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Table 2 Pressure variation and volume of expelled gas in
different depressurized increment (Lai et al., 2021)

MR35 ®IARE J1/Mpa S5 Ji/Mpa HE H S 4 /mL
9 4.42 3.69 105
10 424 3.56 465
11 427 3.63 670
12 4.26 3.61 733
13 4.18 3.52 760
14 4.10 3.49 713
15 3.90 331 745
16 3.64 3.05 785
17 3.47 2.95 730
18 3.34 2.74 895
20 2.48 1.83 1025
21 1.96 1.56 865
2 1.64 1.23 850
23 1.28 0.94 702
24 0.97 0.60 868
25 0.63 0.26 900
26 0.30 0.00 865
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Fig. 3 Stable carbon isotopic compositions of methane, ethane, propane, and carbon dioxide of expelled gas in different depressur-

ization increments (Lai et al., 2021)
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Fig. 4 Characteristics of isotope fractionation of CH, and CO, in different experimental conditions (Chen, 2018)
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Fig. 5 Variation of carbon isotope ratio of methane in atmosphere(Schaefer et al., 2016)
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Isotope fractionation during the formation-decomposition of natural gas

hydrate and its energy-environmental implications

LIJ iayuel, LI Wenbiao™’, ZHANG Pengfeil‘2‘3, CHEN Guohui'*’, WANG Jun*, LIU Lingqil’z’3
(1. Sanya Offshore Oil & Gas Research Institute, Northeast Petroleum University, Sanya 572025, Hainan, China;
2. National Key Laboratory of Continental Shale Oil, Northeast Petroleum University, Daqging 163318, Hei-
longjiang , China; 3. Key Laboratory of Continental Shale Hydrocarbon Accumulation and Efficient Develop-
ment, Ministry of Education, Northeast Petroleum University, Daqging 163318, Heilongjiang, China; 4. School of
Geosciences, China University of Petroleum (East China), Qingdao 266580, Shandong, China)

Abstract: This review provides a comprehensive analysis of the research progress concerning isotopic frac-
tionation during the formation and decomposition of natural gas hydrates, focusing on three aspects: research
methodologies, isotopic fractionation effects, and their energy-environmental significance. The study posits that
the primary research methods for isotope fractionation effect in the formation/decomposition process of natural
gas hydrates were mainly experimental simulation and natural observation. These methods reveal significant iso-
topic compositional differences in fluids at various depths within the hydrate system, which are closely associated
with the isotopic fractionation effects occurring during hydrate formation/decomposition. The formation/decom-
position process of hydrates involves the superposition of several physicochemical processes, including dissolu-
tion/desorption, phase transition, fluid transport within porous media, and oxidative consumption. The phase tran-
sition process is temperature-controlled and represents a thermodynamic fractionation effect, while the dissolu-
tion/desorption, fluid transport, and oxidative consumption processes are primarily governed by environmental
factors such as the pore structure of the porous media, temperature, pressure, oxygen content, and are time-depen-
dent, representing a kinetic fractionation effect. Currently, the isotopic fractionation effects during hydrate forma-
tion/decomposition have been preliminarily applied to hydrate exploration signs, gas source identification, hydro-
carbon accumulation mechanism studies, and resource assessment. They also provide new perspectives for ex-
plaining the rise in atmospheric methane concentrations and the isotopic shifts towards lighter values, as well as
the rapid negative isotopic excursions during global warming periods in geological history. However, existing re-
search has mainly focused on the phenomenological observation and qualitative analysis of isotopic fractionation
during hydrate formation/decomposition. In the future, numerical simulation and molecular dynamics simulation
should be used to supplement the research methods of isotope fractionation effect of hydrate, and the characteris-
tics, influencing factors, mechanism and quantitative characterization of isotope fractionation in the formation/de-
composition process of gas hydrate should be systematically studied.

Key words: natural gas hydrates; formation/decomposition; isotope fractionation; hydrate exploration;
methane greenhouse effect
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