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Abstract: The Da’ an area, located in western Chongqing within the Sichuan Basin, serves as a promising new target for
deep shale gas exploration in the Wufeng-Longmaxi formations. However, the pore microstructure characteristics of
shale reservoirs in this area and their controlling effects on gas content are yet to be clarified, posing a challenge for
shale gas exploration in depth. Using the analytical and test data from scanning electron microscopy (SEM) , low-
temperature gas adsorption, and nuclear magnetic resonance (NMR) experiments, we investigate the features of pore
microstructures of various lithofacies in deep shales in the Wufeng-Longmaxi formations, as well as their controlling
effects on the differences in gas content. The results indicate the presence of four lithofacies in deep-seated shales in the
Da’an area: siliceous shales, mixed siliceous shales, clayey siliceous shales, and mixed clayey-siliceous shales. Pores

in the shales are dominated by organic pores, followed by intercrystalline pores, dissolution pores, and interlayer pores
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in clay minerals. Meanwhile, fractures also observed in the shales consist of organic matter-filled fractures, interlayer
fractures in clay minerals, and tectonic stress-induced fractures. Primary pore structures in the deep-seated shales
include mesopores (pore size ranging from 2 to 50 nm) and macropores (pore size greater than 50 nm). An increased
total organic carbon (TOC) content is conducive to the development of micropores (pore size less than 2 nm) and
macropores. In contrast, the elevated content of siliceous and clay minerals foster the formation of macropores and
mesopores, respectively. The gas content of the deep shales is positively correlated with the TOC content and the
siliceous mineral content, so does the macropore volume to gas content. Shales with a high siliceous content manifest the
optimal gas-bearing properties, establishing them as the favorable lithofacies for the enrichment of deep shale gas.
Moderately shallow shales in the Da’ an area primarily contain micropores and mesopores, with adsorbed gas
predominating. In contrast, deep-seated shales in the area principally exhibit mesopores and macropores and the
predominance of free gas. The well-developed macropores create favorable conditions for free gas preservation, thus
increasing the gas content in the deep-seated shales.

Key words: pore structure, gas content, Wufeng-Longmaxi formations, deep shale gas, Da’an area, Sichuan Basin
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Fig. 1 Location of the study area (a) and composite stratigraphic column of the Wufeng-Longmaxi formations (b)in the Da’an area,

Sichuan Basin
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Table 1 Fundamental parameters of deep shale samples from the Wufeng—Longmaxi formations, Da’an area, Sichuan Basin

e T0CI LB/ AE AL % B AN S %
T TP - A - —
% % Lt A% KA RO B EEe 1S I C (m*/t)
DA-1 DA1 4369.95 6. 40 3.50 15.1 60. 2 2.4 7.9 9.7 4.7 16 78 6 8.29
DA-2 DA1 4373.45 7.50 8.71 13.1 72.5 2.1 4.0 5.4 2.9 — — — 11.68
DA-3 DA101 4 358.27 3.02 5.47 44.5 30. 1 7.0 8.5 6.4 3.5 26 50 24 2.39
DA-4 DA101 4360. 13 3.35 5.34 45.0 32.9 7.0 5.0 5.7 4.4 — — — 2.88
DA-5 DA101 4361.48 2.31 5.16 42.8 24.9 5.6 7.0 5.6 14. 1 — — — 4.19
DA-6 DA101 4362.78 2.37 4.29 35.3 34.9 11.4 6.8 7.7 3.9 34 49 17 5.14
DA-7 DA101 4 382. 85 2.76 3.95 39.0 39.4 7.9 5.3 4.7 3.7 33 50 17 4.93
DA-8 DA101 4384.92 4.13 5.07 33.8 46.7 5.1 3.8 3.8 6.8 — — — 4.53
DA-9 DA101 4 386.23 3.00 4.10 34.1 47.4 6.1 3.1 4.6 4.7 — — — 4.63
DA-10 DA101 4387.67 3.08 4. 15 33.0 48. 8 5.9 4.4 2.9 5.0 — — — 6. 10
DA-11 DA101 4 388. 69 4.69 5.47 26.6 45.2 5.2 7.7 8.0 7.3 — — — 4.74
DA-12 DA101 4 389. 89 4.23 2.41 31.4 50.0 4.6 4.2 4.8 5.0 — — — 4.10
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DA-17 DA103 4.426.79 4.76 6.20 24.6 54.5 3.0 5.9 7.1 4.9 36 54 10 7.50
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Da’an area, Sichuan Basin
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Table 2 Microscopic characteristics statistics of pores in deep-seated shales in the Wufeng—-Longmaxi formations, Da’an area,

Sichuan Basin
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Fig. 5

Low-temperature CO, adsorption-derived pore size distribution of various lithofacies of the deep-seated shales in the Wufeng-

Longmaxi formations, Da’an area, Sichuan Basin
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Table 3 Statistics of pore volume and specific surface area of the deep-seated shales in the Wufeng—Longmaxi formations, Da’an

area, Sichuan Basin

R T FLBR Eb 2 1H B (m*g) / FLBRIAERY (em¥g) : : FLBR AR 5 /%

DFT BET L AfL i Sl AL ArfL Pl
DA-1 S-2 16. 81 26. 44 0. 003 41 0.027 20 0.021 02 0.051 63 6. 60 52.68 40.71
DA-2 S-1 20.33 30. 44 0.003 98 0. 028 90 0.022 10 0. 054 99 7.24 52.56 40.20
DA-3 M-4 18.51 29.03 0.003 71 0.03594 0. 002 68 0.042 33 8.77 84.90 6.33
DA-4 M-4 20. 26 31.76 0. 004 05 0.036 98 0.002 54 0.043 57 9.3] 84. 86 5.83
DA-5 M-4 16.29 25.47 0. 003 22 0.034 54 0.002 42 0.040 19 8. 00 85.96 6.03
DA-6 M-4 15. 49 23.19 0. 003 01 0.030 77 0.001 89 0.035 67 8.45 86. 25 5.30
DA-7 M-4 16. 94 25.92 0. 003 37 0.03252 0.002 40 0.03829 8.81 84.93 6.27
DA-8 S-4 19. 26 28.18 0. 003 60 0.033 21 0.003 61 0. 040 42 8.91 82.16 8.93
DA-9 S—4 16. 88 25.48 0. 003 32 0.03124 0.003 52 0.038 08 8.73 82.02 9.25
DA-10 S-4 17. 80 26.08 0.003 43 0.03249 0. 002 94 0. 038 86 8. 82 83.62 7.56
DA-11 S—4 17.99 25.51 0.003 73 0. 028 04 0. 009 66 0.041 44 9.01 67.67 23.32
DA-12 S-4 9.45 14.43 0. 004 91 0.016 06 0. 004 90 0. 025 86 18.97 62.08 18.95
DA-13 S-4 17.93 27.82 0. 003 63 0.034 79 0. 003 06 0.04148 8.76 83.87 7.37
DA-14 S-1 16. 04 22.41 0.003 08 0.020 95 0.018 61 0. 042 64 7.22 49.13 43.65
DA-15 S-2 25.15 21.19 0.004 77 0.021 89 0.017 65 0. 044 30 10. 76 49.42 39.83
DA-16 S-2 16. 49 25.13 0. 003 29 0.026 51 0.01149 0.04128 7.96 64.21 27.83
DA-17 S-4 19.11 26. 34 0. 003 97 0. 025 52 0. 009 55 0.039 03 10. 16 65.37 24.47
DA-18 S-2 20. 59 28.69 0. 004 47 0.02593 0.01093 0.04133 10. 81 62.75 26. 44
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