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Fig.1 Structural units, sampling well (a), stratigraphic column (b) and representative reservoir profile (c) in the
Western Sag of the Liaohe Depression
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Table 1 Composition and carbon isotope data of the natural gas in the Western Sag

AURR E S % BRI A4 % T
s 4 XA A

N; co, C C, Cs [oA Cs CCs  CO. C C. Cs Cs EX 4

1 G18 Tl Es3 2.22 0.24 9350 130 120 080 040  97.20 32 455 346  -312  -304 0.96
2 G2405 Tl Es3 0.36 0.24 96.19 102 09 066 032  99.15 55 -449 341 -310  -302 0.97
3 G3-4-42 Tt Es3 020  <0.01* 9833 084 022 020 014 99.73 1.2 -45.8  -34.2 -288  -279 0.99
4 W60-40-42 NEETHE Esl+2  0.48 1.78 9578 090 038 027 017 97.50 3.1 442 312 -22.7 / 0.98
5 W60-44-44 NEETHE Esl+2 / 14.54 8422 058 019 016 0.0 85.25 8.9 442 319 -25.3 / 0.99
6 X408 PeEE G Ed 0.26 <0.01 9952 018 002 003 0.0 99.75 -184 513  -255 / / 1.00
7 X426 PR G Ed 0.22 / 97.89 156 014 013  0.04 99.76 / 521 -31.8 / / 0.98
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Fig. 2 Distribution characteristics of composition (a) and carbon isotope (b) of the natural gas from the Gaosheng



and Xiaowa oilfields of the Western Sag
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Fig. 3 Representative gas chromatograms of saturated hydrocarbon of the crude oils from the Gaosheng oilfield of

the Western Sag
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Fig. 4 Distribution characteristics of composition (a) and carbon isotope (b) of the natural gas from the Xinglongtai

oilfield of the Western Sag
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Geochemical characteristics and genesis of shallow biogenic gas in the Western

Sag, the Liaohe Depression

Xiao Hong!, Li Meijun!, Chen Jianfa', Huang Shuangquan?, You Bing!, Ye Dangi’

1. State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum
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Abstract: The Liaodong Depression is an important hydrocarbon-bearing area in the Bohai
Bay Basin. Various types of shallow natural gas have been discovered in the Western Sag of the
Liaohe Depression, but early studies mainly focused on primary biogenic gas and thermogenic
gas, with little attention paid to secondary biogenic gas. This article analyzes the composition
and carbon isotopes of 26 shallow natural gas samples, and determines two types of secondary
biogenic gases, namely oil-biodegradation gas and bacterial oxidation gas. The natural gas from
the Gaosheng and Xiaowa oilfields belongs to oil-biodegradation gas, which is dry gas formed
by the anaerobic degradation of crude oil by methanogenic archaea. Its characteristic is that
CHys carbon isotope value is between primary biogenic gas and thermogenic gas, while CO is
significantly enriched in heavy carbon isotopes and often coexists with shallow biodegradable
oil reservoirs. The natural gas in the Xinglongtai oilfield is classified as bacterial oxidation gas,
which is dry gas formed by the degradation of early natural gas reservoirs by aerobic bacteria.
Its typical features include an enrichment of heavy carbon isotopes in C,+ hydrocarbons, a
marked depletion of propane with an obvious enrichment in heavy carbon isotopes of the
residual propane, and local inversion of both the content and carbon isotopes of alkane gases.
In addition, this article systematically compares oil-biodegradation gas, bacterial oxidation gas,
and primary biogenic gas in terms of formation mechanisms, hydrocarbon and non-
hydrocarbon compositions, and carbon isotope sequences, and points out that the oil-
biodegradation gas holds significant research value and promising exploration potential in the

field of unconventional natural gas resources in China.

Key words: Shallow natural gas; Oil-biodegradation gas; Bacterial oxidation gas; Secondary
biogenic gas; Liaohe Depression; Bohai Bay Basin
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