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Location of study area and stratigraphic column

(a) structural map of Bohai Bay Basin and location of Bonan Sag (box); (b) structural diagram of Bonan Sag and location of core well (box); (c) stratigraphic column of study area
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Table 1 Whole-rock mineral composition of Es' member, Bonan Sag
SCAT PR L] RHCA E R EFa) H=f FHA R Fhit g
0~31.9 1.9~39.3 0~6.9 0~22.6 0~222 0~94.5 0~94.9 0~71.3 0~7.2 0~73.0
46 20.9 12 1.6 22 12.0 5.0 20.3 15 30.8
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Table 2 Clay mineral composition of Es' member of

Bonan Sag
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Fig.2 Feldspar-quartz lamina

(a-c) SEM micrographs; (d) energy spectrum and main element content
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Fig.3 Clay mineral lamina

(a) single polarizing light micrograph; (b) SEM micrograph; (c) energy spectrum micrograph; (d) energy spectrum and main element content
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Fig.4  Photomicrograph of aragonite lamina

(a) single polarizing light micrograph; (b) SEM micrograph; (c) energy spectrum micrograph; (d) energy spectrum and main element content
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Fig.5 Photomicrograph of micrite calcite lamina

(a) single polarizing light micrograph; (b) SEM micrograph; (c) energy spectrum micrograph; (d) energy spectrum and main element content
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Fig.6  Photomicrograph of organic-rich lamina

(a, b) SEM micrographs; (c) energy spectrum micrograph; (d) energy spectrum and main element content
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Fig.7

Images of different lamina combinations under plane-polarized light (PPL)

(a, a’) organic-rich + micrite calcite lamina core photograph and PPL micrograph; (b, b") organic-rich + aragonite lamina core photograph and PPL micrograph; (c, ¢) organic-

rich + feldspar-quartz lamina core photograph and PPL micrograph
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Fig.8 Pore types

(a) frrodolomite intercrystalline; (b) (ferro) dolomite dissolution; (c) calcite intercrystalline; (d) extensive development of intergranular pores in aragonite lamina; (e) bioclastic

primary; (f) pyrite intercrystalline; (g) clay mineral intergranular; (h) terrigenous clastic intergranular; (i) organic pores
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Table 3 Pore structures of mudstone with different laminated assemblages, Es' member, Bonan Sag
smma DFT SR R IH TR BJH S AR I SALIRRI(<1101 ) BJH SFLIAF R o/
(0.367~1.101 nm) (1.7~300 nm) (1.7~300 nm)
WAL+ ST 2.548 0 m/g 1.354 7 m¥/g 0.000 78 cm’/g 0.003 965 cm®/g 11.708 3 nm
B A ML+ 3.561 0 m¥/g 1.399 1 m%/g 0.001 22 cm’/g 0.003 578 em¥/g 10.229 2 nm
B P+ 2.305 4 m’/g 1.196 4 m¥/g 0.000 75 cm*/g 0.004 394 cm’/g 14.691 7 nm
&AL+ b T A 2.029 7 m/g 1.857 8 m¥g 0.000 61 cm*/g 0.004 636 cm’/g 9.982 8 nm
WA BTG A AT 1.578 2 m¥/g 1.124 0 m¥g 0.000 44 cm/g 0.003 237 em¥/g 11.518 9 nm
AL+ A BT 0.430 4 m¥/g 0.423 1 m%/g 0.000 13 cm’/g 0.002 023 cm¥/g 19.121 7 nm
BB+ SCA T 0.405 2 m¥/g 0.184 4 m¥/g 0.000 12 cm/g 0.001 112 em¥/g 24.117 1 nm
AL+ SO T 1.899 6 m’/g 0.953 3 m¥g 0.000 60 cm*/g 0.003 817 em®/g 16.017 2 nm
WA P+ SCA R 2.519 6 m’/g 1.807 5 m¥/g 0.000 78 cm*/g 0.003 437 cm®/g 7.606 9 nm
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Lacustrine Organic-rich Black Mudstone Laminated Facies and Its
Reservoir Significance: A case study of the Shahejie Formation
mudstone in the Jiyang Depression
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Abstract : [Objective] China possesses abundant terrestrial shale oil resources with significant potential for explora-
tion. Now, substantial breakthroughs have been made in the exploration and development of shale oil in the Shahejie
Formation (Es') in Jiyang Depression, but there are still some problems to be solved in the differences of reservoir
properties among black mudstones of different lithofacies.[ Methods ] This study focused on the black mudstone of the
Shahejie Formation in the Jiyang Depression, southern Bohai Bay Basin. The laminated strata types and combina-
tions, pore types and structures were examined by X-ray diffraction (XRD), rock pyrolysis, fluorescence analysis,
scanning electron microscopy (SEM) and low-temperature gas adsorption. [ Results] Five distinctive categories of
mineral types were identified: feldspar-quartz lamina, clay mineral-rich lamina, aragonite lamina, micritic
calcite-dominated lamina, and organic-rich lamina. Their vertical stacking occurs in three binary layer combinations :
organic-rich + micritic calcite, organic-rich + aragonite, and organic-rich + feldspar-quartz. The porosities of the
organic-rich + aragonite and organic-rich + feldspar-quartz binary lamina combination mudstones are higher than the
other combinations, and possess better pore structure and connectivity. In the organic-rich + aragonite combination,
shale oil is present in a free state within interlayer spaces, and is the most mobile. The mobility of the free oil and
adsorbed oil in the organic-rich + aragonite mudstone is poorer. The lowest-mobility oil occurs mainly as adsorbed
material in the organic-rich + feldspar-quartz combination mudstone.[ Conclusions ] The different strata combinations
in the mudstone structure influence the porosity, pore structure and hydrocarbon storage capacity of these black mud-
stones. Based on the findings of this study, shale oil reservoir storage models were developed for each combination to
provide a rational foundation for the future extraction of shale oil and gas in the region.

Key words: mudstone; lamina type and combination ; reservoir properties; occurrence pattern; Bohai Bay Basin



