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Fig.1 Characteristics of the carbon isotopic compositions

of CO,in the products of the experiments
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Table 1 Component content & carbon isotopic compositions of gaseous products in the simulation experiments
1% /%0 PDB
/('ml/g. TOC) H, CH, C,Hg C3Hyg CO, 3" ¢, 3¢, 3¢, 813Ccoz
250°C 46.7 2.02 1.38 0.16 0.56 83.00 -31.9 -28.7 -25.7 -24.6
300°C 97.2 1.44 10.95 3.21 1.16 73.46 -34.8 -27.2 -25.7 -21.0
350°C 150.8 5.52 34.60 3.47 0.31 50.34 -30.4 -23.5 -20.8 -21.2
400°C 287.5 3.51 39.03 1.94 0.04 50. 60 -27.9 -16.6 - -21.8
450°C 383.9 8.99 45.65 0.15 0.00 43.35 -25.9 - - -22.3
500°C 524.8 10.23 44.71 0.04 0.00 41.66 -24.6 - - -21.7
550°C 627.8 13.16 43.89 0.04 0.00 37.56 -24.2 - - -19.4
250°C 66.8 2.30 1.41 0.12 0.11 82.50 -29.1 -28.1 -26.0 -24.3
300°C 105.5 4.52 4.15 1.24 1.63 72.51 -33.1 -28.0 -27.1 -23.6
350°C 202.2 8.96 15.41 4.62 1.96 58.75 -33.9 -25.7 -25.1 -22.4
400°C 301.6 6.39 39.86 3.18 0.24 45.07 -27.9 -19.7 - -22.1
450°C 441.5 9.29 38.45 1.05 0.00 46.05 -26.8 -12.4 - -22.3
500°C 662.0 16. 60 45.49 0.04 0.00 35.22 -23.8 - - -24.2
550°C 835.6 22.74 39.19 0.03 0.01 37.00 -23.8 - - -23.3
250°C 69.9 1.47 1.10 0.15 0.09 81.78 -30.4 -26.0 -25.4 -21.3
300°C 107.4 3.04 2.26 0.40 0.38 82.86 -31.9 -27.8 -25.1 -23.4
350°C 184.7 9.25 18.75 3.73 1.55 63.05 -34.1 -26.2 -25.3 -22.7
400°C 338.4 10.02 31.68 4.06 1.37 50.01 -29.1 -25.3 -24.6 -22.3
450°C 525.0 13.05 30.33 4.00 0.45 43.51 -27.6 -17.3 - -22.2
500°C 658.6 15.32 41.21 0.42 0.01 38.65 -24.1 - - -23.3
550°C 994.0 21.07 38.80 0.04 0.00 37.26 -23.9 - - -23.2
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Table 2 Thermodynamic isotope factors ( B-factor) of co
carbon atoms in some structural positions in ° 2
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o o,
—CH, 1.131 o Co,
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Carbon Isotopic Thermodynamic Fractionation of Organic Matter and
Carbon Isotopic Composition of Natural Gases

WANG Xiaofeng' LIU Wen-hui® XU Yong-chang' ZHENG JianHing' ZHANG Dian-wei’

(1. Key Laboratory of Oil and Gas Resources Chinese Academy of Sciences Lanzhou 730000;
2. Wuxi Research Institute of Petroleum Geology SINOPEC Wauxi Jiangsu 214151;
3. Research Institute of Petroleum Exploration and Production SINOPEC Beijing 100083)

Abstract: Different structures and functional groups in organic matter have different carbon isotopic compositions.

This kind of difference can be predicted by carbon isotopic thermodynamic factor ( Bfactor) of organic matter. In the
simulation experiments the carbon isotopic composition of CO,is relatively heavy which is related to that the thermo—
dynamic carbon isotopic factor ( B C) of carboxyl is relatively large in kerogen. In hydrous experiments part of
methylene finally changes into CO,by way of cleavage hydrogen transfer and reaction with water. Because the 8" C of
methylene is relatively small correspondingly the carbon isotopic composition of the increased CO,is relatively light in
hydrous experiments so the carbon isotopic composition of CO,in the two series of hydrous experiments is slightly
lighter than that in anhydrous experiments. This phenomenon proves that water medium is involved in the chemical re—
action of hydrocarbon generation. In the three series of experiments the carbon isotopic composition of methane is rel—
atively heavy in the low temperature phase ( <300°C) which may be related to that the carbon isotopic composition
of methane precursor is heavier in this early-mature stage such as methoxy group. The thermodynamic carbon isotopic
factor of methoxy is relatively heavy which causes that the isotopic composition of methane is relatively heavy in the
low evolution stage. While the theory of isotope kinetic fractionation is developing at a high speed at present we still
can not neglect the isotope thermodynamic fractionation which will be a great help to us in the further study on the
mechanism of hydrocarbon generation.

Key words: carbon isotope; thermodynamics isotopic fractionation; natural gas; B-factor; methoxy



