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Abstract: As one of the clean energies, hydrogen has attracted more and more global research interest. With the
acceleration of hydrogen energy economic construction in China, higher requirements have been put forward for the
production and storage of hydrogen. At present, the main way to obtain hydrogen is to produce hydrogen artificially.
Whether there is a high content of hydrogen in nature and its origin are the premise for the discovery and utilization of
natural hydrogen, but the related research is weak. The discrimination of hydrogen origin, especially deep and shallow
source origin, depends mainly on the isotopic composition characteristics of accompanied rare gases, which is difficult
to be determined in some cases, the origin of hydrogen is then difficult to be identified. Based on the analysis and
analytical results of hydrogen and associated gas content and isotopic composition in different structural parts, this
paper analyzes the duration and content variation characteristics of high content hydrogen in the Kansas Basin, USA. A
discrimination method for hydrogen genesis based on the relationship between methane and hydrogen content and
hydrogen isotopic composition has been proposed, access of hydrogen genesis identification is easier to be achieved.
Based on the above research, it is believed that there is a hydrogen supplement mechanism with underground condi-
tions, which can continuously produce high content of natural hydrogen. It is considered that it is a favorable distribu-
tion area for high content of hydrogen around the plate collision zone. The hydrogen source can be classified by the
hydrogen isotopic composition of =700%0 (VSMOW) and In(CH,/H,). Shell source hydrogen has a 6D value generally
greater than —700%o and a In(CH,/H, ) value lower than —8. Mantle derived hydrogen has a 8D value generally lower than
~700%0 and a In(CH,/H,) value greater than —4. Hydrogen remaining after CO, rich fluid is oxidized on the surface has
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a 6D value greater than —700%0 and a In(CH,/H,) value greater than —8. After the deep source hydrogen rich fluid is

oxidized on the surface, the residual hydrogen has a 6D value lower than =700 %o and a In(CH,/H,) value under —4.

This proposed method can quickly classify the origin of hydrogen without determining the composition and isotopic

composition of rare gases.

Key words: geological body; hydrogen gas; origin; identification method
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Fig.1 Tectonic (a) and section (b) sketch map for hydrogen-bearing wells in Kansas Basin, USA
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Fig.2 Change trend of natural gas composition in Scott area of Kansas Basin, USA
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Fig.3 Formation of hydrogen-enriched gas pools in Kansas Basin, USA
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Table 1 Geochemical characteristics of natural hydrogen in different geological bodies
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Fig.4 Identification method for hydrogen genesis based on methane—hydrogen content and hydrogen isotope composition



%

http : // www. sysydz.net

b

i 44 4

B i B
- 558 -
S 3k
[1] Hydrogen Council. Hydrogen scaling up: a sustainable pathway

(2]

[3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

for the global energy transition [ EB/OL].[2017-11-13].
http:// hydrogencouncil. com/wp-content/uploads/2017/11/
Hydrogen-Scaling-up_Hydrogen-Council_2017.compressed. pdf.
BN 2 A, A [ SRR RIS 7 M) e s AF
FE[J]. P ECRRE,2019,21(3) :76-83.

LING Wen, LIU Wei, LI Yulei, et al. Development strategy of
hydrogen infrastructure industry in China[ J].Strategic Study of
CAE,2019,21(3) :76-83.

2019 4FE % BEBURF TAER 2 [ EB/OL]. (2019-03-05) . http//
www.gov.cn/ zhuanti/2019qglh/2019lhzfgzbg/ index.htm.

2019 State council government work report[ EB/OL].(2019-
03-05) . http : //www. gov. cn/zhuanti/2019qglh/20191hzfgzbg/
index. htm.

AR RE, SKAR AR, BAERL SN T A R A T A TR < B
WA E” PRI HAL )] KRR Tk, 2019,39(1) :1-10.
70U Caineng,ZHANG Fudong,ZHENG Dewen, et al.Strategic
role of the synthetic hydrogen production and industry in Energy
Independence of China[ J].Natural Gas Industry,2019,39(1) .
1-10.

P 25 S RE R T [ R I B b i b AR (7] v [ A
#¢,2019,45(10) :15-21.

FU Guanyun.The status and role of hydrogen energy in China’ s
energy transformation[ J ].China Coal ,2019,45(10) ;15-21.
PETERSEN H C.Does natural hydrogen exist? [J].International
Journal of Hydrogen Energy,1990,15(1) :55.

WOOLNOUGH W G.Natural gas in Australia and New Guinea[ J].
AAPG Bulletin, 1934,18(2) :226-242.

BOHDANOWICZ C.Natural gas occurrences in Russia (U.S.S.R.)
[J].AAPG Bulletin, 1934,18(6) :746-759.

NEWCOMBE R B.Natural gas fields of Michigan[ C]//Geology
of Natural Gas.Tulsa; AAPG,1935.787-812.

MEINCKE W.Zur herkunft des wasserstoffs in tiefenproben/[ ] ].
Zeitschrift fur Angewandte Geologie, 1967,13(7) :346-347.
NEWELL K D,DOVETON J H,MERRIAM D F, et al.H,-rich
and hydrocarbon gas recovered in a deep Precambrian well in
northeastern Kansas [ J ]. Natural Resources Research, 2007,
16(3) :277-292.

0 ok e A TR S 434 76 T 1 2R R T T L e X
BRI AR5 [ )] AT I SE B M BT, 2001,23(2) :122-132.
GUO Zhangian. Hydrocarbon-bearing prospects of volcanic rock
cove red regions in the southeastern coastal waters of China
judged by the distribution of global oil and gas fields[ J].Petro-
leum Geology & Experiment,2001,23(2) :122-132.
HAWKES H E.Geothermal hydrogen[ J].Mining Engineering,
1980,1(6) :671-675.

ABRAJANO T A,STURCHIO N C,BOHLKE J K, et al.Methane-
hydrogen gas seeps, Zambales ophiolite, Philippines: deep or
shallow origin? [J].Chemical Geology,1988,71(1/3) :211-222.
NEAL C,STANGER G.Hydrogen generation from mantle source
rocks in Oman[ J].Earth and Planetary Science Letters, 1983,
66:315-320.

LYON G L,HULSTON J R.Carbon and hydrogen isotopic com-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

positions of New Zealand geothermal gases [ J].Geochimica et
Cosmochimica Acta,1984,48(6) :1161-1171.

JEFFREY A W A, KAPLAN I R.Hydrocarbons and inorganic
gases in the Gravberg-1 well,Siljan Ring,Sweden[ J].Chemical
Geology,1988,71(1/3) :237-255.

DR, A 2 B, XSG, A KRR A A R B
LA [T ] AN SE B 15T, 2014,36(6) :712-717.

MENG Qinggiang, JIN Zhijun, LIU Wenhui, et al. Distribution
and genesis of hydrogen gas in natural gas[ J].Petroleum Geology &
Experiment,2014,36(6) :712-717.

COVENEY JR R M,GOEBEL E D,ZELLER E J, et al.Serpen-
tinization and the origin of hydrogen gas in Kansas[ J].AAPG
Bulletin, 1987,71(1) :39-48.

GUELARD J, BEAUMONT V,ROUCHON Vet al.Natural H,
in Kansas:deep or shallow origin? [J].Geochemistry,Geophysics,
Geosystems ,2017,18(5) :1841-1865.

GOEBEL E,COVENEY R,ANGINO E, et al.Geology , composi-
tion, isotopes of naturally occurring H,/N, rich gas from wells
near Junction City, Kansas [ J]. Oil and Gas Journal, 1984,
82(19) :215-222.

VACQUAND C,DEVILLE E,BEAUMONT Vet al.Reduced gas
seepages in ophiolitic complexes ; evidences for multiple origins of
the H,~CH, =N, gas mixtures [ J ].Geochimica et Cosmochimica
Acta,2018,223.437-461.

KLEIN F,BACH W,JONS N, et al.lron partitioning and hydrogen
generation during serpentinization of abyssal peridotites from 15°N
on the mid-Atlantic ridge[ J ].Geochimica et Cosmochimica Acta,
2009,73(22) :6868-6893.

MAYHEW L E,ELLISON E T,MCCOLLOM T M, et al.Hydrogen
generation from low-temperature water-rock reactions [ J ]. Nature
Geoscience ,2013,6(6) :478-484.

OKLAND I, HUANG S, THORSETH I H, et al.Formation of H,,
CH, and N-species during low-temperature experimental alteration
of ultramafic rocks[ J].Chemical Geology,2014,387.22-34.
NEUBECK A,DUC N T,BASTVIKEN D, et al.Formation of H,
and CH, by weathering of olivine at temperatures between 30
and 70 °C[J].Geochemical Transactions,2011,12(1) ;6.
KITA 1,MATSUO S, WAKITA H,et al.D/H ratios of H, in soil
gases as an indicator of fault movements [ J ]. Geochemical
Journal ,1980,14(6) :317-320.

EER, AR, PN R b A X A R IR
PRBEHCRFEL )] R (D 48 HBERFL2) ,2000,30(4)
407-414.

SHANGGUAN Zhiguan, BAI Chunhua, SUN Mingliang. Mantle-
derived magmatic gas releasing features at the Rehai area, Teng-
chong county, Yunnan Province, China [ J]. Science in China
(Series D :Earth Sciences) ,2000,43(2) :132-140.

d PR, G2 B PV A T e SR Y e SO R
FHERATSE )] AT SE S 5T, 2021,43(2) :208-216.

MENG Qinggiang, JIN Zhijun,SUN Dongsheng, et al.Geological
background and exploration prospects for the occurrence of high-
content hydrogen[ J ].Petroleum Geology & Experiment, 2021,
43(2).208-216.

(H8E % &)



