58K E S5 B ode L BT Vol. 58 No.5

2025 4F (& 243 1) NORTHWESTERN GEOLOGY 2025(Sum?243)

SIcig s didE, T, RS, 45 DU F st O A L Bk SO RL AR [J]. P L M BT, 2025, 58(5): 46-59.
DOI: 10.12401/j.nwg.2025038

Citation: DAI Xin, DOU Shuang, CHEN Shuangling, et al. Study on Helium Reservoir Forming Mechanism of Weiyuan Gas
Field and Jingiu Gas Field in Sichuan Basin[J]. Northwestern Geology, 2025, 58(5): 46—59. DOI: 10.12401/j.nwg.2025038

M ZiEITSH. €S HISKAEAN G
BE,BF, ERA L RENEE EE AN KT B, EmA
CHP o T P e T S A BRI R R e, 01T R 610041)

B E wWNEEAFPENIRAAEINTRZ—, RRAHEAVNAATRELT 250K, L 78
BZEGRRAALEARAPES AT LA AGRAHE, RIEXAAT RS T RS TA 0.342%; 24
AEAZHAEFANNE AN LR EINRRAT, AAFHFEHN007%, LB KL,
A E B AERE S, 5 AT ABE IR R AT, B R RGE AL B Fe e Ak AL B 8 R
AR REAERAEN T EAELRITHA, ELZLATFHAEETH028%, 24 %
BB TEARIERE, AMERAB KRG LES, 2 RABLALELLESTHR TRV ERMA, 5%
KA A 02%, AESERRE, VEBANEARLATKERSD, AAUARBRELARAIE
B, ERARNEFREFHRAASEZNRIEY AL,

KEF: W &3 ME AW ; 2K & E ; SRR ARAAH

R E 45 S: P618.13 TR EAD: A X E RS 1009-6248(2025)05-0046-14

Study on Helium Reservoir Forming Mechanism of Weiyuan Gas Field and
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Abstract: The Sichuan Basin is one of the main natural gas production areas in China, and the helium re-
sources of natural gas associated gas are widely distributed. Among them, the Weiyuan Rich Helium Natural
Gas Field is the first helium gas field to be industrially utilized in China, with the highest helium content in
Weiyuan natural gas reaching 0.342%; Jinqiu gas field is the second natural gas field with high helium content
discovered in the basin in recent years, with an average helium abundance of 0.07%. This article analyzes rock
and gas samples from Weiyuan and Jinqiu gas fields, and compares them with previous research results. The
study shows that the reservoir formation mechanisms of Weiyuan gas field and Jingiu gas field are different: the
main production layer of helium in Weiyuan gas field is the Dengying Formation of the Sinian system, with an
average helium content of 0.28%. Helium mainly comes from the basement granite and migrates upward with

formation water as a carrier; The helium gas in Jinqiu gas field is mainly produced in the Jurassic Shaximiao
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Formation, with the highest content of 0.2% in the well. There are multiple sets of helium source rocks, and the

Shaximiao Formation sandstone has the highest contribution rate of endogenous helium gas. Helium gas is trans-

ported by hydrocarbon gas as the carrier gas, and the differential accumulation of lithological gas reservoirs

leads to strong heterogeneity in helium content.

Keywords: Sichuan basin; Weiyuan gas field; Jinqiu gas field; helium accumulation mechanism
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Fig. 1 Location map of the research area

g QL18 iy 0.2%, EL&s Tolb il . Hir A8 %t 4 8k
KM 16 H X YHEY B 8 S AR AT G E IR,
LR T A By 454.92x10° m’, &R H T &R
B B A IR AT S, AU 4 O < DL,
Va1l 25 1l N S — A AT R R AR . RS
BRI AT S H A FEN 0.01%~0.04%, KT
YRR AL, > B < B S AR T

2 FEACREES TR LS

ik — 2 TR AR gl e = AR BRSO
L], AR IL BT IR ), 2B H R T WA Y
HNEFE AT B, BEAT T BT A S N A A
JCE R SR 30 A4S, AT T 2R IR A A R 7
Rohr. Ho, glom < A A O BPANEFR 27 B,
SRR 124 S RCHE B I A O B A A R 20 B, X
FE18 AN (1E 2)
21 HEmRE

SR RIE S A RN 4 Bk b XA SR, A O B

A 6 FJF 25 Yot . &R 5 B 13 3UA .
T Hi DX R I Hp R 20 b X B 4 R S B AR A AR 9 B
R T XA E S, T TR N A AW EE, R
JHBMR 3 BXS3 i o' b G5 78 75 A K27 KR 0 g 2%
B R SR AT . WA AR Al B
(AR ITER) AT 4TI, SRR L AR PEAL
K22 Kbt 8l 71 2% B & 8 5 505 % FIF Analyticjena
PQMS elite ICP-MS 43 M7 5€ il »

N TR A A ORI, SR L FIARAE
B HERET 6 D 2458, &R HIY
RAET 10 HIF 18 M. AAERR AP & R,
AR E B A — o R B R
RN Y E S E N Y N TR S
B, EH A X Ty Ll KT R e E S
J5T S 36 D 3 R AT 2R BRI, SR Agilent7890
S AL, HAAE AR WS AR AL R AE
S RNEE R iy S e ol S N iR R R SR N K A S i
A3 BT 58 B, SR R A AR R 67 3R L 3 11 D12
*He/*He {8 -



WA VU R < | Bk SO REL 49

0 40 km
[

r-sg, "

aL202 A &R 4

/ JQ822 CPJOSI()(»-H

©Z201

SARELH e %

F wzn v W203 /-/' :
Al R B I
: "’m.%ﬁ@&om’lzs i | Ol e
W |
I
Y101H56-1
" \
o202 \
Dux © \ M PR
44 o AR
L4 BUARST © A

A

B2 HEZ.eMSEREFREF(R)GCEE

Fig.2 Location map of gas and rock sampling wells (point) in Weiyuan and Jinqiu
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Tab. 1 Uranium and thorium content data table of rock samples from Weiyuan Gas Field
bl=2 B (m) A0 ik Th(10°) u(10®)
W201# 2808.77~2808.96 R RN FAH CECINE R s 10.00 19.73
W201# 2772.35~2772.51 FER RN FAH 5 J5T R D 431 1.04
W201# 1388.25 BRI TR LA 16.40 2.85
W201# 1371.23~1371.39 “ERARWEMA-RILA AT P AR T e K A 1.29 3.49
W201# 2823.35~2823.74 e H R AT R 41 Bt EiE R s 0.58 2.56
W201# 2819.59~2819.90 e BRI 4 I B EiR IS PaE sy 1.74 6.12
WY 1 H# 4304.32~4304.52 FE I A AT 5P 230 Be A LB R L R D IS 8.69 7.38
WY 1H# 4287.25 FER R I 20 Bt AT BT R TR D BT 7.52 4.15
W 3317.18~3317.23 EHRITHA M H B 0.31 0.72
Wt 3339~3339.26 EHRITHA HEE G M E SR B A RS 0.20 0.20
W 3380.04~ 3 380.22 = H R A (YR N B R S ) 0.52 0.77
W203# 2874.58~2874.86 —ERMEN WA A T e R 3.35 3.17
W203# 3161.64~3161.73 HE RS EA A BT TR A 123 7.65
W203# 2887.98 HERRDEA SRR LA 13.00 7.89
W203# 3179.06~3179.25 W & B A8 U K 5.90 0.43
W207# 1 864.86~ 1 864.95 LN GRSyl B U K 6.51 0.67
W2074 3242.29~3242.41 TR RN FAH A B S A 8.90 49.20
W2074 1860.84~1861.14 L NG+ R D A L T DUA 6.17 1.85
W207# 3176.56~3176.84 FER R FH WA AR A A 7.48 1.67
W207# 1844.15~1844.29 ERRRSEA AP R R R A 21.40 92.30
W2074 1 854.20~ 1 854.60 LNGES ¥ S A B W E R A 0.85 473
W117-1 3625.85 FE R 2l IR R A D 5T e AR 7.03 4.62
W117-2 3679.17 B % T 2LAL B S A6 9 25.50 4.47
W117-3 3637.44 £ MR IE K AR K A 21.20 5.04
W117-4 3378.75 YT R4l BT W B TR 2440 D AL RDIR U 3 = 1.57 0.76
FXNE H K ] B BB = THCE 7.17 1.51
e R4/ S B 7K — U 300 wh 4R AE B I K 15.20 1.72
R H Y S HRY RV RN F T2, AL
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Tab. 2 Helium isotope data table of gas samples from Weiyuan Gas Field

= 210 *He/'He(10™) 8 5 S A5 ST IR A A
w2015 FER R F A 3.35 0.12% 99.88%
72013F R RN FAH 2.84 0.08% 99.92%

W201-H33t: FRRBNFAH 2.67 0.06% 99.94%
W201-H15F: HERESEA 3.92 0.17% 99.83%
W108H}: = H R 3.87 0.08% 99.92%
W108H: EHRITHA 4.30 0.21% 99.79%
WY365}: ZE&EFFNA 3.17 0.11% 99.89%
WY363 ZE/EFRFNOA 3.09 0.10% 99.90%
*3 RIZSHEEREHFSSKNETE
Tab. 3 Helium gas detection data from sampling wells in Weiyuan Gas Field
4 JE L ZA3(%)

WY36 ZE&EFRFOUA 0.051

WY36 “ERFEFOH 0.149

W204H12-8 EEREEMA 0.022

W204H12-8 EH A DEA 0.022

W201-H1 HEEARREEAA 0.102

W201-H1 EE RS EA 0.097

w201 FER R A5 A 0.045

W201 FER R FH 0.045

W201-H3 TR R HEAFA 0.131

W201-H3 %4:% 5477 <7 4 0.135

W108: H R4 0.112

w1083 wHERIT A 0.112

R4 ENSHIPEHRAEHM.SE

Tab.4 Uranium and thorium contents in rock samples of Shaximiao Formation, Jinqiu Gas Field

A= J G AR E 4 Th(10™) u(10™)
1 JQ 1#1970-1971 il ok A e K AR 6.59 1.18
2 JQ 1#1693-1695 TR R A 15.50 3.23
3 JQ 12#2588-2590 gk A s K AT S 15.00 5.00
4 JQ 12#2594-2595 TR L T AR 17.10 3.09
5 JQ 12#2171.23-2172.69 TR R A 19.10 3.74
6 JQ 12#2592-2594 IR ooy 15.80 3.66
7 JQ 12#2146.61-2148.2 ks B RADE 9.60 1.52
8 JQ 13#1770.52-1772.49 4k 6 K A A 10.50 2.10
9 QL 18#2109.75-2109.96 Fh ANk B R 12.90 4.41
10 QL 18#2114.04-2114.18 TR LR s 16.30 9.56
11 QL 18#2104.97 Hriohis B KA 11.60 5.20
12 QL18#2117.6-2117.7 i+ B R Al A 12.80 427

IR e K ME 19.10 9.56
VP& i F /IME 6.59 1.18
IR T ¥IE 13.57 3.91
WhESEHE 1.70 0.45
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# Th I R 1.70x10°°, USEHI{H Hg 0.45%10°% T4
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Tab. 5 Uranium and thorium content of field rock samples

R7 SRSHEEAFISVLNETE
Tab. 7 Helium gas detection data from sampling wells in

Jinqiu Gas Field

from Jinqiu Gas Field
0 2 5 F Y E 4 Th(10°)  U(10°)
35 T A b AR AR B A 6.16 1.04
36 iR R AR 3.92 0.63
38 oy 7 AR K 2.03 2.93
39 TR B SR R RS 471 0.83
40 A JE R e K 4.90 2.35
41 TR R LR IUAE 1430 16.30

(2) &M X SFE AR 2 LA SRR
HR A S0 4 4 BA S 45 BURE SR 19°He/'He
AR 50 R e R A AR A SO R g IR A S o
TRA M H (3 6), 7T B B & H 4B H AR 99% LA
3k AFEIE, 0.n% 3K H U5
F6 EMSHPVEFASHIRMNEHESE

Tab. 6 Helium isotope data of gas samples from Shaximiao

Formation, Jinqiu Gas Field

% J=EA (%)
QL10 U 4 0.053
QL 10 VbR i 4L 0.054
QL 202-H1 VDR Jh 4 0.079
QL 202-H1 & A 0.080
QL 206-5-H1 U 4 0.076
QL 206-5-H1 VbR i 4L 0.076
QL 10-H1 W A 0.048
QL 10-H1 & A 0.049
QL 16 U 4 0.045
QL 16 VbR i 4L 0.046
QL 213-8-H1 VDR i 4 0.128
QL 213-8-H1 VD% Jh 1 0.130
JQ823-8-H1 R i 4 0.108
JQ 823-8-H1 VbR i 4L 0.108
JQ 822-8-H1 W A 0.064
JQ 822-8-H2 VD% Jh 1 0.057
JQ 12-6-H1 T 4 0.063
JQ 516-6-H2 g A 0.086

‘He/'He MR 341 TR A 0 4

o B o (%) (%)
QL10-H1 WEEH 261 0.05 99.95
QL10J WEA 239 0.04 99.96

QL202-H1 VIR Jh 4 3.21 0.11 99.89
QL1673 WEMA 262 0.06 99.94
QL213-8-H1 W& 334 0.12 99.88
JQ822-8-H1 WEAL 246 0.04 99.96
JQ516-6-H2 VR4 2.26 0.02 99.98
JQI12-6-H1 R 245 0.04 99.96

SRR HRURE R L1 e R VR AL, A
SEBEWTHEE. SREHFNATERARKHYA
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Fig. 3 Histogram of uranium and thorium content in rock samples from Weiyuan Gas Field
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Fig. 4 Comparison of uranium and thorium content between underground granite and field granite samples in Weiyuan Gas Field
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Tab. 8 Uranium and thorium content of helium source rocks in Jinqiu Gas Field

X . Ud Th# & o

240 AR A JEJE (m) H A (glem’) 105 10 T B4R AR (Ma)
TRE 2 VDR k4l WA (FA) 1300 2.50 5 15 154
PRP Z i A WRIE(TDE) 100 2.60 7 21 175
R 7 A wIA RILHE(FWH) 200 2.60 7 21 190
_ PN R meE 300 2.60 7 21 203

STy cari e

i 500 2.70 5 15 203
A4 g 300 2.60 14 6 65
e 9/id UASE=INEE 3 N oy 1 000 2.90 4.10 6.30 65

TE: SRATSFl. BN LIS SR (65 Ma) TR AE ZR ],

R ENSHIEIRELESTE

Tab. 9 Helium production from various layers of helium source rocks in Jinqiu Gas Field
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Fig. 5

Comparison bar chart of uranium and thorium content in outcrop rock samples from the basement of

Jingiu and Weiyuan gas fields
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Fig. 6 Histogram of uranium and thorium content in sandstone of Shaximiao Formation, Jinqiu Gas Field
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Fig. 7 Helium reservoir formation pattern of Weiyuan Gas Field
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Fig. 8 Helium accumulation pattern of Shaximiao Formation in Jinqiu Gas Field
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