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Abstract: Continental mixed shale reservoirs commonly exhibit complex pore—fracture architectures and strong heterogeneity, which are key
geological factors restricting sweet—spot prediction and efficient shale—oil development. To clarify reservoir—space types, pore—fracture
system architecture, and their main controlling factors in mixed shale, this study focuses on the Permian Fengcheng Formation in the Mahu
Sag, Junggar Basin, and integrates core observation, thin—section analysis, microscopic characterization, low—temperature N> adsorption, and
high—pressure mercury intrusion to conduct a comprehensive characterization of the reservoir space system and an analysis of its controlling
factors.Results  show that the reservoir space system is dominated by inorganic pores, organic matter pores, and microfractures. Inorganic

pores include intergranular pores, intragranular dissolution pores, and intercrystalline pores, among which intergranular pores are dominant
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and mainly occur between felsic mineral grains. Microfractures are primarily bedding—parallel fractures and tectonic microfractures, with
apertures predominantly in the 10-30wm range, and they contribute significantly to pore—microfracture connectivity and seepage capacity.
Full-scale pore characterization indicates a distinct bimodal pore size distribution (<100 nm and >2 000 nm), and an average total pore
volume of about 0.0085 cm?/g. Reservoir quality varies systematically among lithofacies, generally following the order: felsic shale > mixed
shale > clay—rich shale. Mineral composition and lamination collectively exert strong controls on the pore—fracture system, mainly through
pore enhancement by dissolution, pore reduction by cementation, and fracture promotion by brittleness: dissolution of quartz and plagioclase
generates secondary pores; intercrystalline pores associated with clay minerals contribute substantially to micropore volume; whereas
carbonate cementation reduces pore—throat connectivity but may facilitate fracture development under tectonic stress. Interbedded felsic—
mixed laminae promote the development of bedding—parallel fractures, and organo—inorganic complexes within clay-rich laminae enhance
pore—network connectivity. Overall, pore—fracture coupling is a key mechanism governing reservoir effectiveness and heterogeneity, and

provides an important basis for constructing reservoir evaluation schemes and optimizing sweet—spot intervals in continental mixed shale oil

systems.
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Fig. 1  Structural setting of the Mahu Sag and stratigraphic characteristics of the Fengcheng Formation
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Fig.2  Mineral content map of Fengcheng formation in Mahu Sag
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Fig. 3 Reservoir space types of the Fengcheng Formation in the Mahu Sag
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Fig. 4 Fracture types of the Fengcheng Formation in the Mahu Sag
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Fig. 6 Capillary pressure curves of mixed shale in the Fengcheng Formation, Mahu Sag
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Fig. 7 Low-temperature N, adsorption—desorption isotherms of mixed shale in the Fengcheng Formation, Mahu Sag
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Fig. 10 Laminae types and pore—fracture characteristics of the Fengcheng Formation
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