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Fig 1 Tectonic units of the Bohai Bay basin (a), and geological structure map (b)

and comprehensive stratigraphic column (c¢) of the Dongying sag
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Fig 2 The distribution of the multiple types of oil and gas wells along the north steep slope zone

in theYanjia area (a) and Shengtuo area (b) of Dongying sag
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oil reservoirs in the Shengtuo area of the Dongying sag
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Fig 4 The vertical distribution of oil and gas types in the north steep slope of the Dongying sag

Ca)—$h 5 M X R AU ) 1 300 18T 14 5 (o) — 2 3 IX g At 1) 32 ) 1

(a)—north-south trending well-connecting section of the Yanjia area; (b)—north-south trending well-connecting section of the Shengtuo area
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Table 1 The characteristics of source rock of the fourth Member of Shahejie Formation in the Dongying sag
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Fig. 5 Gas chromatography of mudstone and light hydrocarbon of crude oil in the Es,, Yanjia area, Dongying sag
() ME | B e A R AR A (b — W IHE T A RIESAEANE; (o — ¥ W EBH W B il 42 88 <M 3%

(a)—gas chromatography of light hydrocarbon of mudstone in the Es}; (b)—gas chromatography of light hydrocarbon of mudstone in the

Es}; (¢)—gas chromatography of light hydrocarbon of crude oil in the Es}
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Fig 6 Organic geochemical parameters of deep sandy conglomerate petroleum and source rock in

the north steep slope zone of the Dongying sag
(a) —3h F M KR Z U W B R 5 482 U825 Pr/nC,, 1 Ph/nCq 8Bl 5 (b) — 55 5 Hh X v 19 B 5 I 5 U 25 0 0 55 e = A 1815 (o) — MR b X R 2
JR i 542 U5 A Pr/nC,, 1 Ph/nCg 8B 5 (D) —3h R X IR 2 V0 U Bt 1 0 B W7 J2 = P e A0 ek B A v J T 5 48 Y5 TE A o8 48 23 A R AT

(a)—intersection diagram of Pr/nC,; and Ph/nC; of crude oil and source rocks, Yanjia area; (b)—triangle diagram of regular sterane from oil

and mudstone of the Es, , Yanjia area; (c¢)—intersection diagram of Pr/nC,; and Ph/nC,; of deep crude oil and source rocks, Shengtuo area;

(d)—distribution characteristics of normal alkanes of crude oil in turbidite sand bodies of fault-lithologic reservoirs and source rocks of the Es} »

Yanjia area
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Fig 7 Simulated hydrocarbon generation of deep main source rock in the Dongying sag
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Fig 8 Characteristics of fluid inclusions in the deep sandy conglomerate in the Yanjia and Shengtuo areas
in the northern steep slope of the Dongying sag

(a)—FW 1. 4322 9 m., P06 WAEE, 0BT W B, sE AR A ¥ il AL B T BURE 4341 19 W 2 (B 0O IR BB A (b — IR 1 91,4322, 9
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IR U A AR R R 4 A 0 G B IR R K A A () — ¥ 719 FE,3572 7 m, WG BT, O U BE b B, S OB IR AR R B R E
O DGR AL 5 (o) — 28 764 F,4170. 0 m, 96 BALEE , VD PUBE bW B, 78 3 A K A o Tl oL Bt v /) 60 96 SR MU A B A s (D) — 38 764
3951 2 m, BfROG, ¥0 U B b B A SR AR R A R B I 6 E IR K L I

(a)—well Fengshen 1,4322. 9 m, fluorescence microscope, Es}, blue-green fluorescent hydrocarbon inclusions are distributed in groups in
feldspar solution holes; (b)—well Fengshen 1,4322. 9 m, plane-polarized light, Es}, colorless gray hydrocarbon-containing saline inclusions
are distributed in calcite cement; (¢)—well Tuo 764,4170. 0 m, plane-polarized light, Es} , colorless hydrocarbon-containing saline inclusions
are distributed along microfracture zones of quartz; (d)—well Tuo 719,3572 7 m, fluorescence microscope, Es}, yellow fluorescent liquid
hydrocarbon inclusions developed in the secondary microcracks of quartz particles; (e)—well Tuo 764,4170. 0 m, fluorescence microscope,
Es}, blue fluorescent liquid hydrocarbon inclusion in feldspar solution holes; (f)—well Tuo 764,3951. 2 m, plane-polarized light, Esj,

colorless hydrocarbon-containing saline inclusions developed in the secondary microcracks of quartz
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Fig 9 Multi-stage hydrocarbon charging process of deep sandy conglomerate in the Yanjia area, Dongying sag
T\, 051 AL A 1 K A 2 Ry — TR

T, is the homogenization temperature of saline inclusions associated with hydrocarbon inclusions

ML 160°C (ZRAEE 55, 2010) (B 9, HFFHLZE Pk T, TR 2 EEAT T A TR EXT 1Y R, 2978 1 3%,
R AR R T RIZBENT R AR A S I R I IR A AR BE BT U B, et 2 B Ak R
RIS, 28 A7 AIE 2 BH L B LA Sy it v 284 g <0 R T i AR ) & F 5% (Qiao Rongzhen and Chen Zhonghong,
WA (B 10a.b) (ERKRFF.20232), & 2022) , T8 B 5378 9t G 110 ity A AN 2 DA BOR
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Fig 10 Composition and isotopic characteristics of deep condensate gas in the Yanjia area and associated gas in the

Shengtuo area of the Dongying sag (modified from Wang Yongshi et al. ,2023a)

RARSR 2255 (2012) F) FH 5301 78 18 19 il F 38 1A
A 43 A0 T Th 2 A 3k B P R AR AL 5 R B R R
50 52 A 2R AT CH, BB IR & AN 48, 0% 1%
INE] 50, 2%, ZEE R 5 A BTN CH, IR
Ao A 222 20 %0 o itF— 25 EIE T 5 ol I R ) 2
fif S TG IR BB A 8 AT L 58 BT 8 R A L #E
D) Jsr a2 A <ok R T TR IR 72 1 (Ping Hongwei
et al. ,2017), AMB RGBT IRSES
BRI P IE AL o8 R 451 L (A5 IE A B R R UK Sy
B0 X B 5 TE ) e J e 1 8 I R 2 R B 0 A
(Kissin, 1987), AREMEERZEN M C, ~C,y; IE
A 8 Tt 50 15 B JR 4 B30O6T 501 22 T TR S O L 95
K nCop o IEAE 8 K B K 1 55 L 4 78 TR 2 B A A
% TS ARYE A (8 11a) (Losh et al. ,2002), [d]
B, 76 B R T WL B 3 R v il A2 AR I AR
AT TE W T o S B 5 TG B T2 28, DA R 49 Dt Tl 34
AR E R L UL 2 DT T R AR AR A 2
fif B P (B 11, o) (K4 4E, 2012) . W0 A fif 2
AR A A 25 Rt UE S T R SR 1 T T (A
9, BAKEMBRR X IEZ LW BB
0 R 2 B A O TR L i 2 A R R 1) B B L e T 4R
BET AR S E T (4, I, KE MG R
by DX S22 AT AR T T AR ) U 28 A S RS D e

REMIRE .
32 MEBEULMEHRSTIER
321 HWMERE

X AR U1 JE 6 3 DX 2 T 2 3 B A il

AL LA 1 b B A% R 2 B AN R A T A
B s . Pr/nC,, A Ph/nC, AWK IE N T
VU B 1 B lfe A U0 R 3 R PR B L 8 Ui 5L Vb Y
BF Bl A 0 DR B B8 A A AL AL O TR A
(BREEF4E,2016) , U0 VU B b0 B il AR 4% v ) Jit
M5V DU BE BB R A B AR L IR SE T A )
MIEL KR (B 6c), F398.Pr/nC,, il Ph/nCy 1
L R R U VU B b B W 2 A A A Tl A
M5V B R WB R R A A AL (]
6c) . HEUTBEZ—M & 7 K2 =5 1k 2 A T A
JE S A T A g J 32 U R B I S AV DU B b R I
BRI A A R TR A (B 6d) . R RS Be il
[ & n] LL 4 A= B B () 3 (Rooney et al.
1995) . 3 2f XJ L B B it 3 0 S 00 b 2 8k i =22 1] ) O
FATH W BAAE RRRMIR A, Y8 765 HEB I
o B b B A Tl B Bk R L R
— 43, 9% HEF A IR EEA T 175 ~ 180°C. 5
Mo 2R 173°C Z A 225/ . AR 46 X SO A SC
(200 $ I PR B RAR R 67 C, —R, MR R
WS RIRRRW R, N 1L 32% IR} NI W R, 29N
L2590, % B RE A S 1 B A SO R Tl R
LR VI B B T 2 T AT R R AR
S BERR R R — 50, 3%, X R0 AR R IR B 24 K
165°C . B = F 2 bR 2 R B 140°C . B ek Rl
HETTAE B R, MO 77%, lLEM R, 40 2%,
TSRO P A TE S AR IR AR A, ERH%
(2005) BIHFF 7T 2 B Y 1 DX 0T 22445 00 105 6T 2 B 30



B SCR A R B T R R WD B TR 22 S AT L B R A 5 1

P11 2R TR 2 ot DX R 2 TRl 2 32 vk A BB0HE I Y LE A 00 s R AIE R it 2 8 B T B

Fig 11

Normal alkanes characteristics of deep crude oil and photomicrographs of thin section of the corresponding

reservoir in the Yanjia area of the Dongying sag after secondary alteration
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(a)—well Fengshen 1, 4317 ~ 4343 m, intersection diagram of carbon number and logarithm of molar fraction of C; ~ C,; alkanes in

condensate oil; (b, ¢)—well Fengshen 1,4350 m, plane polarized light, oil bitumen (b) and coke bitumen (¢) in the condensate gas reservoir
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Fig 12 The deep sandy conglomerate reservoir fluid formation model dominated by thermal

evolution and secondary transformation in the Dongying sag
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Fig 13 The deep sandy conglomerate reservoir fluid formation model dominated by thermal

evolution and the transport of fault in the Dongying sag
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figure are used to indicate the different components and do not represent the free gas cap
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Abstract

The deep sandy conglomerate reservoirs in the Dongying saghave great potential for oil and gas
exploration, and revealing the spatial distribution and formation mechanism of petroleum is conducive to
further understanding the deep oil and gas accumulation process. Through organic geochemistry, reservoir
fluid inclusions, and basin simulation, the characteristics and differences of deep oil and gas were clarified,
and the differential formation mechanism and model of hydrocarbon fluids were revealed. The results show
that dry gas, condensate gas and light oil are distributed vertically from deep to shallow in the Yanjia area
of the Dongying sag. The Shengtuo area is dominated by oil phase, and the associated gas components of
crude oil in different types of reservoirs are different. The factors that lead to the differentiation of deep
hydrocarbon fluids are reflected in the generation, reconstruction, and preservation. The hydrocarbon
accumulation process in the sandy conglomerate has a strong succession. The thermal evolution history of
the source rock determines the initial petroleum phase. The influence of the late secondary alteration
depends on the fluid environment. The open fluid environment formed by the overlapping transport fan
facilitates the process of gas invasion, thereby promoting the vertical phase differentiation of oil and gas.
Oil and gas usually maintain a single phase in a relatively closed environment. In addition, fault transport
can lead to the loss of light components in oil and gas, which is also an important factor affecting the
differentiation of hydrocarbon fluids. Based on the understanding of the distribution characteristics and
genetic mechanism of hydrocarbon fluids, two kinds of differential formation models were established.
One is the vertical differentiation of hydrocarbon phase state type dominated by thermal evolution and
secondary alteration, another is the gas component differentiation type dominated by thermal evolution and
fault transport. Understanding the differential formation mechanism of deep hydrocarbon fluids in the
Dongying sag can provide scientific guidance for predicting the distribution of different types of

hydrocarbon fluids in deep formations.

Key words: Dongying sag; north steep slope zone; glutenite; deep oil and gas; causes of differentiation of

hydrocarbon fluids



