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Shale oil formation and enrichment conditions and exploration and development practices in
faulted lacustrine basins of eastern China: A case study of shale oil in Huanghua Depression,
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Abstract: Continental fine—grained muddy—laminated shale oil is widely developed in eastern China’s faulted lacustrine basins such as the
Bohai Bay Basin and Subei Basin. It is characterized by “fine grain size and numerous laminae”, representing a significant new frontier in
shale oil exploration and development. However, the complex formation conditions and enrichment patterns of laminated shale oil constrain
its effective exploration and development. This study aims to systematically reveal the main controlling factors of the enrichment of this shale
oil type, establish corresponding geological theories and reservoir formation models, and develop a supporting key technology system to guide
exploration practices and evaluate its resource potential. By comprehensively utilizing core data, well logs, 3D seismic data, geochemical
experiments, and production performance data, the geological characteristics, formation conditions, enrichment patterns, and key exploration

and development technologies for laminated shale oil were systematically analyzed. The study clarified the advantageous composition of
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“high brittleness minerals + high—frequency laminae”, the optimal thermal evolution window (maturity between 0.7% and 1.2%), and the
enrichment patterns of “medium—to—high matching” (source—to—reservoir lamina thickness ratio of 1:1.5) that yielded the highest oil content
in muddy-laminated shale oil. Two types of micro—migration reservoir formation models were established: felsic + organic matter and
calcareous—dolomitic + organic matter. A quantitative standard for identifying Class | enrichment layers was developed, focusing on free
hydrocarbon (S,), volume fraction of brittle minerals, resistivity ratio, and natural gamma. A key technology system was developed, centering
on geology—logging—seismic integrated “sweet spot” characterization, optimization of horizontal well group parameters, efficient volume
fracturing, and controlled pressure production techniques. After the application of this technology system, breakthroughs in high—yield shale
oil were achieved in depressions such as Huanghua, Jiyang, Liaohe, Jizhong, and Dongtai. The geological resources of shale oil in eastern
faulted basins were estimated to exceed 100x10° t, demonstrating promising development prospects. Additionally, the study identified
challenges of shale oil from faulted lacustrine basins, including small “sweet spot” scale, great burial depth, inter—well interference, and
rapid decline. It proposed research directions such as cost reduction and efficiency improvement, digitalization, and in—situ conversion. By
2030, continental shale oil production in China would account for about 8% of China’s total production.

Keywords: faulted basin; continental shale oil; medium—to—high matching; micro—migration reservoir formation model; development
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Fig. 1 Distribution of faulted basins, favorable areas for shale oil, and comprehensive stratigraphic column in eastern China
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Fig. 2 Core photographs and thin section images of different Paleogene shale lithofacies types in Huanghua Depression, Bohai Bay Basin
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Fig. 3 Lithology classification and proportion of Paleogene shale in Huanghua Depression, Bohai Bay Basin



2026 4F

Siets WM AN P REAINTEW AU T A SO R S LI S A B U 9] 243

TV — T W B A A A DL HOIRIR A R A aE R
WERTA BRK R A YLERK S FRITA
3.2 HhER{LFASAE

LB RIS TOC & AT 0.1%~12.9%, YI{H K
3.4%,TOC & 2 KT 2% 1Y i [t 60.1%; ¥ = BRI A
TOC & AT 0.6%~2.9%, ¥IEH H} 1.6%, TOC & & KT
1% 9 5 He ok 84%; b — T BRI 7+ TOC 7% & A~ T

10" ¢

AR /(mg/g)

AR S %
a. B A e 2

0.5%~5.1%, ¥{H 5 2.1%, TOC & & KT 1% ) 5 te N
84% (Kl 4a) ., UM B W=K . W—TEK3E
KR 0 A48 B4 43 1l 558,307,204 mg/g, 3R W £L
TEAMUFCR AR UL L - T R AR O T, S
I, B F AR ¥ — F BRI A L T - T, 2 AR A
FL G0 AR U = BUR RS TRARZEARILLT,
By (E4b) o 3ERIEA F ML T rh— & #us fk By
Bt R, FEEAMGAE 0.5%~1.4%, LR A= o 3, AL
TBS T = B PR A B W S TV — B
900

800

700 [

600 -
500 -

400

SUHEEU (melg)

300 4,

® f "k
2or o
100 |17 ® T

0 . . )
410 420 430 440 450 460 470 480 490 500
R PRI IR/ C

b. dr i AR (L5 SR R 22

P4 i 2t TR B I AR IS VN S AT LB B R o

Fig. 4 Evaluation of Paleogene source rocks and classification of organic matter types in Huanghua Depression, Bohai Bay Basin
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Fig. 6  Fluorescence thin section photos and 3D fluorescence spectral characteristics of different laminae in second member of Kongdian

Formation (Ek,) and third member of Shahejie Formation (Es,) shale, Huanghua Depression, Bohai Bay Basin
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Fig. 7 Enrichment model of micro—migration reservoir formation in muddy-laminated shale oil
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