ANNUM Field trip EAGE Toulouse 2025
Exploring Natural hydrogen inthe Pyrenean piedmont

From source rockto reservoirs

Pr. Charles Aubourg (UPPA) & Dr. Marc Blaizot (SGF & Geolval)
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Lithostratigraphic Units
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Pyrenees Moho depth
In the serpentinization

it

Map from Pedrera et al., (2021)
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Magnetic map of western Pyrenees

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

matching geophysical data
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Exploring Natural hydrogen inthe Pyrenean piedmont
From sourcerock ( day 1)to reservoirs (day 2)

Day 1

Breaking science in North Pyrenees.
A pinch of salt, a little water, mantle rocks, and
hydrogen.
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Reconnaissance du potentiel pétrolier, de la stratigraphie et
lithologie des séries allochtones du prospect de Guiche n® 1.
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The North Pyrenean frontal thrust
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Exclusive Search Permits H2 along NPFT
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H2 source rock ?
Radiolyse Pyrolyse
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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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Simplified geological maps
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Stop J1#2 Turon dela Teécouere sl s Géolva/

BETH CONFERENCE & EXHIBITION =

[TOULOUSE | FRANCE]

2-5 JUNE 2025
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key observation points for stop J1#2

V The Turon dela Teécouere isa 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.

This lherzolite is variably serpentinized, in late exhumation processes.

H2 emanations are detected, which do not reflect surface alteration

processes, but migration along the Mall Arrouy weld.

< <
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Stop J1#3 Mapping
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Thick pane! of imestanas

Poltes, calcarenites and
imessones atenation

Schists, peltes, sandstones
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Pelites and sdttas with quartz.

Pelites and limestones aliernation

Dark pelites and sites
Main detachmant level i the Upper Pakeczoic

(Caldera et al. 2023)
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key observation points for stop J1#3

V Metamorphic Silurian rock (~350
Triassic carbonate.

°Cto 400 °CQ)is stuck to a piece of

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
the Pyrenean H2 system.

- 10%), it is a potential source rock for
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key observation points for stop J1#4

Ophites are gabbros that formed around 200 million years ago.

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 Iherzolites, to name just a few examples.

V With 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
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Cross section

Mail Arrouy
Thrust (former weld)

(Loiseau et al. 2023)
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NVesr: GéolVal

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 dela Técouére 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 Iherzolites 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.



Exploring Natural hydrogen inthe Pyrenean piedmont
From sourcerock ( 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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Fig. 34 A) Main structural domains of the Pyrenees with location of the Chainons Béarnais (after Clerc et al. (2016b)); B)
Geological map of the Chainons Béarnais (modified after Castéras (1970)). The colors correspond to the lithostratigraphic
log; C) Simplified lithostratigraphic log showing the different stratigraphic formation present in the Mail Arrouy.
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J2#1 Entering the Bearn Foothills : 3D FUTERE Géolal
view of the Mail Arrouy Range From Ossay
Valley (WNW direction)

==
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=== = -~ — HerrereStop J2#0

Data S|1O, NOAA, U.S. Navy, NGA, GEBCO
Image ® 2011 Eusko Jaurlaritza - Gobierno Vasco
Image @ 2011 IGN-France
Image . ® 2011 GeoEye
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2-5 JUNE 2025

Dogger
Carbonates

Keuper

AlbianFlysch

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



