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Geochemical behaviors of shallow soil in Muli permafrost
and their significance as gas hydrate indicators

Xing Xuewen',Liu Song',Zhou Hongying' ,Zou Liqun',Li Guangzhi®, Gao Wei’

(1. PetroChina Research Institute of Petroleum Exploration and Development , Beijing 100083, China ;
2. Hefet Training and Testing Center of Assets Management Ltd. of China Petrochemical Corporation ,Hefet ,Anhui 230022 , China)

Abstract; Muli, the only gas hydrate hosting area in China proved by core sampling, is located in Qilian Mountain perma-
frost area. Petroleum geochemical exploration was carried out with three hydrocarbon detection techniques( HS, acidolysis
hydrocarbon and altered carbonate survey methods)in the area. The results show that the former two methods are more ef-
fective than the latter one. Analysis of free hydrocarbons extracted through HS and absorbed hydrocarbons from acidolysis
indicates that the components of hydrocarbon gas in soil of areas containing gas hydrate in Muli are complex. In addition
to the major component of methane ,there are also small amount of ethane, propane, butane and pentane. There are both
hydrocarbon gas of pyrolytic origin and that of microbiogenic genesis. The hydrocarbon gas can be classified as oil-prone
gas, coal-drived gas and biogas. Methane contrast diagram in combination with the geologic background and core samples
in wells discovering gas hydrate reveal that its eastern-central part with well-developed faults and high methane anomaly
may be a favorable target for gas hydrate exploration.
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Fig. 1 Location of the study area
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Table 1 Statistics of various indexes of hydrocarbon gas detected with headspace gas technique in the study area
M dR AR AL A~ FRME % T E/IME % FRRKE % PRy 22 2 5 7 A

HH g 170 463. 69 0.36 5 530. 37 1 007. 00 2.17
Okt 170 0.38 0.01 1.77 0.30 0.79
Y 162 0.43 0 2.29 0.34 0. 81
ke 114 0.27 0 1.58 0.33 1.23
s 97 0.21 0 1.35 0.25 1.20
ST 48 0. 05 0 0.61 0.11 2.17
ET ke 44 0. 05 0 0.63 0.12 2.21
S ILkE 15 0.03 0 1.06 0.12 4.10
TE e 30 0. 08 0 1.17 0.21 2.48
HEE 170 0. 86 0.01 4. 60 0. 86 0.98
v 170 464. 56 0.37 5 531.89 1 007. 41 2.17
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Fig. 2 Triangle plot of C,,C, + C; and C, + Cs

of headspace gas in the study area
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Table 2 Correlation matrix of light hydrocarbons detected with headspace gas technique in the study area

MG b e b i HIbE I 5Tkt ET%E S bE E L v ey

b 1.00
k5 0.31 1.00
24 -0.10 -0.06 1.00
LS 0.17 0.43 0.59 1.00
K 0.12 0.22 0.73 0. 88 1.00

HT 0.37 0.37 0.45 0.53 0.79 1.00

ET % -0.15 0.32 0. 67 0. 85 0.94 0.70 1.00

SR -0.30 -0.23 0. 65 0. 38 0.75 0. 68 0.75 1. 00

E IR -0.29 0.26 0. 86 0. 61 0.55 0.20 0. 63 0.37 1.00
Ei -0.02 0.36 0.77 0. 89 0. 96 0.72 0.98 0.70 0.72 1. 00
=y 1.00 0.31 -0.10 0.17 0.12 0.37 -0.15 -0.30 -0.29 -0.02 1.00




162 GiME KK A MR

5535 &

0 02 0.4 0.6 038 1
Ciisit/%
K3 mfiiekdE C,,C, +C,,C, +Cy =K
Fig. 3 Triangle plot of C,,C, + C; and C, + C; detected with
acidolysis technique in the study area
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Table 3 Indicatrix of hydrocarbon gas with acidolysis hydrocarbon method in the study area

ML bR Al KRR A S % Friin/ME/ % T KIE % B 22 55 R AN
FH Jo 170 57.28 1.173 1 1575.62 180. 39 3.15
k% 170 4.76 0.120 5 134. 63 15.27 3.21
2N 170 1.05 0.020 0 18.38 2.15 2.05
ke 170 1.73 0.036 7 45.26 5.41 3.13
s 170 0.77 0.020 2 9.31 1.58 2.04

ST 170 0.34 0.001 7 10. 63 1.20 3.57
iE Tk 170 0.59 0.010 0 17.01 1.93 3.29
SRkt 170 0.24 0.002 1 7.08 0. 81 3.33
E Sk 170 0.24 0.006 5 5.77 0. 66 2.75
R 170 7.89 0.204 1 217.50 25.16 3.19
M 170 65.18 1.377 3 1 774.04 205.33 3.15

x4 BBBRRIEREXE

Table 4 Correlation matrix of light hydrocarbons detected with acidolysis method in the study area

Wtdats ke L LI ik (e FThi  ETh  RAke B8R HE B

g5 1.00
o 0.99 1.00
0% 0.26 0.28 1.00
Wik 0.98 0.99 0.39 1.00
W 0.31 0.33 0.96 0.44 1.00

ST 0.99 0.99 0.27 0.99 0.32 1.00

T HE 0.97 0.97 0.41 0.99 0.47 0.98 1.00

S 0.98 0.99 0.32 0.99 0.38 1.00 0.99 1.00

1F R 0.97 0.96 0.39 0. 98 0.45 0.98 0.99 0.99 1.00
ERS 0.99 1.00 0.32 1.00 0.37 1.00 0.98 0.99 0.98 1.00
ey 1.00 0.99 0.27 0.98 0.32 0.99 0.98 0.98 0.97 0.99 1.00
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Fig. 6 Methane contrast anomalies based on headspace analysis in the study area
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Fig. 8 Methane contrast anomalies of the study area
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