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S (Sun Zhongjun et al. » 2014b),

P VAR PR A 2% 35 P 55 L iR A M N 55 0
PR RR A =2 ) ) AOMOR PR Y R R B R (Fang
Zhong, 1996; Wang Denghong et al., 2002; Li
Xiaofeng et al. ,2003; Sun Xiaoming et al. ,2006),
Hh R 2 5 2 N b JSBIE S BT A AR AR R AR
AHLIERAL “E ST AR ) R AR K G W s AR
AR AS T 18 £ 10 1R (Shen Ping et al. , 1995;
Xu Yongchang et al. , 1996, 2003), {H 2 F| 5 ¥
SRS A A AR GE L R A AR
R —Ff KR E K A B M ER Ak 2 A T Bt oA L2k
IWTTE . W Bes A 2 2% 2R B L #B 3% iR £ X R AR
IK B W I 2 e e B R R A S A ) ) TR S
[l (Sun Zhongjun et al. , 2014b; Lu Zhenquan et
al. , 2015), A 1AL e 15 S HEBR AU
PIXT R AR SR G W b 3K Ak 25 88l A 5 R 1 52 0 4
KAIRTIK A Wy st kA 27 38 e 19 L2 38 AR SCIR R
WFIE T4 AR AR R R E R e S
FE 28 S O A RRAE 23 A Al AL o 1 A AR 2 3 3 )
o3 AR DL R 55 e I R O 50 &R L ik — 2D R R AR
ORGP PSR H R Ak 2 58 TR UL
T AR KRR KRG EE

Ji 2

R W N B L N 7 T S T = WA e W N
PEAARIE B 52 AR A O, T BRI T b 58 S A
W2 500 SO R P Ok 4 78 25 R L BT AR e K AR W)
AR 8 L B PR L B A% ol -t 35K AL 2 4 #E (Xu
Yongchang et al. , 2003; Tang Huayun et al.,
2004) o TE AR 25V BTG Uk o AH P B Bl
S 5 BB DA e 8 22 2 (] 3008 T 28 b 3% 1 R R
B 225 0% (Zhu Yuenian, 1994) , 5 5 # KIRK
W BT s o R AR A R L AR S22 4 4y (Wang Peng,
2014) . 1§ P MR 5 W 2 i AU A Ry 98 s )
(Roberts, 1981; Elliot et al., 1993; Pinti and
Marty, 1995) 3 J2 A 38 Al i 380 K 2R K & 91 07
MR B 20 47 (Gisburg et al. » 1993; Prasolov et al. ,
1999) o S TE [0] 35005 T B8 2 1 Pk ACMR I Tl <
B4 1) PR Atk (Xie Xuejin, 1992), RIRSKE W
5 R AEY IR Loz B AL EAE & AR AL (Zhang
Fugui et al. , 2013) , 1] A FH 0 A0 R 10 1 1 <1
T35 s R T A X R B R AR K W ) Wi
FHERE L.

2 XA R 5

3l SR AR 5
AF 5 DX b Ab AR 3 1L AR B RSP B XN, B
PRy — 52 A ) A 3 5 el — > AR 1) R
B Herpdb i & A =R I M — 8RR = A
FEH g AR 1 A PO L — L SRR R K
ZH i (Fu Junhui et al. , 1998) ., WX HENHZE F
VAR R GG H () MARRHA (J.m) ¥ F
ZA I L2 (Xie Qifeng et al. ,2015; Niu Zhixin
et al. ,2015) (] 1),

WK S e R BLZ T 1 B R IR T v B ST
B Sa kD v — R I e A R 92 ik o 90 o B
JEME R B VBN AR R B TR S
PR R K k3 b 5 AR S MK 20— kLD s L
KLAb G Je W2 TR Z s W R P LG T A Bl
AN -A PR BT I K AR A | R e TR IR
e B E Sl 2~6 2 L 0H EaRtEBONE
J2 T B — B IR TR ) BR 5 A0 RS e
a s ERP G T R RAUE TR R
— B4 A JE & (Wang Pingkang et al, 2011),
2.2 XWX RABRSKEVT BAFE

AR 3 1L 5T BE KSR SRS W 3 A 7E 140~330m
VR X (8], J& B ¥ i 200m (Lu Zhenquan et al. ,
20150, VR BE BB Hb R - X 3k (Collett et al.
2011) s RAR KA Wy 6 1) o o J5E 88 32 U 1 J5E
Sy A 29 B LR IR e B R R R, E R
0. 782~ 1. 196 . e o A fiff Ve g 3l T,y 470°C L b
T A O R AR T AR B B (Zhang
Jiazheng, 2017), M RRSKEW KR EE N E
M1 % A (Cong Xiaorong et al. ,2018) , 45 3%& Ll KR X,
KEWAMEKE EZ IR A K HE (Wang Tong et
al. » 2009, 2012; Huang Xia et al., 2011; Tan
Furong et al. ,2017) , S AP W I R 48 45 4R WoR
(Li Song et al. ,2017) . H g F A 54% ~T76% . 4
Bl 8% ~ 1500, b & i 46 ~21% .3t
DR T e RS CO, S — N 1% ~T%
BATSK 1520~ 170, K4 Wik i 4k 5 5 74 5F i
TE§7J<45‘%1‘$&:7FHM, BT ﬂﬂ(%% ( Wang
Pingkang et al, 2011), &[G EBFIE R 48 3% 1LL
RAR KA P IR AT, s AR i <
TR T 2802 7 20 B, T 4 B JA) 5 o A O i R AT
s P D 2R 17 e 028 TS ol e 9 A SR A 8 G TR A LA
R B vk IR B K G W 4TS DL S B R A
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Fig. 1 Geological map of the gas hydrate deposits in Juhugeng in the Qilian Mountain

(modified from Qinghai No. 105 Coal Geological Exploration Team, 20069 )

e T #h )2 ¥ (Zhang Fugui et al. , 2017),
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TKB TR 2 A A S A0 N 3 K B T T 2 400mL
ZVBE . 8 SERE I 47 BRI 22 RDR 5% 78 = P 5
BT B K B b R A o R 1 T ) IR
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58 8 o o 6 33 B W AR I PR SR .
RIS % A B A5 R AT T IE 4 R E T
FEAE R 43 BT AT Porapak-Q S 58 M 2 Tl 73 BT A g 4
AR99. 999 VO VEHA, R 8 B ERE . 40 BT 2%
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FE A I BE 40°C SR FEL B - 38 7 48 1R 1) 1) 48k 15
6] 2 0. 78min, 43 H7 W 3 19 25K L 4 1026 B9 #F
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AR 1L 2R T B4 X S R i e Kl R IR T R
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FRLH I W BE o AR ST P TR fifp Je P e 1T ik et i e
P EXCEL #AF #5475 I 46 73 B 38 3 73 21 450 %
ST B B 73 A R AE L A O He] B R 43O 15 22
iz FH e W4 7 1 EAT AR ARLAL B 1 4 BR Ak 2 P g
A o 27 5 B AR BRAE 50 ] R 58 (GeolPAS) .

K 2 st R S s Bk A 2 I, H TS R He
Ei iy R ALY B 5. 92 ~ 10.36pL/L, F- B {E
7. 99uL/ L BRHER 22 % 0. 61, 75 F K ACh He 14
(5220 X 10 ° 4+ 15X 10 7) (Ozima et al. , 1983;
Mamyrin et al. , 1984; Holland et al. , 1990) (£
Do M B2 5 & & RO Bk i 2 =R T R
8. 20pL/L. fERIRKEG WO 1 J5 3w {0 5=
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8. 93ul/L, 5o ik 22 4>, W 1 AR 2 12. 33km”,
WP 8. 82uL/L, FH FHE M 1. 10, NAP {H
Wi, 13.62(£ 1),

HFEIR P H A X Ne B9 & G HE N 13. 53~
28. 05uL/ LI 20. 80pL/L. & F RS Ne i
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(B 3) 7B RIRSOK A 0w i L 5 H B v L 5 8 5+
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25. 21pL/ L, S A 1. 21, S sl 8018 A S ik
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SR K G WY B0 IR 25 #F (Zhu Youhai et al. ,
201D, KEY I Box DK-4 I DK-5 34
TH KBV R EERREATEK G Y5
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AR YR R A2 R A CRd 45 1 SO JE BT HR KB
AHMX  fE T DK-9 3 .DK13-11 H .DK12-13 }:
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Changjiang et al. » 1999; Cheng Qiuming et al. ,
1999) , BBk W S5 BF 52 A B3t S B o A v L 2 — R
JEXAFT B A AL GE T A AL 1 43 A B A
A & % 89 3 % % (Cheng Qiuming et al. ,
1994, 1999; Cheng Qiuming, 2001) , 43 Hit &5
AN R RIS A5 R R AE 89 A R J7 1 (Cheng
Qiuming, 2001; Sheng Wei, 2002),

G N () = Cr P, r>>0 (Sheng
Wei, 2002),H A r £~ He.Ne fil CH, & &.C
=0 Fr Ry Lo K. D=0 Fr R o3 4k (8 4550 . N
(N FTRE B He Ne #1 CH, & KT 5%
T r8H.

6 J& =% K DK-3 4l fL 5 65 T % A He Ne
M CH, W3- . IWEH AT LU O He B 3 4E
i R e B8 o 4E R 19. 01, i FE RS
PRI TS50 18] B, 73 7 2B AR AR /0N 3 BR AL 2 1 B AR
s, PLE S g B E MR )2 5@ Ne )2
BAYTE Ay HEBCBAR KL Oy 11. 52, 13 BH HHe B i

Fz1 MELUBTET R TEMIKNEFIERSMEE
Table 1 Values of soil geochemical indications of Juhugeng in the Qilian Mountain
Eiskan (A SN f/ME RN CIKIEN S A (km?) NAP
B fife 42 FH b X 1687. 86 1.17 55.5 — — -
2 fiff o T ) £IX 487. 39 5. 45 29. 35 — - —
X 10. 36 5.92 7.99 — — —
He KEW LT 8.25 8. 67 8. 38 1. 05 4. 25 4. 46
VU 5 X 8.93 8. 46 8. 82 1. 10 12. 33 13.62
X 28. 05 13.53 20. 80 — — —
Ne KEW LI 21. 29 25. 87 23.17 1.11 6. 25 6.96
PUHR S X 23.22 26. 96 25. 21 1. 21 5.78 7.0
TR IE Sy L/ ks 1 PR SR By L/ Ls NAP 5 (HUAS A6 T 42 )8 18D oy 5 W A 5 5= 0 T AU e #1 .
42175106 2 I3 D4 D8]
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I ik 2 ot
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Fig. 4 Contour map of acid extracted methane in Juhugeng in the Qilian Mountain
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Fig. 5 Contour map of acid extracted heavy hydrocarbons in Juhugeng in the Qilian Mountain
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Fractal graphs of He, Ne, and CH, in the drill core headspace gas at well DK-3

in Juhugeng in the Qilian Mountain
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FRIR UK E W B R A 400 44, 20 B 1 T s
S, He.Ne fITH % 42 .

5.1 DK3 HEMESENEDLSH

AR R (GR 2 Ol A B i a <
i He 1 Ne (9 & & T RASE; QKEWI )2
FIrEE H He Ml Ne (& & TAKGWH 2, 20
0 1T 2% 24P E s QK B 2 He A Ne 19 &
TKOF 5K AW B BUE L s @85 FLH He/Ne h
0.36~0.40, /8 T RS 0.288, LZEQRER 1%
He 1 Ne (1 3R {b 2% 5 8 FRAE FEG AL 5K 59
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FIEE AR Bk T SR T KRR 5.2 A PEUHSEERREXXR

YIw 5 . FIH] DK-3 3 (1) 400 4 5 00 D 2 %5 4f il 7 1
He.Ne il CH, BJMHCE (B 7)., 1S & He.Ne
F LRI 8 (2 = 0. 5055) , 1 B 7E 7K & ) i
S T 2ok A8 P A SR B AL b Bk 221728 .
HE— ISR R S B BE A G R, kK B CH,
5 HeNe 2HLHAA K E 7e D JEHA =4 OH

x2 MELURTFEXRASKEUTHBEESESE
R H XL 4F4E
Table 2 Inert gas content in the gas hydrate deposits and

relevant characteristics in Juhugeng in the Qilian Mountain

i IX TR (m) He/Ne |He (pL/L) | Ne (uL/L)
KR 0.288 5. 22 18. 2 fot 5 M AR m i B LB R, R 2 AR TE K
pay = D=1 A A N N M, Y N
i | EEEE L EPE LR R A T HER (L% 5 5 R Y 11
=K | KEWEZ 150~155| 0. 37 7.45 20. 4
K 4 4 4E T SRR = At ok
con | wnmrmiaz | os | oo | e K A 0 45 A e 3 2 R TR 3 A DR S5 4
KEWT R 227~236] 0. 36 8. 12 22.5 EKEYREWHIToR BRI E TF4aF/0h, 0
F QRSB K I T Ozima and Podosek (1983); Mamyrin and uﬁ*ﬁﬁ}\%%zgﬁ*@9@&'%%%1$ﬁ@ﬁ*§§“ﬁi&
Tolstikhin (1984); Holland and Emerson (1990), %\%é’i’ﬂﬁ%% iu Tfi’(éﬁ% E]/\J /fl/ﬂs . ﬁﬁ‘ﬁ% ‘I‘iff‘hﬁgﬂsitl‘i
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Fig. 7 Correlation between Inert gas and hydrocarbon in the headspace gas of well DK-3 in Juhugeng in the Qilian Mountain
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JRASRE « A A W B AR TR 20 s @ K228 19 B T
51 M TR v ik R £ 5 A4 8 i AU Oy
REF MR TR R H PV V855 ® X 26y
HOT R & 6 AR B KR (Pinti and Marty,
1995) , 3 7] fig & W e 55 1 M UM 22 A DG iy 2
JR I
5.3 BHESEMSIHIE

VEE SR T BN, He WA FHRBH
2.28A. Ne [ 4y F H &K 2.97A (Sloan et al. .
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A new tool for natural gas hydrate exploration in permafrost regions:
analysis of inert gas helium neon

ZHANG Fugui®, TANG Ruiling"?, ZHOU Yalong"® , ZHANG Shunyao,

SUN Zhongjun"® , WANG Huiyan"?
D) Institute of Geophysical & Geochemical Exploration, Chinese Academy of Geological Sciences, Lang fang. Hebei, 065000
2) Key Laboratory of Geochemical Cycling of Carbon and Mercury in the Earth’s Critical Zone , Lang fang, Hebei, 065000

* Corresponding author : tangruiling@igge. cn
Abstract

The development of geochemical exploration technologies unaffected by marsh microorganisms isone of
the important issues to improve the prediction and exploration for natural gas hydrates in mid-latitude
permafrost areas. The potential of inert gases as a new tool for the investigation of gas hydrates in
permafrost areas using He and Ne test methods was investigated in this paper. The study area with a size
of 150 km? is located in the alpine-arctic swamp landscape of the Qilian Mountains. The sampling density
and depth are 2 points/km’ and 60 cm, respectively. In total, 300 headspace gas samples and 400 core
samples were collected and the chromatographic backflush technique was used to analyze the inert gases
(helium and neon) in the headspace gas samples. Combined with the comprehensive interpretation of
geological and geochemical exploration, our study indicates that the anomalies of inert gases have close
relationship to natural gas hydrate reservoir, and are within the range of hydrocarbon anomalous
concentration, suggesting an atop anomalous mode. Ten of the 11 gas hydrate wells discovered in the
experimental area of Juhugeng are located within the anomalious area of He and Ne; only one well is
outside of the anomalous area. This study analyzed the vertical distribution pattern of light hydrocarbon,
helium, and neon in the headspace gas of hydrate drilling. We propose a geogas migration mechanism of
inert gases in the soil above the natural gas hydrate deposits. The He and Ne anomalies near the ground
surface of the Muli coalfield in the Qilian Mountains, derived from the deep hydrate deposits and fault
structure, are not affected by marsh microorganisms; they are the effective tools for natural gas hydrate

exploration in permafrost areas.

Key words: inert gas; natural gas hydrate; alpine swamp; permafrost; Qilian Mountain regions
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