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Criticality : Economic Importance + Supply Risk 
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 Base metals  : Cu, Fe, Zn, Pb
 High technology metals
 Metals for green energy
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Why the Ocean ?

Different Types of Mineralisation

Environment, Ecosystems

Technical Expertise and 
equipments
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Oceanic Ridges
Hydrothermal sulfides, 

Abyssal
plains
nodules

Margins, Shelf
Hydrocarbons, hydrates, 
sands, gravels, placers…

continental crustCOT
Oceanic crustMantle

Sediments 

© Ifremer / P.Cochonat et Y.Fouquet

Seamounts
Mn crusts
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> 4000 m  
Polymetallic Nodules

1000 m – 3000 m

Mn crusts
1000 m – 5000 m

Sulfides
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+ Au, Ag, Pb, Co 
In, Ge, Se, Co, Cd, 
Bi, Te, Ga, Ge 

+ Pt, Te, REE
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Rare Earths
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Economic Importance  
Present in Nodules or Crusts Present in hydrothermal sulfides

http://ec.europa.eu/enterprise/policies/raw‐materials/files/docs/report‐b_en.pdf
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400 m

20 m
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Mining  licenses EEZ : 
Sulfides 2010 -11

Exploration licenses
in EEZ : Sulfides

Exploration licenses - International water

Nodules

2001-2006 - China, 
Japan
Korea, Russia
France, Germany
IOM
2011
Nauru
Tonga

India (2001)

China (2011)

Russia (2011) 

France (2012)

Sulfides
(July 2012)

Korea 
(2012)



IFREMER / Marine Geosciences PECC Auckland – December 2012

Why the Ocean ?

Different Types of Mineralisation

Environment, Ecosystems

Technical Expertise and 
equipments
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Direct Impact : extraction = total destruction of habitats
Indirect Impact : particules plumes = ???

Polymetallic Nodules
(15 years)

Direct Impact :
10 000 km²

Indirect Impact :
20 000 – 50 0000 km²

Massive sulfides
(3-5 years)

Direct Impact :
< 50 km²

Indirect Impact :
??
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•Hydrothermal Ecosystems
High biomass, Weak diversity,
High endemism

Hydrothermal sites

Sedimentary faunas
Weak Biomass, High diversity
Weak endemism

Abyssal plains

Seamounts faunas
Variable biomass and diversity,
Variable endemism?

Seamounts

Sulfides Nodules Mn crusts
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Are populations connected and
what are the patterns of connectivity (e.g. source-sink)?

Phylogeographic analyses, Phylogenetic analyses, Larval ecology …

Biogeography of vent communities
Five biogeographic provinces

From Moalic et al., 2011
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Two modules :
- Exploration and sampling
- Detailed observation, measurements and sampling (Rocks, Sediments, Fluids, Animals)
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Interior of the Nautile
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Front of the Nautile with the succion 
sampler (up left) and the arms

Bowls of the succion sampler dedicated
to faunal collection

Sampling box (here open) Titanium bottles for
high temperature fluids sampling
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Yves Fouquet
Géosciences marines / Brest
Yves.fouquet@ifremer.fr

Lénaick Menot, Marie-Anne Cambon
Environnements profonds / Brest
Lenaick.menot@ifremer.fr, Marie.Anne.Cambon@ifremer.fr

Martin Patriat
Géosciences marines / Nouméa
Martin.patriat@ifremer.fr

http://wwz.ifremer.fr/drogm_eng/Mineral-resources
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Bluhm, H., 2001. Re-establishment of an abyssal megabenthic community 
after experimental physical disturbance of the seafloor. Deep Sea 
Research II 48 (17-18), 3841-3868.

Impact of harrow on seafloor faunas


