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Abstract: This study aims to investigate the interplay between reservoir evolution and the hydrocarbon generation of
source rocks. To this end, we conduct formation porosity thermocompression simulation experiments of hydrocarbon
generation on low-maturity source rock samples from well Feng 5 in the Mahu Sag. Accordingly, we systematically
analyze the dynamic source rock-reservoir coevolution process at varying stages. The results indicate that the
hydrocarbon generation and evolution of shales in the Fengcheng Formation, Mahu Sag can be divided into three stages:
the early (simulated vitrinite reflection, Easy R, = < 0.75%) , middle (Easy R, = 0.75% ~ 1.06%) , and late oil-
generation stages (Easy R, = 1.04% ~ 1. 14%) , with the middle stage representing the main oil generation period.
Under the influence of hydrocarbon generation, the reservoirs correspondingly experienced three stages of evolution:
poor pore development (Easy R, < 0.75%) , slowly increasing pore volume (Easy R, = 0.75% ~ 0.97%) , and rapidly

increasing pore volume (Easy R, = 0.97% ~ 1. 14%). For shales in the Fengcheng Formation, hydrocarbon generation
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and evolution influences reservoir properties in five aspects: the generation of secondary inorganic pores, bitumen filling
and shrinkage, microfracture development induced by hydrocarbon generation pressurization, acidic fluid-induced
dissolution, and the formation of authigenic minerals. Meanwhile, improvements in reservoir properties can promote the
hydrocarbon generation and expulsion of shales, while an increase in the gas/oil ratio can enhance the hydrocarbon
expulsion efficiency under poor reservoir physical properties. Based on the interplay between source rocks and
reservoirs, the source rock-reservoir coevolution of shales in the Fengcheng Formation can be divided into four stages:
early, slow, rapid, and late stages. The early evolution stage (Easy R, < 0. 75%) , among others, is characterized by a low
hydrocarbon yield of the source rocks and poor reservoir properties. During the slow evolution stage (Easy R, = 0.75% ~
0.97%) , the hydrocarbon yield, hydrocarbon expulsion efficiency, and hydrocarbon retention rate of the source rocks
increased slowly, while the reservoir properties improved gradually. The rapid evolution stage (Easy R, = 0.97% ~
1. 06%) is characterized by favorable reservoir properties and a high hydrocarbon yield, hydrocarbon expulsion efficiency,
and hydrocarbon retention rate of the source rocks. The late evolution stage (Easy R, > 1. 06%) exhibits a decrease in the
hydrocarbon yield of the source rocks, favorable reservoir properties, and an increasing oil expulsion efficiency. At
present, in areas with breakthroughs in shale oil exploration in the Fengcheng Formation, Mahu Sag, the source rock-
reservoir coevolution of shales is generally in the rapid evolution stage , demonstrating considerable resource potential.

Key words: gas-oil ratio, source rock-reservoir coevolution, hydrocarbon generation simulation, shale oil, Fengcheng

Formation, Mahu Sag, Junggar Basin
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Fig. 1 Regional location and structural characteristics of Mahu Sag, Junggar Basin and comprehensive histogram of Fengcheng Formation
(modified after reference [16])
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Table 1 Organic geochemical information of hydrocarbon generation simulation experiment samples of the Fengcheng

Formation, Mahu Sag, Junggar Basin
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Fig. 2 Comparison of organic macerals in samples for hydrocarbon generation simulation experiments collected from the Fengcheng

Formation, Mahu Sag, Junggar Basin
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Fig. 3 Composition of hydrocarbon-generating parent materials as reflected in biomarkers from the Fengcheng Formation, Mahu Sag,

Junggar Basin
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Table 2 Setting temperature and pressure and R, value in hydrocarbon generation simulation experiment of the Fengcheng

Formation, Mahu Sag, Junggar Basin
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Fig. 6 Thermal simulation experiment-derived hydrocarbon generation evolution process of source rocks in the Fengcheng Formation, Mahu

Sag, Junggar Basin
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Fig. 7 Reservoir evolutionary process derived from thermal simulation experiments on source rocks in the Fengcheng Formation , Mahu

Sag, Junggar Basin
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Fig. 8 Scanning electron microscope (SEM) images of reservoir pores derived from thermal simulation experiments on shales in the

Fengcheng Formation, Mahu Sag, Junggar Basin
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Fig. 9 Impacts of changes in the pore volume on hydrocarbon generation, expulsion, and retention derived from thermal simulation

experiments on source rocks in the Fengcheng Formation, Mahu Sag, Junggar Basin
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