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Abstract: Since 2020, exploration of continental shale oil in the second member of the Paleogene Funing Formation (hereinafter referred to
as Funing 2 member) in the Qintong Sag, Subei Basin, has continuously yielded discoveries, with proven geological reserves for sub—member
I exceeding 4 000x10" t for the first time. To systematically reveal the occurrence characteristics and controlling factors of shale oil in sub—
member [ of the Funing 2 member in this sag, analysis techniques such as thin—section observation, scanning electron microscopy, X-ray
diffraction, multi—temperature stage rock pyrolysis, low—temperature N, adsorption, and two—dimensional nuclear magnetic resonance were
employed to conduct in—depth research on the mineral composition, pore development characteristics, and pore fluid occurrence state of the
shale reservoir. The results indicated that sub—-member I of the Funing 2 member developed mixed shale, felsic shale, and carbonate shale.
The micro—nano scale storage spaces included organic pores, intercrystalline pores, intergranular pores, dissolution pores, clay mineral

interlayer fractures, and grain—edge fractures, with clay mineral intercrystalline pores and intergranular pores being the main occurrence
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sites for shale oil. Shale oil mainly occurred in a free state (accounting for 67%-97%, with an average of 88%). Based on 2D NMR data, the

lower limit of oil-bearing pore size was determined to be 5.38 nm, and the lower limit of movable oil pore size was 26.88 nm. The study

revealed that organic matter abundance was the core prerequisite for controlling shale oil occurrence, as it determined both the scale of oil

generation and dominated the occurrence of adsorbed oil. Mineral composition and occurrence patterns controlled the occurrence of free oil

by determining pore types and development scale. When the contents of felsic minerals, clay minerals, and carbonate minerals were in the

range of 30%-60%, 20%-40%, and below 30%, respectively, and the ratio of felsic mineral to clay mineral was between 1 and 2, the

conditions for free oil occurrence were optimal. The results reveal that intervals with mixed shale and felsic shale, characterized by relatively

high organic matter abundance and low carbonate mineral content, have favorable conditions for shale oil occurrence and should be

prioritized as the next focus areas for shale oil exploration in the Funing 2 member.

Keywords: Qintong Sag; second member of Funing Formation; shale oil; occurrence characteristics; controlling factors
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Fig. 1 Geological structure of Qintong Sag, Subei Basin and comprehensive stratigraphic column of Funing 2 member in well QY1
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Fig. 2 Ternary diagram and box plot of mineral composition of shale in sub-member I of Funing 2 member, well QY1, Qintong Sag, Subei Basin
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Fig. 5 Mineral occurrence patterns and storage space types of shale in sub-member I of Funing 2 member, Qintong Sag, Subei Basin
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