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Geochemical characteristics and genesis of mid-to-shallow natural gas
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Abstract: Natural gas on the periphery of Shawan Sag, is generally derived from mixed sources. A lack of holistic study
on this area in the early stage has restricted the understanding of natural gas accumulation therein. In this regard, a
systematic analysis of geochemical characteristics of the natural gas is carried out by means of source-rock thermal
simulation, by which the genetic types of mid-to-shallow gas on the periphery of the Shawan Sag are identified. The
research results show that the natural gas in the study area is dominated by methane, with a drying coefficient ranging
from 0. 73 to 1. 00, and a 3"C, value from —=56.0 %o to =31.5 %o, indicating coexistence of mature and high-to-over-
mature natural gas therein. A 8"C, value varying between —30.4 %o and —22.8 %o reflects a mixed distribution of
coaliferous, petroliferous and mixed gas. In addition, the analysis of carbon isotopic characteristics of source-rock
pyrolysis gas, shows that the natural gas in the study area is of 4 types in genesis: Type I natural gas, featuring a very
high 8"C, value greater than —25. 5 %o and a methylcyclohexane content greater than 50 % in lighter hydrocarbon C7, is
derived from source rocks of the Jiamuhe Formation, and mainly distributed in the Cretaceous in the middle of Hongche
fault belt; Type II natural gas of sparse distribution is mainly secondary biogas from crude oil degradation, with an
abnormally negative 8"”C, value and an extremely high drying coefficient; Type III natural gas is originated from the

Xiawuerhe Formation source rocks and mainly distributed in the Jurassic Formation in Xiaoguai area and southern
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Hongche fault belt, with a 8°C, value varying from —27. 9 %o to —26. 4 %o, a characteristic of mixed source rocks; and
Type IV natural gas is mainly derived from source rocks of both Xiawuerhe Formation and Fengcheng Formation, and
mainly distributed in the southern Hongche fault belt and northern Jinlong area. Among others, the natural gas mainly
derived from the Xiawuerhe Formation features a 8"C, value greater than —29 %o, and that from the Fengcheng
Formation features a 8"C, value less than —29 %o.

Key words: carbon isotope , thermal simulation, petroliferous gas, coaliferous gas, biogas from crude oil degradation, natu-

ral gas,Shawan Sag, Junggar Basin
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Table 2 Composition and carbon isotopes of mid-to-shallow natural gas on the periphery of Shawan Sag, Junggar Basin
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Fig. 2 Types of the mid-to-shallow natural gas as indicated by cross plots of 8°C, vs. 8"C, (a) and C,/C, , vs. 8"°C, (b) on the periphery of

Shawan Sag, Junggar Basin (from reference [21])
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Fig. 3 Cross plots of heptane vs. isoheptane (a) and ternary diagram of n-heptane-methylcyclohexane-dimethylcyclopentane (b) of

the mid-to-shallow natural gas on the periphery of Shawan Sag, Junggar Basin
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Table 3 Light hydrocarbon compositions of the mid-to-shallow natural gas on the periphery of Shawan Sag, Junggar Basin

. . i ) C, IR 5 1%
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E B FEEACbE HE
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AN T VB MBI 5310 #E 50 ~ 225 m™,
BRI B R AR ), RN
AL &R A 7E0.37 % ~ 3. 08 %, IR T 1. 0%
R A T A" SRR AR AE0. 05 % ~ 0. 52 %, LA
KT 0.1 %K FE, DAL 75 150 ~ 600 mg/g, T, [E
S A AE 400 ~ 460 °C, AR RE DL T AL BUCH 32 8 F
JEVR IR 5 T B IR R AR TR e VT 1V 5 P &2
PAAE S0 ~ 150 m™ I N EHE R A, O A RIS T
W AR E RS, AR TE0. 13 % ~ 5. 02 %, LA K
F1.0%NE AED W E A" & =A%, 5 A 7E
0.004 % ~3.22 %, LAI/NTF 0. 1 %l £, RAE B 1 15
10 ~ 450 mg/g, T, AH M A 75 322 ~ 510 °C, LE R bE T LU
AT 2 3 & TR G BRI A (F4) .
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