
Deep-sea mineral and biological resources : a scientific, technological and societal 
challenge

The oceanic crust covers about 70% of the Earth geological surface. The ocean floor is a very reactive 
interface between the solid Earth and the oceans, the locus of major chemical exchanges and intense bio-
logical activity. Although vast domains remain essentially unexplored, specific areas such as the mid-ocean 
ridges and the continental margins have been studied for decades through observation and sampling (e.g., 
ocean drilling, submersible operations), seafloor mapping (bathymetry), and geophysical sub-seafloor ima-
ging techniques. As the techniques for oceanographic exploration continuously progress in quality and per-
formance, our knowledge of the vast oceanic realm becomes increasingly better and bigger. Deep-sea 
resources have become a fundamental scientific and societal issue over the passed years, and the subject 
of fascinating scientific research.

Immediately after its formation at mid-ocean ridges, the very young ocean crust is penetrated by seawater, 
which is heated by underlying magmas, reacts with the host rocks, and returns back to the seafloor to form 
massive sulfide deposits and provide the necessary energy and nutrients to very unique ecosystems. These 
hydrothermal vent sites, also known as "black smokers", were discovered in the Pacific in 1977 close to the 
Galapagos Islands; they are now found anywhere along mid-ocean ridges. The mineral deposits constitute 
in many documented occurrences very large, potentially economically viable resources (iron, copper, zinc, 
gold, cobalt, nickel, ...). Deep-sea mining has now become a major societal issue, and will probably become 
a reality within the next few years (See for instance the maps of tenements granted to the company Nautilus 
Minerals in the South West Pacific; www.nautilusminerals.com/s/Tenements.asp). The self-explanatory cover 
title of the September 2009 issue of a Marine Technology was "deep-sea mining: the race to the ridges"… 
How to reconcile industrial exploitation of such resources with the preservation of biodiversity, in very fragile 
ecosystems that yet we know so little about? Scientists will hopefully have something to say about this.

One of the major discoveries of marine geosciences over the passed 20 years has been the recognition that 
the ocean crust is much more heterogeneous than previously thought, especially when formed at slow-
spreading (<4 cm / year) ridges (Atlantic, South West Indian, and Arctic oceans) where the seafloor is locally 
made of altered mantle rocks (serpentinites). This type of crust is far more reactive than regular basaltic crust, 
and hosts hydrothermal vent sites with very specific fluid chemistry and fauna. Of particular interest is the 
abundance of natural hydrogen, methane, and hydrocarbons produced by serpentinization reactions. The 
latter are also associated to carbonation reactions, which deserves further studies to estimate the rate and 
quantity of carbon uptake, and test the feasibility of CO2 sequestration in deep-sea mantle rocks.

As the ocean crust drifts away from mid-ocean ridges and ages, it progressively cools down, gets covered 
by sediments, and continues to interact with seawater. One end product of the slow (over 10's of million 
years) maturation of sediments that we all know about is oil. Less known, but also very important resources 
are the gas hydrates that Sumito Morita is presenting to us in details. Gas hydrates are methane-rich ice, 
which are present in the sediment at shallow depth on all continental margins around the world. Although 
the global stock of methane that gas hydrates represent is difficult to estimate, there is a general consensus 
that it is very large, representing one of the bigger sources of fossil carbon on Earth. Hence it is the subject 
of considerable attention for its potential as a new energy source, which, as presented by Dr Morita, could 
be of great interest for a country like Japan. Because of their relatively small pressure-temperature stability 
field, gas hydrates may easily dissociate and release considerable amounts of methane, potentially playing 
a key role in destabilizing continental slopes (and generate giant landslides and associated tsunamis), and 
increasing the greenhouse effect. They are therefore the subject of very active scientific research to better 
understand their mode of formation and the controls on their stability.

In her presentation of the "blue revolution", Sophie Arnaud-Haond presents an overview of the global marine 
biological resources and their technological applications. A unique and extremely diverse part of the biosphere 
(including microbes and bacteria) lives in deep-seas, on the seafloor as well as down to at least 1 km within the 
rocks (deep biosphere). Dr Arnaud-Haond also outlines the major societal, ethical, and political issues that are 
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raised by the increasing use of deep-sea biological resources. In 2006, the InterRidge program (www.inter-
ridge.org) wrote and adopted a code of conduct for scientific exploration research at mid-ocean ridges, which 
illustrates the willing of the scientific community to commit to, and promote responsible research practice (in-
terridge.org:8080/en/IRstatement). InterRidge also sponsored and organized a workshop on deep-sea mining 
in April 2009 (interridge.org/en/node/5582). The InterRidge statement of commitment to responsible research 
practices at deep-sea hydrothermal vents was recently adapted for a code of conduct released by the OSPAR 
commission (www.ospar.org), which represents 15 European countries, and aims to protect the North-East 
Atlantic and its resources. We are still a long way, though, to a truly international agreement on a sustainable 
use of marine deep-sea resources. The scientific community will continue to study, decrypt, and explain to the 
public the fascinating deep-sea world; scientists should also actively participate to a general understanding of 
how to best exploit, and preserve it. 




