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Abstract: The Wufeng Formation—Longmaxi Formation in the Eastern area of Weiyuan, southern Sichuan Province
exhibits significant differences in burial depth, and the temperature and pressure conditions are complex, presenting
challenges for studying the enrichment patterns of deep shale gas. Therefore, it is urgent to reveal the paleo-fluid
pressure evolution process of this layer, clarify the causes of overpressure and its preservation mechanisms, in order to
deepen the understanding of enrichment. This study focuses on calcite veins in the shale fractures of the bottom of the
Longmaxi Formation in the eastern area of Weiyuan. By combining core observation, electron microscopy analysis,
overpressure mechanism discrimination charts, fluid inclusion tests, laser Raman spectroscopy, and basin simulation,
the origins, evolution, and preservation mechanisms of paleo-fluid overpressure in this area were investigated. The
results indicate: (1) The combination of well logging curves, density and sonic velocity, and the characteristics of
formation pressure coefficients and total organic carbon content in the Wuyuan East Five Peaks
Formation—Longmaxi Formation shales confirm that the abnormal pressure originates from hydrocarbon generation
overpressure (dominated by the fluid expansion mechanism). (2) In the cracks of the Weiyuan East District, three
phase veins were identified, with overall uniform temperatures ranging from 102 to 139.1°C and trapping pressures
ranging from 51.85 to 76.26 MPa. (3) The pressure evolution occurred in four stages: normal pressure, slight
overpressure, strong overpressure, and weak pressure relief, characterized by three features: early stable overpressure
increase, rapid overpressure increase in the middle stage, and late-stage pressure relief with a short duration and low
intensity. (4) Excellent overpressure preservation conditions effectively maintain reservoir properties and gas
content; the target layer has a porosity of 6.3%, a pressure coefficient of 1.97, gas content of 3.5-8.5 m’/t, and a
tested production of 94,800 m3/day, demonstrating good development potential. The study results can provide
theoretical support for reducing the risk in predicting sweet spots for shale gas in this region.
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Fig. 6 Scanning electron microscope images of organic pore morphology in the Longmaxi Formation Subsection 1 shale at Well Weis5,
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Table 2 Pore parameters extracted from the Wei5 well in Weiyuan East District using a focused ion beam scanning electron microscope
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