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Abstract

With the increasing global demand for clean energy, natural hydrogen has emerged as a pivotal re-
source for achieving energy transition and carbon neutrality, owing to its high efficiency, immense
resource potential, and renewability. Understanding the occurrence mechanism and exploration
strategies of natural hydrogen reservoirs is critical for the effective exploitation of this resource.
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This paper systematically reviews the current status of global natural hydrogen exploration and the
research progress regarding the occurrence mechanisms of typical hydrogen reservoirs. It summa-
rizes the formation mechanisms of natural hydrogen, analyzes the geological characteristics of typ-
ical domestic and international reservoirs, and forecasts key research directions and exploration
prospects for natural hydrogen in China. The study indicates that the coupling of deep fluid active
zones and fault systems controls hydrogen migration pathways. Furthermore, multiple stratigraphic
sequences from the Cretaceous to the Quaternary demonstrate hydrogen storage capacity, suggest-
ing significant exploration potential in China’s ancient cratons and Cenozoic rift basins. This research
not only refines the theoretical framework of natural hydrogen accumulation mechanisms but also
provides a theoretical reference for the future research, exploration, and development of natural
hydrogen resources in China.
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Figure 1. Occurrence and transformation mechanism of natural hydrogen
B 1. RARSSMEFZUNER

22. RASSBEXRGSMHE - EREHR

RARAR 7 T8N §rksR, HEBAEL] 56k - 58 ZORE 2 XOW T H A <. st i P i =0
FSZRIE S B R E AR JE A5 2 TR T 3h A 4%, Hb i (300°C~450°C) K & — 8Lk 43 I 5
FERVATE UM, T L) AR R[], MG N 7137 (iR Bl v 8 25 0 el 205 AR A5 BB A AR
TERL, RS A RS R (] 2) o LM ERiA R RIPIRUA HJR 530k - A R - LI A

DOI: 10.12677/ag.2026.163028 299 HOBRBL 2RI


https://doi.org/10.12677/ag.2026.163028

e, FEARE

TUCHRE: B RIS R SORL R AL S B A SR A R e R IS R R S e aUh AT AR Y
- N ILR G TLIE RS R R AR & A EAFS A BRA R Bus#ae (4 2),
B BRI AR R A e b e i 3 B SR PR 50 W] R B 2 (D B - AL AR B S 3 A B RN, A7
BOE S A TR

a H20 b T T T T T T T T T 1

1E-4 A

‘ CnHm O RES R IT AR

1E-5 A

Cco

1E-6

1E-7 3

D (m?/s)

1E-8 3

1E-9 A

1E-10 4

1E-11

T T T T T T T T T
WE FMAEEALEE T8 i A0k 25 FHEN
N

Figure 2. (a) Interaction between hydrogen and organic matter (e.g., kerogen) under intense geostress changes; (b) Hydrogen
diffusion capacities in different media (Data source: [9])

E 2. (a) BMEAZUESFRIREFANRWEEER; (b) FRNRPEY HEEHEIEERIR: [9])

KRB I A BORAF AT th 2 A . BURTIRUGA . KCE RV 2 2 efe s R R &,
AP KB KBS R AT NN R R G . B a ARG, RIS KR AN
M)z, HEER G I R RO A, SR roE e, A UER KA 2 fL B A BT IE R AL
ZlKAK 10 fF, PRI RN AL R R R I BUE e TUS R BATIRFLBRAS AL, REE RN R I £L ™
A FBYE N LR > SRR ), LSRR RS A R R BE A R (A 3), (. Ho IR
J 1 ANURIKEZ B TOC T om, HEim BEARE AR [10]; SRR TUAMEL ZRCE e iy

o1 /2L LA o5 BT BRBE A
— &_\ 0.4 L —D:= ll]j”m’is
E g —D‘i 10" mlls
2 0.1+ 2 —D, =10" m/s
=] =}
£ z
Z <
% 0.05F %
® i
0
8 10
_45'50.5 51;0.5
(@) (b)

Figure 3. Hydrogen loss under variations of caprock porosity (a) and diffusion coefficient (b) (Modified from [12])
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Figure 4. Hydrogen diffusion modes, variations in diffusion coefficients, and diffusion distances over time at different grain
sizes (Adapted from [17])
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Figure 5. (a) Fluid model of faults (Modified from [19]); (b) Water bridge formation induced by changes in salinity and water
saturation
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Figure 6. A simplified view of the natural hydrogen system
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Figure 7. (a) Overview of water-rock interactions in the Earth’s crust (Modified from [27]); (b) Schematic representation of
hydrogen generation via water radiolysis (Adapted from [28])
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(Data source: [36])
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