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Abstract

Enhancing China’s shale gas production and extraction efficiency necessitates a thorough investiga-
tion of factors affecting shale gas enrichment and preservation, with the development of natural
fractures playing a pivotal role. This study employs well logging, seismic interpretation, core anal-
ysis, thin sections, and scanning electron microscopy data from the Long 1 Member of the Longmaxi
Formation in southeastern Sichuan. It comprehensively analyzes the characteristics, controlling
factors, and distribution patterns of natural fractures in the shale. Additionally, the research exam-
ines the impact of fracture development on shale gas enrichment and the effectiveness of multi-
scale fracture systems in reservoir hydraulic fracturing. The findings indicate that natural fractures
in the region are categorized into depositional fractures, tectonic fractures, and overpressure frac-
tures, with tectonic fractures being predominant. The intensity of tectonic deformation critically
influences fracture density; stronger deformation, greater curvature, and proximity to faults result
in higher fracture density. Large-scale faults significantly affect shale gas leakage, particularly sec-
ondary faults, which can decrease gas production. Conversely, moderately sized large-scale faults
may enhance production. The influence of medium and small-scale fractures is more complex, as
their development and orientations are crucial for shale gas enrichment and preservation. The ef-
fectiveness of these fractures directly impacts the self-sealing and preservation capabilities of shale
gas. This study provides essential theoretical and technical insights for the efficient development
and resource evaluation of shale gas in southeastern Sichuan.
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Figure 1. Geographic location map of Yongchuan block and structural belt with structural stress analysis in southeastern
Sichuan
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Figure 2. Types of fractures in the outcrops of the study area
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Figure 3. Characteristics of structural fracture development in shale cores of Long 1
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Figure 4. Characteristics of non-structural fracture development in shale cores of Long 1
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Figure 5. Microfracture types in the study area
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Figure 6. Filling condition of microfractures in the Longmaxi Formation shale of the study area
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Figure 7. Statistical results of fracture orientation in the Yongchuan area
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Figure 8. Fracture orientation proportion distribution map of the longyi member in the Yongchuan area
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Table 1. Comprehensive analysis of fracture characteristics in each development area of Dingshan
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Figure 9. Fracture development patterns of each sub-layer in the Yongchuan area
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Figure 10. Fracture density development distribution map of the longyi member in the Yongchuan area
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Figure 11. Histogram of fracture number distribution in core samples from key wells in the Yongchuan area
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Figure 12. Quantitative analysis of shale fracture development in the Yongchuan area
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Figure 13. Photographs of fracture fillings in the study area
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Figure 14. Photographs of fracture fillings in the longyi member shale of the Dingshan area
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Figure 15. Proportional distribution of fracture filling mineral types and filling degrees in the longyi member of the Yongchuan
and Dingshan areas
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Figure 16. Statistical distribution map of fracture observations from core and imaging logs in the longyi member of the
Yongchuan area
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Figure 17. Relationship between the contents of different
minerals and fracture line density
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Figure 18. Strike distribution map of shale fractures in the Longmaxi formation of the Yongchuan-Dingshan area
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Table 2. Characteristics of fault features in the top and bottom plates of Longmaxi Formation in southern Sichuan
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Figure 19. Impact of fracture development degree in YY7HF hydraulic fracturing on stimulation and productivity
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