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Abstract: To address the challenge of increasing reserves and preserving mining rights in old oil fields, particularly in the
underexplored southwestern depression of the Dongpu Depression, this study employed saturation hydrocarbon chromatography
and natural gas carbon isotope analysis to investigate the oil and gas sources and their entrapment patterns. The results revealed
three types of crude oils and two types of natural gases in the area, namely, the low gammacerane index crude oil, medium
gammacerane index crude oil, and high gammacerane index crude oil, as well as Upper Paleozoic coal-derived gas and a mixture of
coal-derived gas and oil-type gas. Oil-source correlation indicates that low gammacerane index crude oil primarily originates from

freshwater source rocks in the middle third submember of the Shahejie Formation. Medium gammacerane index crude oil mainly
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comes from saline source rocks in the upper third submember of the Shahejie Formation. High gammacerane index crude oil

predominantly stems from hypersaline source rocks in the lower third submember of the Shahejie Formation. The oil and gas in the

Southwest Sag exhibit a “multi-source hydrocarbon supply, structure-controlled reservoir, and fault-sand controlled richness”

entrapment characteristic. Four distinct types of oil and gas entrapment patterns were identified: multi-level fault steps, Y-shaped,

inverted Y-shaped, and negative flower-like. Major fault plays a controlling role in the entrapment of oil and gas in the Southwest

Sag. The breakthrough understanding of hydrocarbon source rocks and entrapment mechanisms is critical to the successful

exploration of underexplored areas in old oil fields. These findings provide valuable insights and reference significance for similar

basins, particularly in optimizing strategies exploration and enhancing reserve discovery in old oil fields.

Key words: underexplored area; Dongpu Depression; gammacerane index; coal-derived gas; Southuest Sag; petroleum geology.
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Fig.1 The structural contour map of the Dongpu Depression and the distribution of the sampling wells
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Fig.2 Distribution of gammacerane index characteristic of source rocks in different areas of Dongpu Depression
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Table 1 Distribution of biomarker compounds in source rocks of saltified environment in the northern Dongpu Depression
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Table 2 Distribution of gammacerane/C,, huoan in source rocks of freshwater environment in the southern Dongpu Depression
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Fig.6 Color mass spectrogram of desalination environmental source rock in Southwest Sag of Dongpu Depression ( Well

Pushen 8)
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Table 3 Distribution of gammacerane/C,, huoan in source rocks of ultra saline water environment in Dongpu Depression
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Table 4 Characteristics of natural gas components in Southwest Sag of Dongpu Depression
Co, C,H, CH JRk BB C,/
i A m) BE. oy TR0 CHOO) L o) o) (velh) <cllc,5>
W2 3951.8~3965.6 VT 4.69 3.24 85.94 3.41 1.46 92.07 7.93 0.93
773 3597.5~3676.8 VW 2.45 411 90.58 2.21 0.32 93.43 6.57 0.97
fi 3 3678.9~4052.9 VT 2.58 1.79 93.20 1.82 0.33 95.39 4.37 0.98
ff301  3794.8~3822.9 WTF 1.08 / 89.27 5.90 1.61 98.92 1.08 0.90
4 3525.0~3607.5 W T 1.22 0.95 93.67 3.48 0.56 97.83 2.17 0.96
41 2865.4~3291.9 U F 2.23 3.91 58.16 13.30 10.82 93.86 6.14 0.62
M43 3002.3~3125.9 UWTF 1.96 2.03 43.01 18.88 18.12 96.01 3.99 0.45
%5 3912.5~3990.0 W= 1 3.94 2.73 71.59 9.83 5.46 93.33 6.67 0.77
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Table 5 Carbon 1sotope characteristics of natural gas in Southwest Sag of Dongpu Depression
i W (m) i T N T T AR
3" Cppp(%0) 3"Chpp (%) 3" Chpp (%) 3" Cppp(%0)
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Fig.11 Oil and gas reservoir formation model in the Zhaozhuang area in the Southwest Sag of Dongpu Depression
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