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The H2 Rainbow

Grey is how we make it today - steam methane reforming – (SMR). 

Blue uses SMR, but with CCS.

Green uses renewable electricity to run electrolysers, which make H2 
and O2 from water.

Turquoise is a pyrolysis treatment (chemical decomposition at high 
temperatures) of conventional natural gas, which produces H2 and solid 
carbon as a by-product.

Gold or White is natural, molecular-free H2 from the Earth 
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Natural H2: a believer or not? 



Of course it exists!

Hundreds of natural H2 seepages 
worldwide:

• Chimaera, Turkey 2500 years old!
• “Los Fuegos Eternos”discovered 200 

years ago 
• 1888 earliest published analysis of a 

natural gas containing H2!

HOWEVER concept of natural H2
exploration/production is embryonic and 
there is neither an exploration strategy 
nor any resource assessment for 
targeting natural H2 accumulations.



If still a non-believer….



H2 source/generation

From Hydroma, 2022



Natural H2 in the Pyrenees

Fig 9. Technical map of Monzon
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Atlantic opens, Iberia rotates & Pyrenees form

Monzón-1 well encountered the presence of 
significant hydrogen shows which were noted as 
“strange” at time of drilling.

Various models proposed

All involve Iberian rotation & crustal 
extension in Pyrenean region in mid 
Cretaceous

Followed by N-S shortening associated 
with Africa collision and subsequent uplift 
of Pyrenean mountain belt in late 
Cretaceous/Tertiary. 

Vissers & Meijer (2012) matches the true 
geology the best



For H2 the Upper Mantle is key

Fig 9. Technical map of Monzon

From Vissers & Meijer, 2012



Pyrenees Geology

Fig 9. Technical map of Monzon

From Vissers & Meijer, 2012



North Pyrenees anomalous H2 seepage

From Lefeuvre et al, 2021

NFT - No rth  
Pyre n e a n  Fa u lt  

NPFT - No rth  
Pyre n e a n  Fro n ta l 
Th ru s t



H2 in the South Pyrenees, Spain

Lefeuvre et al (2021) illustrated importance of natural H2 seepage along the North Pyrenean Fault 
zone at southern edge of Aquitaine Basin (red). Note the symmetry of location of the Permit area 
(blue) on the northern edge of the Ebro Basin in the South Pyrenees.



H2 in existing wells, Ebro Basin, Spain
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H2 in the Monzón-1 Well

TD 3715m in Triassic Bunter Sandstone

Bunter Sandstone 56m thick

Overlain by: 

VERTICAL TOTAL of 1780m of halite & 
evaporite bearing shales above the Bunter 
Sandstone

Rock Depth (m)

Evaporite bearing Bunter Shale 185

Röt Halite 60

Muschelkalk & Keuper halite & 
evaporite  bearing shales

533

Tertiary aged halite and evaporite 
bearing shales

1,000+

Total ~1,780



Presence of thick Mesozoic/Tertiary cover sediments in 
the South Pyrenees favours H2 trapping compared to 
the North Pyrenees where this cover is largely missing. 

Geological cross-section of the Central Pyrenees. From Muñoz et al 2018

H2 escape vs trapping in the Pyrenees

H2 Generation Zone

H2 Escape

Sub-Salt H2
Trapping



Conclusions

• Natural/Gold Hydrogen (H2) exists and occurs extensively 
throughout the World!

• H2 is associated with the Pyrenean orogenic belt probably due to 
the presence of shallow upper mantle rocks

• Active H2 seepage is observed in the North Pyrenees and H2 is 
observed in wells in the South Pyrenees.

• The Pyrenees are unlikely to be unique.  

• Areas with complex collision/subduction histories and elevated upper 
mantle rocks should be examined for natural H2 presence.



SE Asia plate boundaries/sutures

Geologically SE Asia could 
be a very happy hunting 
ground for natural H2!
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ADDITIONAL 
MATERIAL



From Czado, 2023

Concept of deep H2 & Earth de-gassing



Mantle wedge is key to H2 generation 

From Lefeuvre et al, 2021

H2 emanations in the 
north Pyrenees relate 
to the alteration of 

near surface iron rich 
mantle rocks and 

obducted and uplifted 
oceanic crust.  

Trapping and sealing 
mechanisms are 

largely absent on the 
northern flanks of the 

Pyrenees and H2 
easily escapes. 



Example data from 
Barbastro/Monzon
Permits, Helios Aragon

(Dirt Exploration, 2021)

H2 detection via satellite data, Ebro Basin, Spain
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