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Figure 3. Mean chemical composition of 627 bulk Fe-Mn crust samples from the central 
Pacific compared with the mean composition of 103 crusts from the area around 
Johnston Island. Each area of the global ocean has a somewhat different mean 
composition of Fe-Mn crusts.  
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Figure 4. Global trace-metal maxima and central Pacific mean concentrations (white 
lines) in Fe-Mn crusts based on data presented by Hein et al. (2000, 2008). The mean 
value for cobalt is 6,500 ppm, for cerium is 1,717 ppm (which fall in the break in the 
scale), and for platinum is 0.5 ppm (modified from Hein et al., 2010). 
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Figure 5. Location of seamounts, guyots, ridges, and plateaus used for surface area 
measurements and mine-site model evaluation. Brown areas were measured and are 
marked by red circles indicating relative sizes; dashed line encloses the largest region 
in the global ocean with permissive conditions for development of thick Fe-Mn crusts 
(from Hein et al., 2009).  
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Figure 6. Schematic representation of a deep-sea mining vehicle for Fe-Mn crusts; 
designed by J.E. Halkyard, OTC Corporation (from DOI-MMS, 1990). 
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TABLES 
 
 
 
Table 1. Use of rare metals in Fe-Mn crusts in emerging and next-generation 
technologies; ratio of U.S. imports to exports (modified from Hein et al., 2010). 
 
 
 

Import/ 
Export 

  Main Uses 
 

 Emerging & Next Generation Technologies

Te 
 

9 
 

Steel, Cu, & Pb alloys, pigment 
 

Photovoltaic solar cells; computer chips; 
thermal cooling devices 

Co 
 

4 
 

Steel superalloys (e.g. jet 
engines), batteries, chemical 
application 

Hybrid & electric car batteries, storage of solar 
energy, magnetic recording media, high-T 
super-alloys, supermagnets, cell phones 

Bi 
 

6 
 

Metallurical additives, fusible 
alloys, pharmaceuticals & 
chemicals 

Liquid Pb-Bi coolant for nuclear reactors; Bi-
metal polymer bullets, high-T superconduct, 
computer chips 

W 
 

3 
 

Wear-resistent materials, 
superalloys, electrical, chemicals

Negative thermal expansion devices, high-T 
superalloys, X-ray photo imaging 

Nb 
 

18 
 

Steel & superalloys  High-T superalloys, next generation capacitors, 
superconducting resonators 

Pt 
 

7 
 

Catalytic converters, liquid-
crystal & flat-panel displays, 
jewelry, electronics 

Hydrogen fuel cells, chemical sensors, cancer 
drugs, electronics 
 

Te is tellurium; Co is cobalt; Bi is bismuth; W is tungsten; Nb is niobium; Pt is platinum 
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Table 2. Value of metals in 1 metric ton of Fe-Mn crust  
from central Pacific; red indicates metals commonly used  
for economic evaluations. 
 

  

Mean Price 
of Metal 
(2008 
$/kg) 

Mean 
Content 
in Crusts 
(g/ton) 

Value per 
Metric Ton 
of Ore ($) 

Cobalt $92.59 6899 $638.81 
Cerium $125.00 1605 $200.63 
Titanium $8.70 12035 $104.70 
Nickel $20.74 4125 $85.55 
Molybdenum  $74.96 445 $33.36 
Platinum $64,795.28 0.5 $32.40 
Tellurium $350.00 60 $21.00 
Zirconium $25.30 618 $15.64 
Copper $8.48 896 $7.59 
Tungsten $25.40 90.5 $2.30 
Total -- -- $1,141.98 

 
 
 
 
Table 3. Nations that have conducted scientific research for Fe-Mn crusts, the regions 
of their studies, and the availability of data.    
 
Nation Region Data 
   
Australia SW Pacific Data/science published 
Brazil Equatorial Atlantic Data/science published 
China N Pacific Proprietary 
France French Polynesia Data/science published 1980s 
Germany Global Proprietary/science published 
India Mid-Indian Ocean Proprietary/science published 
Japan N Pacific/SOPAC Proprietary/SOPAC reports 
Korea N Pacific/SOPAC Proprietary/science published 
New Zealand SW Pacific Data/science published 
Portugal NE Atlantic Data/science published 
Russia N Pacific Proprietary/science published 
U.S. Global Data/science published 

 



Hydrothermal vent ecosystems associated with polymetallic sulphides 
‐ conservation and genetic resource issues  

 
S. Kim Juniper 

University of Victoria, Victoria, British Columbia, Canada 
 
 
 
Abstract 
In addition to forming mineral deposits of economic interest, hydrothermal venting at 
mid-ocean ridges supports unique biological communities that are adapted to extreme 
environmental conditions and derive their energy from chemical substances in 
hydrothermal fluids. Most vent species occur nowhere else on Earth. Mining of 
hydrothermally active polymetallic sulphide deposits will result in the destruction of 
habitat used by vent organisms. In order to mitigate the impact of mining on the survival 
of individual hydrothermal vent species, research must be carried out prior to the 
planning of mining operations. The establishment of protected vent areas is one 
management tool that could be used to prevent eradication of species. Vent organisms 
also constitute a unique genetic resource. Academic researchers and the biotechnology 
industry have been particularly interested in the extremophile organisms that inhabit 
hydrothermal vents. Features such as tolerance to high temperatures and toxic chemicals, 
rapid growth and unusual symbioses with bacteria are common at vents. Already, 
enzymes from high temperature microorganisms being commercially marketed and other 
products of vent research are undergoing testing or clinical trials. 
 
Introduction 
The discovery of deep-sea hydrothermal vent ecosystems in the late 1970’s was one of 
the most important biological discoveries of the latter half of the 20th century. 
Everywhere scientists have found hydrothermal vent activity in the deep ocean, they have 
found communities of specialized vent organisms.  In order to understand the scientific 
value of vent ecosystems and their potential value to society, we first need to consider 
how ecosystems normally operate in the deep ocean. 
 
In the total darkness of the deep ocean most food chains are nourished by organic debris 
that sediments down from surface waters where phytoplankton carry out photosynthesis.  
Only a very small fraction (1% or less) of this surface productivity reaches the deep 
ocean floor.  As a result, nutritional resources and animal life are very scarce.  An 
exception to this rule is found at deep-sea hydrothermal vents at mid-ocean ridge and 
back-arc spreading centres, and at underwater volcanoes associated with island arc 
volcanism. In these settings, geological forces provide ecosystems with non-
photosynthetic energy sources. Hydrothermal vents discharging from the seafloor provide 
chemical energy for specialized microbes and vent animals that concentrate around vent 
openings. Vent faunal biomass can be 500 to 1000 times that of the surrounding deep sea 
and rival values in the most productive marine ecosystems such as shellfish cultures. 
Biological productivity at hydrothermal vents is sustained not by photosynthetic products 
arriving from the sunlit surface ocean, but rather by the chemosynthesis of organic matter 



by vent microorganisms, using energy from chemical oxidations to produce organic 
matter from CO2 and mineral nutrients.  Hydrogen sulphide and other reducing 
substances present in hydrothermal fluids provide the fuel for organic matter synthesis by 
free-living microbes and microbes living in symbioses with vent organism. This 
chemosynthetically produced organic matter then provides food, often very abundant, for 
the animal communities living around vents (see Tunnicliffe 1992 and Van Dover 2000 
for detailed discussion of the biology and ecology of hydrothermal vents).  
 
Vent biodiversity 
So far around 600 different organisms have been found at deep-sea hydrothermal vents. 
This is a small number compared to the 500,000 – 10,000,000 species estimated to 
inhabit the deep ocean, but vent organisms make up for their low diversity with a great 
deal of evolutionary novelty and the fact that most are found nowhere else on Earth. They 
exhibit many unusual adaptations to the severe, potentially toxic nature of the 
hydrothermal fluids.  High animal density and the presence of unusual species are now 
known to be common characteristics of deep-sea hydrothermal vents all over the globe, 
with the composition of the fauna varying between sites and regions. More than 100 vent 
fields have been documented along the 60,000 km global mid-ocean ridge system since 
the first discovery in 1977. Hydrothermal faunal communities occupy very small areas of 
the seafloor and many sites contain animal species found nowhere else.  
 
Cutting edge biological science has become an important stakeholder in this resource and 
millions of research dollars are annually directed to laboratory and field studies of vent 
organisms. Research missions with deep-diving submersibles visit several vent sites 
around the world each year.  Vent biology, in its brief history, has made major 
contributions to the development of basic models of life processes.  Most recent editions 
of university textbooks in biology and ecology now use examples from hydrothermal 
vents to illustrate points on symbiosis, detoxification, adaptation to extreme conditions 
and ecosystem function.  
 
While few of the novel animal species discovered at vents may be edible or of any 
immediate material value, there is considerable interest from the biotechnology industry 
in extreme vent microorganisms. Features such as tolerance to high temperatures and 
toxic chemicals, rapid growth and unusual symbioses with bacteria are common at vents 
and have attracted a great deal of research interest. Hydrothermal vents are sites 
colonized by hyperthermophilic Bacteria and Archaea. They are called 
hyperthermophiles because they grow at temperatures in excess of 80˚C. Enzymes from 
these microorganisms have a range of specialized applications from molecular biology to 
the food processing, fabric and chemical industries. Such enzymes are produced by 
growing microorganisms in culture rather than harvesting biomass directly from the sea. 
The "Taq" DNA polymerase enzyme, used worldwide in molecular biology, is produced 
from Thermus aquaticus, a thermophile first isolated from terrestrial hot springs. Today, 
the annual market for Taq polymerase is worth approximately $500 million per year. 
Several DNA polymerase enzymes from hydrothermal organisms (Pfu DNA polymerase, 
Deep VentR DNA Polymerase and others) now constitute a substantial share of this 
market. We still know very little about the biodiversity of microbes at vents and their full 



biotechnological potential remains unquantifiable. In addition to biotechnological 
exploitation of vent microbes, the vent fauna is also attracting research interest from this 
sector. One interesting examples comes from studies of the hemoglobin of a 
hydrothermal vent worm by French researchers. This work has led to a promising 
biotechnological development aimed at producing artificial blood from worm 
hemoglobin (Harnois et al. 2009). It is important to point out the bioprospecting at 
hydrothermal vents is very costly and development time for commercial products can 
take many years. Nonetheless, there are strong economic, as well as ecological arguments 
for preserving vent sites to safeguard this biodiversity and the genetic potential of both 
the prokaryotic and higher organisms. The visually spectacular and extreme nature of 
vent communities also makes them popular subjects for the science media and science 
education sectors. Several of the world’s leading natural history museums feature new 
exhibits on hydrothermal vents. 
 
A brief consideration of mining impacts 
Mining of hydrothermal polymetallic sulphides in coming decades will likely be 
concentrated in a few limited areas where polymetallic sulphide deposits of commercial 
size are known to occur. At these locations, extracting ore will result in removal of the 
substratum and production of a particulate plume. Some organisms will be directly killed 
by mining machinery, while others nearby risk smothering by material settling from the 
particulate plume. The high degree of uniqueness of the vent fauna, together with their 
limited distribution are important issues to be considered in developing strategies and 
regulations for the mining. In contrast, microorganisms colonizing hydrothermal sites are 
generally assumed to be drawn from a globally distributed gene pool and therefore little 
threatened by localized mining activities. The biogeography of marine microbes has been 
little studied and this view of their global distribution may eventually change. 
 
Studies of the rapid colonization of new vents following seafloor eruptions demonstrate 
the ability of the vent communities to re-establish at a severely disturbed site, as long 
there are hydrothermal emissions to support microbial chemosynthesis. While time scales 
for the establishment of mature, multi-species communities remain uncertain, high 
biomass and faunal density levels are attained within a few years after eruptions (van 
Dover, 2000). Observations of local shifting of vent species to adapt to changes in fluid 
flow reinforce this notion of resilience.  While it may be tempting to apply the resilience 
argument to considerations of mining impact, it is important to point out that the mother 
populations that permit repopulation after perturbation are themselves particularly 
vulnerable to mining. There is some evidence that biodiversity within a given region is 
greatest at larger, longer-lived hydrothermal sites. This is in keeping with what has been 
observed in other ecosystems on Earth. Long-lived  ‘mother populations’ may be critical 
to the maintenance of vent species biodiversity within a region. These same long-lived 
hydrothermal sites are also the most likely locations for accumulation of large sulphide 
deposits and therefore will be prime targets for mining. As well, many localized species 
many not have a nearby mother population or they may be unable to recolonize the 
altered substratum after mining.  In the latter case, only the establishment of protected 
areas would prevent eradication of species. 
 



Managing the impact of mining activities on hydrothermal vent ecosystems will present 
many challenges to regulatory agencies. The remote and deep location of these 
environments will mean that the mining industry and occasional scientific expeditions 
will be the only regular visitors and therefore will be the primary source of ecosystem 
information for managers. It will be essential that regulators, scientists and industry 
maintain a close and regular exchange of information. Otherwise, management of these 
vent ecosystems will be largely based on principles developed for near-shore marine 
environments, where conservation of living ecosystem components and physical and 
chemical properties are the primary high-level objectives. Maintaining an ecological 
status quo is probably of little relevance to these deep-sea vent ecosystems whose 
populations are virtually unquantifiable, where there is no documented ecosystem history 
and where seafloor volcanic eruptions and seismic activity can completely eliminate 
benthic communities in a matter of hours.  If sustainable use for science and industry are 
to be overall management goals, then specific objectives and plans will need to be 
flexible and adapt to new knowledge of the ecosystem that researchers are acquiring each 
year.  
 
Research into the biology and ecology of hydrothermal vent organisms and other 
chemosynthetic ecosystems is a multi-million dollar industry that attracts some of the 
most talented researchers worldwide. Marine scientific research is therefore the most 
important stakeholder at hydrothermal vents and needs to partner with commercial 
exploitation of polymetallic sulphides to assure that mining is done in the most 
environmentally responsible way possible (Hoagland et al. 2010).  
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For many years, Germany has been active in world-wide scientific 
investigations of seafloor mineral resources, including polymetallic 
massive sulphide deposits, manganese nodules, manganese crusts and, 
most recently, gas hydrates. A large number of research cruises have 
been directed to the western and southwestern Pacific Ocean where 
numerous new discoveries of copper- and gold-rich metal sulphide 
deposits were made. A successful drilling cruise to the territorial waters 
of Papua New Guinea has resulted in drill cores of massive sulphide 
deposits that are now further investigated by commercial mining 
companies. A new type of submarine gold deposit that was found at a 
seamount in the same area has also generated the interest of mining 
companies.  
The German manganese nodule program currently focuses on the 
German claim in the Clarion-Clipperton area and has resulted in a 
renewed interest in the recovery of manganese nodules as a source for  
nickel, copper and cobalt. This program is ongoing and supported by 
German Federal authorities. 
Gas hydrates are currently investigated for their potential of combining 
CH4 recovery with the deposition of CO2. This concept has been 
developed based on many years of fundamental research and, if proven 
to be successful, may lead to a new industry combining two major issues 
of today’s and future societies: the need for clean energy and the 
protection of our climate. 
 




