20254F W BEMNDE AL

F15% H5H PETROLEUM RESERVOIR EVALUATION AND DEVELOPMENT 933
SIRME: THOH, PR, BRak, 55 1R 7 X T — g Sy B AL SRR AR S BEUREE 0 20 A0, i =ORGTA 15 0T %, 2025, 15(5): 933-946.

YU Zhenxiang, CHEN Lei, CHEN Xin, et al. Helium characteristics and resource potential analysis of Wufeng—Longmaxi Formation in Changning
area, southern Sichuan|J]. Petroleum Reservoir Evaluation and Development, 2025, 15(5): 933-946.
DOI: 10.13809/j.cnki.cn32-1825/te.2025.05.022

NEKTHMEXAIEA—EDRAITSEFIER
RIRB N

%ﬂ%; 1.2, FE %1,2,3,4, F/if\ %5’ j—lj /,r—i;llﬁ’ ig%ﬁil,ZJA, %urlj# 1.2’ %{qEI.Z, .‘Lft: ? 1,2,3,4

(L VSR AR A= R AR S M ST DY )1 A F S S0 3, DU )1 AR 6105005 2. H ] A i R ek o fith 25 20 S 500 28 VY g A VR R 2
W55, U] AR 6105005 3. P R A1 R/ R S HOR 2 B, 11T TSR 6105005 4. P R A7 1l 73l U 5 M
TP AR 4 [ H R S, U1 SRR 6105005 5. HA FEL A 901 P el T 2328 W) DA SOFFE Be , 1T R 610056)

WE:AREARALE ARSI MEEEERA,EREBEES KPR FA BT B FEAREEXBER, R ELAR
RAGHL", RTHARECEMENR HMELENREFEM)N HK THE LR A — A TEATARRHTHE. EEX
W DKTHEREA—FRLZEATEFTUThEERS, RES KT 27 £ 65.7x10°.29.6x10°, L& BB £ T8 Ho B R
Bl AL % H 8 (R/IR=0.01) B “He/*Ne WA #o , H AH M A R A AL, SAMENTRE FRU.Th K& EMAE, 5 B A4
BHEMArL VA EREGTHE, &0  He/ A ER B 5 TNENZR RN EBRELANALELLFERGER, B R TR
HAFEERFREBEAR. DK THRERU A LZEANELAETEH2HARE: — RV E A NABRASHESFHLE RBA
S RUMMTAARES , ZHYRAREHANZHENAR, DERATEBFE K THELR A — R LR AN A E AR E TR
FELZHERMAAEAF4TXN0C M, ETHEARBROBTE, ZH R AR A—E D ZA 58K REE D H2.86x10° m’,
HRBRENE—FFRONGHTERRAAREES EEVNESHAMENFR, EAAAABE REAARER)EHE
EHRFE N

SKERBIR 09 G TR — R BE A T s AR AT

P ESES TEI32 XERFRIEAS : A

Helium characteristics and resource potential analysis of Wufeng—Longmaxi Formation in

Changning area, southern Sichuan
YU Zhenxiang'?, CHEN Lei'***, CHEN Xin’, LIU Rui'**, TAN Xiucheng'***, WU Shuaicai'?, QIN Hexing'?, XU Qiang'***

(1.Natural Gas Geology Key Laboratory of Sichuan Province, Chengdu, Sichuan 610500, China; 2.Branch of Key Laboratory of
Carbonate Reservoirs, Southwest Petroleum University, CNPC, Chengdu, Sichuan 610500, China; 3.School of Geoscience and
Technology, Southwest Petroleum University, Chengdu, Sichuan 610500, China; 4.State Key Laboratory of Oil and Gas Reservoir
Geology and Exploitation, Chengdu, Sichuan 610500, China; 5.Shale Gas Research Institute, PetroChina Southwest Oil and Gas
field Company, Chengdu, Sichuan 610056, China)

Abstract: Helium has characteristics such as a low boiling point, high thermal conductivity, and strong inertness. It plays a key role in fields
such as low—temperature superconductivity, protective gas, refrigeration, medical treatment, and electronics, and is referred to as the “golden
gas” and “rare earth of gas”. In order to analyze the helium characteristics and resource potential of Wufeng—Longmaxi Formation in
southern Sichuan province, helium resources of Wufeng—Longmaxi Formation in Changning area of southern Sichuan Province were studied
based on rare gas isotope test and trace element test. The results showed that: (1) the uranium (U) and thorium (Th) contents in the shales of
the Wufeng—Longmaxi Formation in the Changning area were relatively high, with the highest mass fractions reaching 6.57x107 and 2.96x107
respectively, indicating a strong potential for helium generation. The helium isotope ratio (R/R, = 0.01) and the *He/*Ne ratio of the samples
indicated that they had typical crustal helium characteristics. The concentrations of U, Th, and potassium (K) in the front and back limbs of

the anticline structure were similar, but the content of radiogenic argon (*’Ar,,,) in the back limb was significantly higher than that in the front
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limb. Considering the difference between the theoretical and measured values of *He/**Ar, it was inferred that deep crustal helium had a

mixing effect on the primary helium in the shale, forming a crustal helium mixture of near—source and far—source components. (2) There were

two main sources of helium in the shale of Wufeng—Longmaxi Formation in Changning area: one was the helium continuously generated by

the shale itself since its deposition, and the other was the helium gas that migrated into the Wufeng—Longmaxi Formation with the subsurface

fluid through material exchange. (3) Calculations showed that the cumulative amount of helium produced during the natural evolution of the

Wufeng—Longmaxi Formation shale in the Changning area was about 4.76x10° m’. The helium resource of Wufeng—Longmaxi Formation in

the Changning area was at least 2.86x10° m® based on the calculation of reservoir helium concentration. The findings of this study provide

important guidance for further research on the potential, enrichment mechanisms, and distribution patterns of shale helium resources in the

Sichuan Basin, as well as for achieving large—scale helium production and improving helium supply capacity.

Keywords: Sichuan Basin; Wufeng—Longmaxi Formation; shale; helium; potential analysis
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Fig. 1 Regional tectonic map and schematic diagram of well location of Sichuan Basin (modified from reference [27])
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Table 1 Mass fractions of U and Th in organic-rich shales

of Wufeng—Longmaxi Formation in Changning area,

Sichuan Basin

#fgjéﬁ (Th) (V) ﬁf;iéﬁ (Th) »(U)

NI11-24  20.7x10°  7.20x107°| N15-29 21.5x10°  4.68x10™°
NI1-22  22.8x10°  5.25x107°| N15-28 13.8x10° 10.10x10™°
NI1-21  29.6x10°  7.24x107°| N15-27 20.9x10°  5.67x10™°
NI11-20 252x10°  7.60x107°| N15-26 20.9x10°  6.68x10™°
N11-19 29.2x107°  7.41x107°| N15-25 18.7x10°  6.09x10™
N11-18 20.2x107° 11.90x107°| N15-24 20.2x10°  7.18x10™°
N11-17  17.4x107° 23.50x107°| N15-23 18.9x10°  7.56x10°°
N11-16 15.8x107° 15.90x107°| N15-22 22.0x10®  8.25x10°°
N11-15 13.5x10° 17.80x10°°| N15-21 20.5x10®  7.88x10™°
N11-14 13.5x10° 19.00x107°| N15-20 21.1x10®  7.88x10™°
N11-13  159x10° 33.80x107°| N15-19 17.4x10°  8.68x10™°
N11-12  9.1x10° 18.90x107°| N15-18 16.3x10™° 12.60x10™
N11-11  16.0x10° 35.90x107°| N15-11 12.5x10™® 13.00x10™°
N11-10  7.5x10° 23.50x107°| N15-10 13.6x10™® 16.20x10™
NI1-9  11.2x10°° 65.70x10°°|| N15-9  14.9x10° 16.90x10°°
NI11-6  11.5x10°° 19.40x107|| N15-5  10.0x10™° 16.20x10°°
NI1-2  18.9x107° 11.90x107| N15-2  18.5x10™° 29.60x10°°
N15-35  20.2x10°  5.38x107°| Y02-15 19.1x10°  8.70x10™°
N15-34  19.6x10°  4.33x10°| Y02-14 28.0x10°  6.62x10°
N15-33  20.5x10°°  4.49x10°%|| Y02-13  21.3x10° 10.90x10°
N15-32  20.2x10°  5.10x10°| Y02-9  14.6x10° 13.60x10°°
N15-31 22.8x10™°  5.63x10°| Y02-8  10.3x10° 18.40x10™°
N15-30 21.5x10°  5.25x107°| Y02-5 24.9x10° 14.80x10°°
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Fig. 2 Helium generation rate and geochemical characteristics of shales in Wufeng—Longmaxi Formation, Changning area (modified from

references [ 38-43])
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Table 2 Test results of volumetric fractions of shale gas components in Wufeng-Longmaxi Formation, Changning area,

Sichuan Basin

b TRBUT % | |
He H, N, Co, CH, C,Hy C,Hy iC,H,, nC,H iCH,, nCH,,
N1-1 0.02 0.01 0.24 0.54 98.72 0.47 0.01 0 0 0 0
N1-2 0.02 0.01 0.20 0.47 98.83 0.46 0.01 0 0 0 0
N1-3 0.02 0 0.19 0.42 98.91 0.45 0.01 0 0 0 0
N1-4 0.02 0 0.22 0.37 98.92 0.45 0.01 0 0 0 0
N1-5 0.02 0 0.31 0.29 98.93 0.44 0.01 0 0 0 0
N1-6 0.02 0 0.25 0.37 98.89 0.44 0.02 0 0 0 0
N1-7 0.02 0 0.12 0.30 99.11 0.43 0.02 0 0 0 0
N1-8 0.02 0 0.17 0.29 99.06 0.44 0.02 0 0 0 0
N1-9 0.02 0 0.23 0.30 98.99 0.44 0.02 0 0 0 0
N1-10 0.02 0 0.20 0.29 99.03 0.44 0.02 0 0 0 0
N1-11 0.02 0 0.13 0.26 99.13 0.44 0.02 0 0 0 0
NI1-12 0.02 0 0.15 0.26 99.10 0.44 0.02 0 0 0 0
N1-13 0.02 0 0.16 0.27 99.09 0.44 0.02 0 0 0 0
N1-14 0.02 0 0.32 0.26 98.93 0.44 0.02 0 0 0 0
N1-15 0.02 0 0.14 0.22 99.16 0.44 0.03 0 0 0 0
N1-16 0.02 0 0.19 0.34 98.99 0.44 0.02 0 0 0 0
N1-17 0.02 0 0.41 0.52 98.51 0.44 0.03 0.01 0.01 0.01 0.01
N209-1 0.15 0 23.68 0.19 76.88 0.16 0.02 0.01 0.01 0 0
N209-2 0.08 0.80 23.68 0.24 74.61 0.20 0.02 0.01 0 0 0
N10 0.06 0.03 2.12 0.35 97.22 0.17 0.01 0 0 0 0
N24 0.10 0 0.47 0.18 98.84 0.40 0.01 0 0 0 0
N27 0.03 0 0.47 0.44 98.75 0.30 0.01 0 0 0 0

®3 MM KTHRAEA—LEDZENESHASERMEMRE R (ES % CH[49]12%)
Table 3 Test results of rare gas isotopes in shale gas of Wufeng—Longmaxi Formation, Changning area, Sichuan Basin

(modified from reference [49])

4 “Hel'He (£l0) *He (£10) *Ne (£10) *Ar (£10) *He,, (£lo)  “Ar  (xlo) 8°C/% 8°C)/% 0D /%o
N16 102x107% (4)  1.80x107(3)  0.82x107° (1) 3.16x107° (4)  1.80x107™* (3) 2.44x107°(3)  -28.1 -33.6 -147
H10 105107 (5)  1.95x107*(3)  2.36x107* (3) 6.32x107%(8)  1.95x107 (3) 1.53x10°(3)  -28.0  -33.9 -145
H16 10.0x107 (4)  1.86x107* (3)  2.48x107* (3) 6.87x107° (9)  1.86x107* (3) 2.02x107° (3)  -28.8 -34.4 -146
H24 10.4x107 (4)  1.54x107*(2)  4.77x107° (6) 11.20x107° (2)  1.54x107* (2)  1.78x107°(2)  -28.6  -34.1 -146
H6 9.6x107 (2)  1.89x107*(3)  5.85x107*(8) 13.70x107* (2)  1.89x107* (3)  2.14x107 (3)  -27.8 -34.1 -149
N17 10.3x107 (3)  5.07x107* (8)  1.89x107° (2) 6.66x107°(9)  5.07x107*(8)  7.07x107 (9)

HI3 10.6x107 (3)  1.64x107*(2)  1.01x107* (1) 3.49x107° (5)  1.64x107*(2)  1.97x107°(3)  -28.5 -343 -153
N9-h17 9.5x107 (3)  2.01x10™*(3)  2.31x107°(3) 6.14x107°(8)  2.01x107*(3) 2.02x10°(3) -27.4  -336 -150
N9-h8 9.4x107 (3)  1.86x107*(3)  1.95x107 (3) 5.72x107° (7)  1.86x107™(3)  2.35x107°(3)  -27.6  -32.9 -148
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Fig. 3 Crust—source helium migration model of Wufeng—Longmaxi Formation in Changning area, Sichuan Basin
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Table 5 Statistics of temperature measurements and
paleosalinity of shale inclusions in Qiongzhusi Formation
from Well N209, Changning area, Sichuan Basin (modified
from reference [75])
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