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Hydrocarbon reservoir types and accumulation model of a whole petroleum system
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Abstract: The Bogda piedmont zone in the Junggar Basin experienced multiple stages of tectonic movements, as well as
superimposed deformations and reworking, leading to complex tectono-sedimentary evolution. As a result, the distribution
characteristics of high-quality source rocks in this piedmont zone remain poorly understood. Investigating the hydrocarbon
reservoir types and accumulation model of the whole petroleum system (WPS) in this zone holds great significance for
guiding hydrocarbon exploration in complex piedmont structural settings. Using data from outcrops, seismic surveys,
newly drilled wells, and geochemical analysis, we examine the petroleum geological conditions and hydrocarbon
accumulation types of the Permian WPS in the complex Bogda piedmont structural zone. Accordingly, a multi-dynamic
hydrocarbon accumulation model together with an orderly hydrocarbon reservoir distribution pattern of the WPS is

developed. The results indicate that the Middle Permian Lucaogou Formation in the Bogda piedmont zone contains a thick
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suite of high-quality lacustrine source rocks consisting primarily of black to grayish-black organic-rich shales. These
source rocks were deposited in a semi-deep to deep saline lacustrine basin under a rift tectonic setting, with the subsidence
and depositional center located at the present-day Bogda Mountain. These rocks exhibit a greater thickness, higher organic
matter abundance, and higher thermal maturity as their distance from the Bogda Mountain decreases. The complex Bogda
piedmont structural zone possesses the hydrocarbon accumulation conditions for a WPS. Specifically, with the high-quality
source rocks in the Lucaogou Formation as a center, three types of favorable reservoirs are identified: (1) shales and tight
sandstones in the Lucaogou Formation, situated within source rocks, (2) tight sandstones in the Jingjingzigou Formation,
located beneath source rocks, and (3) tight sandstones in the Wutonggou Formation and sandstones in the Karamay
Formation, both situated above source rocks. These three types of reservoirs are orderly distributed in space, and are
connected to the high-quality source rocks of the Lucaogou Formation through faults formed at the late stage, creating
favorable conditions for large-scale hydrocarbon accumulation. The complex Bogda piedmont structural zone exhibits three
types of hydrocarbon reservoirs: (1) shale hydrocarbon reservoirs within source rocks, formed by retained hydrocarbons
under the action of adsorption in a irreducible dynamic field, (2) tight-sand hydrocarbon reservoirs adjacent to source
rocks, resulting from short-distance hydrocarbon migration driven predominantly by non-buoyancy in a restricted dynamic
field, and (3) conventional hydrocarbon reservoirs above source rocks, formed by long-distance hydrocarbon migration
driven primarily by buoyancy in a free dynamic field. These hydrocarbon reservoirs also show an orderly spatial
distribution. Under the guidance of the hydrocarbon accumulation model of the WPS, major hydrocarbon discoveries have
been made during exploratory drilling in the hanging wall of the Fukang fault zone and the Chaiwopu Sag, located along the
northern and southern margins of the Bogda Mountain, respectively. These discoveries confirm the promising prospects for
conventional and unconventional hydrocarbon exploration in the complex Bogda piedmont structural zone.

Key words: whole petroleum system (WPS) , shale oil and gas, tight oil and gas, accumulation pattern, Lucaogou

Formation, Permian, Bogda Mountain, Junggar Basin
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Fig. 1

Structural unit division map and the Carboniferous-Triassic composite stratigraphic column of the periphery of the Bogda Mountain,

Junggar Basin
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Fig. 2 Tectonic evolution and sedimentary filling process of the Bogda Mountain, Junggar Basin (modified after reference [25])
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Fig. 4 Sedimentary facies distribution of the Permian Lucaogou Formation on the periphery of the Bogda Mountain, Junggar Basin
(modified after reference [337])
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Table 1 Statistics of the geochemical indicators of source rocks in the Permian Lucaogou Formation on the periphery of the

Bogda Mountain, Junggar Basin
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Fig. 7 Contour map showing the thermal maturity (R,) of source rocks in the Permian Lucaogou Formation on the periphery of the Bogda

Mountain, Junggar Basin
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