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1 -tectonic boundary ; 2—subunit tectonic boundary ; 3—fault; 4—geographical name ; 5-well location ; 6~Lichuan synclinorium ; 7-Central anticlinorium

8—Huaguoping synclinorium ; 9-Yidu—Hefeng anticlinorium ; 10-Sangzhi—Shimen synclinorium
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Table 1 Geochemical and desorption test data of the Dalong Formation shale in western Hubei

83Ci(%0)  8°C,f(%0) 8"Coi(%o) 8°C,f(%) SDC,i  8DC,f

PR giS WREE(m) TOC(%) AW A (em’/g) SR (emg)
EJY2-04 2363.66 7.62% 1.82 3.99
EJY2-14 237441 2.53% 1.67 3.35
EJY2-22 2388.59 15.85% 2.68 6.54
EJY2-24  2386.95 15.94% 2.57 5.28
EJY2-29 2399.99 3.86% 1.96 3.90
EJY2-32 2398.76 10.62% 3.53 7.03
EJY2-35 2396.38 10.38% 3.22 6.58
XY-1 1526.48 10.76% 2.67 5.78
XY-2 1534.73 « 10.09% 2.48 6.17

=31.22 -13.78 -38.07 -36.28  -146.29 -138.82
-33.35 -17.06 -37.31 -3296  -144.81 -133.31
-30.93 -4.56 -36.83 -28.24  -149.44 -126.70
-34.24 -20.54 -38.37 -30.63  -148.95 -135.53
—-33.32 -18.49 -37.45 -32.84 -148.24 -136.39
-34.60 -16.21 -38.12 -31.90 -149.26 -134.76
-33.02 -18.18 -38.16 -29.71 -148.81 -134.57
-38.09 -17.14 -42.52 -36.94 -147.96 -137.06
-38.64 -22.50 -46.39 -36.81 -151.11 -135.87
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Table 2 Changes of component content before and after desorption

i Hei Hef  H,i H,f CH,i CH,f C,Hi C,H, f CO,i COf  C,Hyi C,Hyf
EJY2-04 - - - 0.368 98.76 93.87 1.17 5.26 0.04 0.41 0.02 0.09
EJY2-14 0.02 - - 0.162 99.43 98.78 0.46 0.83 0.07 0.21 0.01 0.02
EJY2-22 - - - 0.037 99.28 98.16 0.65 1.50 0.05 0.30 0.01 -
EJY2-24 0.03 0.02 - 0.058 99.31 99.08 0.59 0.61 0.06 0.21 0.02 0.02
EJY2-29 0.01 - - 0.278 99.34 98.12 0.57 1.30 0.06 0.29 0.01 0.02
EJY2-32 0.02 - - 0.384 99.33 98.56 0.57 0.85 0.06 0.20 0.01 0.02
EJY2-35 0.02 - - 0.301 99.43 99.17 0.46 0.38 0.064 0.14 0.01 0.02

XY-1 0.02 - - 0.139 98.48 97.05 0.87 1.77 0.60 1.01 0.02 0.03

XY-2 0.02 - - 0.083 98.81 98.04 0.888 1.39 0.28 0.48 0.02 0.03
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Fig.3 Changes in composition during the desorption process of shale in Dalong Formation, western Hubei
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a—changes in methane component during the desorption process ; h—changes in ethane component during the desorption process ; c—changes in carbon dioxide

component during the desorption process; d—changes in propane component during the desorption process
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Fig. 4 Proportion changes of different components during desorption
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a—variation of the ethane to methane ratio over time during the desorption process ; b—variation of the propane to ethane ratio over time during the desorption
process ; c—variation of the carbon dioxide to propane ratio over time during the desorption process ; d—variation of the hydrogen to carbon dioxide ratio over

time during the desorption process.
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Fig. 5 Relationship between gas content and TOC
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Variation Characteristics of Gas Components and Isotopes During Shale Gas Desorption and Their

Geological Significance: A Case Study of the Permian Dalong Formation in Western Hubei Province

GAO Junjian ', HUANG Yanran', ZHANG Xiaotao®, SHEN Bin?, LI Shizhen *,
YANG Jiajia *>; WANG Guang °, YANG Pengyu'

(1.School of Earth Sciences and Spatial Information Engineering , Hunan University of Science and Technology, Xiangtan, Hunan

411201;2. National Research Center for Geoanalysis of China Geological Survey ,Beijing 100037;3.0il and Gas Resources Survey

Center of China Geological Survey, Beijing 100083 ;4.Hubei Geological Survey Institute Wuhan, Hubei 430034)

DUAN Ke *, XU Xuemin 2,

Abstract: In recent years, significant breakthroughs have been made in shale gas exploration within the Upper Permian Dalong Formation of western
Hubei Province. To comprehensively investigate the multi—component gas adsorption characteristics, genetic mechanisms of shale gas, and hydrocarbon potential
of the Dalong Formation in the western Hubei region, we conducted on—site gas desorption experiments using the water displacement method at shale gas well
locations, and performed detailed compositional and stable isotopic analyses of the collected desorbed gases. The results indicate that during the desorption
process, the proportion of CHa initially decreased with prolonged desorption time but exhibited a distinct upward trend once the desorption temperature reached
85°C. In contrast, CsHs, C3Hs and CO; displayed variation patterns opposite to methane. Both methane and ethane show significant carbon isotopic enrichment:
methane §"°C values increased from —38.64%0 ~ —=30.94%0 ~ —22.46%0 ~ —4.56%o, representing an enrichment of 13.70%o ~ 26.38%o, while ethane 5"C values
rose moderately from —46.39%o0 ~ —=36.83%0 ~ —=36.94%0 ~ —28.24%o, accompanied by a carbon isotope reversal phenomenon. In contrast, methane hydrogen
isotopes shifted from —151.11%o0 ~ —144.81%0 ~ —138.82%0~—126.70%o. Further analysis of the experimental data reveals that the adsorption capacity of the
shale follows the order: Hy > CO2 > C3Hg > CoHe > CHa > He. The research indicates that the shale gas is highly mature, formed by a mixture of primary kerogen
cracking gas and secondary oil cracking gas, with kerogen cracking gas being the dominant component. Additionally, during the desorption process, the hydrogen
isotope of methane showed a strong positive correlation with shale gas, making it a key indicator for identifying "sweet spots".

Key words: shale gas, desorption process, adsorption capacity, carbon isotope fractionation, methane hydrogen isotopes, Dalong Formation, western

Hubei
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