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Abstract: Due to the strategic importance of helium resources, the superiority of helium resource conditions in the United
States of America (USA), and the severity of current helium supply and demand contradiction in China, it is of great
significance to conduct a comparison of helium geological conditions and resource potential between China and the USA. By
comparing the geological conditions, resources, and reserves data of helium between China and the USA, based on historical
helium production data and combined with global helium demand analysis, the Hubbert model, Gaussian model, and resource
reserve constrained production prediction models are used to predict global, US, and China's helium production from 2023 to
2030, providing reference for China’s helium exploration and development work. (1) Compared with the North American
platform where the USA is located, the Chinese platform is relatively small and has undergone multiple stages of tectonic
evolution. The distribution of helium in China shows the characteristics of "multiple points, wide areas, and diverse types".
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(2) Although there are different understandings of China's helium resources both domestically and internationally, by

comparing potential of natural gas resources containing helium between China and the USA, it is shown that China has

abundant helium resources, and the amount of resources will dynamically increase with the deepening of exploration and

understanding of helium. (3) The prediction shows that China's helium production is in the initial development stage from
2023 to 2025, and in the rapid growth stage from 2026 to 2030. (4) There are four enlightenments to China's helium
exploration and development, strengthening China's confidence in helium exploration and development, proposing and

improving helium enrichment theories suitable for China's geological conditions, increasing research and development of
helium exploration and development technologies, and supplying helium from both international and domestic channels

before 2030.

Keywords: China; the United States; helium; geological conditions; resource potential; enlightenment

0

S
]l

A — Tz TR R Tl 4 ) 1
PR, VRSB R R 7 Mk JE T AR A G ST
R, AR IRELA RTINS H A 15 3
ZAEREEEM, SRR EEEPESR
[ BTR BRI AR 3 R E 1 . 20184
2 [E N EGH ( Department of the Interior, DOI ) & Af
KW T 2Lk, WRAIE . g K435 52019
AL 202VAE M T O R IR I, R A
Ao HIR20204F R S0 B8 H L OCHE 7 44
L, BTN R AR R, BRSO AR S
KFERBRATEA B . N A BFRK
Fig . AR, DA SEREETE IR T AL, A
AL HA TR, A REH A I, Aok
W 2252 B R A HI 2 .

S M 201 2 204EACHF IR, PR AR IEIT
MY PERRIRAR RS, AR
PR IMIAF BE R Ry, HE SR T R 5 SR
RERAAAIR, FEES 2y T E SRR EA
W, MER LA A RREEN T, &
FARIR A ISR 55 R SR S A AR [RIFRRAE
NOHAAHREE, AR L RIE . B E AL
PG HEMRIRT (RS B LR, 754
RKEZPH KRS AN T =MLT0.05%, —KFK
ZRFZASI, MRS KT 0.1%0) KR
Fr ol & AR RN DU TP KRS AR
T SRS R e A M R SRR
FHC ARG B R B RN, hES%
EEH AR 5 . BHESM. T ik
fEA S [ i U200 AR I AR RIS, H )k
AP TCHUR R A, 4560 1 v ] [ 5

02

RIHBTRABGE, A3 et 5 e &R
RIS B | il S ™ 5, g
Pl AR IR AR R g i

1 REMERFAXIEE

HAr, A e RBm 4 KR & A R H
FEATERNAL X A & B 1 se b kel i i
sEhLm T, AR MR,
1.1 EH

EEENAS " mZ2H0k A Frhdf g &Ll
X, ARG ER A 1T RA1042 < H
(DR, K1) , Hrh K25 fER S Hig= W |
A o 7 ap R B i T M A R — 37 A
( Hugoton-Panhandle ) < H . = HH o9 & 5
( Panoma ) S H . fkehrmr S ELITT (Keyes )
AL ESTEE A R PY ( Panhandle West )
A AT B R FEGE (Cliffside ) “CH, AR BH
MRYSEF LA (Riley Ridge ) L HEP,

Ry A S AR R, EEART 0
3R RAER (1) swhiil o AR BT AE i A it
AR AR EES, ek,
MY QoA SR — DA L BRI B
R Ly RFESRH . (2) sehiimil ZiGs)
HATIE AL b A IS R - A AR R AR B B AR
AEam. fEack, WA MR ILE<H .
AT (St John's Dome ) M. (3) Fafii
NGNGB AL R A - AU AR B 1%
ARG e MRk, RS I 0 22 7 Ay
( Rands Butte ) . H , B3F[E T ( Harley Dome ) <,
M. SEEFEGARRIHHTT R RARE = .
it A WK1,



H31% 2 2024445 XURbR A5 5 5 I S B A RS B D X e B R

F1 HESEE#RBESTRASHUMRFEIILS ™

Tab.1 Comparison of geological conditions of typical Helium gas fields between China and the United States?83%
BT FIRA, qAARK T AL . . o
ER e - - Y ARy A s R
AR ER0.49%. . e 4 RN BEFRWolfcamp
wkhls P
BH—E B4U% He/Helr0.14 ~0.26. Wﬁﬁggﬁ gﬁfg . j?; SifChase4] . Council
) O~1. a
WS KR SR i i GO
154 x 10 m® - ek “NChaseHEZE A2
BT AR A
ok HER SRS : . RN R A o
ng e ;%f; 6?/ SRGRAMNT  ERIER ﬁiﬁ JWT gﬁg SRR
' ety - SFCAE
S n ARk
man  Esk AT g ;\ﬁf;zﬁﬁﬁﬁ N fHEH A B Wolf i;gﬁf
S H K= Ar500.42% F;%_ o " R o campianfH [ =% -
82— 5 F Wichita
VRV Filii 4
RIS B4k AR {izéﬁé{i\] ﬁ? S Albany, Wolf Campbed
S H ARLT3% e " AL HEZ EER
.= & PanhandlelimeZHE &
O TR AT S AT
AW EE K 0;3}/ o ﬁie Mo, RCEAN  BERE WEN SRSupaidl.  ERGENZG
BB AR o 3"; 10455 DSAEE R EENABKFLE IR
R W 4 HEIRAE R
L HAAR03%-~ G, o \ - 4L
R AR j;jéﬁm‘g; N T %@T
S s %"1‘3 ;X“l P - e o MadisonZL /2
;/:‘\/i}/‘\% ZV N i N . . X
SO i;g"j o §§g§$9%§ HTER R BRI R A5
= AL ﬁ@i i l*x}og . B W 7B MadisonZ /K 2+ FRRLRIE S
T T e
AR AT W *ﬁ g CCRTUTRRERL GRS Rsan }; o
smoo TR ErHE3.62% P, w7 TUGES RafiolfiEnradaib -
- TR
S E0.12%~ . e |
- — Ofy?;{e e WL WRERRIER RN R RATIAL
fous o 2o ;% pry | CACFABREG L JERRI s EN TIGRG
A s o3 ;8;“ e mﬁ WSS B E T IR
AR ER0.133%. FLRIENA . A HEN B RILPELM
R R S ; .
f’g WRIE spermettr10. 55 i?ﬁg&w BF— AR TG TARIRD % R
A N 244 % 10° m’ - RGO R TSRS SRR
AL 1 WEN SR N (| £
BRI WA S MURZHAE  RE AR TARFOATARE  KipEm
e e £ri0.125% SUEER B ISR AR B R TR
HE R Rl

FACFER032%,  BHURGEAEE  Jont AER RO R IR B

3 B
T EE?ZX *He/'Helt9.8, AR MElrZISILIE 4 JFERAME RRMERITINRELA

= P
" U 96X 105 m® et T HRHO RIS
431 HpF
. o PRI i -
47k WAk EAER00SN-  mRILL BT T SRR R
S K 0. 00T EFRAE T T RERRERRE  REERMET
e B A
=S E AT Hf
WA e ROEN RN mig—ag 0 BRI R
S K r0.054% (S PRI (e - o

BERA TR

03



HETRERAS TR Tl Vol.31

No.2 Apr., 2024

Energy Strategy World Petroleum Industry

F=1 (&)

= TR AR IR G ‘ ,
5 S LA e
R em s AR . A A RIRBL
R A
i . il NG BT RIC AR f
1Ei P e e ,ﬁ/ﬁé\% e e A A = WAL 2D e =y
= AR 5 08%.3.08% T SERME Mg gl e RN AEsRARA
A e Xt Il i) 1R
Wi
:If TH: 7 NEEA NELEI]
ST THPRRIIE i R R S A
W EATH ARER0013%~  AMFRMEGA — i s e
S M 106%, fEnkisav om0 TE o SR G e
A L T IR o R, —AGME TR bk
s YU A
i —AE AL

04

AR T
Q 3ERLES H

Iy ) 1 0L L
S o

AR | e

o T e
q o i fl-i5
HEBERT

Q) [ A
([ @A fir /R

v (R Ao T I
A mmﬁﬁuiill
%
RPN s,
)BT [ 1 1 7
%%ﬁ%ﬁ’ﬂﬁim\ W

MR SR T
P ES 2T

HifeH BB RN
A SR
LI . L4107
RS H

vo CHNE U
At ST Mg e

JEmi ik

A Y

R ESIIEh]

- LB
Q@ A
o A

Bl XEXZE2E8XASHSH
Fig.1 Distribution of major helium-bearing natural gas fields in the Unites States
BERIR . USGS 2018 Minerals Yearbook-Helium



3145 5521 20244F4H

XISk &5 w5 58 A B A R B IR 0 %t b S A 7R

1.2 #E

Hr, fEEPHbX ), SR 205
FhHh, VOIRHL X RS R | SRR ORGE LI, ARER
X AL WERR . TR BTSSR A, ™
LX) =K E X O R E A . mAKRAR
S, T X AE I R R AR
R

BhRoc LT, P EBEAE S mA KR
IR E, HRrE A AR E SR F 250
Jyafh: (1) sy P SR R TTRRUZE 2 oo it
AR-BEEAET, AR GRS, RWiiE
K, WARVS H AN S . AR | AR A
IR, (2) whos RIS A <R 2
AR, AR ER R, RREROR, RS
MR H . MRSH, (3) RAEFTEE At
AR-ARAER AR RS, WRERK,
WA HUAEA S . (4) HRFEE SIS A -
AR AR S S, WRERR,
ARSI o v E S SRR R
MR AR G, WEERR R

T T PG AT A, S RN I S R A M R
RUB AR A3y, wRiR IR, AR 3EE
e AR S BT S5 T AR B B RS 36
E AT SR E 2R (1) REFT7EMAL
TR . MERE. (2) AHMEK,

FEm. (3) PEBRAINE, AREEGRE
A (4) AU HEAAX R, DL sg i oy

R RAE M A IR RO .
SRR EER A (1) PRI, B
K. BT B SN, il BRI,
P, S, I Eh e, (2) S
SMTRBURZ T KRR, SO |
FEMEERZEL. (3) AFm a6, A
AR X B PRI AR X B R ALK )=
Z b Au), Mottt bR R AAR R A  AE
o (4) DR TR, BoE. AR
BOZ L K. (5) PuEisE e X e
WAANE, DAELGREME; RIWES
KX AFEFERA TN E, AXELZTAA.
AR R . (6) HUEERIE L,
A iR R R R U ZE Z oot R Rk
AT SRR TIBUA LR RSB AR R AR 5T

A2 AR AR R e 2 At -
TARARRE A A

2 ARRFIFE. HEXLL

H P 3 [ T J## J5) ( United States Geological
Survey, USGS) 20234F &AL, #E2022454
IS, ARG EPEREA89%10% m®, A MER144.61%
108 m® (322) B,

Hh ] AR A SR R R A4 7> 10° mP L F,
FEAMATEIE R | SRZ W, I SRR AE A
P e SRR T, PRI A R 2
R, FEFEHEERIEMIERE . kS5
BE R RS R 2

2 FEERSSLER. HEHES

Tab.2 Comparison of helium resource and reserve in
major countries®®®

Hh DX /R 5% YEUR H/10° m’ fif/10° m?
S 207 85.61
SHE! 11

RIER 101
BAT /R e ) A 82 18
HZ 68 17
WA
19N 20
W= - 24
E[E

HAb K

LFR 489 144.61

M

3 RRFEMEKREXTEL K5

3.1 AESIR

H20134E LK, 2ERAH - k. 2
LEA R TR, 201 44E2ERQE i
Al R F0.11x10° m®, HJF 2202248, 2BRETUE
FEEHD R E, AR EAE1.6x10° m’ B RS,
2013—20224F, @RI E-BREREHK, B
HA P E516.17x10° m® (WLIE2) . 2013—20224F,
HE A B RAA RIS T e, Hh e

05



EVRE

SRl

Vol.31 No.2 Apr., 2024

Energy Strategy

201 74EA —RAE P iy LT, Z kel ib T TR
. 2013—20224F, EE ZitHE5459.10%10° m’
(WLE3) o EEAEAS LN AR A 7 iE
RHELAEEMER, REAS 8 ek <"
WA E AN, PE KRR RS KK,
1208 704 A A RS — R A R ', Bl
S0 BV TR . 2013—20224F,
SRR K, B R R373%100 m’
(E4) .

= JAUR I~ HUR R

LTI

(3] e =Y
\
\
11
n

4;-—,,«:: /108 m?

i I‘J""-'ﬁ_'f’lﬂ“ m

s X G S 9 0
.p\ MO IO

E
E2 2013—2022F kAR EFEMRITTE

Fig.2 Global annual and cumulative helium production
from 2013 to 2022

S WSAES N S Bt p e

fiﬁéﬂHﬂﬂﬂ/ﬂﬂgﬂwz

S N
SN EENGIIN NN '\q’, v

i inot m

HEf

E3 2013 202FXEHS[E~EMRIUTE
Fig.3 Annual and cumulative helium production in the
Unites States from 2013 to 2022

80 400
= FEAETR - AR =
E 60 // 300 ¢
= =
= 40 200 &=
g L
0

> 9 A
Q\ ,-\Q\ no\ Q\ Q\ S S ,\6" 6" N

’l"f}}
E4 201320225 ESSEFEMREITTE

Fig.4 Annual and cumulative helium production in China
from 2013 to 2022

20114F, BFREANSFK1.75%10° m
MO H27% ) BRI (5 H21% )

}, Hpilp
, BN AERES

06

World Petroleum

Industry

T KW, 20174F, SRS HETR1.68x10° m’,
H sk 0.52x10° m®, BEFHREREE
1% (0.54x10°m®) . 20204F, LIRASTHFR
2.27x10% m®,

W — ER AN PR E, 2016—20214F- 1 ]
b [ S SAE S 1E0.18x10° mPL) |, 20224E, th
S 22 240%10% m®, #EOEE2 217x10° m?, %)
AMEAFE i592% . IF=85 M R R, HEA
AART R AR, TEMNRER, EH.
VR A I 45 0™ et K R e 1
3.2 KRR

BT AR RS, RE2013—
20224 Hp [ A1 35 [ S0 07 5 7 i RN R Y AR
B2k, BB R | S 0 R % s i
LR (R 7 TR R S R ] s, %2023 —
20304 4Bk . 55 [ AN AP [ A S0 I OR gk
1753 Fr wui .

104K, ERE A B EA R TR
e, HiEAkh FEREARET BN TR, 5
AERA AT WA Pk b o AR A
o T AR X A R R T R o B 1) T A

SRV BERER , A% SOR R BT BTN 43
SR AT . AR, 2023—

20304F, RERAST MBS I, 20304F
SIRE AR RAR1.81x108 m®, 2013—20304F4>
Bl B 7 4530.44%10° m® (LIS ) o
QAT R IEE L B R B, Wit
EL R AR A ST m K E, R R RS
FINA T WA ZE AR I, XA AT DLVR AN 3
E A" & TR R, (R B 2 B
B ek AT R K

- - 40.00

E 16l {3200 F
2 . -
= 12} 124.00 =
& 08} SRR {1600 2
v 4 ~ P it r
=041 ~ SCR itk 1800 %

. ~ BRI i

0
2012 2014 2016 2018 2020 2022 2024 "026 2028 2030
A7

E5 fKES[ECENRUTFTENSHIERTUNZER
Fig.5 Gauss model predictions of global annual and
cumulative helium production



3145 5521 20244F4H

XURbR A5 5 5 I S B A RS B D X e B R

K EENRAIFEIEKE, KGR BT
R AL, HIEAkEEA T R'RZ
HIBSA T RE AHEE AT 7L, AR R X 36 [H &
AT DT S B B 1 FONAEL 5 SE PRV A B
&, ARSCR ARSI 5 = A S0 E i 7T
T, PAE R, EEA S AR T %
e, Fi20304E A R 0.60x10° m’, 2013—
20304F 26 [EDKF R 514613 10° m (L6 ) .

2.0 4200
A
1.6 — AR P i 116.0
[ ~ SRR 3
1.2

[~ B Rt g 5

08 m?
(=]
oo
oo
=
AR 100 m?

=
S
v
4
),
=
=

0 A S S S S 0
2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

P

Ee XERSFTEMRITTEMNRBFFRETNER

AENE N FF B AR T & R R e [ R 4
(1) B s M A AT AR BRI, [ — AR A T s s
A[RBRIF E A, TF IR A 3 AR 2 £ B
5%, WAEREMEZ N GAIHIFRAL, BT,
Hp ] L A D )] b L B K L BT
BRSO S H SRR A -5, T
[E2013—20224F 2 " w8t , RV i -Af
LSRR (0 7 TN A R e A e B S R AT
T, P E2023—20304F A B L2 LR
BrEt: (1) 2023—20254&4 K BB, i1 T4
SETT L s, TR R S AR,
ZH B E SR R S, W20254F
ASAE T E800x10% m?, 2013—20254F % Eit 4k
PR 300x10%mP . (2) 2026—20304F e 4
KBrB. B b E ST LA B LR
A, BN S EARHIFEREAT L, PEHAR
PR AR LUK IR T . W 20304 i [ S
1 600x10* m®, 2013—20304E4 2t AR

Fig.6 Hubbert model predictions of annual and cumula- 4 3
tive helium production in the United States 7400x10" m” ( WWE7) .
2000 5 8000
S AUE R - SR 2
1600 [~ "
;{ 4 6000
; E
E 1200 — 5
= 4] =
3 - 44000 =
= 00| ] =
o Bk
4 2000
0 Le= = e = = = N s —qu _I%___ra]f 0

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

0

E7 HESS~EMNLER
Fig.7 Prediction of helium production in China

AR T RO, Bt EREA TR EaE
PLS%EE BRI K, F20304E 2 ER A S TR Bl ik 2
3x10%m’, Herr, BRI ANSE [T 3700 i R4k T 1%,
R H X ST RIS, FU 4R 5% ~ 6%, 3
] 255% M 20K D 2K . RIS EERES
RS IE R I EINES R, AR T R B iR e,
B B A S AR B RN R 1 SR 1T Bl R
B A S LTS R AR Ak, il 2 rp
AR, E AN KA IR

B, G HSA T, AR AL
4 MHEXRSERFLOER

41 BREHRERSBMRFLHED

i TR ) A BEORERIAT R, B E P4
X e E S AR R A N FIAR, 98 [ b SR A R
PR 1x10° m?, F 2R Y0 PR 4 i
50x10° m?, 2=5pARw k. % E G 2 E

07



BERAE

Vol.31 No.2 Apr., 2024

Energy Strategy

FARA B I xt b, £ E AR EFE S,
BRI R SR SR R R 2 Bl A X
SRR B AR BE S TR i s A3 Ko
REATIIRMNE O, FEBRARR TR, R
FERB 200 5 2 s 2 I R AT &, 2
Hh ] ST SR DR B ) BE R SRl
42 BEEETEHREFHNISEEER

5EEFrEMILEH GBI . A5 e A
Fo, HE =R AN g 2, &
SOMEREZ . | BRSNS, AR
R B R T . g, mEEHE R IRE
A58 35 v P R IR MUBUZ 2ot S R
KR whnEii e R - RR AR A
HoemE AR A -AAEAER . HATRE AUt
AR - AR AR TR SR G b L T AR R AR
AR, MK ES S RAREAEN A K
P AL, EFHELLAS EIR, A -
BA-BEMTCHLE EBIE, ML E A ERE
AR AR R 11 174 Jay TR 8 4 G B ) RV AR A0 R S 4
43 BEIRERFLEAMEL

AREAS TR EShER ., T A
HoW R GRS, PETEXTE ) mE . Rk
. HIRE . BhH . SRIEL MR ML LI E S
PR SEEIRE AR TR . RADK ) RS TF &
HFARMATHOE . BT, EEZK . Al E R
HRF, HEEZSKN . SBYRE. o1
Bl 2B E AR S5 52 56 2= A i AR & T
OB R . B R . AN TR RSB AR
2R H BRI B A Tl Sk, [ K Bspff
ZEEAR G AR AT IHTF RO, 5 AR
Bk, SIS R iR
4.4 2030FRIHPERSHEARE2NRE

Hir, HE2%MASKAMEN, FEAS
BRIR TG SRATPE AW, £E20304F i b [ A At
T K SR ] o P ] N 2N YR . PR b, e 4
BRERT T E A 40 EIERL, 7 36 X 2
PR, e PRS2 S5 it s T, T ES
SEETFFE N, REALESRREHR ORI
T, R EPREEMBEEER, PEAES
A KA 32205, 2023—20254F 2 4
KIEBEL, 2026—20304F AP KB Br . MK

08

Pl

World Petroleum Industry

B, PREFRUT RO PR [ S AR
TE PN IEAT

5 Z5ip

(1) A E A SE E R SR SRy, WR IR
TR, BSH RS EEIERILSEH &R
MR ; AHMEBIR, FER; AN
T, AR FEGREMNAE AR S E AR
A P oy R IS AE B A IS R A AL
Fo T G M BN LR I A e R, &
SHAMEI SN2, W FRAIZRE RS

(2) REHFTENINT R EIE RS
ANTRIATR, ) ] 5 38 [ A R AR AR IR
X, RAPEAIREEE, BHESESHEE
X S AR AN U TEURE B A AS T IR T h 45 38
Ko W, oESRAE2023—20254E Rl 4
KIBHEE, 2026—20304F Ay b 14 K B Bt

(3) X EARBHE K48 E R PEE
SERFEE, BEAEHERIF LG MG
NAFTETER 2, R E A P E AN AR E
LG BTARN A SRS T RS IR
FPaR &R, R AR R B AR K 5 2030
AR E SRR R B PR 2 B E

S E Hk -

(1] BREA, XU, #abfh, % RRPAFREEHR

PRI TR E AR [I]. RERTHEREL, 2021, 32(10):
1436-1449.
CHEN J F, LIU K X, DONG Q W, et al. Research status of
helium resources in natural gas and prospects of helium
resources in China[J]. Natural Gas Geoscience, 2021,
32(10): 1436-1449.

[2] PIERCE A P, GOTT G B, MYTTON J W. Uranium and
helium in the Panhandle gas field Texas, and adjacent
areas[R]. U.S. Geological Survey Professional Paper 454-G,
1964: 1-57.

[3] OZIMA M, IGARASHI G. The primordial noble gases in
the Earth: a key constraint on Earth evolution models[J].
Earth & Planetary Science Letters, 2000, 176(2): 219-232.

[4] XUBChk, THRNI, BRitkk, 55 SRS Ela
ik e A AT I (0], A il 5 R AR LR, 2023, 44(6):
1546-1554.

LIU C L, DING Z G, CHEN J F, et al. Characteristics and
helium-generating potential of helium source rocks in the



3145 5521 20244F4H

XISk &5 w5 58 A B A R B IR 0 %t b S A 7R

(6]

[10]

[11]

[12]

[14]

Ordos Basin[J]. Oil & Gas Geology, 2023, 44(6): 1546-1554.
sk, B, EROR, 55 P EST R TR
B[] W EETREIR, 2022, 34(1): 36-41.

ZHANG Z, WANG C Y, WANG Q C, et al. Development
prospects of China’s helium market[J]. Petroleum and New
Energy, 2022, 34(1): 36-41.

BRADSHAW A M, HAMACHER T. Nuclear fusion and
the helium supply problem[J]. Fusion Engineering & Design,
2013, 88(9-10): 2694-2697.

FReEE, XSO0, Fhow, & AR ENIPRERES
Hh S B IR S [CL/h s A R A e 1T
ARSI SO 4, 2019: 1154-1155.

WANG X F, LIU W H, LI X B, et al. The Formation and
accumulation of helium resources and the prospects of
helium resources in China[C]//Summary Collection of
Papers at the 17th Academic Annual Conference of Chinese
Society for Mineralogy Petrology and Geochemistry, 2019:
1154-1155.

BROWN A. Origin of helium and nitrogen in the
Panhandle—Hugoton field of Texas, Oklahoma, and Kansas,
United States[J]. AAPG Bulletin, 2019, 103(2): 369-403.
DIVEENA D. Helium: Exploration methodology for a
strategic resource[Z]. 2017.

FAIRHURST B, EWING T, KINDSAY B. West Texas
(Permian) super basin, United States: Tectonics, structural
development, sedimentation, petroleum systems, and
hydrocarbon reserves[J]. AAPG Bulletin, 2021, 105(6):
1099-1147.

WO, RYL. BRI A 5 R/ N T2 SRR
FRALHEAAT[I]. KRS, 1997, 17(2): 18-20.
CHANG X H, SONG K. Analysis of reservoir-forming
mechanism of high-helium pool in the carboniferious of
Xiaohaizi formation of Bashitou structure[J]. Natural Gas
Industry, 1997, 17(2): 18-20.

T, RO, FE. AT I A SRR
3. FARE T, 2001, 21(5): 2-12.

FENG Z H, HUO Q L, WANG X. A study of helium
reservoir formation characteristics in the north part of
Songliao Basin[J]. Natural Gas Industry, 2001, 21(5): 2-12.
WOLKE, e, RS, % UTIHIRAAE TS X = & He
SRR TT]. A MBI, 2001, 23(4): 395-399.
CAO Z X, CHEY, LIJ L, et al. Accumulation analysis on
a helium-enriched gas reservoir in Huagou area, the Jiyang
Depression[J]. Petroleum Geology & Experiment, 2001,
23(4): 395-399.

FAAE, WA, EVL RURAM S RS A
e A A1 i M S5 I R B PR (0] A A R,
2003(6): 9-12.

WANG P Z, LI M S, WANG J. Petroleum geology and
exploration potential of Wuerxun helium-bearing CO, gas
reservoir in Hailaer Basin[J]. Special Oil & Gas Reservoirs,
2003(6): 9-12.

[13]

(20]

[21]

A AL RS S G B AR D). A S B
2003, 25(5): 473-480.

DAI J X. Pool-forming periods and gas sources of
Weiyuan gas field[J]. Petroleum Geology & Experiment,
2003, 25(5): 473-480.

XA, e, &2, % BEARGHERX A
X RN THIHER A AR AE S A 0], M54k, 2000,
83(1): 107-114.

LIU Q Y, DAI J X, JIN Z J, et al. Geochemistry and
genesis of natural gas in the foreland and platform of the
Tarim Basin[J]. Acta Geological Sinica, 2009, 83(1):
107-114.

RBLE, BE, EEE, F BRI A E
B RRAE 5 BUR A P2 BT 0], PEAE L, 2013, 46(4):
215-221.

YU Q X, SHI Z, WANG D G, et al. Analysis on helium
enrichment characteristics and reservoir forming conditions
in northwest Tarim Basin[J]. Northwestern Geology, 2013,
46(4): 215-221.

BESE, AR, ke, 55 1)l GHm o —E R
RAHMASARFHE]. AR SIFR, 2014, 41(5):
533-538.

WEI G Q, WANG D L, WANG X B, et al. Characteristics
of noble gases in the large Gaoshiti-Moxi gas field in
Sichuan Basin[J]. Petroleum Exploration and Development,
2014, 41(5): 533-538.

REREE, B, WLk, % AL EHOICA R KA
AU He R0 R RFUN[)]. RIAHERFL, 2014,
25(1): 109-115.

XUE H F, YANG C, TAO S Z, et al. Accumulative effect
of helium isotope in gas volcanic reservoir in Songliao
Basin[J]. Natural Gas Geoscience, 2014, 25(1): 109-115.
RO, XINGHE, 2200, & WA KRR R
F b TTI R TS FE P AR (D], SRR R,
2017, 28(7): 1072-1077.

WU Z T, LIU X W, LI X F, et al. The application of noble
gas isotope in gas-source correlation of Yuanba reservoir,
Sichuan Basin[J]. Natural Gas Geoscience, 2017, 28(7):
1072-1077.

ChH, JEATHE. HRLRAR TR E AR LSS
AREHALGH X N B[], KIRTHERB, 2023, 34(4):
587-600.

MA M, FAN Q H. Accumulation conditions of helium in
natural conventional gas reservoir: Case study of the
northern margin of Qaidam Basin[J]. Natural Gas Geoscience,
2023, 34(4): 587-600.

kiR, A, EEIT, & ERAREHAPERA TR
F 5 B R S SO DA B T 3 [ ). R AR b R A 222,
2020, 31(11): 1585-1592.

ZHANG X B, ZHOU F, CAO Z Y, et al. Finding of
Dongping economic helium gas field in the Qaidam Basin,

09



[23]

[27]

[28]

[29]

[30]

10

BERAE

Pl

Vol.31 No.2 Apr., 2024

Energy Strategy

and exploration prospect[J]. Natural Gas Geoscience, 2020,
31(11): 1585-1592.

SR, AR, ER), SF IR S TUBER R K
GEIETII]. KRR THERRLEE, 2018, 29(2): 236-244.
ZHANG W, LI Y H, WANG L, et al. The analysis of
helium accumulation conditions and prediction of helium
resource in Weihe Basin[J]. Natural Gas Geoscience, 2018,
29(2): 236-244.

SR TR A R AR R R A T T
[D]. P44 K2R, 2015.

ZHANG X. Accumulation conditions
prediction of nature gas and helium gas in Weihe Basin[D].

and resource
Xi’an: Chang’ an University, 2015.

National Minerals Information Center. U.S. Geological
Survey Minerals Yearbook[Z]. 2018.

YAKUTSENI V P. World helium resources and the
perspectives of helium industry development[J]. Neftegazovaya
Geologiya Teoriya I Praktika, 2014, 9(1): 27-36.
BRENNAN S T, RIVERA J L, VARELA B A, et al.
National assessment of helium resources within known
natural gas reservoirs[J]. 2021. DOI:10.3133/sir20215085.
USGS. National helium dataset web map[EB/OL]. [2023-
12-19]. https://eerscmap.usgs.gov/heapp/.

XUBUNE, BRik, s, 4. B H s A RR T
WU R A R BT[], A A2 E R (A AR
fR), 2022, 46(4): 12-21.

LIU K X, CHEN J F, FU R, et al. Discussion on
distribution law and controlling factors of helium-rich
natural gas in Weiyuan gas field[J]. Journal of China
University of Petroleum(Edition of Natural Science), 2022,
46(4): 12-21.

B/, b, RO, S FRESUIERBLR Mo
ANRERAVE AN R R B R [T]. HBRE 2,
2019, 44(3): 1024-1041.

TAO X W, LI1J Z, ZHAO L B, et al. Helium resources and
discovery of first supergiant helium reserve in China:
Hetianhe gas field[J]. Earth Science, 2019, 44(3): 1024-1041.

World Petroleum Industry

(31]

[32]

(34]

[33]

[36]

[37]

ki, FABK, EA, & SRZSHEmAEHA
SO R B R RO S B0 R B[] A S
J5t, 2022, 44(1): 1-10.

HE F Q, WANG F B, WANG J, et al. Helium distribution
of Dongsheng gas field and discovery of a super large
helium-rich gas field[J]. Petroleum Geology & Experiment,
2022, 44(1): 1-10.

JBRE S, RORE, BFLE, . TR X ]
R FE R SO B[], PEIbHT, 2022,
55(3): 257-266.

GU Y J, ZHANG B T, LI X J, et al. Discussion on helium
resource accumulation mechanism in Huagou Area of
Jiyang Depression: Taking well Hua 501 as an example[J].
Northwestern Geology, 2022, 55(3): 257-266.

FAR, XL, ZEgh, 55 Rdbah S CO U AL
FRAE B R AL (7], RAR S HERBL 2%, 2008, 19(6):
826-834.

WANG J, LIU W H, QIN J Z, et al. Reservoir forming
mechanism and origin characteristics in Huangqiao carbon
dioxide gas field, north Jiangsu Basin[J]. Natural Gas
Geoscience, 2008, 19(6): 826-834.

USGS. U.S. Geological survey mineral commodity
summaries 2023 data release[EB/OL]. [2023-12-19]. https://
doi.org/10.5066/POWCYUI6.

PACHECO N, ALI S F. Helium resources of the United
States, 2007[J]. 2008.

USGS. Mineral commodity summaries 2023[EB/OL].
[2023-12-19]. https://pubs.usgs.gov/periodicals/mcs2023 /
mcs2023.pdf.

MRAa A, 20k, FEIAR, S5, b E S8 IR IE S A BT
P A A [C// o T M R 3827 2 T 4 T 7 )
R A SCHE, 2021: 638-652.

CHEN F L, LI X, YAN L, et al. Helium resources, explo-
ration and reserve strategy in China[C]// Proceedings of
the First National Mineral Exploration Conference of the
Chinese Geophysical Society, 2021: 638-652.

(4. T3 I 54h)



	01-刘成林-2校顺版-完成0313-_1—10_
	02-孙艺心-2校顺版-+招募启示完成-_11—22_
	03-孙辉-1校顺版-完成-1.29-_23—32_
	04-段亮-4校顺版-完成-_33—41_
	05-胡勇-3校顺版-完成0415-_42—54_
	06-王轲-5校顺版-完成-_55—64_
	07-孙志刚-2校顺版-完成-_65—73_
	08-张锐尧-1校顺版-完成-0415-_74—82_
	09-胡瑾秋-2校顺版-完成-_83—90_
	10-孙傲-2校顺版-完成0322-_91—101_
	11-苗玲-2校顺版-完成-_102—108_



