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Abstract To investigate the pore structure characteristics of the shale oil reservoir in the Jurassic
Da’anzhai Member in Longgang area, northern Sichuan Basin, a systematic analysis of pore features and
their controlling factors in the Da’anzhai shale was conducted using organic carbon analysis, field emission
scanning electron microscopy ( FE-SEM ), X-ray diffraction ( XRD), nitrogen adsorption, and nuclear
magnetic resonance ( NMR) experiments. The results indicate that: (1) The pore types in the Da’anzhai
shale oil reservoir are dominated by clay mineral intercrystalline pores, followed by calcite intercrystalline
pores, quartz intercrystalline pores, with minor organic matter pores and pyrite intercrystalline pores.
(2) Clay content controls the pore volume and specific surface area of the shale, while organic matter
content has minimal influence on porosity. (3) Calcite intercrystalline pores primarily contribute to larger
pores but are limited in number and volume. Microscopically, these pores are mainly found within biogenic
shells, with the shell edges being dense and non-porous. The low degree of asphalt filling and poor
connectivity are notable. The development of calcite intercrystalline pores is controlled by shell
recrystallization, with larger shells being more prone to recrystallization and forming intercrystalline
porosity. (4) Authigenic quartz intercrystalline pores are distributed along shell edges, exhibiting better
connectivity than calcite intercrystalline pores. These pores formed earlier than the hydrocarbon generation
stage of organic matter and are often filled with hydrocarbons, contributing significantly to effective storage
space. Their development is controlled by the degree of silicification of shells, with larger shells more
susceptible to replacement, forming quartz intercrystalline pores. (5) The mixing of clay and shells
results in a distinct “binary” structure in the reservoir space: clay-rich areas are characterized by pores
with high specific surface area, small pore size, and good adsorption capacity, while shell-rich areas are
dominated by pores with low specific surface area, large pore size, but limited connectivity.

Key words pore structure, nitrogen adsorption, nuclear magnetic resonance, shale oil, Da’anzhai
member, Sichuan Basin
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Fig. 1  Location of the studied Well LA1 and distribution of shale samples from the Da’anzhai member in Well LA1 in Longgang area,

northern Sichuan Basin (Structural zoning map of Sichuan Basin is after Sun et al., 2021)
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Table 1 Pore structure parameters, TOC, and mineral composition of studied samples from the Da’anzhai member

in Longgang area, northern Sichuan Basin
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Fig. 2 Ternary diagram of rock types of samples from the Da’an-

zhai member in Longgang area, northern Sichuan Basin ( classi-

fication scheme according to Zhu et al., 2022)
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types of the Da’anzhai member of Well LAl in Longgang area,

northern Sichuan Basin
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Fig. 4 Scanning Electron Microscope photos of typical pores in studied samples from the Da’anzhai member in Longgang area,

northern Sichuan Basin
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Fig. 5 Statistics of pore size distribution of different types of

pores in the Da’anzhai member in Longgang area, northern

Sichuan Basin (data from 2D images analysis by SEM)
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Fig. 6 Low—pressure N, adsorption-desorption isotherms of studied samples in the Da’anzhai member

in Longgang area, northern Sichuan Basin
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in the Da’anzhai member in Longgang area, northern Sichuan Basin
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Fig. 10 Relationship between TOC and specific surface area and pore volume of typical shale in the Da’anzhai member in Longgang

area, northern Sichuan Basin
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in Longgang area, northern Sichuan Basin
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