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Abstract: Helium is a kind of important strategic scarce resources, which is related to national security and the development of
high-tech industries. However, China is poor in helium and most of it depends on imports. The situation of resources security is
very serious, so it is very important to carry out helium resources survey. Based on the investigation of helium resources in the

seven major petroliferous basins and other areas in China, it can be concluded that the helium in natural gas in petroliferous ba-
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sins in central and western China is radioactive origin from crust. Its enrichment is controlled by the distribution of acid rock or
basement rich in U and Th, structural traps and {racture. The helium in the petroliferous basins located on both sides of Tanlu
fault zone in eastern China is originated from the mixing of mantle and crustal sources. Its enrichment is controlled obviously by
fracture. The high content of helium in water-soluble gas in geothermal water or hot springs is mainly crustal source. In this
study, the Hetianhe gas field and its peripheral areas in Tarim Basin with good helium display but uncertainties are selected for
the systematic exploration of helium resources. Through fine sampling and analysis of the 11 natural gas samples from Hetianhe
gas field and its peripheral areas, it is found for the first time that Hetianhe gas field is rich in helium, with helium volume con-
tent ranging from 0.30% to 0.37% (average 0.32%). As originated from crust, the proven reserve of helium gas is 1.959 1X
10°m®. So, Hetianhe gas field is the first supergiant helium-rich gas field discovered in China. Therefore, in this paper it is sug-
gested that: (1) accelerating the construction of helium separation and liquefaction units in Hetianhe gas field to maximize the
overall benefits; (2) demonstrating the feasibility of constructing “Tarim Basin helium strategic reserve base” as soon as possi-
ble, and carrying out systematic investigation of helium resources in petroliferous basins throughout the country; (3) strength-
ening the theoretical study of helium accumulation to guide helium resources exploration.
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Table 1 Statistics of helium volume contents in natural gases in Sichuan Basin
Xy A E AL i JF IR (m) He(%) R/Ra Fe
Zadn, HS1;GSI. 2. 3;MX8. 10. 11 - 0.018~0.102 —
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AR T Yuel06 -« 118 101-1-H1. 121, 101-9-X1 - 0.019~0.039 0.011~0.015
i “ HCO001-2, 106, 109 - 0.027~0.032 0.012~0.013 Ni etal ., 2014
T Jiao33. 48. 49, 57 - 0.018~0.026 0.016~0.017
Nt I - - 0.020 -
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. ¥iik7] P - - 0.027~0.035 -
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7K 2 L - - 0.011~0.050 -
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iEiS - - 0.043~0.057 -
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JER 5 5 - - 0.035~0.064 -
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Wei39 . 46 - 0.147~0.210 - BG4, 2014
z Weil2 2836.5~3005  0.250 0.021 Ni etal .,2014
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RIS Wei2 o 23 24383005 0.120~0.235 0.021 HrK B4, 1989
BT z-€ Wei23 3017~3142 0.262 - WA, 2003
€ - - 0.270 - k7 A% 1992
Wei7 1079 0.166 - 1k B 2%, 1989
P Wei5. 7 1319~1346 0.003~0.108 0.022 W4 R, 2003
S B B B K THK ,1992
T - - 0.037~0.074 - o
Weigian1 140~ 200 0.033 - Rk E 55,1989
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FLHE - - 0.022~0.047 -
WEKI - - - 0.029~0.048 -
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AT - - 0.039~0.084 -
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Bl Tied - 0.037 0.034
37 c Feng6; TD1 4213~4923 0.036~0.039 0.006~0.015
L LIk QL7. 13, 24 4666~4944 0.026~0.067 0.009~0.024 \;i o0/, 2014
EHA Leill 3839 0.079 0.017 ’
W Guan2. 4. 10 3747~4774 0.022~0.090 0.011~0.028
o c-P Xiang6. 14. 15, 18 1593~2311 0.037~0.070 0.011~0.016
A = - - 0.034~0.078 - T 1992
. Cc.T Chengl3. 16 2549~3809 0.030~0.031 0.004~0.005 Ni etal .,2014
i C.T - - 0.03670.124 - T L1992
- C.T - - 0.033~0.034 - ’
C-P-T Zhang2. 9. 23 2762~4479 0.015~0.023 0.007~ 0.009
% PR Ban4. 5. 16 28533994 0.011~0.040 0.010~0.018 Ni eral.,2014
e Cc-p-T Wo3. 5. 14, 17. 50. 58. 88. 120. 127  1288~4439 0.008~0.044 0.003~0.035 )
- - 0.011~0.122 - kTR ,1992
Ki+ Chi4. 18. 26 2220~3307 0.022~0.072 0.002~0.008 Ni etal .,2014
L - - 0.072~0.146 - FRFAX 1992
4B Ik Tong4 2625 0.023 0.026 .
Fog 3 P Shuang15 3989 0.150 0.011 Ni etal ., 2014
e P - - - - FKTHR 1992
. T Xin8 3176 0.001 0.007 Ni etal .,2014
ek P-T - - - - kT X ,1992
B Bk T Caol. 5 1095~ 1226 0.045~0.047 0.010~0.011 Ni eral., 2014
YH 74
Eﬁf} J B - - - KT L1992
NI %A Wt P-T Puguang2 . 3. 7. 8. 9. 10. 101 5028~ 6080 0.007~0.022 Liueral., 2017
P YuanbalO3H. 221. 222, 223. 273 0~0.02 0.001~0.007
) T Yuanba221. 223; Heba2; 0~0.02 0.005~0.018
JIER JEH Yuanlu301H. 7. 8, 9, 10 (P, 2017
T-7 Yuanba3 0 0.012
J YuanyeHF-1; Yuanlu5 0 0.015~0.016
. Hel; Hsl 0.001~0.029  0.011~0.012  Ni etal., 2014
EeEZ P - - 0.061~0.063 - 3 T4, 1992
0 Zhongl8. 31 2543~3170 0.007~0.008 0.009~0.018  Ni etal., 2014
v 06 - 0.012~0.056 7K TR, 1992
#5 X 2628 0.016 0.05
HNMY Ch127 4566 0.008 0.01 Ni etal., 2014
IR g QX3. 6. 10, 13 - 0.015~0.017  0.017~0.018
it EP] T - - 0.010~0.026 -
Jeyt - - 0.018 B
it - - 0.022 N B
Fhl - - 0.060~0.095 T, 1992
WEY - - 0.014 B
iR - - 0.061
ER7) ] CX129. 134, 135, 136, 152 650~2752 0.008~0.027 0.010~0.020 .
N Ni etal.,2014
kit LS35. Lpmg55 - 0.029~0.041  0.012~0.013
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45,2009 , Tl 75 7Y R b DX 0] R IR B AL
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fE >} 0.015~0.091 Ra, & 5¢ I8 5l KB WLV 2 2
(O), ¥ 7(K), HETE 1 (K) H*He/'He HAH N
0.132~0.166 Ra. FiJ 5 5L K X M He/' He L{E A
0.549 Ra., AT figJ& /> (7 Y0) 08 PR SR A F- 2.

2.3 LEAKRZM

SRR E R B R A A A 2 b 2 1R
WE TUT 8 58 DT 2 46 38 1 e 2 g s ok 0 A e 6 s 20
F AL e BT &8 43 I B lle TUE I i b < oh A
A Ik 0.78 % CE 45 ,2016) (£ 3).

A L DX — 11 AR e T A B LA e T A b i
IR A NG eI 1 R HE K R <R, AR
ik 1.10 % (5K = M 45, 2016) 8 1A #a 11 M X i
AT I TR B FL Ak 2 v, 6w AR B G A ) 4 e
P va RE B tr 1 G % bt i b LA R R &
ik 0.47% ~1.14 % (G 3).

2018 4 5 J1 . e A8 M A FF 19 265 — Jm KR A Bk
BRedn b oK I S R GE T A BT R 4 LT AR B
B AL AR BT 3 ORI ARER 1 F K AR A rpoAs i )
ARG 0.085% ~1.069% . b I & & U.Th,
P S T AR T B
2.4 HEBRZM

H AT I R 2 2S8R T 0.05 0 Y KRR
FEG AL TFARE Z (36 3D, 43 A 76 v e 3 [ X R 35
R X b e X SR i B R o 0.203 % 5 R
X vb 1955 & 0.236 % (Xu e al., 2017) .3
Aty DX ZR R Ll 520K I M B O 2 b v R 3
F4° He/' He HfH 4 0.014~0.076 Ra., A5 % N, B
R B3 He/* He HEAH LA 0.186 ~0.306 Ra i F (Xu
et al., 2017) W IR S & HANEA 4%.

2.5 THEESHEHMmEM

(R e Uy 1 DY I 3 07 NN v NI /e s
] v G S X R R 22 3T A ok T — A A A
SRR SRR AR, Dai er al. (2017) X 5 /R £ W1 4 b
ZA MR AR Z R 94 MRS T T 20 AR
FH0.000 2% ~0.091 0%, 4 0.033% (Dai
et al.,2017) . X445 %5 (2007) B X FF AR < H — &

A

A m 4>



1030

HERBLY:  http://www.earth-science.net

i 44

RRKAREMPEAT T E  AAEBREET 0.042%.
KIRBIER THRZH B AT RRT 0.05%
(R SR SRE i B HiE . P He/' He HfH R 0.010 ~

0.097 Ra, Ay HiL #1575 5 A% (K

g IR E A AT 2R AR M A S
i N Hongtai 2 R % &R =

R

a/ﬁ/—:{.é\i

0.069% ; Hovk 2 Wenxi7-1 H-F1 Wen21 .4k B &K

N

RAA

x2 BEAFWRASHISERIESIT

0.051% ~0.055% (Xu et

Table 2 Statistics of helium volume contents in natural gases in Tarim Basin

al., 2017).nt

X A H =20 4 I (m) He( %) R/Ra KU
— 0.213~0.249 X445 %, 2009
Ty O 1 4 4-H1 0.083~0.091
— 0.044~0.048 Liu et al.,2012
EAEE # 3.4 4 300~4 347 0.68~0.73 — T MR, 1997
373 C
" T it B 2 1.920~1 930 0.22 — AFLFE L2013
— 0.038 Liu et al.,2012
M B 38 BE A K BT 5 1 0.549
— 0.093 X4 H 45,2009
) J—K TR 102 — 0.004 — Liu et al.,2012
07 5
N fi 8 3 283~3 304 0.005 0.056 Xu et al. 1995
P 1.16-6.242.26.,45.62.621 — 0.005~0.054 0.032 Liu et al.,2012
0
B Bl 3 666 0.054 0.033 ok B4 ,1998
h S W17 — 0.014 — Liu et al., 2012
C i 103,4-7-H22.,4-8-30,4-18-7..6 — 0.001~0.233 1 0.027~0.030
Pt 73 — 0.03 0.042 Liu et al.,2012
€ 6.7 — 0.04~0.34 — ARBLHE. 2013
0] W% 2;7 5.13.15 4 969~5 782 0.07~2.19 — Liu et al.,2012
0O W% 2;7 13 - 0.07~0.94 — Xu et al. 1995
O WS 2 5 300 0.049 0.159
[¢) b 14 — 0.005 —
i A4 3241995
bz C—P 18 — 0.004 —
T ¥ 14.18.9 — 0.010~0.068 —
] 4 - 0.020 — RBLFE,2013
6,15 5 361.50~5 393 0.05~0.19 — XS 37 45,1995
K 7 5.21 — 0.003~0.013 —
w7 M — 0.001 0.132~0.166 Liu et al.,2012
B E b 45 - 0.000 1 -
) i 201 — 0.04 0.021~0.061 X444 ,2009
Jt 0 T 10; %7 201,15-18,16-2 - 0.002~0.031 - Liu et al.,2012
0] % 10 — 0.243 0.059 ok B % ,1998
O R 17 — 0.028 0.032 Xu et al..1995
- 0-C R 17 - 0.19 0.034
ol — % e n
g 14 5 266 0.103 0.043 ok 84,1998
HE 2-2.2-2-3,2-24-2 — 0.024~0.928 0.035~0.061
R 2-25-H1,2-33-1,2-34-5 — 0.001~0.302 9 0.040~0.061  Liu et al..2012
T
w3 — 0.004 — XA 7 45,1995
] B 33-1.34-2.5 — 0.022~0.052 0.056~0.076 K E%5,1998
) fift i 123 — 0.181 0.029 ok B45,1998
n 6] fif i 127 — 0.000 4 -
fige i . Liu et al.,2012
f# 7T 1-13-4.1-6-4,100,138 — 0.001~0.206 0.045~0.048
T fi#filr 100,131,138 4 251~4 430 0.066~0.085 0.044~0.045 K E%,1998




EURE| Bl 7N B 2 TR T S0 R0 R BOIR B i A R R Y A e 1 & B N TR 1031
gR2
X ¢ WA J=3 2 4 R (m) He( %) R/Ra I
€—0 Ty Tx-1 — 0.000 7 0.044
K T — 0.007 —
F Liu et al..2012
E My 1.102,104.23-1-5 — 0.001~0.132 0.024~0.030
Nij AW 4 — 0.000 6 0.024
0 Rl 12 — 0.044 —
. Liu et al.,2012
.- AT 1.1-6-8,11 - 0~~0.030 0.047~0.061
VR C X
A 1.4 — 0.230~0.396  0.016~0.047 Rk E%,1998
P R 23 — 0.022 — Liu et al.,2012
feis
" - 0.035~0.054 - Liu et al..2012
1S C MAAE 113.2-7
" — 0.153~0.29 0.022~0.025 X 4&F%:,2009
FIEA T FIEK 5-4 — 0.000 6 0.040 Liu et al.,2012
C FHr 107 5406 0.205 0.015 Mk B4 ,1998
A
T FHE 1.4-H2 — 0.009~0.014 — Liu et al.,2012
ER K ExK2 — 0.023 —
N - Liu et al.,2012
ey E FIETE S — 0.066 —
E P19 — 0 0.062 Liu et al.,2012
)| E BT 1 700 0.063 0.044 ok B45,1998
N P 6 — 0.007 0.059 Liu et al.,2012
X0 K—E 347 2-1.2-4.2-7.2-10,2-11,2-14 — 0.004~0.006  0.028~0.061 Wang et al.,2018
Kk K K4k 102,103.201.,202,302 — 0.006 0.045~0.080 Wang e al.,2016
PE it R AR 102 — 0.020 —
HEIRAR K RIRR 2 — 0.006 —
% K5 5% K—N K358 105-25 — 0.095 0.041 Liu et al..2012
Eal) 2 E 1.2 — 0.006 0.059
S E—N 52 — 0.005~0.023 —

RI LEEKREBR IFVRSHTEMRASHFESERESESIT
Table 3 Statistics of helium volume contents in natural gases in Qaidam,]Junggar and Ordos basins
i XA /X B2 4 FHE (m) He( %) R/Ra e
939 0.10 -
se A A U] C LET 2 943 0.78 — W74 ,2016
ik 1 000 0.09 —
A AFHlmX  E—N 2l 9-8 - 1.10 0.02 o
ik = MG 4 2016
A1 11y b X ] KT-7 874~925 0.47~1.14 0.05~0.93
o 34 B ] ¥ 508.510.514; % 6;i% 20 — 0.107~0.203  0.014~0.053
WETE IR Xu et al.,2017
T b ] b 1955 — 0.236 0.186
wE O 4 — 0.053 0.038 A%, 2010
— 0 B 1 — 0.07 0.027
e P 1,140-31,21,33-18,48-14-76,48-2-86 53,75,
— P - 0.05~0.09  0.031~0.097  Dai et al..2017
IR 77-2-5.77-6-8.95.120-52-85,139; Zhao61 ; Zitan1
— ] Mul6-10 — 0.07 0.022
Hr — T Hu43-10 — 0.08 0.020
PR 6.13-16,16,19-18,22-15.25.33-18, X4 4, 2007
piNibs P 3226~3 373 0.016~0.035 0.01~0.03

35-17.38-14.,38-16,40-16 ,41-8
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Table 4 Statistics of helium volume contents in natural gases in the basins on both sides of Tanlu fault zone

T Fagits/ < JAHL H4 F(m) He (%) R/Ra b/
- 13 IR DI .
3 e T-K F 1Y _ —~ T A s
HHI/R SRR B 0.17~0.18 >0.6 T4, 2002
F613 705 0.119 — N
R K, * 63 589.6~625.0 0.130 — HTHESE, 2001
¥1.37-5 5514~572.4 0.152 — HAREL, 1999
ZR1; F101.102.106+
AR £189 02106 713.1~848.4 0.10~0.21 0.19~0.28
KARUE T Rl K AL, 2006
h 102, 2020 203, 24, 595953 0008 0.09-0.13 v
3. 41, 42 i : :
TR 22 K B 20 1453.0~14752 0.130 —
7K B K 3 1 124.6~1 1286 0.110 — I THESE, 2001
FHRHVA M b ! 190 1201.0~1311.0 0.251 —
K 13 728.0~816.0 0.124 — ST HESE, 2001
T IRFIMIRE ! R 1 X 17+ Ji11 707.3~1265 0.14~0.19 031~048  FALE, 2006
T K Ji2. 5.6 863~1011 0.01~0.08  4.50~5.14 RKE%, 2000
s I K 106 168241 6886 0310 —
7t 63 1 822.0~1 8477 0.241 —
E9-12 24348~2 4174 2.104 —
K TR 1 29260~2 9402 0.404 —
V£ 902 2795.0~2 806.0 0.102 — ST HESE, 2001
_ M 1 2 660.0~2 680.1 0.226 —
=HE MR
K,-J FHAE 201 29294~3 630.0 0333 —
| FHE 701 3 575.8~3 602.0 0.120 —
E 201 32066~3 2238 0.220 —
PRI 1-11 1201, 5. 6, e
Ko 04 6. 6.208. 603 3328~3 759 0.008~0.014 0.9~13 WA, 2014
K& 1. 1030 1-1. 12,
KIE MR K KR . 6 3165~3 863 0~0.013 0.9~13 AR5, 2014
3 /7
‘%Baiﬁ%ﬁ >01 Nm 1£ 501 459~813 2.08~3.08 3.10~3.19  HILFESE, 2001
T GrBH#IREAE 1 7FFIX E W17 1965~2 010 0.036~0.085 3.18 Zheng et al., 996
ot — — Lu27-15. 27-16 — 0.210~0260  036~037
— — Liu25 — 0.120 0.48 Dai etal.,2017
— J Jie3 — 0.100 3.90
S p X3. HT3 2292 0.109~0.571 196~324  Liuetal., 2017
a k2. 14 376~377 1.200~1.340  320~3.69 #/KES, 1998
ERA N 2. 4. 14 — 1.029~1.330 R E, 1999
7k HQI. 2. 4 — 1.051~1420  2.65~3.49 WAL, 1995
NSRS — 271 — 0.42 — e
ST ] 7; RIK33. 45 1334~1 836 0.081~0.096  125~3.14 )
s E o ok B,
et 75190, 203 2342~2 592 0.089~0.006 2.54~2.74 Rk B, 1998
FHER =KL e JKIE3. 120 24, 4 1107~1733 0.110~0259  4.09~4.56 45K E4E, 2000
Wik KE3. 120 13 1103~1 112 0.250~0.419 4071 WER%, 1995
= _ _ - _ g AR S
=K E1 0259 1.143 . 1991
— E 35 — 0.192 3.06 AKESE, 2000
FHE R B M7 1162 0.110 — HEIESE, 1995




LR

B /)N W 55 < 3 R 0 R BDIR R T AR DR B s Ak Ay i 3L« R T A 1033

B — M AL b 4 K o M S He/ ' He LU {H R
0.013~0.095 Ra, Hongtai 2 3 KR S°He/'He It
Hh 0.120, ¥ 52 B2 IR A & &/N T 2%.

26 MEHAEAMNHRSE S HS R

SRNES I E SRl T R 1B o (TR S RS A N VNS U
WS IR KSR A RS IR A, HRTE &
MEAN TR REE O BRTHHERART
ST (SIS S I N2 o N = R D R O
AR,

P I 23 b A RO — K 1 b X K B 38 7 4
BHAARKI (RO ZAIE A 30 ZHIFE
TSR, & 0.102% ~ 0,404 % , % & ] ik
2.104% , FEAAMAE TS MAS T /REHMZ T
WEMAG TR BRI FMERET S AE5
HIEFRE R (RS, 2001 Hodb 7 9-12 R
AR FEIL 2.104 % (B F RS, 200D s FHE 201 JF
HfP R 4X10' m® DL B, A& &R 0.333% (F 5,
2010) M4 F H =& 133 m® XUk — K7 )1 L IX
T FIRFEE RS & 0.10% ~0.21% (EAR%,
2006) . 73 Hi1 g HB T 4 55 TR — K 1] i IX = 3 &
AR E N 0.08 %0 1 5K [l W B R 08 I B 220
AR T 0.05% (B H 5 ,2014) , S i B 4
A CE RS, 2017) A8 L Z b J6 8% He /' He AR
4 0.721~3.007 Ra, 18 5 2 & &t 7l = ik 38 %0 (5 F
MEAE, 2001). 4 Hb R R T 4 B O Mk ik R
H°He/'He W8} 4.50~5.14 Ra. W5 & 2 0] &
ik 64 % (TR KB % ,2000).

SACZE AR EAR A BSR4
IR AR M B A A AR EHRAHAAE
it 1.051 % ~1.420 % (G4 B 55, 1995) , & 7ndb 75 b
HIRERM AR FBEKRE.1999) , RRIEW]
B 1036 X 10" m®, ¥4 592 8 4% W1 Hb R 4iF
12.77X10" m* PR JZ B iE REBWA FZARAX
FH 24008 i 1.340 Y0 » VR T TY1 B 4 0 M1 iy 3 R A
SEH 0.096% (FRJk B 45, 1998). #A 1L 4 b b
B He/ 'He {5 A 1.25~ 3.69 Ra, 18 & & &
Al Ik 46 %.

TR 4 L 5 5 3 BT 8 954 v 21 i DX e o A AR
HZE A& 0.003% ~0.198% ., Hibipr % 1 H KR
G 0.17%~0.18% . He/ ' He HAE KT 0.6 (E
VLA ,2002) MR 2% 5 KT 7060 78 1) 15 15 2 b %
A SR R (E X TR PR AR 501 X, 16
501 JFHT iR R WAL B0 A R & i 2.08% ~3.08%
CEUDFESE 200D TS 2 He /' He WA &N

6.45 Ra(Dai et al.,2017) W JH & & & 1l ik 80%. =
K FE M A A Bk O RE AR SR A B R R AT A
0.419% .°He/'He B M 1.143 ~4.56 Ra (¥ & A&
FE,1995) 18 A & fE Al ik 56 2.
27 MAFERESERX

BR AR E B MAFAE R AR AP (H 43 b X b
PO /R R WA — & &, FELUKE S LA
WETEW LT IR = F NS WL
MRS A IR R R T Tl A K.
KoM TEERHENEESHALNTHEKRT
0.10 %6 ) M It /R SR A & S HE R/Ra L 1H.

H 7R IR S/ RO ep g AT SR T R R
FH B M X AR p 7B Al 2, B 7R T R — R
RZ O RE T E T 23 KRR & &
— MR 0.8% ~1.2% . fx i ik 9.226 00 (F¥ AR B 55,
2004 ; FFHEA 45,2005 2% K 224, 2011,2016) .8 1]
F M 4 K o K SRR B He/' He UM 0,023~
0.073 Ra(F 5) , iy ML AIZZ IR 50, R VR T R 18 M X &
Bl B AE A SRR (R %201 H U
#3.45 X 10 *~9.41 X 10 ¢, Th & & 15.77 X
107°~21.63 X 10 ° (3 5§, 2018) 5 ir 16 At &
WS 1 A0 B K RE AR He/ He FE MRS &, sk
99 1L W S 9 FE 5 He /' He AN 0.557 Ra,
3R S B /N T 7 00 8 T A S AR A2 W 2R A
< 7 S PR A [ o (2 22 5, 2010, LR R
9 21.30X10° m® (3K C4F,2018) , FHR R B & B
T 1 S S RS A 7 11 DG

AL T VLI AR P T 2R B 3 b B /TR R R
RERZEZHE 0.1%~0.5% 20, He/ ' He A N
0.2~1.9 Ra, i8I Ny 190 ~8%, = R WA
RPN T 1% (Xu et al.,2014) (EEEENE,
TR ARG /R, R RRAT &
(5.24>X 10 %), H £ &' He/* Ne [ 3% i1 25 X
A He/* Ne HAE (0.32) B, 75 B % s P A IR
AXFRE S He/' He 6B B9 5% 15 24 £ 5 He/® Ne
HAEIE R T 0.32 B (B LL 22 5) . i IA 2 S
XFRE AL He/' He HAE TG B 5% w51 40, 40 7245 10 FH
Tonghe #E d & A & & 5.6 X 100° ~ 5.7 X
10°°,*He/ He H.AH M 1.57~1.58 Ra,'He/* Ne H
fH M 0.32~0.33, 2 SR AR 97% ~100%. 40 R
R’ He/' He WA 1 5 T RASUA IR AT REJ2 20
28 7S AR AR A BRI b R a9 Gk C He) B
R S R kAR B A A He AL T KRG
SH (Xu et al.,2014). 7 S WL LIRS
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Table 5 Statistics of helium volume contents in water-soluble gases from geothermal or hot spring wells in China

g S A/ TSR I He( %) 18 IR SRR He & (%) R/Ra B3
AE ] 051 He M i I 3.35~3.51 0.02 0.073
W T J 5 AT 3.43~3.59 0.24 0.557
DLV AE D B TR M AR 3.12~3.42 — — ik 3CEF L2018
JE 2 B £ M 3T 2.46~3.20 — -
HEREE-%: 1 JHBH 202 BT b 2.17~2.29 — —
V4 % AT 0.524~3.416 <0.02
Jei P 3 B4 0.191~3.140 <<0.02 -
0.023~0.064 sk mALaE . 2012
TG b A 0.528~0.968 <<0.01
W 7 AT 0.115~3.511 <0.02
Wenquanci, Benxi 0.115 0.003 0.225
Tonggangzi, Anshan 0.122~0.132 <0.01 0.623~0.638
Qianshan, Anshan 0.134 0.009 0.531
Donghuangdi, Haicheng 0.148 0.012 0.654
Xu et al.,2014
Xiongyue, Gaixian 0.129 0.007 0.476
Anbo, Pulandian 0.100 0.004 0.321
iLT4 Jiantang, Pulandian 0.115 0.004 0.327
Hadabei, Xiuyan 0.122 0.005 0.34
Nz AR 0.212 0.009 0.34
U L SR 0.166 0.012 0.60
SURER AT PN 0.084 0.015 1.46
R Shangguan
K&z 1 CO, 0.529 0.123 1.87
, et al.,1998
4 67 SR 0.316 0.013 0.34
JT BT TR OR 0.315 0.011 0.31
T TR KO T SR 0.187 0.017 0.76
. BTHRRFE -G ZTRD 0.143 <<0.001 0.025
“HEE
FIR A 3G IR 8 ) 0.19 0 0.011
SE e A1 B i T B K S IR 0.66~0.73 <<0.005 0.06 ]
. w4 B 5% ,1994
WA Z L 7 K ik SR 0.44 0.012 0.24
NS T K IR R 0.24 0.002 0.07
by oo b 7% J5 VN K Ak b 7R 1 5L 0.13 0.007 0.48
J"RAE P EL X J b AR 0.162 0.016 0.83 W4 A5,1992

F TR A R A M AT /T SR K A R Tl
S5,"He/ ' He HAH N 0.011~0.830 Ra(F 5), 18
RS EREY 10%.

5 R, [ M AR R R K AR A AR R
TRRT 01X MME R, AR Bk AR, 1A
FEIK B S B R B BN T 0,02 %0, K 3 < g g
TR B S AR R T 01 WAL R B 2 SRR
CL)YH TT 230 i P08 s SR ot P R i SRR 3 i
3.43%~3.59% , Hh i Y S AR PR & 1 250.24 %05
() KR#E KA CO, FHEEMATHREH0.529% , H
FEEA SR AE RN 0.123%. = B R KBS
f9°He/* He W K T 1 Ra k& (B & B %5,

199D AR E B /N 0.05% s Hh E B of (K H
ADoK b 3 K kol XM 56 M B SR R
1, He/'He i 1.62~5.51 Ra, 18 J5 50 /5 I
16.65% ~70.15% , K h A RS & 8T
0.03% ( LB & AE S A ,2008) , i — A5 0k B 2 Y4
LAE KIS B Tl R M S

3 P EE AR R R A AE A KB
A1 H & S A

P b SCR R b ER Tl R AR
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Pl /) 5 45 - R 0 IR BRSO R e 0 2 B T RS 1035

T RO A A SR A SRR A S H e,
FRARAH GRO B A= 20 S R 3, 4 3R E &k AR
AN B R R A AR L A0 2R R SR A i R
AR, BV S0t AH A, B AR it &k
A0 A R B KRG A g A — e < H .
TR B AL N 3.8 X 10" m®, g il g KAy
KA FHorp KRB R B A6 7 R R 2R RRHE
B B0 2,55 X 10" m® (5 22 S F J& BE 4E L 2006) ,
BARARST RN 0.04 %, BT EPFEE X 10.1X
10" m’ , AR AN EERA RN 1/4.52 85
A e BRI GO AR SR AR B S 0N T
by R K R SR K s i AR AR S B A
AR B A R, AR AR R AR /N X LUTE AR
FRRL R, o T & 302 AR A i AR F 9 2R S
PO I 38 BLUR  Be iR AR I R VSRR Z2 40 AT i
VRV RS AR A 8 T b A A B X R
PR R G IR, B e T AR R RAF EAAEAR
iy 2 P %) B LR 3 b ] A R R R AR
AR IR

R R AT A< A7 LA 27 i L o A e T L
EEAR M B AR, R BT 1997 4F, 21 R M E 8 W
FR) 5 B iy A UV R e TR R A RO (R OR TR A
2006 ; Wang et al.,2008; 23305 ,2017). < H H1 35
495 3 2 5 H 8 5 3 AN KT AR A 2H G g3 A
THILERWE TR P U 4 S EMA 2
AT R KT R AR R B 4 R X RPER H 5
X3 2 SRIPAWA 2 4w, 0 5% N3 2 I XOF
o3 J X

T ] S H it 2 B R e A R R SR A L
FIEE N A5 F A B IR B (CO) K BB & W L
PIEBRIREE 7 (O) i )2 4 I R A 8 K 4 B4y i B
A — MR 35~45 m, AW REE A 5L OB K
R S K 2 TN )2 A Vs kAL R &
B4 R BB NS IR 682 R DI 4E — L
B Ay 3 BB R DL AR K 5 Oy L A7 5 L il
YER I8 AR ¥ il AL R RS I TR K2 2 8
it J2 DL 4 4 — FL I B Ol 32 K B )2 N £ R R A
AP IR B (C¥) R A 7k & R B0V A 7D U 2 B
(COHOWA . B IR A BR 0~38.5 m, 8K R JE
VO, 3G 3 R At 2 ik T FL R B AIC L JE 38 M
HHEELE. RV KRADRABEANEETZ D
A, W BRE R 99 ~ 141 m, fx K2R
29.5 m, — M5 10~20 m, B [m] b o0 A o g L 3% 3 1
B A2 R P AL, ORI AL o A R R

JES I 0 ik A B BB R 0 LD 2 (R O JC R 2 R
— G — W if B2 AR CJE VR 45, 20063 Wang et al.
2008).

R E ST A T 48 B R 9K < R i e B3 H616.94 X
10° m®, By 7 A~ A2 B R TR 55 L 2006) . A1 ik &R
B IREB(COH KT 3 A7 19 31K 2 AR TF Rk R
AR PIE T I 4 5 3 2 S 8 5 M
PR R SR SCH B A B 43Ol D 157.99 X 10° m?
130.84 X 10° m*.36.61 < 10° m®.¥5 8 2 & }f] J. My %
WL CO) R R AR Bt A8 8 W R SR A0 b 5 i it
h9.59X10°% m®, 35 4 5 Bl AT B8 B R 0 1 (O) 5 A
FIPRRA B (COO R B — 58— Y S0, TR R SR b
it Ry 222,43 10° m® LA 35 4 SR ARG 5 I
X A1 ¢ Z2 R PV K AL AR I8 B (CH P E /D )2 (C!
L C) 43 & B 7K 2R RO 78 B R AR < H
Ffi i A9 21.74 X10° m® F37.74X10° m’.

X 44 % (2009) BRI 2 3 4 3 4-H1 AR
B 0.213% ~0.249% (H i F &8 = R B s
VRS B A N #5 22 , HL 2 I 9 0 3 A5 R SR A Y
3R B H e TR R R i R PR R e O
5| A
3.1 HERESHW

R T e KRR B9 AR RIS Y AR R AR L AR ik
FHHE R f) TiRf e S 9 0. SR B 7 B A 3 0, AR
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Hetianhe gas field and its peripheral areas
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Table 7 Industrial classification of helium gas fields
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