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Abstract: The carbon isotope composition of natural gas provides significant insights into the preservation conditions of oil and gas.
This study focuses on the Wufeng-Longmaxi Formation in the Changning, Fuling, and Zheng'an areas, analyzing shale gas

components and the carbon isotopes of monomer hydrocarbons to understand the variation in alkane carbon isotope reversal
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(6"C,— 6"C,) in different areas. We reconstruct the spatial and temporal evolution of preservation conditions in the Wufeng-
Longmaxi Shale of the Yangtze Block and explore how preservation conditions affect shale gas enrichment. The results show that:
(1) Carbon isotope reversal of hydrocarbons is commonly observed in the Wufeng-Longmaxi Shale, primarily caused by the mixing
of secondary cracking gas with primary cracking gas during the high or post-maturation stage. (2) The mixing ratio of these two types
of cracking gases is the major factor controlling the degree of carbon isotope reversal. As the proportion of secondary cracking gas
increases, the extent of carbon isotope reversal and shale gas content gradually increase from the periphery towards the interior of the
Sichuan Basin, indicating relatively good sealing conditions within the basin. (3) A quantitative evaluation model based on 6"°C,
shows that the system openness (6) of the Wufeng-Longmaxi shale ranges from 66% to 82% in the Zheng'an area, 70% to 77% in the
Fuling area, and 65% to 70% in the Changning area. (4) Differential structural deformation of the Meso-Cenozoic strata in the Upper
Yangtze Region has severely damaged the sealing conditions outside the Sichuan Basin, facilitating hydrocarbon migration and

expulsion, and the preservation conditions are relatively poor. Therefore, good preservation conditions are crucial for shale gas

enrichment, particularly in regions that have undergone extensive deformation.

Key words: shale gas; preservation conditions; carbon isotopic reversal; gas content; Wufeng-Longmaxi Shale
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Table 1 Natural gas composition and stable isotope data for the Wufeng-Longmaxi Formation

e R /mol% 6" Cypp/ %o
o N, C C C Co, C G, Co, C—C,

AY1-2 0.67 98.36 0.68 0.02 0.19 —34.78 —38.47 —5.10 3.69

AY1-4 0.70 98.25 0.71 0.02 0.24 —34.57 —38.42 — 486 3.85
AY2 0.70 98.35 0.56 0.01 0.30 —35.87 —3833 —533 2.46
AY3 0.69 98.35 0.72 0.01 0.14 —3491 —38.42 —38 3.51
CN1 0.35 98.84 0.48 0.01 0.27 —27.76 —33.52 nd. 5.76
CN2 0.32 98.82 0.44 0.01 0.05 —28.83 —3438 nd. 5.55
CN3 037 98.72 0.43 0.01 0.04 —27.62 —32.87 nd. 5.25
CN4 0.32 98.73 0.54 0.02 0.05 —27.39 —32.80 nd. 5.41
CN5 0.41 98.42 0.45 0.01 0.38 —27.26 —32.89 nd. 5.63
FLI 0.89 97.82 0.43 0.01 0.61 —32.22 —36.60 1.46 438
FL2 0.87 97.78 0.44 0.01 0.68 —31.83 —36.46 0.57 4.63
FL3 0.57 98.22 0.51 0.01 0.60 —30.71 —34.96 3.53 425
FL4 0.72 98.12 0.42 0.01 0.65 —30.18 —3430 2.92 412
FL5 0.88 98.14 0.47 0.01 0.40 —3125 —36.06 5.11 481
FL6 0.62 98.43 0.41 0.01 0.45 —32.01 —3636 1.66 435
FL7 0.69 98.28 0.41 0.01 0.52 —31.56 —3557 2.54 4.01
FLS 136 93.16 0.06 nd. 5.03 —27.98 —2930 223 132
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Table 2 Methane expulsion efficiency data of the Wufeng-Longmaxi shales

[CH4]expelled

F¥fh " o [3C Halivpne _, /em’(STP)-cm ° “Ar
TR E%E  HmA%  EAE Rkl UM Tew moam M7

AY1-2 0.529 0.90 0.66 0.68 11.20 21.74 23.80 6.1x10"*

AY1-4 0.534 0.91 0.68 0.70 11.75 24.97 27.42 7.5x10"°
AY2 0.526 0.90 0.79 0.81 6.62 24.90 28.22 9.8x10"*
AY3 0.502 0.86 0.80 0.82 5.85 23.40 26.65 1.1x1077
CN1 0.672 / 0.65 0.67 13.35 24.79 27.10 49x10"°
CN2 0.654 / 0.67 0.68 12.78 25.95 27.16 6.9x10~°
CN3 0.675 / 0.66 0.69 12.45 24.17 27.71 5.7x10"°
CN4 0.679 / 0.68 0.70 12.68 26.95 29.59 4.7x10"°
CN5 0.681 / 0.66 0.67 13.00 25.24 26.39 7.2x10"*
FLI1 0.587 / 0.76 0.77 8.89 28.15 29.76 7.7x10"7
FL2 0.596 / 0.70 0.72 10.78 25.15 27.72 5.5x10"°
FL3 0.618 / 0.74 0.76 9.95 28.32 31.51 5.5x10"7
FL4 0.629 / 0.72 0.75 10.35 26.61 31.05 5.3x10"7
FL5 0.608 / 0.71 0.74 10.68 26.15 30.40 4.8x10°
FL6 0.592 / 0.73 0.75 10.38 28.06 31.14 22x107"
FL7 0.601 / 0.71 0.74 10.10 24.73 28.75 22x1077
FL8 0.669 / 0.90 0.94 2.70 24.30 42.30 3.2x10°°
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