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Ducouxet al., (GSA, 2021)

Geological setting
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Map from Pedrera et al., (2021)

Pyrenees Moho depth
a mantle in the serpentinization window

H2 

H2 detected Serpentinizationwindow

H2 ? 
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Magnetic map of western Pyrenees

Two main magnetic 
positive anomalies : 
Mauleon  and Lourdes? 
Associated with positive 
gravimetric anomalies 

Ą  Dense magnetic bodies 
at shallow depths ?



Saspiturry et al., 2024

Proximity of mantle : 
matching geophysical data
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Magnetic data Gravimetric data



EAGE TOULOUSE 2025 Aubourg & Blaizot field trip 6

Exploring Natural hydrogen in the Pyrenean piedmont
From source rock ( day 1) to reservoirs (day 2) 

Day 1

Breaking science in North Pyrenees.
A pinch of salt, a little water, mantle rocks, and 

hydrogen. 



http://www.minergies.fr/fr/cartographie

Exploration well Producing boreholes

Borehole BELAIR

Oil&Gas exploration
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borehole BELAIR
4.57 km 

STOP J1#1 BELAIR:  a ridge separating two worlds

http://www.minergies.fr/fr/cartographie

J1#1

Rebenacq
crushed
diapir
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Borehole Belair 1982

4572 m

1956 m

Callovo Oxfordian : 
Meillon Dolomite (R)
Sub- vertical bedding

TRIAS
> 2.6 km 
evaporite

Low Jurassic sequence

0 m

1.6 km 
thickness

~ 400 m
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Document from Geolval

Inverted Normal fault Ą welded structure
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H2



The North Pyrenean frontal thrust

Barré  et al., (BSGF, 2021)
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Exclusive Search Permits H2 along NPFT

Data from Lefeuvre et al. (2021, 2022) map
from Aubourg  et al., (submitted ) EAGE TOULOUSE 2025 Aubourg & Blaizot field trip 12



H2 source rock ?

Iron rich
rock Fe 2+ granite Shales

Temperature

water

Oxydation Radiolyse Pyrolyse

100 °C- 350 °C 200 °C- 300 °C

30(ὓὫ,ὊὩ2+ )2ὛὭὕ4 +  41Ὄ2ὕ  O 15(ὓὫ,ὊὩ2+ ,ὊὩ3+)3ὛὭ2ὕ5(ὕὌ)4 +9(ὓὫ,ὊὩ2+ )(ὕὌ)2 +  2FὩ3+
2ὊὩ

2+ὕ4 +  2Ὄ2

 

olivine     +    water   ὥ serpentine                 +   brucite    +      magnetite     + H2
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key observation points for stop J1#1
V Bélair  is located above the blind North Pyrenean Frontal Thrust , 
V 4.6 km. Borehole Bel.1 revealed the preservation of a diapir, which 

grew in a normal fault during the Late Cretaceous. 
V This diapir marks the boundary between rift - like metamorphism to 

the south and unmetamorphosed rocks to the north. 
V Furthermore, this fault also functions as a major drainage system, 

including H2.

Your synthesis
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Stop J1#2 to #4 Benou Plateau ; a 
collection of H2 source rocksé

Stop 
J1#4

Stop 
J1#3

Stop 
J1#2

Parking

North
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(Loiseau et al. 2023)

J1#4

J1#3

J1#2

Simplified geological maps
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Stop J1#2 Turon de la Técouère

Olivine : 35 - 55%
Opx : 20 - 23%
Cpx : 8 - 14%
Spinel : 3 - 5%
Plg : 2 - 3%
Serpentine  5 - 30%
Magnetite 0 - 3%
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Magnetite
~3.1%

Pore ~2.3%

(Loiseau et al. 2023)

(Loiseau et al. 2023)

(Aubourg et al. in prep.)

Microtomography
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key observation points for stop J1#2
V The Turon  de la Técouère  is a mylonitized  continental lherzolite with 

remnants of garnet facies, placing it at an initial depth of ~70 km.
V The uplift process is linked to late Cretaceous (110 - 100 Ma) 

hyperextension.
V This lherzolite is variably serpentinized, in late exhumation processes.
V H2 emanations are detected, which do not reflect surface alteration 

processes, but migration along the Mail Arrouy  weld.

Your synthesis



Stop J1#3 Mapping

North

Stop 
J1#3
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(Caldera et al. 2023)
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key observation points for stop J1#3
V Metamorphic Silurian rock (~350 °C to 400 °C) is stuck to a piece of 

Triassic carbonate. 
V This Silurian rock was torn away by a diapiric process and then 

brought back to the surface (stinger, raft).
V Rich in organic matter (TOC 1 - 10%), it is a potential source rock for 

the Pyrenean H2 system.

Your synthesis



Stop J1#4 Ophite (gabbros)

North

Stop 
J1#4
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key observation points for stop J1#4

V Ophites  are gabbros  that formed around 200 million years ago.
V The magma chambers trapped in the evaporite layers of the Triassic 

period can be several kilometers in size.
V They rose up into diapiric systems, along with other rafts, including 

Paleozoic and lherzolites, to name just a few examples. 
VWith several percent magnetite and olivines , it is a rock rich in Fe2+, 

which can generate hydrogen during redox processes.
V However, its potential has never really been evaluated. 

Your synthesis



(Loiseau et al. 2023)

Cross section

Lherzolite
Ophite
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Summary of the day's observations.
V A substantial H2 drainage zone has been identified along the Northern Pyrenean Frontal 

Thrust ( J1#1 ), with three exclusive exploration permits having been granted or are 
currently under review.

V The NPFT is initially a normal fault, active at the end of the Cretaceous period, and likely 
situated at depth, where diapirism  initiated. 

V The reactivation of this fault during the Alpine contraction (~83 Ma to ~20 Ma) is 
sometimes limited.

V The process of diapirism  resulted in the emplacement of bedrock (Silurian J1#3 ), gabbros  
(Ophite J1#4 ), and lherzolites ( Turon  de la Técouère  J1#2 ) at the surface. 

V These rocks were found to be within an H2 production window. The Silurian experienced a 
peak burial temperature of ~350 °C and released a maximum amount of H2 between 
200 °C and 300 °C, probably during the Late Cretaceous. The lherzolites underwent 
heterogeneous serpentinization during the final stages of their exhumation in the Late 
Cretaceous.

V Numerical models (Zwaan et al., 2025) suggest that the current generation of H2, linked 
to active serpentinization of the mantle at ~10 km, generates 600,000 tons per year. 
This is equivalent to the needs of a city with a population of half a million. Should the 
estimated production cost (if reservoirs are found) be approximately $1 per kg, then this 
could be considered as a potentially viable energy resource.
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Exploring Natural hydrogen in the Pyrenean piedmont
From source rock ( day 1) to reservoirs (day 2) 

Day 2

The regional geological context from outcrops 
observations
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Presentation outline day 2

J2#0 -  Herrere  stop. Albo - Cenomanian Pillow - lavas. A key for 
opening Gulf of Biscay and hyper extension.
J2#1 -  Bearn Foothills : Location and context of the Iberian Margin
J2#2 -  Mail Arrouy  stop : Tectonic and stratigraphic setting 
J2#3 -  Escot  Canyon stop 1 : Structuration 
J2#4 -  Escot  Canyon stop 2 : Stratigraphy and 
J2#5 -  Escot  Fountains : a mature petroleum system
J2#6 -  Accous stop : Geodynamics and salt tectonics
J2#7 -  Some characteristics of this Iberian margin : gravity, 
magnetics, magmatism, thermal gradients, lherzolithes  , abiotic 
CH4, 

Field trip conclusions : a frontier white hydrogen system and 
associated incipient exploration
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North Iberian Margin Map and context
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J2#1 Entering the Bearn Foothills :  3D 
view of the Mail Arrouy Range From Ossay
Valley (WNW direction)

Col de Marie Blanque

Pic dõEscurets

Oloron

Escot

Mail Arrouy

Ogeu

Site GéolvalRGTP

Mail Arrouy

J2#1
Site GéolvalRGTP

Herrere. Stop J2#0
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J2#2 Mail Arrouy ófault ô from
South - West (RGTP site)

Dogger 
Carbonates

AlbianFlysch

Keuper

1 - Structural panel strongly 
dipping to the North
2 - Full Jurassic series resting on 
upper Triasic  (Keuper  marls 
and evaporites) resting on:
 3 - Albian Flysch below the 
thrust predating the Pyrenean 
compression 


