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Abstract: The Dongying Sag is a representative non-marine faulted depression in the Bohai Bay Basin. Two wells (FSh1
1 and FShX 101) drilled into the deep of the sag were tested with high rates of oil flow, revealing great exploration
potential of deeper layers that have been relatively overlooked during years of intensive oil and gas exploration and
development in the basin. This study, taking the deep Paleogene strata in the sag as an example, aims to assess the
potential through oil and gas accumulation models established on analyses of source rocks and genesis of high-quality
reservoirs in the sag. The results show that the E£ (Kongdian Formation) and lower Es* layers in the deep Paleogene
constitute on their own an independent petroleum system. The source rocks in the EA” and lower Es*, developed in a
saline lake (salinized) environment are characterized by an early, long and efficient hydrocarbon expulsion and a long
hydrocarbon generation-expulsion cycle, providing key components for the formation of a deep petroleum system. The
multi-type sedimentary facies of the saline lake have experienced alternative modification of acidic and alkaline
diagenetic fluids, and formed high-quality reservoirs mainly composed of secondary dissolution pores, which provided
good reservoir conditions for the deep hydrocarbon accumulation. The distribution of oil/gas reservoirs in the deep layers
corresponds well to the structure of faulted depression, the development of sedimentary reservoirs and the dynamic
system of hydrocarbon accumulation. The “indigenous” and “non-indigenous” hydrocarbon accumulation patterns are
orderly distributed. Different types of oil/gas reservoirs, such as red beds and beach bar sandstone in gentle slope zone,
as well as sandy conglomerate in steep slope zone, are the focus of exploration in the deep Paleogene of Dongying Sag.
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Fig. 1 ~ Structure outline of deep Paleogene in the Dongying Sag
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Fig. 2 Tectonic evolution of the Paleogene in the Dongying Sag (see Fig. 1 for the location of the section )
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Fig. 3 The Paleozoic "gold nail" section and comprehensive chart showing climatic evolution in the Dongying Sag
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Fig. 4 The evolution sequence of the ancient lake water environment of the main hydrocarbon source rocks in the Dongying Sag
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Fig. 5 The sedimentary filling model for the deep Paleogene salinized lakes in the Dongying Sag

(see Fig. 1 for the location of well-tie cross-section)
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Fig. 6 Distribution of the source rocks deposited in a salinized environment in the Dongying Sag
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Table 1 Geochemical characteristics of source rocks in deep Paleogene, Dongying Sag
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Table 2 Characteristics of discovered oil/gas reservoirs in deep Paleogene, Dongying Sag
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Fig. 9 Hydrocarbon accumulation models in deep Paleogene, Dongying Sag

R E R

“Ath 5L I AR L AR I RIR)E TR
Sy B T AN R AR OB S . ik AR B
P Es’ il Es* Y K Eh R 19 Es* VR ER, Aif 2 N 28 B 12 i)
FIT I AH DR A 21 2 0 B 1A 5 B A 2 VR s —
P TEH G L b )2 T AT 3 B TR 3 I AR S
TR VR W2 WP E T T RS 2 B AR T
e AR BB 9) o 12 2 I 3 1Ak 2 v 3 [
SRR T AT 7 0 A A LA T O 1 SRR 3
B4 HE 1) 7 2% 22 T B AL, A2 AR IS K, 5 ¥ 85 B 7 60 ~
100 mo ARSI 2 il W B b DXL 20 212
B, B A 23 H (B DAEFL—B 3 155 ~ 3 139. 8 m H- B¢
I, H =il 4,23 1, %7K 62.2 % HE R 0.919 8 o
em®, K5 B8 550 mPa- s, BEE S E A 42 °C.

T I FR TR AL 2R G5 ) TR S o3 AT 5 B 7
Hb 2548 TR 2 R B RSO B ) R g AT R A
IR S B RN QR (i I W S 5 s o
H A 2kt — SR i — IR —BEYT | I SR AR Y
GV A « 325 A V5 TR0 i )2 6 7 S g, B P A
TR 5 AHH AT At Y5 R 4 1 — 5 1 T R A T 5 TR
DX AL S M I S BESEAT B IR A A
T M A (9) .

5 BRI S

AR M B TR 2= A R ) O ) R e | R — T L 4

R B 2 B AT Rl S 25 B BC T o i R IRZ
(I 2L )2 NS B BES A 0 Bk o 149 AT R4
TR AR R T

5.1 ZIEHFLAREFRED

WA VO VU R S Be— L 21 £0J2 " Al 2 1B 2=
DI A9 W ke Pl P 0 e )= L AT o 3ol T = 5 R DR
0 1) % 42 %) VL DA S A R I ROR SR S BT o 3% R
== W= — P P 45 BB 2R L DC E R, IR
ey 3 T 7 ) DR R R, A 3 — S P S R A R B R
G

5.2 ZIE MRV ENIRE N

YOV — LIS IR 2 AR T
DU BRI R REREIE L IR R, LR
SRR 2B TR AT )2 ST 2 B A R R
TERD AT 40 20 10 B At L, 08 30T s v 14 J5 S 0 300
TE IR s e P R A A R 4Tk

5.3 BERFHREWIREHEREN

BES A R R BPER A R B AR R R I, LT A
A TR0 R, R — R AR S A o 1) e L AT L
Pyt~ PRSP AR I A A B R S . I
G257 F oA AR R 2 B R I Fs il . 7E R Z bRk
A R AR A 20 220 1 BE Al BEAT - L0 ) e T ]
TR AT I B PR AT



ol

RIIK A5 TS i A8 U i I AR R 0 OO 2R 8 S PR ) 1253

6 ZEit

1) 3T ZR R A T T S OB e O TR = U
B WIS AR E R ) Y E S A N
Vs ot

2) R QAL ) I8 & A AL =B Th DU I B
PRI, BAT AR T AR R R
o SRR SRR AL, BEAE R R I SRR R SEIE A it
BEREER

3) it AT AR TR A T TE A it A PR3 22 1 T TR -
B S22 (4 B PR, REA A DRI I T A 3 b L i
Oy BAHAR 2 6] AR R D i OB R B T R4
ffE S A1

4) T R TRZI TR G E R E H IR
PR S BRIk R A 5 I 2
LKL LR A MUSOR S 11 R G R X iz
Ph o G L) ML PR R AL T Tk, s EILRD -
R b T = P S B D e 1 DR BT
AR RO T A M R

O B T RW AR R XE R AR T
BERYTEROEREN, E b — 2T HORA

2 % X W

(1] Ap7aE, skJ6, B4k, 45 . 2Bkl )R ST b BURFAIE L

RBEIBARH WA B )], iR 571 % ,2010,37(2) :
129-145.
Zou Caineng, Zhang Guangya, Tao Shizhen, et al. Geological fea-
tures, major discoveries and unconventional petroleum geology in
the global petroleum exploration [J]. Petroleum Exploration and
Development, 2010, 37(2): 129-145.

[2] SOk, PelfEar . 2O RS IS ot e 5 8 R R 5 1)
[J]. A2, 2015, 36(12): 1457-1469.

Jia Chengzao, Pang Xionggi. Research processes and main devel-
opment directions of deep hydrocarbon geological theories [J].
Acta Petrolei Sinica, 2015, 36(12): 1457-1469.

(3] Aif5E, ACE R AR, 55 . 2 T2 IRIRER A 2 e T A
PREGBOTTET]. AhEIR M, 2021,42(3) :533-546.
He Zhiliang, Ma Yongsheng, Zhu Dongya, et al. Theoretical and
technological progress and research direction of deep and ultra—
deep carbonate reservoirs [J]. Oil & Gas Geology, 2021, 42(3) :
533-546.

[4] kM WA, 220, 55 SRR 2 AR = FE R R kR EE
FZ RS EERRT] AhE KRR, 2021,42(3)
604-614.

4

Zhang Chunlin, Yao Jingli, Li Chengshan, et al. Characteristics of
deep Cambrian carbonate reservoirs in the Ordos Basin and main
control factors[ J ]. Oil & Gas Geology,2021,42(3) :604-614.

(5] HhokAE ZEM R, B OR . RZE R TRZ BRI ER I U2 K

DLEEBFFEZRIR T ). i F A%, 2011,18(4) : 181 ~192.

Ma Yongsheng, Cai Xunyu, Zhao Peirong. The research status
and advances in porosity evolution and diagenesis of deep carbon-
ate reservoil J . Earth Science Frontiers, 2011, 18(4):181 —=192.
EOUH], E U SO . 3T AR A skl AR OB 1 5
AL AR ,2012,33(S1) : 14-19.

Zhai Guangming, Wang Shihong, He Wenyuan. Hotspot trend
and enlightenment of global ten—year hydrocarbon exploration[J].
Acta Petrolei Sinica, 2012, 33(S1): 14-19.

TR, A . A X AR X T R s R B
SXPHELY ] HUF S R, 2014,21(4) 1 5-9+ 111

Wang Yongshi, Li Youqgiang. The exploration situation and coun-
termeasures in the late 12th Five—Year Plan in the eastern area of
Shengli oilfield, Petroleum Geology and Recovery Efficiency,
2014, 21(4): 5-9+111.

RK . B BRSO A 5 R T]. T E AR, 2018,
23(3):11-17.

Song Mingshui. The exploration status and outlook of Jiyang de-
pression[ J]. China Petroleum Exploration, 2018, 23(3):11-17.
AT, PRV . JE )| R TR A2 AR i T e 408
LT I ACRITA 5T 4, 2020, 10(4): 1-11.

Wu Yuyuan, Chen Zhenlong. Challenges and countermeasures for
exploration and development of deep CBM of South Yanchuan|[J].
Reservoir Evaluation and Development, 2020, 10(4): 1-11.
ZEBH L BRIRAN R AR T R Z I AR R R S Rk Ty
(3], A, 2020,25(21) :45-57.

Li Yang, Xue Zhaojie, Cheng Zhe, et al. Progress and develop-
ment directions of deep oil and gas exploration and development in
ChinalJ]. China Petroleum Exploration, 2020, 25(21): 45-57.
RWIK AT . U PR B T O 48 B RV A e Sc e [0 ], el
AR ,2020,25(1) :93-101.

Song mingshui, Li Youqiang. Evaluation and practice of fine pe-
troleum exploration in the Jiyang depression[J]. China Petroleum
Exploration, 2020, 25(1): 93-101.

TRARZR, RS, EesE , 45 . )2 i 00U PR 28 B K LR AiE
(). A5 RAR A M, 2021,42(5) : 1169-1180.

Zhang Dongdong, Liu Wenhui, Wang Xiaofeng, et al. Genetic types
and characteristics of deep oil and gas plays[J]. Oil & Gas Geol-
ogy,2021,42(5):1169-1180.

WUt B0 . SR TN AR IR 2 I AR R SE L) ] Aih S
BT, 2014, 36(4):450-458.

Xu Hong, Yang Yufeng. Ultra-deep petroleum accumulation sys-
tems in Fergana Basin[J]. Petroleum Geology & Experiment,
2014, 36(4): 450-458.

TRVL RS 04, 46 YEIES S 4 R 5 i ol 22t v SR R
Qg [) ] RRTIERFL:, 2006(4) : 452-455.

Da Jiang, Song Yan, Hong Feng, et al. Division of hydrocarbon
accumulation system in the southern Junggar foreland basin[J].
Natural Gas Geoscience, 2006(4): 452-455.

XUHCR SR, 4 A5, 45 . AR M BE DU il S SR 5
BAELT]. Ak SRR U, 2019, 40(3) : 512-523.

Liu Huimin, Zhang Shun, Bao Youshu, et al. Geological character-
istics and effectiveness of the shale oil reservoir in Dongying sag
[J]. 0il & Gas Geology, 2019, 40(3): 512-523.

KA, SRS, AU, A I A AR T T R T R
PRI A B A P LD ] Al 45 0 AR UM 5, 2019, 40(2)



1254

EERIIESIPS

A B

Fa2 %

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

262-270.

Zhang Weizhong, Zhang Yunyin, Zha Ming, et al. Genetic model
of transtensional faults in Dongying Depression , Bohai Bay Basin,
and its controls over hydrocarbon accumulation[J]. Oil & Gas
Geology, 2019, 40(2): 262-270.

FOKEE, A, W1 E MR A R S A 2
PE— DU TR I G O BH 4 B A8 TR S I L ] A B P 5 0T
%2,2018, 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.

FOKE, E 5T AR, 55 A MR AL IR BE B0 TR DL
JRIALT]. A AR, 2016, 21(2) : 28-36.

Wang Yongshi, Wang Yong, Zhu Deshun, et al. Genetic mecha-
nism of high—quality glutenite reservoirs at the steep slope in north-
ern Dongying sag[J]. China Petroleum Exploration, 2016, 21
(2): 28-36.

Laskar J, Robutel P, Joutel F, et al. A long term numerical solu-
tion for the insolation quantities of the Earth [J]. Astronomy and
Astrophysics, 2004, 428(1): 261 285.

Laskar J, Fienga A, Gastineau M, et al. La2010: a new orbital
solution for the long term motion of the Earth (I Astronomy and
Astrophysics, 2011, 532:17.

SIRHS, SRIRIE , KA, 45 . AMT AU P BE T AR AR L
NIRRT ] AR, 2011, 13(1): 103 110.

Wu Xinsong, Guo Juanjuan, Huang Yongjian, et al. Well logging
proxy of the Late Cretaceous palaeoclimate change in Songliao Ba-
sin[J]. Journal of Palaeogeography, 2011, 13(1): 103-110.
TOARAY . e 0] J22 2 R R SCARAR 2 B A vp A AU BT 5 SR
[J]. Hb2#RiT2k, 2014, 21(2): 48-66.

Huang Chunju. The current status of cycostratigraphy and as-
trochronology in the Mesozoic[J]. Earth Frontiers, 2014, 21(2):
48-66.

Gradstein F M, Ogg J G, Hilgen F J. The geologic time scale[J].
Newsletters on Stratigraphy, 2012, 45(2):171-188.

KPR, SRARME, Tl , 45 . WA I IR A HLBT IR A2 5 AR HE AR
R RE AT TS — LA AR E T 7t 3 2% V0 10 1 2 D B B U
NI, HBE T, 2014,60(4) :877-883.

Liu Qing, Zhang Linye, Wang Ru, et al. Recovery of original or-
ganic matter content and quantitatively study of generation and ex-
pulsion efficiency for lacustrine hydrocarbon source rocks: A case
study of the excellent source rocks of the Palaeocene E273s4, Don-
gying Sag[J]. Geological Review, 2014, 60(4): 877-883.

SR, SR, TRLRE 4 R R VI 4 Es3/Es4 R IR
PR AE S A 22 T [ WAL BT~ 4R, 2017, 23 (4)
688-696.

Chao Qian, Cai Jingong, Zhou Qisheng, et al. Characteristics of
rock—eval pyrolysis and hydrocarbon generation for source rocks of
Eocene Shahejie third and fourth members, Dongying depression
[rl. Geological Journal of China Universities, 2017, 23 (4) :
688-696.

AL SRy B, S L VR KRIRLK AR Y B AN [
FSA U ER AL AL [T ] A7 0 5250 10 )57, 2018, 40(5)
705-715.

Zhao Yue, Cai Jingong, Xie Aobo, et al. Geochemical investiga-
tion of organic matter of various occurrences released via sequen-
tial treatment of two argillaceous source rock samples from fresh
and saline lacustrine environments [J]. Petroleum Geology & Ex-
periment, 2018, 40(5):705-715.

RO RE D, BB, A5 ARDIRIREDE B 68 )= mUs 22
SVERFTE— LA AR IR F 5% 1 b DX 212 5 23 B 22 0
ABILT]. KRR THERRLF,2015,26(2) :269-276.

Li Jiyan, Song Guoqi, Wang Xiaolei, et al. Study on the differ-
ences of diagenetic evolution under different sedimentary environ-
ment: take an example of the Red-beds of Wangjiagang, Dongy-
ing sag and oligocene gray—beds beach—bar of Boxing sag[J].
Natural Gas Geoscience, 2015, 26(2): 269-276.

W, SKIDTAE, 0Bl S, A5 . R K b 4 40 R BB DX S B TIR
18 45 4y itk 4 ) 02 2 R AE R HE R R [0 ] i OO o S5 T &
2020, 10(4): 101-106.

Chen Bo, Zhang Shuncun, Sun Guoqiang, et al. Characteristics
and formation mechanism of Carbonate cementation in Che—Guai
slope area, Junggar Basin[J]. Reservoir Evaluation and Develop-
ment, 2020, 10(4): 101-106.

YR R A L A T R B 2L i R I PR SR s A
FaAUBRE LT ], Al 5 KRR, 2017,38(1) :90-97.

Li Jiyan. Temporal-spatial evolution of diagenetic environment
and diagenesis pore evolutionary process of red beds in the eastern
Dongying sag, Bohai bay basin[J]. 0il & Gas Geology, 2017, 38
(1):90-97.

XN XUER  RIE A, 46 . UF PRI B AR = M I AT 2R
TIPS AR AE BB A (0. T A R A2 4 CH AR
SRR, 2017, 41(4) :36-45.

Liu Xinjin, Liu Huimin, Song Guoqi, et al. Characteristics and
formation condition of gravity flow developing in low=lying slope
zone of Dongying delta in Jiyang depression[J]. Journal of China
University of Petroleum (Edition of Natural Science) , 2017, 41
(4): 36-45.

BOGAE . ARE NIBA R 3 I AR 2L 2 0 A 2 AR B s il T 3R
[J]. ZRAe Ak, 2013 ,37(3) : 48-58+126-127.

Jia Guanghua. Reservoir characteristic and control factors of Pa-
leogene red sandstones in southern slope of Dongyiing sag[J].
Journal of Northeast Petroleum University, 2013, 37(3) : 48-58+
126-127.

KT, £, 4 GE E AR R BT L
LM AR — AT P B A MR s RO () ). A S R
SRAHLIT,2016,37(4) :490-498.

Wang Yongshi, Wang Yong, Hao Xuefeng, et al. Genetic mecha-
nism and hydrocarbon accumulation of quality reservoir in deep
and complicated reservoir rocks: A case from the Palaeogene in
Dongying Sag, Jiyang Depression[J]. 0Oil & Gas Geology, 2016,
37(4):490-498.

TR . A M B U0 = — 0 T B it 2l T i 9 S AR [ ]
A R, 2013,34(2) : 167-173.

Hao Xuefeng. Overpressure genesis and evolution of sandstone res-
ervoirs in the 3rd and 4th members of Shahejie formation, the Don-
gying depression[ J . Oil & Gas Geology, 2013, 34(2): 167-173.

(4% TRIAE)



