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Sources of Hydrogen
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Hydrogen in the Subsurface

CH, + 2H,0 = 4H, + CO, 2H,0 + energy = 2H, + O,

Black/grey
hydrogen

White
hydrogen

Fe(ll) oxidation,
serpentinization
radiolysis...

Orange
hydrogen

Qil/coal Reactive formation

CO, + MgO/Ca0 = MgCO,/CaCO
2FeO + H,0 = H, + Fe,0,4

Deep saline
aquifer

H, H, H, H,

Brown Grey Blue White Gold Orange

Osselin etal. 2022. Nature Geoscience
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Hydrogen measured to exceed 10% of gas composition from various sources
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¥ Kimberlites [2]
? Orebodies [27)
Precambrian [10]
? Rift zones [4]
Salt deposits [12]
Sediments and Metamorphic [26])
Serpentinization [25]
? Volcanic [17]

Discoveries of H2 >10%

Free gas
Coal basins [10]

? Faults [3)
GCeysers, hot springs, etc. [12]
Hydrocarbon fields [16]

9 Igneous [5]

9 9
¥
?

? Sediments and Metamorphic [4]
4 Ultrabasic [3]
Volcanic [8]

Dissolved gas
¥ Aquifers [54]
¥ Water from hydrocarbon fields [15]

Zgnonnik. 2020. Earth-Science Rev.

Gas in inclusions

? coal basins [12)
Igneous [23]
Kimberlites [6]

? Orebodies [21]

? Precambrian [11]
Salt deposits [7]



Global annual demand of
H, gas in 2050 = 500 Mt

Lowest estimates of
geological H, exceed
demand
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Global in-place geclogic hydrogen resources (Mt)

Ellis and Gelman 2024. Sci. Advances.
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Characteristics Underpinning

Hydrogen Reservoirs

Injection/Production
Well

Caprock

Hydrogen Source Pourous space to form Seal
a hydrogen reservoir



35

I

00 ar & N

1.Cfo KILOMETERS

=0

500 MILES

I 1 | - )
Basa from U.S. Geological Survey, The Natioral Map, 2021 . - -
Albers Equal-Area Conic, LS. Beological Survey contiguous Uitsd States projection Modinn (P30) prospectivity
North Amenican Datum of 1983 0 0.2 04 0.8 08 1

Gelman etal. 2025. USGS




— —

North D akota

1 - 1 Minnesota
r.
!
|

- Wisconsin

N

v — . *
YZS

147 y Ly N
¥ D . : s A4

W .A-,a,_'._ ,' e ' - , '{I j }b r ’x

Midconti Sys em

-

: South Dakota |

Ilifois-1 | |
)&(ansucuy ) indlana cincinnati au West |

e = £ % o thi’s #-o\ {N«-' Jinginia ’,/’" 84 "\;fyCShinqton
' & HISSOUI’I vg , Lounsvtlle‘“’ R P 4 |
Kar "‘l ‘ . ('\ | < =] o ’7:"" «_\. "., / C‘
.'\\!, A _;_" Rnds K entu 'J(./ ‘\.\. "_‘"' f “/|rq|n|a éRIChmond
— ¥ / S L S 7 Norfolg:

" T e Esrl HERE Garmin. NGA. USGS \=



Previously measured H, supports potential along the Midcontinent Rift

ZUSGS

science for a changing world
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Injection/Production
Well

Caprock
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Subsurface
Hydrogen
Reservoirs—
Production
and Loss
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Hydrogen Source Pourous space to form Hydrogen Loss
a hydrogen reservoir Production



Injection/Production
Well

H,

H‘O‘//b CH‘

Caprock CO

" ———HCO,
?
Ca* + CO*

f

caco,

Fiore et al., 2025. Comm Earth Environ.

Hydrogen Source Pourous space to form Hydrogen Loss Seal
a hydrogen reservoir Production



gical Hydrogen in
ysurface

Potential energy source across the
UsS

Natural hydrogen production
midcontinent
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