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Natural Hydrogen

What if everything was hidden in its Earth cycle ?



5

About me …
Internship with Isabelle Moretti (ISTeP)

2023

Graduated in MS.C Geology from Sorbonne University, France
2024

Research Geologist Engineer at IFPEN

Now

Internship with Ema Frery (CSIRO) 

- Hydrogen cycle
- Long-term monitoring
- Artefacts measured on field 

- Remote sensing
- Sources rock for natural hydrogen generation

- Hydrogen exploration strategies
- Gas potentiel through expermientals studies
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Scientifics papers related to Natural hydrogen in Geology

Source : WebOfScience, « natural hydrogen geology from 2000 to 2024 »
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Scientifics papers related to 

Natural hydrogen Cycle in Geology ?
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Almost none
And the answer is …
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Need to create a more accurate H2 cycle

Figure 1: Main sketch of H2 cycle on Earth 



1 - H2 in the Lower mantle
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A - SEM image of 
bridgmanite

(Mg,Fe)SiO3

B – 3D view of crystal 
structure MgSiO3 

Perovskite

C – 2D view of crystal 
structure MgSiO3 

Perovskite

Figure 2: H2 reservoirs in the lower mantle, 
especially in a Mg-perovskite structure. 

A: From Tschauner et al. (2014)

B & C: Modified from Demouchy & Bolfan-Casanova. (2016)



2 - H2 in the MOR
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Figure 3: H2 cycle associated with Mid-oceanic ridges in hydrothermal vents
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3 - H2 in Subduction

Figure 4: H2 cycle associated with Subduction
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4 - H2 in Sedimentary, Atmospheric and Anthropogenic

Figure 5: H2 cycle H2 cycle associated with sedimentary, atmospheric and 
anthropogenic contexts.
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Conclusion

Figure 6: Final H2 cycle with total flux

Gaps: • Volume on each 
compartment

• Interactions 
between each 

domain

• Processes 
overlooked
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What’s next ?
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Create and Calibrate H2 sensors
for hydrogen exploration
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Let’s play with experiments with H2 injections

Metal Oxide Sensors (MOX)Semiconductor Gas Sensors (SGX)

- Silicium layers - Zinc or copper layers

H2 Electrical resistivity  =

H2 Electrical resistivity  =

Sensors and Transmitters. (n.d.). A brief 
introduction to MOS sensors and their 
applications

- 1st step: Use right sensors

! MADE BY CSIRO !
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Protocol sketch Picture

Protocol for H2 injections
- 2nd step: Create (“valuable”) protocol
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Before H2 injections

- 1st step: Check environmental parameters

Essential for : 

• Impact of water 
injection on each 
parameter 

• Disfunctions
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Before H2 injections

- 2nd step: Check H2 sensors

Essential for : 

• Sensor time 
calibration

• Sensor baseline 

• Impact of water 
injection

H2 (ppm) = 6.51* Sensor SGX (bits)/1000

SGX

MOX



19

H2 injections
MOX

Results
Sensor • Fast response 

• Sensor saturated for 20 min.

• Peak variabilites

H2
• No H2 recorded after 50 min.

• High impact on H2 with wet soil 



20

H2 injections
SGX

Results
Sensor • Fast response 

• Not saturated

• No peak deformation

H2
• No H2 recorded after 40 min.

• High impact on H2 with wet soil 
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Conclusions and discussions

• MOX is saturated for 15 minutes !

MOX

SGX

• MOX = 2 x 105 bits and SGX = 6.5 x 104 bits

- (1) -
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Conclusions and discussions

• Anomaly of H2 up to 65 ppm without baseline 
(DRY) 

(a) False positive … or negative

- (2) -
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Conclusions and discussions

• High variability between dry and wet soil (80% 
not recorded)

(b) H2 concentration received 

• H2 dissolved in the 
water ?

• New fluid pathways ?

• Micriobial life ?

Why ?

- (3) -
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Thank you for listening!

Raphaël Josse
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