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Analysis method and geological significance of C,—C, light

hydrocarbons in natural gas hydrate in permafrost, Qilian Mountain
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Abstract; A sample introduction device of vacuum thermal desorption, cold on-column and zero-pressure was

built for the identification of Cs—C,light hydrocarbons in gas hydrate. On the basis of previous Kovats index

research, 27 compounds of C;—C,light hydrocarbons were identified, which provided a foundation for the geochemical

study on light hydrocarbons in gas hydrate in the Juhugeng mining area, Muli coal field, Qilian Mountain. Two genetic

types of gas hydrate in the Muli permafrost were divided into three types, including oil-type, coal-type and mixed-type

gas based on the methylcyclohexane index. The mixed-type gas predominates in the Muli permafrost, while the other

two types are in the minority.
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Dryness coefficients of natural gas hydrate in Juhugeng mining area, Muli coal field, Qilian Mountain
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Fig.2  Chromatogram of directly injected gas hydrate in Juhugeng mining area, Muli coal field, Qilian Mountain
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Fig.3 Chromatogram of gas hydrate with improved injector apparatus in Juhugeng mining area, Muli coal field, Qilian Mountain



%38 A, AL AR LR+ IXRIR SR G R IE o3 vk B <421 -
*1 MELREEARETETX 13
RARSKEWERTR C,-C,LEWMEM ol i‘gﬁfﬁ -
Table 1 Qualitative analyses of light hydrocarbons - O%‘}(,T;J::;_ N 8/ R
(C5s—C,) of gas hydrates in Juhugeng Ll =R /g
mining area, Muli coal field, Qilian Mountain = o] s
: — 10 o .- i
ST RERRE bk g ‘
s 73 . 2 .
At “ ORI 2% ol X
o ! S 72 o I
%g;J 5-2 E s 72 500.00 os} *
T 53 290 70 562.63  0.04 o x4
6-1 2, 2-"HIILTE 86  534.66  0.39 4 5 6 7 8
6-2  2,3-"HUHETH 86 56263 0.04 IR
6-3 2- IR 86  567.32 0.11 .
¢ es amE g6 smal 004 B4 AR AR T C,-C, At
6 N . — NS
#41 6-5 ECkE 86 600.00 IR R R IR T HOCR
6-6 F L3R 3 h 84 629 34 0.01 Fig.4  Chromatographic retention values of light
6-7 5 78 653.49 0.02 hydrocarbon ( C5—C, homologous series) vs. carbon number
6-3 ok 34 662.81 0.02 in Juhugeng mining area, Muli coal field, Qilian Mountain
7-1 2, 2-T"HUEEREE 100 626.04 0.0 A R T L b
72 2,4-THUIEREE 100 63295 0.8 ﬂl;nﬁ:%‘[{&ﬂi EE/J%@{EEW‘\]O&
7-3 22 3-SHHETE 100 63896 0.27 22 BARTGEEABRLTXMYLNA
T4 33-CHRERE 100 6842 013 FEIL S P SR 3 B K A e e
S WEGR 00 00k 07 el A, SRR A
- [ SN Y5 . . . N . e _
7-17 1,1- 3R ke 98 667.01 0.08 ?ﬁ/ﬁ*%%Eﬂ:*ﬁﬂﬁfﬁ%?@ﬁﬁﬁﬁﬁ E/\JF)?%O
¢, 7-8 3- O 100 678.08  0.03 ERIAFR T B ¢, RIMLE Y h A S R
e o o1 0% ARSUERIORIRAT X, LA R ORI 467
p— -_— . - N ‘)-E . . N N \) Al
7-11 3_11&%{ 100 686.52 0.01 Xo g%%aﬁﬂﬁwEWJﬁEYE%X,EE%Eﬂ:
7-12 F-1,2-"HIEHEE 98 68672 0.16 FAEARTTR AR AEAE, HI )20 s i —
Hi Eﬁi?’jk 122 722'0(2’ 003 F IR B R IR T oK A AR, TE BRGE R R T i 2 DA
7-1 e SINGLc; 724.7 . s - L e e oy e s
s oz o5 m6s0 034 JARA X3 AR VR SR W T
7-16 iPS 94 759.66  0.03 DI 3 3 =28 B AR 43 o ) B R AR R A

Be B, 35 a,b 5o R AR IE S b 2 F
T | R I 1 DR B R () HEA 7315, R 35
2N A Of B I 1) 5 50 30 0 B i ) AT OB, 3R 2
IR e S S Be ke R TS AL W O P 1]
RGN T AR, HEkekehit
PRy a,b (05 5 BEATT , W] IEA bese 5 57
Pk A B AR L T bede P55 S &
IR R I) 22 (R, PTG S 3Bk h i B2 2 454
A—EMKFR, C-ChEWTRRYAEHES
BRIF T RO R AN AP IE R e de | S5t A Joe 422 Al
&2 C-C,RARYITERER B 5 LW AR B E X

Table 2 Correlation of calculated vs. experimental retention
time of light hydrocarbon ( C,—C, homologous series)

FZY . b iJr;%;{Jg%w *fﬁﬂc{%% tﬁ/

PR EHE/min - £ B8 BFA]/min+ min
EMER -022 0.19 8.55 8.59 0.05
Sk -0.22 0.18 7.64 7.42 0.22
WhilE  0.07 0.16 10.44 9.77 0.67

T a,b WG E QI 1R RITR R M — A F T RYH AL

BE, e X — B ) [ A B R I B e e
FABE BRI A X 5 1 DX A3 B ASORIE RSP
5 s AR X R AR SUKS W e B e, —
PR IR ot PR BRI e — A 1 v, Fe B T 254 Y

MCyC,/%

®DK10-16
ODKI11-14
®DK12-13
@ DKI13-11

80,

DMCyC./? u/\/ :

20 40 60 80

5 FRIE LA BUR HRP 54 X
KERZUKEY) C, RZIML S 4R =F
Fig.5 Composition of C, light hydrocarbon in gas hydrate
in Juhugeng mining area, Muli coal field, Qilian Mountain



- 422 - & & B

540 45

100

EDK10-16 B DK11-14

H DKI12-13 B DK13-11

L >65%

%
=

35%~65%

PRI Chet 5U%

K6 AR LA HUR HH R BT XCORIR S

Fig.6 Histogram of methylcyclohexane index of gas hydrate in Juhugeng mining area, Muli coal field, Qilian Mountain
R A3 brde RV B RRNR B RA A6, It
A, LI O B e SRRt BB B AR A B T
BCA A5 B I FH X — 48 B0 X A A i X i R
VAT B AL A5 PR AR AR SR O Bl A S A
LR O BE A BER T T Fs 30 23 B 1T 56 R SR SR

%iﬂ“” o ARSCRIFH B30 O e i BO6 AR HL b X
SRAETK AW L R SR AT R 43, R SR 18
/TT*E#FiE%% KE Y EAT 2 P
3 FPRARIGARAE (& 6) , RIM AR (L3R 2 bEdR
BUNTF 35%) JHERVS (H LA O e e 8R T 65%)

P& RS (BRI RN T 35% ~65%
ZIE) o HIEATH, AR LR 4+ X KRR SR B P 24k
jﬂ(ﬁ'a I PSS A o o SR B R B I PO S R

C25IE 5 AT SCRYE Q%ﬁﬂ%’*%@ﬁiﬁ)ﬁ%%mﬂ*ﬁ
ggio

3 Z5ip

(1) 38T B e — 2 2 3 A IR0 B L R 7%
LTI N R I b RIR UK B YR iy
W@ T RINAUKR BT R E EES 6
T AT AT B RCR

(2) N H Kovats £ B H5 55 LA M [F] 29 0% B8 A
AR X HR 5 431 b B 1 BROBUE USRI R T

BT RIRFUKEWERRE C-C, ik 27 M iifb &
PIEPEDTE 4878 T RIRUKE Y hE IR 4 Ak

FRAE e H M Bk fh 27

(N’“n‘?%ﬁémmiﬁicﬁﬁk KED
(A2 8 I REDRT 20 180 B A3 AR RRAIE AR AR IX e
AR TR F IR IR O B8 5, R4 T R ARA0K
AR RH SR B 2 Al 3 Fh R Hop AR
AR BLAR 4 X R R SOK A 4 LI LS 5 AL <R
GhE,

KPR EER O e fe SR 7 &

S 3

[1] SCHAEFER R G,WEINER B,LEYTHAEUSER D.Determina-
tion of sub-nanogram per gram quantities of light hydrocarbons
(C,=Cy) in rock samples by hydrogen stripping in the flow sys-
tem of a capillary gas chromatograph[ J].Analytical Chemistry,
1978,50(13) .1848-1854.

[2] BN, BPEE.C, ~ C o JRZEALE OV-101 A= ERIPR IR J].
3% 1984, 1(1) : 11-17.

WU Jie, LU Wanzhen.The retention index of C,-C,, hydrocar-
bon in OV101 column[ J].Chinese Journal of Chromatography,
1984,1(1) :11-17.

[3] BEEAEASRASTC -CoREGTFIEMRLI] A
MBI, 1990,12(3) :326-332.

ZHAN Zhiyu.Study of an analytical method for C, —Cgy hydrocar-
bons in rocks and natural gas[ J].Experimental Petroleum Geo-
logy,1990,12(3) :326-332.

[4] RBE, EHR M nCy—nC B IERY (il 5T MBI
I FHRIR ] €3, 1994,12(5) :336-341.

ZHU Junzhang, WANG Peirong. The identification of nC, —nC,,
fraction in crude oil and its preliminary geological application[ ] ].
Chinese Journal of Chromatography,1994,12(5) :336-341.

[5]  KhVFSC, 3R, A5, 55 BB T )2 S rEsoRTE
I':P(Hiﬁﬂﬂ"]ﬁ‘fﬂ[ﬂ.1{3%1%'25%%,2012,(12) :116-118.
LU Shiwen, GUO Zongwei, LI Baoyan, et al.Light hydrocarbon
analysis and evaluation of reservoir oil-bearing technology
Wenzhong oilfield [ J ]. Chemical Engineering & Equipment,
2012,(12) :116-118.

[6] 24k, i, XIRE ,45.Cs-C )R A M E AL O, BHE

R RSB ROR (] 6538 ,2015,33(9) :1009-1014.
LI Jiwen,JIANG Liyan,LIU Junyan,et al.Separation of C5-C,
hydrocarbon components on Al,O; capillary column and its appli-
cation[ J ]. Chinese Journal of Chromatography, 2015,33(9):
1009-1014.

[7] THOMPSON K F M.Light hydrocarbons in subsurface sediments[J].
Geochimica et Cosmochimica Acta,1979,43(5) :657-672.

[8] MANGO F D.The light hydrocarbons in petroleum: A critical
review[ J].Organic Geochemistry,1997,26(7/8) :417-440.



53

SAE, S5 ARIE LR 1 IXRAR UK B W e o T i v ]

. 423 -

[9]

[10]

[12]

[17]

[18]

[20]

[21]

[22]

[23]

ODDEN W.A study of natural and artificially generated light hydro-
carbons (C,—C,3) in source rocks and petroleum fluids from off-
shore Mid-Norway and the southernmost Norwegian and Danish
sectors| J |.Marine and Petroleum Geology,1999,16(8) ;747-770.
THOMPSON K F M.Classification and thermal history of petro-
leum based on light hydrocarbons [ J ]. Geochimica et Cosmo-
chimica Acta,1983,47(2) :303-316.

MTF R BARAEM SR AN A [ M B P 5
Kb i, 1992.

LIN Renzi.Light hydrocarbons techniques & it’ s application in
oil & gas exploration|[ M ]. Wuhan ; China Geological University
Press, 1992.

R AR S PR R e s B IR AL A= I [ M ]
JemT A Toll th Bid:, 2011,

WANG Peirong. The determination of hydrocarbon source rocks
and petroleum and their geochemical applications[ M ]. Beijing ;
Petroleum Industry Press ,2011.

SLOAN E D Jr.Clathrate hydrates of natural gases[ M ].New
York ; Marcel Dekker,1989.641.

KVENVOLDEN K A.Methane hydrate: A major reservoir of carbon
in the shallow geosphere [ J]. Chemical Geology, 1988,7(1/3):
41-51.

SLOAN E D.Natural gas hydrate phase equilibria and kinetics:
Understanding the state-of-the-art[ J ].0il & Gas Science and
Technology, 1990,45(2) :245-266.

MAKOGON Y F,HOLDITCH S A,MAKOGON T Y.Natural gas-
hydrates; A potential energy source for the 21st century [ J].
Journal of Petroleum Science and Engineering,2007,56(1/3) :
14-31.

WANG Pingkang, HUANG Xia, PANG Shouji, et al.Geochemi-
cal dynamics of the gas hydrate system in the Qilian Mountain
Permafrost, Qinghai , Northwest China[ J].Marine and Petroleum
Geology ,2015,59:72-90.

STOTLER R L,FRAPE S K,AHONEN L, et al.Origin and stability
of a permafrost methane hydrate occurrence in the Canadian
Shield[ J].Earth and Planetary Science Letters,2010,296(3/4) .
384-394.

SUN Zhongjun, YANG Zhibin,MEI Hai,et al.Geochemical charac-
teristics of the shallow soil above the Muli gas hydrate reservoir in
the permafrost region of the Qilian Mountains ,China[ J].Journal of
Geochemical Exploration,2014,139.160-169.

COLLETT T S,LEE M W,AGENA W F,et al.Permafrost-associated
natural gas hydrate occurrences on the Alaska North Slope [ J ].
Marine and Petroleum Geology,2011,28(2) :279-294.

LU Zhengquan,ZHU Youhai, LIU Hui,et al.Gas source for gas
hydrate and its significance in the Qilian Mountain permafrost,
Qinghai[ J].Marine and Petroleum Geology,2013,43.:341-348.

LU Zhengquan,ZHU Youhai,ZHANG Yongqin, et al.Gas hydrate
occurrences in the Qilian Mountain permafrost, Qinghai Province,
China[ J].Cold Regions Science and Technology,2011,66(2/3) :
93-104.

EA XK, H8 Jp SR 5 1 AR HLE R SOK & W R AE

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

R[] AR 55 B, 2009, 37 (6) :26-30.

WANG Tong, LIU Tianji, SHAO Longyi, et al.Characteristics and
origins of the gas hydrates in the Muli coalfield of Qinghai[ J].Coal
Geology & Exploration,2009,37(6) :26-30.

BUA I, KK B, SCIRZE, 45 AR LR £ X RIR K59 I
FHARRHAET] HBR24E,2010,31(1) .7~ 16.

ZHU Youhai ,ZHANG Yongqin, WEN Huaijun,et al.Gas hydrates in
the Qilian mountain permafrost and their basic characteristics [ J ].
Acta Geoscientica Sinica,2010,31(1) :7-16.

FRRAL, WA, 5K B, 45 T IEAR I LR+ R AR RK G
Py SRR BRSE[1]. SACHL R, 2010,24(3) :581-588.
LU Zhenquan,ZHU Youhai, ZHANG Yongqin, et al.Study on
genesis of gases from gas hydrate in the Qilian Mountain perma-
frost, Qinghai[ J ] .Geoscience,2010,24(3) ;581-588.

il W IRAR, S B F B E M SRR T IR S T ).
ST HE,2010,21(3) :19-24.

WU Tong, YANG Tao, XU Sen, et al.Study and application of
automatic qualitative and interpretation method of light hydro-
carbons[ J].Mud Logging Engineering,2010,21(3) ;19-24.
SRR, FEIRAL, 3 AR AR B i3 U oe [ 1] 4
T RE5%64,2008(6) : 103-108.

ZHANG Caiming, TANG Xiaohong, WANG Rui.Contrastive study of
the methods for light hydrocarbon in crude oil analysis[ J].Chemi-
cal Engineering & Equipment,2008(6) ;103-108.

BATR T X B, 4 FID/TCD H IR 618575 I E K
REUKEWI TARLLS )] 73 Friik 2441, 2012, 31 (2)
206-210.

HE Xingliang, XIA Ning, LIU Changling, et al. Compositional
analysis of gases in natural gas hydrates by GC-FID/TCD[J].
Journal of Instrumental Analysis,2012,31(2) :206-210.

X RN, IS A, A5 SO G OR B R B 5 IR
FEHEIRLT]. 504k ,2005,33(5) :715-721.

ZHAO Chenxi, LIANG Yizeng, HU Qiannan, et al. Review on
gas chromatographic retention index [ J]. Chinese Journal of
Analytical Chemistry,2005,33(5) :715-721
BT, B, 5k A, S AW R FIER A IR IR IR S
KO TT R FRE [ T] A e85, 1990,12(4) :375-394.
HU Tilin,GE Baoxiong,ZHANG Yigang,et al.The development and
application of fingerprint parameters for hydrocarbons absorbed by
source rocks and light hydrocarbons in natural gas[J].Experimen-
tal Petroleum Geology,1990,12(4) :375-394.

HAEZ 200, 2l A5 FORIR SRR R F e bt [ ]

ERL2 (D 4 HEkEl2E) ,2007, 37(ST) 111-117.

HU Guoyi, LI Jian,LI Jin,et al.Preliminary study on the origin
identification of natural gas by the parameters of light hydrocar-
bon[J].Science in China ( Series D Earth Sciences) , 2008,
37(ST):131-139.

KA AU /N A AN A AR BB A R [ M.
LT A Tolk Hh it 2014
ZHANG Min, LI Hongbo,CHEN Xiaohui,et al.Oil and gas gene-
ration of Lishu Fault in Songliao Basin[ M ].Beijing: Petroleum

Industry Press,2014.

(H%E #* 4A)



