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Table 1 Content variation of gas components during simulating test

Ci/mmol % »/mmol % C3/mmol % CO; /mmol
R ] (R

S-140 S-2 41 K-2 41 S-141 S-2 4 K-2 41 S-140 S-2 41 K-2 41 S-141 S-2 4 K-141
0 79.96 79. 96 79.96 10. 04 10. 04 10. 04 10. 00 10. 00 10. 00 0. 000 0. 000 0. 000
7 74.92 78. 85 77.15 9.52 10. 00 9.85 9.23 9.95 9. 83 0.033 0.028 0.033
14 67.21 68. 67 77.52 8.43 9. 00 9.85 8. 66 9.28 9.53 0.053 0. 048 0.059
21 65. 36 63.50 77.45 8.17 8.61 9.61 8.43 8.94 9.53 0. 059 0.063 0. 085
28 64.25 61.98 77.55 8. 00 8. 00 9. 60 8. 00 8. 00 9. 33 0.077 0.087 0.136
35 61.65 56. 69 77.43 7.84 7.58 9.66 7.31 7.56 9. 34 0. 085 0.099 0.174
40 59.01 50. 26 77.40 7.53 7.22 9.52 7. 30 7.46 9.35 0. 090 0.108 0.229
45 53.39 41.52 77.41 6.58 6.00 9.56 7.29 7.21 9. 34 0. 095 0.120 0. 285
48 44,50 37.25 77.41 6.39 5. 86 9.56 7.29 7.02 9. 30 0.097 0.123 0.333
51 31.00 30. 28 77.40 5.79 5.31 9.56 6.78 6.93 9.31 0.106 0.138 0. 395
54 22.22 19. 56 77.35 5.50 4. 64 9.55 6.73 6.76 9. 33 0.110 0.161 0.434
57 15. 00 12. 85 77.37 5.00 4.22 9.53 6.53 6.00 9.33 0.137 0.235 0.512
60 7.97 5.75 77.37 3.00 3.22 9.55 6.12 5.48 9.37 0.168 0. 309 0. 599
63 3.67 2.71 77.37 2.00 2.66 9.56 5.93 4.59 9.37 0.163 0.353 0. 596
66 0.59 1. 00 77.37 0.93 2.24 9.55 5.58 3.76 9. 37 0. 159 0.391 0.595
69 0. 00 0. 04 77.37 0.43 1. 66 9.53 4.23 3.21 9.37 0.158 0.433 0. 580
72 0. 00 0. 00 77.37 0. 00 1.22 9.53 3.12 2.65 9. 37 0. 156 0.474 0.567
75 0. 00 0. 00 77.37 0. 00 0. 00 9.53 2.03 1.29 9. 37 0.170 0.512 0.598
80 0. 00 0. 00 77.37 0. 00 0. 00 9.53 1.50 0. 66 9.37 0.130 0.429 0.518
85 0.00 0. 00 77.37 0. 00 0.00 9.53 0.41 0. 00 9.37 0.130 0.425 0.513
90 0. 00 0. 00 77.37 0. 00 0.00 9.53 0. 00 0. 00 9. 37 0.133 0.420 0.513
95 0. 00 0. 00 77.37 0. 00 0. 00 9.53 0. 00 0. 00 9.37 0.138 0.421 0.514
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Table 2 Carbon and hydrogen isotope fractionation of hydrocarbon and carbon dioxide during aerobic oxidation/ %,

- 8 C -Gy oBC - Gy dBC - Cy oD - G D - C; oD - Cs 3B C - CO;
rH S14 S2 4 S-141 S2 4 S14 S22 S14 S-2 4 S-14 S2 4 S14 S22 K-14 S14 S24
0 —37.96 —37.96 —30.09 —30.09 —32.93 —32.93 —177.89 —181.17 —378.38  —371.69 —284.95 —290. 39 —17.02 —17.31 —17.51
7 —37.19 —37.18 —30.12 —30.00 —32.87 —32.90 —177.24 —180. 01 —371.69 —370. 32 —278.25 —291. 60 —17.26 —17.56 —17.87
14 —36.85 —37.19 —29. 84 —29. 86 —32.92 —32.89 —179.11 —178.55 —371.56 —370.00  —271.45 —290. 14 —17.73 —18.00 —18. 20
21 —36. 36 —37.12 —29.72 —29.73 —32.96 —32. 86 —185.55 —177.82 —371.00  —369.23  —270.11 —289.69 —17.32 —18.11 —18.23
28 —36. 48 —36.72 —29.48 —29.58 —32.89 —32.85 —180. 24 —176. 28 —365. 69 —360. 28 —270.96 —290. 04 —17.71 —18. 20 —18.80
35 —35.57 —35.91 —29.47 —29.12 —32.77 —32. 86 —178.05 —175.56 —362.62 —356. 30 —268. 64 —289. 27 —17.68 —18.28 —19.25
40 —35.10 —35.88 —29. 36 —29.44 —32.81 —32.84 —176. 86 —176.03 —361. 25 —334.12  —265.50 —288.53 —18. 04 —19.00 —20.00
45 —34.45 —35.51 —29.17 —29.25 —32. 86 —32.81 —172.98  —174.93 —352.24  —328.01 —267.06 —289.68 —18.89 —20.18 —21.87
48 —33.10 —35.14 —29.37 —29.12 —32.69 —32.76 —171.25 —172.21 —339.58  —309.99 —264.78 —288.01 —19.14 —20. 34 —22.10
51 —30.33 —34.50 —28.99 —29.13 —32.69 —32.70 —162.25 —163.49 —336.63 —295.53  —255.35 —287.05 —18.49 —20.72 —22.52
54 —26.00 —33.12 —28.48 —28. 80 —32.67 —32.65 —150. 66 —140. 83 —337.35 —285.27  —257.32 —287.22 —18.97 —21.00 —22.90
57 —18.21 —30.08 —26. 20 —28.53 —32.65 —32.61 —139.31 —130. 10 —326.28  —280.28 —252.42 —272.96 —19.12 —21.43 —23. 60
60 0.03 —20.21 —23.44 —27.14 —32.62 —32.47 —41.96 —109.79 —322.50  —249.94  —245.31 —264.18 —19.12 —22.64 —23.91
63 32.40 0.55 —23.51 —23.85 —32.61 —32.34 —0.52 0. 85 —320.02 —215.69 —244.16 —253. 96 —19.38 —23.53 —25.62
66 33.10 17.95 —19.38 - —32.44 —32.30 190. 75 73.25 —316. 00 - —238.29 —250.62 —19.40 —24.09 —26.74
69 - 18. 85 —18.09 - —31.90 —30. 31 - 151. 47 —313.67 - —235.48 —241.68 —— —25.35 —26.94
72 - - - - —31.54 —30.02 - - - - —199.71 —237.29 - —26.25 —26.32
75 - - - - —30. 28 —28.33 - - - - —172.98 —226. 36 - —27.06 —26.17
80 - - - - - - - - - - - - - —27.35 —25.97
85 - - - - - - - - - - - - - —27.34 —26.28

- IET R
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Abstract: Natural gas hydrate, as an enormous carbon reservoir, is mainly embedded in subsurface marine
sediments. A large amount of hydrocarbons may release from the marine regions where gas hydrate depos-
its occur. Anaerobic or aerobic oxidation of dissociated hydrocarbon gas in its upward migration may cause
hydrocarbon consumption thus decrease the carbon emission to atmosphere. Here, we performed experi-
mental measurements on the aerobic oxidation process using marine sediments containing aerobic hydrocar-
bon-oxidizing bacteria to simulate the process of aerobic biodegradation for hydrocarbons (C, +C, +C,)
that decomposed from gas hydrate. The results show that the composition of methane, ethane and propane
decreases together with carbon and hydrogen isotope fractionation during the aerobic consumption. An ap-
parent preference for C, over C, and C; is observed during oxidation. The rates of oxidation are also in an
order of C,>C,>C,. At the same time, the carbon and hydrogen isotope of hydrocarbons show a various
enrichment tendency. The enrichment amount of carbon isotope of C,, C, and C, are 71. 05%,, 12. 03%, and
4.61%0, and the average of ec are —11.219%,, —2.951%, and —1. 539%, respectively. The accumulation
amount of hydrogen isotope are 368. 64%q, 156. 00%y and 111. 97%, for C,, C, and C;, as well as the aver-
age of ey are —56.092%0, —99. 696%, and —73. 303%, for C,, C, and C; ,respectively. The enrichment de-
gree of carbon and hydrogen isotope fractionation are in an order of C,>C,>C; and C,>C;>C,, respec-
tively. Therefore, the aerobic biodegradation of hydrocarbons decomposed from gas hydrate may interfere
with the origin discrimination of gas hydrate since the aerobic oxidation makes the composition and carbon
and hydrogen isotope fractionation of hydrocarbon changed. Therefore, the influential factor should be
considered appropriately to genesis study on gas hydrate when using decomposed hydrocarbons in head-
space analysis.

Key words: gas hydrate; dissociated gas; aerobic oxidation; biodegradation; carbon and hydrogen isotope

fractionation



