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Abstract Through the application of multiple analytical techniques—including source rock and
hydrocarbon geochemistry, thermal simulation of hydrocarbon generation, numerical modeling of hydro-

carbon accumulation, and fluid inclusion analysis—the hydrocarbon generation mechanism and thermal
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evolution history of the Middle Permian source rocks in the Fukang sag and adjacent areas have been
elucidated. The hydrocarbon accumulation mechanisms of the Permian petroleum system across different
structural zones are elucidated, leading to the establishment of differentiated models for hydrocarbon accu-
mulation. Ultimately, favorable exploration targets are identified. The main findings are as follows:
(1) The scale, quality, and hydrocarbon generation potential of the source rocks decrease successively
from the Fukang fault zone to the Jimsar sag and then to the Fukang sag, with characteristics indicative of
early hydrocarbon generation and expulsion. (2) The hydrocarbon enrichment patterns can be categorized
into; early deep burial gas-rich type, early-late two-stage burial oil-rich type, continuous burial gas-rich
type, and continuous burial oil-rich type. (3) In the hanging wall of the Fukang fault zone, hydrocarbon
accumulation is dominated by fault-controlled, adjusted secondary reservoirs. The footwall is characterized
by multi-layer, three-dimensional reservoirs driven by overpressure and transported via faults, with the
most concentrated hydrocarbons occurring at the top of the Jingjingzigou Formation. In the Fukang sag,
accumulation follows a model of “predominantly vertical migration and accumulation, supplemented by
lateral migration,” with a gradual transition from gas reservoirs in the deep sag to oil reservoirs on the
slopes. Hydrocarbons generated from depressions on both sides of uplifts migrate along fault-unconformity
composite pathways toward the uplifts, resulting in multi-layer hydrocarbon distribution. (4) The favor-
able exploration targets include: preserved palaeo-reservoirs in the relatively stable hanging wall of the
Fukang fault zone; tight oil/ shale oil and lithologic reservoirs in the footwall of the Fukang fault zone; and

lithologic or structural-lithologic gas reservoirs in the deep Shangwuerhe Formation of the Fukang sag,

transitioning to oil reservoirs on the slopes.

Key words hydrocarbon generation, hydrocarbon accumulation, Permian, Lucaogou Formation,
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Fig. 1  Overview of structural units (a) and strata (b) in Fukang sag and adjacent areas
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Table 1 Geochemical parameters of source rocks of the

Lucaogou Formation in Fukang sag and adjacent areas
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Table 2 Geochemical parameters of the Lucaogou Formation source rocks in Fukang sag and adjacent areas

S, +S HI
Wi sk EE/m TOC/% L . e T,/ C R,/ %
/mg-g /mg-g
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