petroleum explo- (6): 841-849.
ration domains in composite oil-gas accumulation zones of Bohai [20] Fwe &, EAAA, HZRA, 55 fal sk am < E A —— LI
Bay Basin [J]. Acta Petrolei Sinica, 2002, 23 (3): 1-5. I A P S AR AL B B[], 3 BB T, 2006, 52(4) 1522
[10]  ARARE, Bt , BERUH: . ARSI B R LT ). A 531.
W 5T %, 2005, 32(6): 7-12. Fu Xiaofei, Wang Pengyan, Shen Jiannian, et al. Migration and
Zou Caineng, Tao Shizhen, Xue Shuhao. Connotation of “Facies accumulation of oil and gas in a simple slope area: A case study on
Control Theory” and its significance for exploration[J]. Petroleum the western slope of the northern Songliao Basin [J]. Geological
Exploration and Development, 2005, 32(6): 7-12. Review, 2006, 52(4): 522-531.
(1] BRI AR, sk W . AR5 ML i b BT~ 3 B e it [ . [21]  ZEJa2e 0, VLT, 45 L USSR DX SRR 5 R Y
A, 2014,35(1) : 1-10. LI IT Z M AL HE DU AR X B L) ). ML Bi 24l , 2014, 88(3) :
Jia Chengzao, Zheng Min, Zhang Yongfeng. Four important theo- 433-446.
retical issues of unconventional petroleum geology [J]. Acta Petro- Meng Qian, Zhao Bo, Liang Jiangping, et al. Hyddrocarbon accu-
leologica Sinica, 2014, 35 (1): 1-10. mulation factors of the slope area outside of source area: A case
[12] XSO ABABE TEFERL, 55 . w5 A H B i M3 il i —— study of west slope area in northern Songliao Basin[J]. Acta Geo-
5 2 L] AR 591K, 2004, 31(2) :5-13. logica Sinica, 2014, 88 (3): 433-446.
Zhao Wenzhi, Zou Cai, Wang Zecheng, et al. The intension and [22] Emil D A, David H R. The enigma oil and gas field growth [J].
signification of “Sag-wide Oil-Bearing Theory” in the Hydrocar- AAPG Bulletin, 1994,78(3) :321- 332.
bon-rich Depression with terrestrial origin[J]. Petroleum Explora- (23] akpr. PP EA AR E A THE )], AE KRR M,
tion and Development, 2004, 31 (2): 5-13. 2003,24(1):7-11.
[13] R SCIA . vl el i A 2 b 7ol < 2 280 % A =l A2 AR DX A Zhang Kang. Discussion on recoverable oil resources in China.
JPANLT]. KA M 597 %, 1989,8(4) : 1-14. [J]. 0il & Gas Geology,2003, 24(1):7-11.
Zhang Wenzhao. All types of hydrocarbon accumulations and their [24] fEBEde 45 ARe, ENL A, 5. @M 08 1 507k
composite accumulation areas in the continental basins in China AR A0S RKIRS T, 2009,30(1) : 108-115.
[J]. Petroleum Geology and Development of Daging, 1989, 8 Hou Lianhua, Zou Caineng, Kuang Lichun, et al. Potential and
(4): 1-14. technologies of refined exploration in mature oil and gas regions
[14] BT, EAF . R0 7L ] A4k, 2000, 21 [J]. 0il & Gas Geology, 2009,30(1):108-115.
(1):1-9. [25] skt sC. MUAER DI SR S B K O Tk —— AT B B 4 461
Zhai Guangming, Wang Jianjun. Petroleum exploration the regu- [J]. AT 5 R I, 2007, 14(3) : 1-4.
larity of oil deposits” distribution[J]. Acta Petrolei Sinica, 2000, Zhang Shanwen. Exploration idea and method for mature explora-
21(1): 1-9. tion areas Taking Jiyang Depression as an example [J]. Petro-
[15] A Je, sk 30, R A, 458 . W7 B 20 b S T < BUE bl leum Geology and Recovery Efficiency, 2007,14(3) : 1-4.
il —— LA 7 G 5 B B o (9 [0 ). A T S 38 3 i, 2004, [26] RWIK, FokRe, 2R, % . BUEBR X IRz 80" R 4 5
26(1):3-10. BRI ], G BIR 5 TT % ,2018,45(3) : 520-527.
Li Pilong, Zhang Shanwen, Song Guoqi, et al. Formation mecha- Song Mingshui, Wang Yongshi, Li Youqiang, et al. Division of
nism of subtle reservoirs in faulted basins A case study of Ji- “layer exploration unit” and high-efficiency exploration in mature
yang Depression in Bohai Bay Basin[J]. Petroleum Experimental exploration area [J]. Petroleum Exploration and Development,
Geology, 2004, 26(1):3-10. 2018,45(3):520-527.
[16] WR&HE, Pelfeay , 22482, 55 . i AR 3 i A 4 i Bt v AT R [27] White I C. The geology of natural gas[J]. Sciences, 1885, 5:
AL S BT ] AR 571 %, 2006, 33(2): 178-183. 521-522.
Chen Dongxia, Pang Xiongqi, Jiang Zhenxue, et al. Formation (28] My~ 5% , SKIEEAE . A i H T2 (M. J6 5T« Al ol i

mechanism and model of subtle traps in continental basins of east
China [J]. Petroleum Exploration and Development, 2006, 33

2009.
Liu Guangdi, Zhang Houfu. Petroleum geology[ M ]. Beijing: Pe-



F3M

RWIK A5 R DX PR R B0 IF T8 B A BRI 2 M 2 M1 4 102 513

[29]

[35]

[37]

[38]

[40]

troleum Industry Press, 2009.

Dow W G. Application of oil correlation and source rock data to ex-
ploration in Williston Basin: Abstract[J]. AAPG Bulletin, 1972, 56
(3): 615-615.

Magoon L B, Dow W G. The petroleum system—from source to
trap[J]. AAPG Memoir, 1994, 60: 3-22.

White D A. Assessing oil and gas plays in faces-cycle wedges
[J]. AAPG Bulletin, 1980, 64(8): 1158-1178.

Allan P A, Allen J P. Basin analysis: Principles and applications
[M]. Oxford: Black well Scientific Publications. 1990.

Brade J P, Gralla P, Harwijanto J, et al. Exploration at the eatern
edge of the Precaspian Basin: Inpact of data integration on Upper
Permian and Triassic prospectivity[J]. AAPG Bulletin, 2002, 86
(3): 399-415.

Gz, k46, B S UGB S S A ML e
AU AT R, 2003:73-94.

Jin Zhijun, Zhang Yiwei, Wang Jie, et al. Oil and gas accumula-
tion mechanism and distribution law [ M ]. Beijing: Petroleum In-
dustry Press, 2003:73-94.

FLEE . IR A L PPN TP i R LT ). PR iR
AR CAZRFL#RR) ,2009,31(6) : 1-8.

Tong Xiaoguang. A discussion on the role of accumulation in the
exploration evaluation [J]. Journal of Southwest University of Pe-
troleum (Natural Science Edition), 2009, 31(6): 1-8.

B, A, M, 45 B SRS T E AR TR SMIT
IR ML ). G241, 2009, 30(3) :317-323.
Tong Xiaoguang, Li Haowu, Xiao Kunye, et al. Application of
play quick analysis technique in oversea basins with low-degree ex-
ploration[]]. Acta Petroleologica Sinica, 2009, 30(3): 317-323.
ST, ERRSC, BEEAR, A L 1) U K i i B R S
[J]). Hi2¥Ti2%,2015,22(1) : 181-188.

Wu Heyong, Wang Yuewen, Liang Xiaodong, et al. Theory of pe-
troleum accumulation in syncline and its significance to petroleum
geology [J]. Geoscience Frontier, 2015, 22(1): 181-188.
B BRI EZ . IR REARE MR SO N
HZBILLI] AR S TF %K, 2002,29(2) :1-7.

Zhao Wenzhi, He Dengfa, Fan Tuzhi. The study on terminology,
tecnological process and kernel content of petroleum system [J].
Petroleum Exploration and Development, 2002,29(2): 1-7.
BEEAT, SR, R, A DU ZE & A O BT S BT IR T
750 R < LA B PG 3% 57 (Campos ) b A1 () . b TR
1542,2012,31(2) :45-49.

Xie Yinfu, Ma Zhongzhen, Liu Yaming, et al. Method of play
cored oil and gas resource assessment and application: Taking
Campos Basin in Brazil as an example[J]. Geological Science and
Technology Information, 2012, 31 (2): 45-49.

JEEBS L RK AR SCAE A L NE IR B A A X S
] A5 R, 2022,43(1) £ 132-148.

Tang Yong, Song Yong, He Wenjun, et al. Characteristics of
composite hydrocarbon accumulation in a superimposed basin,
Junggar Basin[J]. Oil & Gas Geology, 2022,43(1):132-148.
BRTRRE, e, 22 B, E L R A CA R R A A
LR AR R R ST ). A KRR R, 2022,
43(1):1-25.

Li Maowen, Ma Xiaoxiao, Jin Zhijun, et al. Diversity in the litho-
facies assemblages of marine and lacustrine shale strata and signifi-
cance for unconventional petroleum exploration in China[J]. Oil
& Gas Geology, 2022,43(1):1-25.

[42]

[44]

[46]

AR, AW W i R I O A A R S R AR 2
PE——— DL 5 4 5 B B 8 TR [0 ). A R 5
IF%,2018,45(5) : 785-794.

Wang Yongshi, Hao Xuefeng, Hu Yang. Orderly distribution and
differential enrichment of hydrocarbon in oil-rich sags: A case
study of Dongying Sag, Jiyang Depression, Bohai Bay Basin, East
ChinalJ]. Petroleum Exploration and Development, 2018,45(5):
785-794.

RWIK, EKF 6, 45 . B0 TS 4 4 MR i R RIS
AR R e KPR D ()], il S R AR AU, 2021, 42
(6):1243-1254.

Song Mingshui, Wang Yongshi, Hao Xuefeng, et al. Petroleum
systems and exploration potential in deep Paleogene of the Dongy-
ing Sag, Bohai Bay Basin[J]. Oil & Gas Geology, 2021,42(6):
1243-1254.

PSR, IR R XIS IR A T R R SR 2 R
B BN T] A5 RAHT, 2020,41(2) :248-258.
Jiang Youlu, Su Shengmin, Liu Hua, et al. Differential hydrocar-
bon enrichment of the Paleogene and its main controlling factors in
the Bohai Bay Basin[J]. Oil & Gas Geology, 2020,41(2) : 248-
258.

R AT TIBE R TR AP i A R AFSE D ] A T E A
RK£,2000.

Xiong Wei. Study on the transport system in the southern slope
zone of Dongying sag[D]. Dongying: China University of Petro-
leum, 2009.

TRSAY, 22 TR T A (T o ol B T2 e AT
5 0I]. MR Iy 22440, 2005, 11(1):19-24.

Xu Shouyu, Li Xueyan. Fault seal model of the central uplift Don-
gying depression[ J]. Journal of Geomechanics, 2005, 11(1):19-
24.

U, D, pd i 55 L AE IBE Vb — BORT )2 B PERFY
[J]. b J12244, 2009, 15(3) : 296-304.

Xiao Shuming, Wang Guozhuang, Zhong Jianhua, et al. Analysis
of the sealing process of faults in member 1 of Shahejie formation
in Dongying sag [J]. Journal of Geomechanics, 2009, 15 (3) :
296-304.

P S TR R A A IR A i SO 22 e e R
ERNRE]. AimE KRR THFT,2021,42(6) : 1255-1264.
Jiang Youlu, Su Shengmin, Liu Hua, et al. Differences in hydro-
carbon accumulation stages and main controlling factors in the Bo-
hai Bay Basin[J]. Oil & Gas Geology, 2021,42(6) :1255-1264.
AL, K, AR A, 45 . N7 A 01 2 R ST 0 R A 93 A 1L
B A ) PR 3R —— LA i VS 4t 5 B e 4 B g S 490 [ .
AR S TT % ,2007,34(4) :429-436.

Xian Benzhong, Wang Yongshi, Zhou Tingquan, et al. Distribu-
tion and controlling factors of glutinite bodies in the actic region of
a rift basin: An example from Chezhen Sag, Bohai Bay Basin[J].
Petroleum Exploration and Development, 2007, 34(4): 429-436.
RE AT, X4, XV 2R M A IR BE S B0 R A A
Bl ) B0 TR R TR 28 L0 ). 3 O 5 5 SR M€, 2012, 19(6)
37-41.

Song Guoqi, Liu Xinjin, Liu Huimin. Study on genetic mecha-
nism and controlling factors of conglomerate diagenesis trap in
northern Dongying sag[J]. Petroleum Geology and Recovery Effi-
ciency, 2012,19(6): 37-41.

(i TR E4R)



