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Abstract: [Background] Helium, with advantages such as stable chemical properties and high thermal conductivity, has
been extensively applied in high-tech sectors like national defense, military, aviation, and aerospace, playing an irre-
placeable role. Presently, helium in China is primarily imported from other countries, manifesting a high degree of de-
pendence on foreign trade, suggesting a prominent issue concerning helium resource security. Previous studies on heli-
um principally focus on conventional natural gas, rendering helium in coal measures relatively under-studied. [Object-
ive and Methods] To determine the distribution and potential of helium resources in coal measures, this study analyzed
the coal-measure gas sampled from the eastern margin of the Ordos Basin, systematically investigating the distribution
patterns of helium and its controlling factors. In combination with the helium test results of coalbed methane (CBM) in
the Qinshui Basin, this study compared the helium accumulation mechanisms of coal measures in the Ordos and Qinshui
basins and delved into the helium resource potential in the coal measures. [Results and Conclusions] The results indic-
ate that deep CBM exhibits higher helium content than moderately shallow CBM in the Hancheng and Daning-Jixian
blocks along the eastern margin of the Ordos Basin. Specifically, the helium in deep and moderately shallow coal seams
in the Hancheng block exhibits average volumetric fractions of 0.042 8% and 0.013 0%, respectively; the corresponding
values of the Daning-Jixian block are 0.030 7% and 0.012 1%, respectively. The tight gas in coal measures and the deep
CBM manifest similar helium content. The helium in the tight gas of the Hancheng and Daning-Jixian blocks displays
average volumetric fractions of 0.046 7% and 0.035 5%, respectively, suggesting helium-deficient CBM. Contrastingly,
the coal-measure gas in the Sanjiaobei block displays relatively high helium content (average volumetric fraction:
0.093 0%), with nearly half of the gas wells reaching the criterion for helium-rich coal-measure gas. The coal measures
along the eastern margin of the Ordos Basin bear minimal content of in-situ authigenic helium, which originates primar-
ily from deep basement rocks, bauxites, and the Zijinshan pluton. The distribution of helium source rocks determines the
distribution of helium in the coal measures. The fault system along the eastern margin of the Ordos Basin provides favor-
able migration pathways for helium in the deep helium sources and the Zijinshan pluton. The development intensity and
location of the fault system play a crucial role in helium migration and accumulation. Meanwhile, effective cap rocks and
the closed water environments are essential for helium preservation. Besides, the Qinshui Basin shows a relatively low
content of in-situ authigenic helium, and the significant tectonic uplift in the late stage of helium accumulation is the
primary cause of the loss of nearly 90% helium in coal seams. Despite relatively low helium content, tight gas in the coal
measures and the deep CBM demonstrate considerable helium resources, thus warranting more endeavors to helium re-
source exploration in coal measures. Moreover, it is necessary to put more effort into tackling technological challenges
in helium recovery from helium-deficient to helium-bearing coal-measure gas. The purpose is to effectively utilize the

low-content helium in coal-measure gas in order to ensure China’s helium resource security.

Keywords: coal-measure gas; helium; accumulation mechanism; resource potential; Ordos Basin; Qinshui Basin
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Fig.6 Map showing the distribution of helium content and structural section of the Qinshui Basin (modified after reference [19])
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Table 3 Contents of radioactive elements U and Th in
different types of rocks

R U. ThP35 R 80107° I
U Th
PITH 50.00 12.00
A 3.70 12.00
pidskas 3.00 13.00 K27
W 2.20 1.70
g 0.45 1.70
pidske 6.96 31.04 SCHR[28-30]
PRI 16.23 11.66 SCHRTO,31-32]
J R 1.75 16.50 SCHR[33]
iR 25.00 56.00 SCik[34-37]




.56 - HEH 55 B R

%52 %

0.10 1
0.09 | -
0.08 | 4

0.07 |
0.06 e %‘\%

0.05 | AN

0.04 | £ _
0.03 | g LA -
0.02 | - - -7

0.01 H - - _ =

ﬁﬂi\f;

Hej™ &/(m® He-43.56 m 3 Rock)

0 200 400 600 800 1000
i ]/ Ma

K7 AREZREVE AR SRRSO [27], B30
Fig.7 Helium-generating efficiency of different types of rocks
(modified after reference [27])

TR T R, S5 R IR AR R ALY A
ULEGREEE . “ERINEHARAE T U LR SER
I ARA MLV Th CE & 85 . KR4 Th oE
TR ABRHAMAKFEA K U SR, (74 K
JCE F A 8).

PPt 2 P F R R A
T2 L (3 4), SRR 22107 2 R [ i XK [R5 U,
Th TR G HAR —EER, LA R7P U Th LR
A TR A R IO, BE AR AR A R UL
Th JCE SR & TR KRIEHIX . IO 7K 721 1 7G4 94
ZHEZ, Ttk JEM ., JehF)U. Th iU e R &P
WA T30 /R Z M 2 (35 4. 1K1 9).

AN G o R S I & B, 76 1L PE AR AL 4
38 i L AF A Ry B A R S, 2% EL BRI 1 S R (E
X5 H R 58 A L L ARG I, I Bt X =l ) S
AT A5 R LU B R A A AR B v SR A D
S IlAn R BB 2K RFEESH SR I,
U £15(0.50~8.88)x10°°, -1 2.595x10°°, Th & £(1.13~
26.30)x10°°, F-#4J 7.034x10 (3 5)*,

i E R [ X R A UL Th oo 5 & i,
AT LLR LSRR 22 B A b Aok 2 )2 UL Th oo
FEHEAKR, IR EHBERTUA T UL Thoox
MR TR, S5 RZ 2T UL Th o & Rk
o SEIXFEAL A AE AR, SRRGIERRRA
A [ AR SR BT S, oK AR A
JEASE AR SRR SN S0 KA 4 (58 6), Ftn]
WERIR G R RIR T I NIRRT

TR Fle A 5 5 i S S0 R 22307 2 b JR b X
TSRO, W T SRR 22 0 A S R S AR TR
TR Z W A FE R AR AR 245 T 4 SR BRI — U,
SO TR TR, SRR 22 1 A K B WOk —F &
FEL AU R I — SR RETRE T SRR
SE R 10), IR AR R IORA LKA

80

70

60 |
=50}
g
&40

=30t

BT

0 5 10 15 20 25 30 35
Th/10°

60

50

40}

B35 1%
(%)
(=)

0 05 10 15 20 25 30 35 40 45
K%

s AT oA LVEA s KR s AR
B8 SARZGKRT-HEMXARMZERAF U, Th,
K JCE &R
Fig.8 Distributions of the U, Th, and K contents in mudstones of

different formations in the Daning-Jixian block along the

eastern margin of the Ordos Basin™"!

FRRIRAE R L Rk AR o ORI  THCE . 4%
R PR E NS BT RIS ST AR RGN, 45
BIRGHRRP S ', 7] DAHEN SRR 22 7
I 2 R WAL B 25 FIAR ST R B AR 2 2
FEORYE, Xt PR A I KT B X R
AP AR SRR TR ERAREER S
BB [RIEE, 24 1A R AR AR UL Th JTE & g
RTHER, Bl TEE AR, i, BitE
AR, B AR R A F IR, dE =
ALK S R AP AR S AR R R

MRAEAF LS REE A UL Th TR & A



% 9 XEME: BEALABTENEERFERE N —USR L HEH KL N4 - 57 -
T4 FEMREAFHSES STTESE
Table 4 Contents of radioactive elements U and Th in rocks of different areas
Eogii) X )2 Ak U/no® Th/10°® ?5}.;
/KA AR-_ER TR 0.285~17.90/3.26 0.75~58.70/13.58 SCHR[24]
IEPIREY fAm-—_E&R JERTUA 2.27~17.5/7.11 14.10~61.50/25.56
I £ AR-—"% R 1.57~14.1/4.73 9.11~48.50/19.14 SCHR[39]
12858 fAm-—_E&R JERTUA 2.67~10.9/5.16 11.10~28.10/18.00
SRR 2 A K172, 25, PesS8HIX Va3 s 0.83~24.5/4.75 0.17~36.80/10.89 SCifk[20]
- SALIPEYIN DAIIEZIN 0.50~8.88/2.60 1.13~26.30/7.03 Hk[42]
BE AR AR-—ER wEAER 2.9~42.60/20.67 13.00~147.00/60.39 SCHR[40]
PR—K N AR-_ER BEAER 2.13~43.41/23.41 0.48~83.52/35.71 SCHR[41]

E: #110.75~58.70/13.58F R e/ M~ KB 3MEL, HAWIR]; FHURIThSE TR AT 53R KR B 05, 23,

[ = 0L R X R TS
140 * I B X R T
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Fig.9 Distributions of U and Th contents in the coal seams of the

Ordos Basin and the coal-measure shales along the eastern

margin of the basin%**3%4
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FHNREASR, H i T B BT EAR T BORPEN Ik iR 58
e, B RS WP AN ) A 2 eI R AR Y Tk,
X F AR A I A Rk — 29T
42 FEREBEREENRE

KA AARFI S BARMR, 8 0.000 524%, HiE
GO N AEK T VA AR R /N, T LS iV i 2
KBt KR TR R AR R G b i 2
B, JLF-AT AZBS AT, PRI, 38 Ak A 1 2
FEORWERSTIR AR . G 5ehs oA, v DUE
TR RS  H . R/Ra B, 8 IR S 45 2
KR NFEAH He/'He)o 2481H He 155 50% i, R/Ra>
3.9357; 4 R/Ra>1 I, MRS AR H KT 12%; 24 R/Ra<
0.1 if, WIS HUINT 1.093%. 18T AR GMER RIR

=6

x5 2 LAGRAREHEERSD U.Th TELEY
Table 5 U and Th contents in rocks with different lithologies
from the Zijinshan pluton[‘m
5 i Uno Th/10°¢
1 WEIERKA 0.50 232
2 LIRSS 6.10 10.90
3 WA 0.901 2.77
4 WA 2.42 5.65
5 kA 3.50 12.6
6 UGB MAT =L 1.24 6.27
7 KB A IER S 0.94 435
8 FREVGENAIERS <0.504 232
9 HAEKS 1.06 2.24
10 EAAERE K 0.565 1.13
11 BEA RS 1.24 7.42
12 BAIERS 8.88 1.85
13 LI BT L A TR 0.64 481
14 HIRBES 6.10 10.90
15 WiV A BT K L AR 1.63 15.60
16 B LR A e 6.39 26.30
17 FRHLR UGB R A A 2.76 438
18 BRIk 1.34 481

SRR AR Z SIS R AT 45 R R, SRR
GOREZR RIR AP R TR He AAR, Fra ke dl h i s b
HE/INT 1%, AT LA SRR SRR KR P I A
EAOR AT IRIE 1), 0K AR P e IR
HARALBER, TR R ISR ARG R AR P I 2
T, MRS LN T 1%, (HALA 5 DRI IE S S T

AR X R 4SBT E S BURIESCE [23,25)

Table 6 Helium-generating potential of coal measures in different areas (calculation parameters after references[23,25])

i HiZE U0 TW10® ARt MR Ma RS A% R ARSI
SRR M A AT 4.75 10.89 10~20 354 0.000 318 0.001 589~0.003 180
WK Z AR-_ER 3.26 13.58 10~20 354 0.000 281 0.001 409~0.002 812
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Hydrocarbon generation and burial histories revealed by typical well JT2 in the Daning-Jixian block (modified after reference [23])
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