®54%k HF3H BHE MRS #E Vol. 54 No.3
2026 4 3 f COAL GEOLOGY & EXPLORATION Mar. 2026

SEILHG, TRICHR, AR, A5 B Z A vUA B SURCE AR IR S AR 20 0 (0], B ST S IR, 2026, 54(3): 56-68. doi: 10.
12363/issn.1001-1986.25.08.0584

YUAN Jiutao, ZHANG Wenjin, SONG Zezhang, et al. Characteristics and helium generation potential of ultra-deep marine
shales as helium source rocks[J]. Coal Geology & Exploration, 2026, 54(3): 56—68. doi: 10.12363/issn.1001-1986.25.08.0584

EREEENEEIBEEHFTESEREN

%%%_1,2’ g{/‘iéé3, 7“/;5%.:?;12 , ‘B-}y\‘ﬂf_s, 3,}.%%1,27 ’lﬂ__ﬁlz, i#ﬁ]’ﬁu, %%%%l,z’
I m, MR, FH5#H", Mikhail SPASENNYKH®, Tagir KARAMOV*
LAEAmAYCT) MAKES TRA2EERERE, Ji 102249; 2. F E A AF (L) kst
FhE, LI 102249; 3. F E A 7 od A H A F IR LA R, M) B#R 610051; 4. Center for
Petroleum Science and Engineering, Skolkovo Institute of Science and Technology, Russia Moscow 121205
WE: [Be)] ABEARH AR ERT LA ‘Hé’a%}ﬁ%ﬂ* v )| & M BRI M R IT R4 g AR R A
MEEZRRENEFREXRRARHAFARNEFARE; MRTARER S, FHFARERRR
#'% U, Th 7 WK G4 ER A S AR 55, [ﬂ%]&mﬂ@%ﬁ@%[ﬁ%%éﬁ%
MR, BADEHNER L EIR . RIEAMRBAESI AT R4 FART B LR B AL S5
ﬁﬁﬁﬁ%o[%%#%&HDH%B%%%%AEUi%i%%%ﬂ%mi%$ﬁﬁﬁ (2) U,
Th WA £ &% 42 TRAZRIRE, KA FAR B RRIRE A BERIRE, EREHET, URERIT

. B Aotk bty B XIRA TANR . BT W(EBLE . FRB), 28T MR SBRT YR T;
'mi%w%ﬁn%% GRRG TIREL L SERETHY, Q) FAFAREHELRETFHA
2.41x107" m’/(kg-a), & FATEE & ARIE K % [1.82x107 m’/(kg-a)]. S FHAR B ARBE KX,
#(20~200)x10° m¥/km®, E &% £ A BAN BB LA, FEREZURTRFEEKARSKA
0.018%), #1587 sITHAR R DML E, MLZ T, MBRE XKL R K &idid “BH-BLE .
By Bt 7 sHIT M A AR AL, R T AR B A £, B A SR R,

X 8 R RkE, FHAFARE; TU. ThFY, £3EH, RERR
FESES: P618.13 XEFRE: A  XEHS: 1001-1986(2026)03-0056-13

t‘r&\&?«\-

Characteristics and helium generation potential of ultra-deep marine shales as
helium source rocks

YUAN Jiutao'?, ZHANG Wenjin®’, SONG Zezhang'?", TIAN Xingwang’, LUO Qingyong'*, JIN Shigui'?,
WANG Shulongl’z, WU Meijial’z, WANG Li*, CHEN HongbinS, GAO Jiawei'”,
Mikhail SPASENNYKH®, Tagir KARAMOV*

1. State Key Laboratory of Petroleum Resources and Engineering, China University of Petroleum (Beijing), Beijing 102249, China;
2. College of Geosciences, China University of Petroleum (Beijing), Beijing 102249, China; 3. Research Institute of Exploration and
Development, Southwest Oil & Gasfield Company, PetroChina, Chengdu 610051, China; 4. Center for Petroleum Science and
Engineering, Skolkovo Institute of Science and Technology, Moscow 121205, Russia
Abstract: [Objective] Large-scale, effective helium source rocks serve as a material basis for the formation of a helium-
rich gas field. In the Weiyuan area, Sichuan Basin, the helium-rich gas reservoirs within the Dengying Formation exhib-

it helium source rocks consisting of the pre-Sinian basement granites and the shales of the Cambrian Qiongzhusi Forma-
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tion. Compared to the basement granites, studies on the shales of the Qiongzhusi Formation remain limited, including
those on the occurrence characteristics of uranium (U)- and thorium (Th)-rich minerals and helium generation potential.
[Methods] This study investigated the shales of the Qiongzhusi Formation, Weiyuan area, Sichuan Basin. By integrat-
ing field emission scanning electron microscopy (FE-SEM), energy-dispersive X-ray spectroscopy (EDS), and trace ele-
ment analysis, this study examined the characteristics and helium generation potential of shales as helium source rocks in
the Qiongzhusi Formation. [Results and Conclusions] The shales of the Qiongzhusi Formation in the study area exhibit
significant U enrichment but a low Th abundance. The occurrence forms of U and Th are primarily governed by redox
conditions. The shales of the Qiongzhusi Formation were deposited in a highly reducing environment. Under such a sedi-
mentary setting, U primarily occurs within organic matter, clay minerals (e.g., montmorillonite and chlorite), phosphorus-
bearing minerals, and iron-bearing minerals (siderite) through the processes of reduction-precipitation, adsorption, and
complexation. In contrast, Th predominantly occurs within stable minerals such as monazites and zircons via isomorph-
ous substitution. The shales of the Qiongzhusi Formation show an average helium generation intensity of 2.41x107>'

2! m*/(kg-a)). However, the shales exhibit a

m’/(kg-a), higher than that of the pre-Sinian basement granites (1.82x10
high hydrocarbon generation intensity of approximately (2~200) x10® m*/km®. As a result, the enormous volumes of hy-
drocarbon gases significantly dilute helium, leading to low helium abundance (volumetric fraction: 0.018%) within the
shale gas reservoirs and weakening the helium supply efficiency of the shales to the gas reservoirs within the Dengying
Formation. In contrast, the extensive-scale basement granites effectively supply helium to the gas reservoirs through dis-
solution-exsolution and transport along faults. Consequently, a dual-source helium supply pattern consisting of granites
predominantly and shales secondarily is formed.

Keywords: helium source rock; shale of the Qiongzhusi Formation; U- and Th-rich minerals; helium generation poten-
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Fig.1 Helium-rich gas reservoir locations, sampling point locations, composite stratigraphic column of the Weiyuan gas field (modified after
references [12,24-25])
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Fig.2 Distribution characteristics of U- and Th-rich minerals in the Qiongzhusi Formation, Weiyuan gas field
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Fig.3 Scanning electron microscope (SEM) images showing the occurrence characteristics of U- and Th-rich minerals in the Qiongzhusi

Formation, Weiyuan gas field
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Table 1 Trace element analysis results of shales in the Qiongzhusi Formation, Weiyuan area

W54 JZ i §] Th \% Cr Co Ni U/Th V/Cr V/(V+Ni) Ni/Co
7201 B 24.47 9.78 494.40 106.68 16.10 139.84 2.50 4.63 0.78 8.69
7201 B 10.75 3.50 784.50 149.80 11.06 98.02 3.07 5.24 0.89 8.86
MX9 B 28.37 7.95 228.50 87.69 17.12 108.60 3.57 2.61 0.68 6.34
GS17-1 B 12.19 10.09 167.60 100.31 16.62 90.04 121 1.67 0.65 5.42
GS17-2 B 8.87 9.45 123.90 82.69 11.56 37.64 0.94 1.50 0.77 3.26
WY 1H-1 sf—" B 18.01 7.95 973.70 101.03 14.14 147.38 2.26 9.64 0.87 10.42
WY1H-2 B 18.82 7.80 185.00 85.64 16.10 75.62 2.41 2.16 0.71 4.70
WY1H B 21.63 12.12 180.80 90.88 16.30 105.22 1.78 1.99 0.63 6.46
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Fig.4 Trace element indicator-based discriminant diagrams of the paleo-redox conditions in the Qiongzhusi Formation, Weiyuan area
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Fig.6 Helium generation rates of various rocks (modified after
reference [53])
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Table 2 Calculated helium generation parameters of shales as helium source rocks in the Qiongzhusi Formation, Weiyuan area
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101 "B 52 529 10.754 3.503 3.24 0.7 0.010
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Table 3 Statistics of the distributions of shales as helium source rocks in the Sichuan Basin
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Fig.7 Schematic diagram showing the helium enrichment pattern in the Weiyuan gas field (modified after reference [19])
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