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Abstract: Accurate prediction of continental shale oil “sweet spots” is essential for achieving economically viable
exploration and development, for which clarifying the distribution boundaries and accumulation mechanisms of effective
retained hydrocarbons in shale is a critical prerequisite. The shales of the lower sub-member of the 3rd member of the
Paleogene Shahejie Formation (Es™) and the upper sub-member of the 4th member of the Paleogene Shahejie Formation
(Es*) in the Dongying Sag were investigated to elucidate the concept of effective retained hydrocarbons and the criteria
for identifying their boundaries, determine the main controlling factors, analyze the dynamic mechanisms of hydrocarbon
accumulation, and establish a dynamic equilibrium model for these boundaries. As indicated by the research results,
sedimentary environment-controlled differences in hydrocarbon generation and expulsion result in different boundaries of
effective retained hydrocarbons in the two stratigraphic intervals. With an oil saturation index (OSI) of 100 mg/g as the
criterion, the effective retained hydrocarbon boundaries of Es™ and Es* occur at depths of 3 000 ~ 4 000 m (thermal
maturity, R, = 0.48% ~ 0.85%) and 2 500 ~ 4 500 m (R, = 0.38% ~ 1.32%) , respectively. The enrichment of
effective retained hydrocarbons is jointly controlled by lithofacies, total organic carbon (TOC) content, vitrinite
reflectance (R,) , and formation pressure. Areas characterized by organic-rich laminated shale, TOC content > 2%, R

0

within the oil window, and a pressure coefficient > 1.2, are favorable for enrichment. Shale oil accumulation is a non-
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buoyancy-driven process dominated by molecular forces. The driving force derived from molecular expansion achieves a
dynamic equilibrium with the combined resistance exerted by capillary forces in nano-scale pore throats, interfacial
adsorption forces, and other factors, thereby establishing a retention and enrichment model for shale oil characterized by
surface adsorption, storage in macropores, and hindered migration in micropores. This model ultimately constrains the
distribution boundary of effective retained hydrocarbons. This study improves the theoretical understanding of the intra-
source retention and enrichment of continental shale oil and provides a geological basis for the quantitative prediction of
shale oil “sweet spots” in the Dongying Sag and analogous continental basins.

Key words: unconventional oil and gas, hydrocarbon accumulation mechanism, hydrocarbon accumulation dynamics,

retained hydrocarbon boundary, shale oil, Bohai Bay Basin, Dongying Sag
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Fig. 1  Tectonic location of the Dongying Sag in the Bohai Bay Basin (a), structural section through the eastern Dongying Sag (b), and its composite

stratigraphic column (¢) (modified after references [27,32])
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Fig. 2 Schematic diagrams of critical conditions for different types of hydrocarbon resources in petroliferous basins (a), and the evolution

of retained, adsorbed, and free oil in shale (b)
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Fig. 3 Comparative Geochemistry of Es™ and Es* Shales, Dongying Sag
a. R BEMRAR AU OC R b, TOC R4 H 5 B s e. SRR BT IR s d. AT HLBT S 1 P it
(S, B I 5 S, e )

PRI AR A AT S AR HRRETE T B AR AT
o AE MBI 20 19 7 A L BN R A —IR K ) T
[P RFAE , HH B DR O SR Al I 3R 8, Es™ T
RUYIIN A8 E BOIR K DRI - IR PR T . IR R E Y
I3 2% S A LSRR IR A= 7 R ORAE SR A
MARAS 13838 1 2 Bk P 0 R s g, ot i S B8OH:
AR IR A AE R G 22 57, T T A A R0 B e
IR R o A A R R B AR T, s
PRI B ol 27 R ROK IR Y 3 ~ 104, e Bk
KPR At T ME IS A4 AR e B BORERE S TRl A R
T HILJT A A 27 45 4 5 IR K PRI A AR A 3 22 7« Bs™
BB Z AR 4 454 00 s AL RER A 5
1M Es™ A AL DL Bk 45 5 32 IR AL BB R e o X
P25 SR T 2 BRI A4 HERAT 22 k.
BTG 2o 19 9K 38 A 1) 1o A S 0 23 M 4 s, s
FelE HERR AT HER AR & 7R S B By
FAAE A R e, HAT A LHEY B e R SR 1Y
AderE Y, MR Es R R HEE A 0 R
BRI, R AR X B

ST AR ST A A R B i — A R
THENZR(F4) . E R AHERET TR f R, 1
WRAFE 3 400 m (R, = 0. 6%) , Ho A= 12 % 138 $ [ GPI,
GPI = (8,+S,) X 100/TOC, S, Wi B, S, I 2 fi ke 118
HEYR 3 000 m FF- 45 4R, THETR 3 000 ~ 4 000 m ik
g (El da,b) . FEHEETTRZ L IR A A i 42
FEBLAL R A B TR N R TR Z
A e S 3 2 T R VR S R B I A N Re T, 1
KIEHEIR R . 1 Es* R I A RS 1] BR A e 42 A 2
HERZ12 600 m(R, ~ 0. 4%) , HURAEZ) 3 600 m A 2
HESR I, A= s T 8 A SUARRAIE , HERR R (B 4c,
d) o XA PRI A HLTE G 2 5 380 R RS
TR ZE 5, WARAS 45 T 2 482 2 A 850 FE R i It
TERE G Ak R o Es Rl SRHE B A 45
TR T B U A O R R 28, AR RS R ) 8
ORISR A AL O N g A T R A s s,
DRI A5 280 R R A O ) B A A Y BB ) R AR TR
TR Es™ LA BA e 1Y) et 4 DU) B R AR 2 A vl o
BB A SRR, A R0 B R A3 A Y AR XA



A =N o N Vs A 4 p===4 /7 PR B3
%5 KBS A5 . RV 2R AR S M A R B B ARARRAE 5 gl AL 1627
GPI/(mg/g) GPI/(mg/g) GPI/(mg/g) GPI/(mg/g)
5000200 400 600 800 100012001400 0 200 400 600 800 100012001400 5000200 400 600 800 100012001400 0 200 400 600 800 100012001400
o Est o Es*t o EsM O Es‘“
1000 g oorey - GPIBAZ | 02 - GPIUAZ | 1000 F wgs = GPIEE | g, T GPIRE
1500 |, 1500 | N
2000 + 2000 -
£2500 E2500 F
K IS
E13000 | =03 000 |

3500 K

4000

4500

3500

4000 [

4500

5000

4

Fig. 4 Hydrocarbon generation potential of Es™ and Es" source rocks, Dongying Sag
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