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Abstract: Currently, identifying viable hydrocarbon exploration targets in high-maturity exploration provinces remains a
critical challenge for mature oilfields. Using geological and geochemical methods, we analyze the characteristics of the
whole petroleum system (WPS) in the Western Sag in the Liaohe Depression, Bohai Bay Basin. The results indicate that
the Western Sag contains 12 proven oil and gas fields and 18 pay zones, exhibiting complete hydrocarbon phases and
rich hydrocarbon reservoir types. The proven petroleum reserves in the sag exhibit a normal distribution pattern from
younger to older strata. The region from the slope margin to the sag shows a stepped distribution of heavy oil, light oil,
and condensate gas reservoirs sequentially. The organic matter of the major source rocks is characterized by favorable
kerogen types (types I and II ), high abundance (TOC content: 9%) , and a wide maturity range (R, values: 0. 4% ~
3.0%). Four types of crude oil are found in the sag: a mature type of freshwater origin, a low-maturity type of saline
water origin, a type of mixed freshwater and saline water origin, and a mature type of deep-seated origin. Proven
hydrocarbon resources in the sag are characterized by the controlling effects of source rocks on the distribution of
hydrocarbons of varying origins. These resources show hydrocarbon accumulation governed by paleo-uplifts and
structural highs, hydrocarbon migration along major faults, and the distribution of varying hydrocarbon pool types
controlled by sedimentary facies and the physical properties of sand bodies and reservoirs. Furthermore, these
hydrocarbon resources are characterized by well-matched hydrocarbon generation and accumulation conditions and

diverse hydrocarbon accumulation patterns. The WPS theory reveals that hydrocarbon accumulations within the free
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fluid dynamic regime of the Western Sag are primarily confined to stratigraphic intervals at depths less than 3 500 m. In

addition, shale hydrocarbon reservoirs, deep tight hydrocarbon reservoirs (burial depths > 3 500 m) , and buried-hill

zones are identified as important targets for unconventional hydrocarbon exploration in the sag.
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accumulation characteristics,, Shahejie Formation, Western Sag, Bohai Bay Basin
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Fig. 1 Sketch map of structural units in the Liaohe Depression (a) and composite stratigraphic column of the Western Sag, Bohai Bay Basin (b)
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Fig. 2 Sedimentary facies and hydrocarbon distribution characteristics in partial sequences of the Western Sag, Liaohe Depression
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Fig. 6 Burial depth-varying distributions of heavy and light oils in the Western Sag, Liaohe Depression
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Fig. 7 Distributions of various hydrocarbon reservoir types in the Western Sag, Liaohe Depression
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Table 2 Data on pyrolysis and organic carbon content of partial shales in the Western Sag, Liaohe Depression
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