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Fig.1 Comprehensive geological map of Mahu Sag
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Fig.2 Distribution characteristics of the whole petroleum system on the northern slope of Mahu Sag
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Fig.3 Clay mineral composition and relative content in shale oil reservoirs of Fengcheng Formation, Northern

Slope of Mahu Sag
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Fig.4 Lithology distribution of the whole petroleum system reservoirs in northern slope of Mahu Sag
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Fig.5 Reservoir space types in Fengcheng Formation
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Fig.6 The characteristics of reservoir pore structure in the whole petroleum system of the Fengcheng Formation,
Manan Slope,Mahu Sag
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Table 1 Pore structure characteristics of the whole petroleum system in Fengcheng Formation, Northern Slope of
Mahu Sag
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TAEMmEE  0.2~7.9 0.04~0.64 2.57~75.4 9.68~53.1 0.29~19.07
HZEMEE  0.6~85 0.06~1.14 10.37~89.29 8.1~47.05 0.06~13.07
WM R 1~145 0.08~2.67 7.89~95.4 9.65~43.53 0.27~9.62
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Fig.7 Physical property distribution of different reservoir types in Fengcheng Formation, Northern Slope of Mahu
Sag
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Fig.8 Diagenetic types of Fengcheng Formation
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Fig.9 Diagenetic evolution sequence of the whole petroleum system in Fengcheng Formation, Northern Slope of

Mahu Sag (modified according to references [37-381)
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Fig.10 Quantitative porosity evolution in the whole petroleum system of Fengcheng Formation, Northern Slope,
Mahu Sag
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Table 2 Quantitative evolution of pores in the whole petroleum system of the Fengcheng Formation on the
northern slope of the Mahu Sag
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Fig.11 Porosity evolution and hydrocarbon generation-expulsion processes in the whole petroleum system of

Fengcheng Formation, Northern Slope, Mahu Sag
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Abstract:

The Fengcheng Formation in the Mahu Sag of the Junggar Basin exemplifies a typical the whole
petroleum system, characterized by abundant hydrocarbon resources and promising exploration
potential. Previous research extensively investigated the sedimentary environment, petrology, pore
structure, and physical properties of the Fengcheng Formation within the study area. However,
studies on diagenetic evolutionary sequences and quantitative reservoir pore evolution remain
notably limited. Integrating thin-section microscopy, scanning electron microscopy (SEM), X-ray
diffraction (XRD), and high-pressure mercury injection data, this study conducted a refined analysis
of diagenetic sequences and pore evolution in the Fengcheng Formation of the northern Mahu Sag
slope. We quantitatively assessed the differential impacts of each diagenetic process on three
reservoir types and examined the coupling between pore evolution and hydrocarbon accumulation
processes within this the whole petroleum system. Results reveal that shale oil reservoirs in the
northern slope’s Fengcheng Formation predominantly comprise felsic shale, tight oil reservoirs
consist mainly of felsic siltstone, and conventional oil reservoirs are primarily lithic arkose. The
formation underwent a complex diagenetic process involving alternating phases of mechanical
compaction, multi-stage cementation, devitrification, and multi-stage dissolution. Compaction and
cementation critically degraded reservoir quality in this the whole petroleum system: compaction
reduced porosity by 26.67% in shale oil reservoirs, 29.41% in tight oil reservoirs, and 23.84% in
conventional oil reservoirs, while cementation uniformly decreased porosity by 2.5% across all
three reservoir types. Dissolution partially enhanced reservoir properties, increasing porosity by
0.78% in shale oil reservoirs, 1.75% in tight oil reservoirs, and 2.68% in conventional oil reservoirs.
This research definitively establishes the diagenetic sequences and quantitative pore evolution of
the whole petroleum system in the northern slope’s Fengcheng Formation, providing a critical
foundation for evaluating its resource potential.
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