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Abstract Shale oil resources in China are predominantly hosted in continental sedimentary basins,
where recent exploration and development efforts have yielded substantial breakthroughs. Field-based
observations reveal pronounced heterogeneity in mineralogical composition, sedimentary architecture, and
lithofacies distribution across continental shale successions—reflecting fundamentally diverse genetic
origins. Nevertheless, a comprehensive, basin-scale synthesis of these genetic mechanisms remains
limited. This study presents a systematic review and integration of the provenance and formation processes
governing continental shales in China’s major petroliferous basins. Our analysis demonstrates that key
authigenic minerals—including siliceous, calcareous, dolomitic, and so-called “evaporitic” phases—
exhibit polygenetic origins. Silica is supplied through multiple pathways: detrital input from source
terrains, biogenic precipitation ( e.g., diatomaceous and radiolarian opal ), clay mineral diagenesis
(e.g., smectite-to-illite transformation ) , and volcanic ash alteration. Calcite precipitates via diverse
mechanisms; inorganic chemical precipitation from supersaturated pore waters, microbially mediated or
biologically induced crystallization, incorporation of bioclastic debris ( e.g., ostracod and charophyte
fragments ) , detrital carbonate influx, and post-depositional recrystallization. Dolomite formation is
primarily controlled by microbial mediation (e.g., sulfate-reducing bacteria), hydrothermal fluid interac-
tion, and burial-related solid-state transformation. Notably, many minerals historically labeled
“evaporitic” ( e.g., gypsum, anhydrite, halite pseudomorphs ) occur in the absence of diagnostic
evaporite stratigraphy and commonly co-occur with deep-lake, organic-rich shale intervals—strongly
indicating non-evaporitic, often diagenetically driven, origins. This multiplicity of mineral-forming pro-
cesses underpins the development of over ten distinct high-quality reservoir types, which are systematically
classified into three end-member categories based on dominant quality-controlling processes: (1) sedi-
mentation-dominated reservoirs, (2 ) diagenesis-modified reservoirs, and (3 ) mixed sedimentation-
diagenesis reservoirs. Furthermore, spatial and temporal variations in depositional systems (e.g., lake
level fluctuations, provenance shifts ) and diagenetic histories ( e.g., timing and intensity of
silica/ carbonate cementation, organic acid leaching) lead to pronounced spatiotemporal heterogeneity in
reservoir type distribution—even within individual lacustrine basins—f{requently resulting in vertical and
lateral coexistence of multiple reservoir types.
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Fig. 1 Locations and mineral composition contents of major continental shale oil basins in China

(modified from Jiang et al., 2021)
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Fig.2 Typical characteristics of siliceous minerals in continental shale, China
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Table 1 X-ray diffraction data of clay minerals from Well Y1-1 in the Upper Submember of Member 4 of Shahejie Formation

in Dongying sag, Bohai Bay Basin

B LA Wy 2O FERS A %

%5 WE/m Hzs /%
P/ 51 )2 AR EE] U A LRt L/ 5 1A )2
1 4604.90 5 94 0 1 0 4
2 4606.15 0 100 0 0 0 10
3 4607.25 0 100 0 0 0 5
4 4608.15 17 83 0 0 0 21
5 4609.30 0 100 0 0 0 9
6 4610.25 6 94 0 0 0 12
7 4611.30 7 93 0 0 0 11
8 4611.95 4 96 0 0 0 8
9 4613.30 5 100 0 0 0 12
10 4614.25 0 100 0 0 0 6
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Fig. 3 Typical characteristics of calcite minerals within continental shale oil reservoirs, China
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Fig. 4 Typical characteristics of dolomite minerals within continental shale oil reservoirs

F 2 MITAMERMAEER 4003 FEREEH AR E R RFE

Table 2 Carbon and oxygen isotope characteristics of carbonate rocks from Well ZX4003 in Gulong sag, Songliao Basin

K 45 2/ %o

R H5 LB JEhE H&/ m
5"C(PDB) 5'%0(PDB)
1 414003 MmE B A H—B 1820.14 5.14 -9.98
2 A} 4003 OISR H—B 1837.04 11.96 -11.07
3 HEA} 4003 OISR = H—B 1811.16 7.73 -9.13
4 24} 4003 P TIR F—B 1813.21 4.42 -9.87
5 24} 4003 I i A Bk A H—B 1844.44 0.89 - 16.61
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Fig. 5 Typical characteristics of “evaporitic” minerals within continental shale oil reservoirs, China
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Fig. 6 Typical characteristics of clay minerals within continental shale oil reservoirs

(modified after Schieber et al., 2007)
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Fig. 7 Generalized stratigraphic column of the Member 1 and 2 of Qingshankou Formation in Well G1,

Gulong Depression, Songliao Basin
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Fig. 8 Core with characteristics of event deposits from the Lower Submember of Member 3 of Shahejie Formation

in Well BYP5, Bonan subsag, Zhanhua sag, Bohai Bay Basin
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Fig. 10 Shale core with abundant horizontal sparry calcite veins (the Upper Submember of Member 4

of Shahejie Formation, Well FY1 in Dongying sag, Bohai Bay Basin)
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