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Location of the Galapaos Rift sulphides occurrence 
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Locations of the CYAMEX and RISE Fields and the sulphides occurrence at Green Seamount 
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Locations of the sulphides occurrences at the 23oS and Pito Seamounts as well as at 23o32’S and 26o12’S 
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Locations of the sulphides occurrences in the Shaban, Kebrit, and Zabargad Deeps 
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Location of the sulphides occurrence in the Atlantis II Deep 
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Locations of the sulphides occurrences at the JADE and CLAM Sites as well as at the Minami-Ensei and 
Iheya North Knolls 
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Locations of the sulphides occurrences at Yonaguni Knoll, Hatoma Knoll and at 25o14’N 
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Locations of the sulphides occurrences at Myojin Knoll, Myojinsho Knoll and at Suiyo Seamount 
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Locations of the sulphides occurrences at East Diamante, Esmerelda Bank and the Forecast Vent Field 
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Locations of the sulphides occurrences at PACMANUS, DESMOS, Suzettte/SuSu, Vienna Woods and the 

fields near 9o9.5’S, 9o6.7S and 9o22.22’S 
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Locations of the sulphides occurrence at Franklin Seamount 
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Locations of the Pere Lachaise and White Lady sulphides occurrences 
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Locations of the sulphides occurrences at 18.36’S, White Church, Vai Lili and Hine Hina 
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Locations of the sulphides occurrences at Brothers Seamount, Rumble II Seamount, Clark Seamount and at 

the Calypso Vents 
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Appendix 4 
Maps of 12 model exploration areas 

 
 Model exploration areas using 5 deg. by 5 deg. maps and 1,000-m contour intervals 
were measured for 12 case studies in the Area.  Models are presented that illustrate how 
these areas might be reduced to the minimum number of exploration lease blocks 
according to the schedule of relinquishment proposed in the draft regulations (50 per cent 
of the allocated area after year 5, 75 per cent after year 10, and a maximum of 25 blocks 
after year 15). 
 

Locations of the sulphides occurrences near 7o21’S and 7o25’S 
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Locations of the sulphides occurrences near 14oN, 13oN, 11o50’N, 10o56’N  

and at the 87D-D1 and 87D-C Seamounts 
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Locations of the sulphides occurrencesnear 9o50’N, 9o46’N, 9o39oN and 9o16oN 
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Locations of the sulphides occurrences near 13o58’S, 17o25’S and 7o35’S 
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Locations of the sulphides occurrences near 17o25’S, 17o35’S, 18o10’S, 18o25’S, 18o31’S, 18o36’S, 20o08’S, 

21o24’S and 21o33’S 
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Locations of the sulphides occurrences near 37o40’S and 37o47’S 
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Location of the 24o30’N and Snakepit sulphides occurrences 
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Location of the sulphides occurrences at 16o38’N, 14o54’N and the Logatchev Field 
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Location of the MESO Zone sulphides occurence 



 287

Appendix 5 
Detailed maps of selected areas at 100-m contour intervals 

 
 A series of 30 min x 30 min maps (100-m contour interval) illustrate the selection of 
permissive areas in cases where more detailed bathymetric information may be available.  The 
data shown here are from the United States of America National Geophysical Data Center 
inventory of multibeam bathymetry (http://www.ngdc.noaa.gov/mgg/bathymetry/multibeam.html). 
These maps can be used to significantly reduce the initial size of a permissive area, but the data 
are not available for all parts of oceans. 
 

Bathymetry of sulphides occurrences near 11o50’N and at the 87D-D1 and 87D-C Seamounts 
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Bathymetry of the CYAMEX and RISE Fields and the sulphides occurrences at Green Seamount 
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Bathymetry of sulphides occurrences at Axial Seamount 
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Bathymetry of the Southern Explorer Field 
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Bathymetry of the sulphides occurrences at 17o25’S and 17o35’S 
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Bathymetry of the sulphides occurrences near 18o10’S, 18o25’S, 18o31’S and 18o36’S 
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Bathymetry of the sulphides occurrences at PACMANUS, DESMOS and Suzette/SuSu Knolls 
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Summary of the presentation 
 
 Dr. Mark Hannington and Dr. Thomas Monecke of the University of Ottawa assisted the 
Secretariat in the preparation document ISBA/12/C/3 - Part II on “Global exploration models for 
polymetallic sulphides deposits in the Area – Possible criteria for lease block selection under the 
Draft Regulations on prospecting and exploration for polymetallic sulphides”, in partial response 
to the request made by the Council at the eleventh session of the Authority. Unfortunately neither 
Dr. Hannington nor Dr. Monecke could be present at the workshop.  Dr. James Hein agreed to 
make the presentation and to respond to those questions that he could during the discussions. 
The summary of his presentation as well as the discussions following his presentation are 
presented below.  
 
 Dr. Hein explained that in the absence of the two authors, he did not have the benefit of a 
powerpoint presentation so he had extracted figures from their paper for the presentation.  Dr. 
Hein said that he did not have Dr. Hannington’s training in this field but would do the best that he 
could to be faithful to his train of thought. 

 
 Dr. Hein said that the paper consisted of an effort to see how the draft Regulations of the 
International Seabed Authority would apply in the real world of sulphides deposits.  He said that 
the authors of the paper took all of the known deposits or occurrences of sulphides in the global 
ocean and applied them a grid system.  He said that the authors used a grid system based on 
latitude either in degrees, latitude or some sub-unit of degrees latitude, which was an easy grid 
system to use on the earth.  He indicated that a problem with that system was that the size of an 
area bound by longitudes and latitudes changed with latitude because kilometers representing 
that degree changed depending on where one was located.   

 
 With regard to the occurrence of polymetallic sulphides deposits in the oceans, Dr. Hein 
named three sources.  The first source was oceanic spreading centres where molten rock comes 
up to the seafloor.  The second source was oceanic hotspots, and the third source was in volcanic 
arcs where oceanic crusts are subducted either below other oceanic crusts or continental crusts, 
creating volcanic activity.   

 
 In relation to oceanic spreading centers, Dr. Hein said that and seafloor spreading occurs 
at mid-ocean ridges, where new oceanic crust is formed through volcanic activity and then 
gradually moves away from the ridge.  He said that this was where a lot of sulphides deposits 
occur.   
 
 He said that another place where hydrothermal deposits are found was at oceanic hot 
spots, with a perfect example being the island of Hawaii.  Dr. Hein said that hot spots were fixed 
places within the mantle or oceanic lithosphere, where rocks melted to generate magma.  He said 
that the whole Hawaiian chain forms as the Pacific Ocean moves NW over a hot spot deep within 
the earth, creating new islands as the plate moves over that hot spot.  He also said that the island 
of Hawaii was presently over that hot spot so the island of Hawaii is volcanically active today, 
whereas if you go the next island over to the north it is not volcanically active.  
 
 Dr. Hein described the third source of hydrothermal activity as volcanic arcs.  He said that 
a volcanic arc was a chain of volcanic islands or mountains formed by plate tectonics as an 
oceanic tectonic plate subducts under another tectonic plate and produces magma.  He informed 
participants that there were two types of volcanic arcs: oceanic arcs (commonly called island arcs, 
a type of archipelago) and continental arcs. He said that in the former, oceanic crust subducts 
beneath other oceanic crust on an adjacent plate, while in the latter case the oceanic crust 
subducts beneath continental crust.  With regard to island volcanic arcs, he said that these were 



 295

places like the Marianna’s, the Izu Bonin Arc, and the Aleutian Islands.  Dr. Hein said that 
volcanic arcs have only recently been the focus of studies of hydrothermal activities and there 
have been some exciting results.  Dr. Hein said that behind the arc there was another kind of 
seafloor spreading that occurs on a much smaller scale that produces hydrothermal activity and 
very important hydrothermal mineral deposits.  Dr. Hein also said that there was spreading in 
oceanic settings and spreading in back arc settings.  These were basically the sort of 
environments in the ocean basins where hydrothermal activity occur and polymetallic sulphides 
are formed.  He noted that in the hot spots, although hydrothermal deposits were formed, one 
generally does find polymetallic sulphides, at least not in any significant quantity.  
  
 With regard to document ISBA/12/C/3 - Part II - “Global exploration models for 
polymetallic sulphides deposits in the Area – Possible criteria for lease block selection under the 
Draft Regulations on prospecting and exploration for polymetallic sulphides”, Dr. Hein said that 
Dr. Hannington had put together a global distribution of known hydrothermal deposits.  He said 
that there were about three known hydrothermal deposits: those that were out in the ocean basins 
as seamount deposits, which are not polymetallic sulphides, but are hydrothermal manganese 
deposits that occur along the 55,000km oceanic spreading centers.  Another type of hydrothermal 
deposit that was not included in ISBA/12/C/3 - Part II were those found in fracture zones where 
there are small hydrothermal systems, and deposits associated with volcanic arcs.  
 
 Dr. Hein provided some examples of sulphides deposits at spreading centers. He 
emphasised the fact that spreading centers spread at different rates. He informed participants that 
the spreading ridges in the Atlantic Ocean were slow, and that those in the Artic Ocean were even 
slower.  Dr. Hein defined a very fast spreading ridge as one that spread at a rate of 4cm-6cm per 
year.  He said that variations in the spreading rate have a profound influence over the type of 
hydrothermal deposit created.  He said that at fast spreading ridges many smaller deposits were 
formed, but that they were buried much quicker, because they were moving away from the central 
axis.  He then described magma-dominated systems found in the Atlantic Ocean where the 
spreading rate was slower.  He said that in tectonic-dominated systems there was less magma 
involved, resulting in the formation of larger but fewer sulphides deposits.  
 
 Dr. Hein identified the following points that he said came from ISBA/12/C/3 - Part II:  
 

• There are more than 300 hydrothermal sites in the world’s oceans; 
 
• 40 per cent of them are in The Area, or in marine areas beyond the limits of 

national jurisdiction; 
 
• 65 per cent are found at mid-ocean ridges; 22 per cent are found in back-arc 

basins;12 per cent are found in volcanic arcs, and  1 per cent are found at mid-
plate volcanoes; 

 
• 100 of the hydrothermal sites have polymetallic sulphides; 
 
• 55,000 kilometres of oceanic spreading centres; 22,000 kilometres of volcanic arc 

and back-arc spreading. In total that is a lot of territory for the occurrence of 
hydrothermal activity; 

 
• There are only two known deposits that are greater than 1 million tons, one of 

them is in the Atlantic Ocean, the other one is in the NE Pacific Ocean in the 
Juan de Fuca Gorda Ridge region.  Dr Hein said that the latter deposit is now 
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included in a national reserve.  Based on geologic characteristics, Dr Hein said 
that there may be five other deposits of this size.  

 
• Individual occurrences cover no more than 1km diameter; 
 
• The median tonnage in most 100 square kilometres blocks will not be greater 

than 50,000 tons. That is not based on data collected in the ocean basins; it is 
based on data from the geologic record. Dr Hein said that if it is expected that 
Cyprus and Kuroko-type deposits would be representative of what might be 
found in the ocean basins, such a tonnage is reasonable.  

 
 He said that the average spacing of vent sites along the ridge was about 98 kilometres .  
He said that this average varied according to whether the spreading was fast or slow.  He said 
that the spacing was about 167 kilometres for slow-spreading ridges and 46 kilometres for fast-
spreading ridges.  He also said that based on heat flux mass balance considerations there should 
be about 1 vent field for every 50-100 kilometres of ridge crest. 
 
 Dr. Hein described individual vent fields as being quite small.  He said that they were tens 
to hundreds of metres in diameter and were separated from adjacent vent fields by hundreds to 
thousands of metres.  He described the Endeavour segment of the Juan de Fuca Ridge as one 
example.  He told participants that this was a spreading center in the NE Pacific Ocean.  He said 
that Endeavour segment consisted of about 30 different sulphides complexes distributed among 
eight vent fields along a 10-kilometre segment of axial valley. 
  
 Dr. Hein informed participants that the TAG hydrothermal deposit was probably the best 
known of all polymetallic sulphides deposits in the ocean basins.  He said that the deposit had 
been drilled seventeen times by the Ocean Drilling Programme.  Dr. Hein said that the deposit 
measures about 200 metres x 60 metres and contained about 2.7 million tons of 2 per cent 
copper. The stock work also contained 1 per cent copper. 
 
 In relation to the terminology used in the document, Dr. Hein said that a prospecting area 
was defined by 5 degrees by 5 degrees latitude1.  He described this as arbitrary and said that it 
was based on the resolution of maps that currently available for most of the ridge system.  He 
suggested that the area was arrived at using maps of 1,000m bathymetric contours and 5 degrees 
by 5 degrees, which was about 308,000 square kilometres.  Dr. Hein suggested that Dr. 
Hannington was able to fit within those 5-degree by 5-degree maps, all of the known sulphides 
deposits within 32 of those grids.  He said that the 32 maps included in the report show the 
deposits in each grid. 
 
 Dr. Hein said that the report considers as permissive area a portion of the ridge where 
there were indications that polymetallic sulphides deposits should be present.2   He emphasised 

                                                 
1    Prospecting area — A preliminary area that may contain seabed polymetallic sulphides or an area permissive for the 
occurrence of sulphides, a portion of which may be allocated for exploration as defined in the draft regulations. In the 32 
examples discussed in the paper, a prospecting area is arbitrarily defined as an area of less than 5 degrees by 5 degrees 
and containing at least one known sulphides occurrence or other positive indication of mineralization. In reality, a  
prospecting area may be identified solely on the basis of permissive geology, in the absence of any indication of 
mineralization. 
 
2   Permissive area — A portion of a prospecting area having a number of geological attributes that are considered to be 
essential for the formation of polymetallic sulphides. In defining the limits of a permissive area, two key indicators that are 
commonly used are evidence for tectonic activity and seafloor volcanism. Typically, these are required to drive 
hydrothermal circulation and to focus hydrothermal fluids to the seafloor where metals may be deposited. A permissive 
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the point that an actual polymetallic sulphides deposit(s) need not be present, although most of 
the permissive areas do contain occurrences or deposits of polymetallic sulphides. He said that 
the definition includes other hydrothermal indicators, or appropriate geologic conditions for the 
occurrence of hydrothermal deposits.  Dr. Hein pointed out that the indicated size of the 
permissive area in the report was 500 blocks or 50,000 square kilometres. 
 
 Dr. Hein said that the report recommends an appropriate exploration area size of 100 
square kilometres blocks, which is about 10,000 square kilometres.3  Dr. Hein said that based on 
the report, a single lease block is 100 square kilometres, he did not want to talk about the final 
lease for exploitation, but from the report he thought the recommended size of an exploitation 
area was about 2,500 square kilometres. 
 
 Dr. Hein reminded participants that in the paper he had assisted the Authority with, 
relating to a model for crusts, “Exploration and Mine Site Model Applied to Block Selection for 
Cobalt-Rich Ferromanganese Crusts and Polymetallic Sulphides” ISBA/12/C/3 -Part I, he had one 
sentence saying that his model was not an economic evaluation for crusts. He noted that in this 
model for polymetallic sulphides, Dr. Hannington said something similar.  Dr. Hein said that Dr. 
Hannington did not recommend a site, deposit or anything else for mining. 
 
 Referring to the 32 maps contained in Dr. Hannington’s model for sulphides, Dr. Hein said 
that 12 of the 5-degree by 5-degree grids fall within the Area, and that the others did not. He said 
that the permissive areas as defined for the Area or those areas where it is possible to find 
hydrothermal deposits within each of the 308,000 square kilometres areas numbered twelve. With 
a map, Dr. Hein pointed out the East Pacific Rise, the mid Atlantic Ridge and the Central Indian 
Ridge.  He said that on a global average they contained 55,000 square kilometres of permissive 
area for each of those 5-degree by 5-degree grids. Referring to the contents of ISBA/12/C/3 Part 
II, Dr Hein said that based on the global distribution of ferromanganese crusts, particularly on how 
many occurrences of sulphides there were in each permissive area, Dr. Hannington had come up 
with some recommendations. Dr Hein noted that while the recommendations did not include a 
scheme, they state, inter alia, that a contiguous block system will not work, at least if you want to 
get to the majority of the polymetallic sulphides deposits.  These little squares are all 5 degree 
squares.  
 
 In relation to the exploration models, Dr. Hein said that two models were evaluated by Dr. 
Hannington.  According to Dr. Hein, in exploration Model 1 all blocks in the exploration area were 
contiguous, and that there was an average of 2.5 occurrences in each 10,000 square kilometres 
exploration area.  He pointed out that this encompasses 73 per cent of the known sulphides 
occurrences in exploration areas and only 53 per cent in the permissive areas.  Dr. Hein said that 
in exploration Model 2, the blocks were contiguous within non-contiguous clusters.  He picked 
four clusters within each exploration area, noting that clusters need not be contiguous, but that 
the blocks within each of the four clusters were contiguous.  He pointed out that this was a 
modification of the draft Regulations.  He further pointed out that the really important point of the 
exercise was that it captures 97 per cent of the known sulphides occurrences within each 5 

                                                                                                                                                 
area may include occurrences of polymetallic sulphides or other positive indications of mineralization, but this is not a 
requirement. 
 
3 b) Exploration area — A “license” or tenement within a prospecting area and comprising multiple contiguous or non-
contiguous blocks reserved for advanced exploration. This is typically an area of not more than 1 degree of longitude by 1 
degree of latitude and containing at least one known sulphides occurrence or other positive indication of mineralization. In 
the models presented herein, the size of an exploration area corresponds to 100 blocks of 10 km x 10 km each, as 
specified in the draft regulations. 
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degrees by 5 degrees geographic block and concluded that this was a good effort.   He said that 
he was of the opinion that the appropriate conclusion was to use non-contiguous blocks in one 
form or another. 
 
 To shed further light on the matter, Dr. Hein provided the following example. With a map, 
he showed Model 1 in the Central Pacific Ridge inclusive of the grid system.  Within the grid, he 
pointed to the cells or the small squares that he said were each 100 square kilometres.  Pointing 
to a 5 degrees by 5 degrees block, he said that this area, with a size of 308,000 square 
kilometres, was the prospecting area.  Within the prospecting area he indicated the grid along the 
spreading axis, describing this as the permissive area, or an area within which a prospector could 
identify polymetallic sulphides occurrences/deposits for exploration. Within the permissive area, 
he suggested four blocks each of 2,500 square kilometres that amounted to a total area of 10,000 
square kilometres, or the size of an exploration area.  He said that the best that could be achieved 
using this system of contiguous blocks within the 5 degrees by 5 degrees grid was to capture 
three of the five sulphides deposits/occurrences in the area during initial exploration.  He said that 
some of the area would be relinquished in accordance with the draft Regulations, and with the 
contractor settling on the final 2,500 square kilometres block.  The best that the system yields in 
the 5-degree by 5-degree grid was to capture two of the five known deposits in that area.  He 
reiterated his view that the system did not work very well with contiguous blocks for most of the 
global ridge system.   
 
 With regard to Model 2, Dr. Hein said that with exactly the same area and non-contiguous 
clusters of blocks, one could put all five known deposits in four boxes during exploration and find 
out which of them was going to be the beneficial deposit.  He said that the non-contiguous grid 
system seemed appropriate. He noted that a polymetallic sulphides deposit in any one of the 
boxes was very small, less than 1 km in diameter.  He described the deposits as very tiny spots in 
the overall area that would be leased.  He further noted that this issue was not addressed in 
ISBA/12/C/3 Part II.  He made the observation that a lot of territory was being leased where there 
really was not going to be anything recoverable.  He also observed that within the 5 degrees by 5 
degrees square grid any one of the groups of sulphides deposits when mined would amount to 
one year of a large operation (20-year mine life).  He suggested that there were lots of issues that 
needed to be addressed, and that what the paper did was to apply the draft Regulations to what 
was presently known about sulphides deposits.  
 
 Dr. Hein said that another important aspect was water depth.  He said that most 
polymetallic sulphides occur at water depths of 2,000 metres -3,000 metres, but that the draft 
Regulations refer to 2,500 metres. He said, in the Area there were deeper deposits at oceanic 
spreading centres, some as deep as 4,000 metres, and that a limitation like 2,500 metres water 
depth wasn’t very useful.  
 
 Dr. Hein provided other examples using the system as applied to the Juan de Fuca Gorda 
Explorer ridge system in the North Pacific, the TAG, Mir and Alvin mounds in the North Atlantic 
Ocean and the Izu Bonin arc. With regard to the Juan de Fuca Gorda Explorer ridge system, he 
said that there had been ODP drilling and a lot of exploration.  He said that all these deposits 
were small, and told participants that the TAG, Mir and Alvin deposits were distributed within 
about 25 square kilometres.  He noted that the base unit of 100 square kilometres was much 
more than some of the largest polymetallic sulphides deposits that are known.   
 
 Dr. Hein concluded his presentation stating once more that the permissive areas were 
quite large.  He said that the reason for selecting permissive areas of that size was because of the 
base maps that were available for most of the ocean basins.  He noted that these base maps 
have a certain resolution, and were constructed from maps with 1,000-metre contour interval.  He 
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said that under the circumstances one had to generalise what the permissive area would be 
because no detailed maps were available.  He said that if one had a 30 minute map, instead of a 
5 degree map the permissive area could be much smaller. In this regard he noted that even 
though the resolution was only increased by an order of magnitude, the permissive area was 
decreased by 50 per cent.  In closing, Dr. Hein said that the current situation provides an 
incentive for the creation of better maps of potential sulphides bearing areas so that a more 
adequate job could be accomplished to identify exploration areas. 
 
 
Summary of the discussions 
 
 The discussions following Dr. Hein’s presentation of Dr. Mark Hannington and Dr. 
Thomas Monecke’s paper on “Global exploration models for polymetallic sulphides deposits in the 
Area – Possible criteria for lease block selection under the Draft Regulations on prospecting and 
exploration for polymetallic sulphides”, focused on the 5-degree by 5-degree blocks, the 
permissive areas, the contiguous versus the cluster model and the costs associated with 
exploring the size of the area proposed in the draft Regulations. 
 
 With regard to the 5-degree by 5-degree blocks, a participant suggested that the choice 
was arbitrary. Another suggested that it should be modified to reflect the actual configuration of 
deposits, and yet others wanted to find out if the blocks impacted on both the contiguous and 
cluster models. 
 
 In response, Dr. Hein said that the 5-degree by 5-degree blocks, while arbitrary, 
encompass known deposits or occurrences of polymetallic sulphides.  Stating that Dr. Hannington 
is an expert on the global distribution of polymetallic sulphides in the oceans, he assumed that Dr. 
Hannington must have selected the block size for a reason.  On his part, he said that he thought 
one of the reasons was the quality of available base maps. He said that maps of the ridge 
systems were currently available at this resolution.  He also said that for US$1.0 billion, the entire 
ocean basin could be mapped at a much higher resolution. 
 
 Dr. Hein said that in keeping with the draft Regulations, an exploration area is 10,000 sq 
km, comprising 100 blocks of 10 kilometres x 10 kilometres each.  He said that Dr. Hannington 
could have selected the 5 degrees by 5 degrees prospecting area of size 2,500 square kilometres 
or 25 of the 10 x10 kilometre blocks. Four of these 5-degree by 5-degree areas would be the 
exploration area. 
 
 Some participants described the 5-degree by 5-degree areas as imposing a confinement 
on the system.  It was argued that since the actual deposits are smaller than the potential block 
size following exploration, the proposed mine site would consist of deposits with irregular shapes 
and sizes and thus require the contractor to carve out similar figures from his exploration area.  To 
this query, Dr. Hein suggested that it could still be done with the grid system.  He said that with a 
base grid of 20 square kilometres, a deposit could be defined fairly well.  It was also argued that 
since there was no reason to maintain the 5-degree by 5-degree areas, this concept could be 
dropped and renegotiated as a detail. 
 
 In relation to the impact of contiguous clusters of blocks or non-contiguous clusters of 
blocks, Dr. Hein was asked if applying the regulations as they stand and requiring contiguous 
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clusters of blocks would result in losses of prospective areas.4  He was also asked if the use of 
the non-contiguous clusters of blocks would ameliorate the situation. 
 
 Dr. Hein responded in the affirmative to both questions and said that other than in some 
rare circumstances, the non-contiguous clusters model would result in a pick-up of 97 per cent of 
the known polymetallic sulphides deposit in an exploration area.  
 
 
 A representative of Nautilus Minerals Inc, a company with tenements for offshore 
exploration and exploitation of polymetallic sulphides in Papua New Guinea, pointed out that the 
company’s total tenement package in that country was 17,500 square kilometres. He said that the 
company’s work commitment during exploration for the total tenement was in the range of US$ 6 
to 10 million.  He said that this represented the sum of money that the company felt was required 
to confidently relinquish areas. He commented that it would cost a lot, based on the size of areas 
being proposed, to enable any contractor with the Authority to explore their areas to the level of 
detail required for relinquishment. In this regard he said that based on discussions at the 
workshop, what he understood the objective of exploration to be was an inactive hydrothermal 
system.  He said that these types of systems do not have high temperature plumes associated 
with them.  He said that the inactive systems would be harder to find and required a lot more work 
to define. He said that for one of the prospects that the company drilled, the bathymetric data that 
it had to obtain was down to a resolution of 1metre. He suggested that for the size of areas being 
discussed, this process would take a very long time. 
 
 Another participant noted that from active hydrothermal areas the presence of sulphides 
mounds may be detected.  The participant further observed that there were many more non-
active mounds to be found beyond these areas.  He added that if the sediment cover on these 
mounds were very thick they would not be mining targets and that the old inactive mounds were 
more attractive because of their sizes.  This participant bemoaned the unavailability of the 
required data and information.  In response to the observations, Dr. Hein said that 20 per cent of 
the dataset on the sulphides occurrences were dead systems.  He said that it just so happened 
that the dead systems were occurring in fairly close proximity to the active systems.  He also said 
that there were probably other dead systems that were farther away that have not been found and 
would be more difficult to find.  He noted that there were a few sediment-covered ridges, and that 
thicker sediment could act as a reservoir for hosting a substantial polymetallic sulphides deposit.  
He identified as a problem, the fact that the technology to mine such deposits had not yet been 
established.   
 
  A participant agreed with the idea that the size of the permissive areas was arbitrary.  
This participant also said that the permissive areas should be configured to encourage 
exploration in areas for which data are scarce.  Dr. Hein responded that a permissive area was 
not arbitrary and that it was based on geologic criteria and the distribution of known deposits.  He 
said that if there was no known deposit in a permissive area, then it was based on geologic 
criteria indicating that hydrothermal activity is associated with the area.  A suggestion was made 
that one of the activities that the Legal and Technical Commission should encourage through 

                                                 
4  Permissive area — A portion of a prospecting area having a number of geological attributes that are considered to be 
essential for the formation of polymetallic sulphides. In defining the limits of a permissive area, two key indicators that are 
commonly used are evidence for tectonic activity and seafloor volcanism. Typically, these are required to drive 
hydrothermal circulation and to focus hydrothermal fluids to the seafloor where metals may be deposited. A permissive 
area may include occurrences of polymetallic sulphides or other positive indications of mineralization, but this is not a 
requirement. 
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these rules and systems, was the exploration of areas that did not contain sites that are already 
known. 
 
 The Secretary-General of the Authority, provided participants with a synopsis of the 
exploration system that the International Seabed Authority was trying to establish.  He informed 
participants that his point of reference was that of an organisation trying to administer the 
international seabed area (the Area), to give reasonable opportunity for research, and for the 
identification of mineable areas.  The Secretary-General said that in order to be able to do that the 
Authority has to allocate areas to interested parties and to have a system for allocation. He noted 
that discussions were taking place on the grid system for allocation of areas and on the number of 
blocks within the grid that are to be made available for exploration. He said that the shape of the 
grid could be varied for cobalt-rich ferromanganese crusts as well as for polymetallic sulphides.  
He said that in the case of sulphides deposits, since they occur along or around the ridges, a 
system was required to identify possible areas and how much to allocate for exploration 
purposes.  He described the problem with the initial draft Regulations as the introduction of the 
requirement for selected areas to be contiguous and the need to find contiguous mineable areas. 
He said that the introduction of the grid system was to provide flexibility to that system and this 
had been introduced in the more recent set of regulations.  He said that from the Authority’s point 
of view as the administrator of the Area, an applicant is offered a broad area based on the grid 
system.  The applicant selects an area demarcated by coordinates. 
 
 Mr. Nandan said that within the exploration area, the applicant then identifies certain 
areas which are mineable areas or potential mineable areas.  Following its research on this 
exploration area, the applicant then relinquishes those parts that it is not interested in. The 
relinquished area reverts to the Area enabling potential applicants to conduct prospecting or 
exploration for the minerals that it contains.  Mr. Nandan said that the Authority has to ensure that 
the applicant obtain a reasonable sized area for exploration.  The Authority also has to ensure 
that the applicant can retain a reasonable part of the exploration area that can support a 20-year 
mining project. 
 
 Mr. Nandan continued that the Council has obtained proposals on a good scheme to 
achieve this objective, and that it has to come to a conclusion as to what would be a reasonable 
and fair scheme from the point of view of the applicant as well as from the point of view of the 
Authority.  He also said that the Authority does not want to give away large areas and create 
monopolies.  He reiterated that the Authority has to be fair to the applicant and give the applicant 
a reasonably sized area to explore, where in the end, a part of the exploration area could be 
retained by the applicant for its mining activities.  
 
 A participant made the observation that in order to achieve the objective of reasonable 
and fair, a definition of reasonable and fair is required.  This participant said that different people 
have different views on what constitutes reasonable and fair.  The same participant noted that 
some people could argue that by allowing a company to cherry-pick the entire known world 
oceans sulphides system was not reasonable and fair, while others people would argue that it 
was, since the operation is shrouded in a lot of risks.  The participant said that the first thing to do 
was to define what is reasonable and what is fair.  This participant pointed out that there were 
systems used around the world which involved auctioning ground where companies put money 
up, depending on how prospective they think the ground is, based on work that the government 
has done.  He added that in other countries it is first come, first served. 
 
 The Secretary-General ended discussions on the presentation adding that it is not only 
about being reasonable and fair, but about how common sense is applied to the situation.  He 
said that the Authority was trying to be objective through the grid system and the issue was 
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whether the proposed grid system is sufficient for exploration purposes, whether the four blocks 
that remain at the end are a reasonable size and as was rightly said, to avoid cherry-picking. The 
Secretary-General concluded by informing participants that one of the responsibilities of the 
Authority is to ensure that there is no wastage of the resources from the common heritage, and to 
make sure that people take some good with the bad, and that there is good use of the resources 
that are found.  
 
 

§ 
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Chapter 11: A Cost Comparison of Implementing Environmental Regulations for 
Land-Based Mining and Polymetallic Sulphides Mining 

  David Heydon, CEO Nautilus Minerals Inc. Presented by Michael Johnston, 
Vice-President, Corporate Development, Nautilus Mineral Inc.  

 
 
Summary of the presentation 
 
 Mr. Heydon, who had provided a PowerPoint presentation on a cost comparison of 
implementing environmental regulations for land-based mining and polymetallic sulphides mining, 
could not be present for the workshop. His presentation was made by Mr. Michael Johnston, Vice-
President for Corporate Development of Nautilus Minerals Inc.  
 
 Mr. Johnston apologised for the absence of Mr. Heydon and prefaced his presentation 
with a remark that his talk would focus on processes for implementing the environmental 
regulations in the draft Regulations for polymetallic sulphides.  He stated that the talk was based 
on his personal experience in exploration, both on land and in the ocean, and that he was going to 
make some suggestions for incorporation in the draft Regulations.  In his presentation, Mr. 
Johnston first outlined land-based practices for environmental protection during mining and then 
turned his attention to sea-bed prospecting and how these practices relate in terms of evaluating 
the impact of required activities.  Mr. Johnston said that over the last 10 years a shift in most 
government and regulatory policies had been observed; ranging from a highly prescriptive regime 
toward a more pragmatic approach with accepted levels of self regulation within the framework of 
a work programme to be agreed to in advance.  He said compliance with the work programme is 
often controlled by an observer.  He added that this system works well for both explorers and 
regulators and that it could be adapted to activities in the Area. 
 
 Mr. Johnston informed participants that land based exploration programmes were usually 
graded according to the expected impact of planned activities on the environment prior to the start 
of work. 
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 Mr. Johnston said that the expected impact of the activity and the steps required to 
mitigate impacts to the environment are agreed to with the government in the initial work 
programme. He noted that in the case of Nautilus’s off-shore activities in Papua New Guinea, the 
procedures were similar.  Mr. Johnston said that the costs for implementing these procedures in 
the early phases of exploration on land were minimal, in the range of US$5,000 to US$20,000.  
He suggested that the Authority needed to have a similar approach in the Area and noted that 
environmental impacts at sea were generally expected to be lower than on land, since ships do 
not leave tracks like vehicles, which are major environmental disturbances in land-based 
prospecting and exploration programmes.  
 
 Mr. Johnston said that the main cost in both a land-based exploration programme and for 
a deep sea exploration project was in preparing an EIS (Environmental Impact Statement) or an 
equivalent impact study in the Area.  He noted that the cost and the efforts for an EIS varied 
enormously due to varying land use conflicts, the type of mine and its impacts, the processing 
options and other factors.  He also said that common costs range from US$ 3-$10 million or more.  
Mr. Johnston said that generally it takes about 12 to 18 months to prepare the study for a land-
based mine and an additional 6 months for government review.  He said that an EIS for land-
based activities needed to be thoroughly carried out and usually must cover all seasons of the 
year in order to avoid criticism from various stakeholders. According to Mr. Johnston a company 
would only put effort into preparing an EIS if there is an indication of a profitable venture.  Before 
an EIS gets accepted.  Mr Johnston said it is reviewed by government experts and eventually 
modified until a reasonable balance is reached.  
 
 With regard to seabed exploration in areas within the Authority’s jurisdiction, he 
suggested implementing a similar collaborative approach, where an appropriate work programme 
would be agreed upon as the basis to complete an EIS which should be as transparent as 
possible, and for which the Authority would solicit input throughout the process, and involve any 
relevant groups as early as possible before submission of the final document. 
 
 Using a slide, Mr. Johnston presented the provisions of the Papua New Guinea (PNG) 
Mining Act with respect to environmental permitting which he said were similar to approaches 
taken by other countries like Australia and Canada. 
 
  He said that the basic principle of the approach was that activities are graded for impact 
during the mining cycle, with appropriate responses required of a contractor.  He said that in the 
exploration phase associated activities are graded, and the regulator accepts in advance the 
levels of impact from known activities, and ensures that these levels are not exceeded. 
 
 Mr Johnston noted that during this stage of low impact activities, supervision from the 
regulatory body is minimal.  Mr. Johnston further noted that it would not be possible for the 
Authority to fully supervise all activities throughout the Area.  In this regard, he said that among 
the low-impact activities on land that are generally permitted in advance with little or no 
supervision are geophysical surveys, mapping (video tows) and general sampling.  Mr. Johnston 
informed participants that usually the contractor is only required to show photos of the effects and 
compare them with the agreed activities.  He said that higher-impact activities such as drilling are 
graded as well and monitoring measures are put in place.  Mr. Johnston said that regional scale 
drilling generally does not require sophisticated regulatory approval procedures; the company 
normally only has to submit a work programme including the number and locations of drilling 
holes as well as access paths. He said that in the case of high impact activities such as bulk 
sampling and trial mining, commonly a limited form of an EIS is required prior to work 
commencing. Mr Johnston said that normally, at this stage, detailed environmental work has 
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already started and it is not a big impediment for the company anymore to seek additional 
approvals and to have a more supervised level of work programme. 
 

 
 
Through another slide, Mr. Johnston summarised the elements of the “mining cycle” as follows: 
 

• Exploration (low impact assessment of resource potential) 
• Resource delineation (detailed testing of deposits to determine economic 

viability) 
• Permitting (obtaining the various approvals to mine) 
• Mining (extracting the ore) 
• Closure (activities and planning to ensure that the site achieves acceptable long 

term environmental status) 
 
 He said that during exploration, a large tract of ground is reduced to a smaller area which 
ultimately contains the resource which eventually will be mined. Mr. Johnston said that on land, 
the permitting stage can be significant and take 3-5 years even in “mining-friendly” regulatory 
environments.  With respect to closure of the mine, he said that this last stage can involve 
significant cost in a land-based operation and can cost in excess of US$ 20 million.  He also said 
that in most countries mine development will not be permitted without the closure plan submitted 
with the EIS.  
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 Mr. Johnston turned his attention to exploration on the seafloor and noted that initial 
activities like geophysical surveys, video tows and modest sampling practically do not have any 
impact at all. He said that subsequent stages such as scout drilling have less impact than on land, 
since there is no access impact. Mr Johnston said that higher impact activities include bulk 
sampling which Nautilus Minerals Inc. did in Papua New Guinea with the approval of the 
regulator. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Suggested impacts – seafloor 
 

Low impact 
• Geophysics, video tows, modest sampling 
 
Moderate Impact: 
• Sampling, scout drilling, 
 
Higher Impact 
• Bulk sampling, trial mining – area specific 
 
Mining: 
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 Mr. Johnston said that about 15 tonnes of material were collected and said that the 
exercise had been video taped and shown to the regulator.  He noted that on the seafloor, 
impacts tend to be area specific.  He also informed participants that a worst-case scenario of the 
potential impacts of the plume from mining has been modelled.  Based on this simulation, which 
was shown to the regulator, Mr. Johnston said that it was determined that the impact of the plume 
would be below critical levels.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 With regard to polymetallic sulphides deposits, Mr. Johnston noted that the key point is 
that only high grade deposits would be mined, resulting in a smaller impact in terms of the ore 
volume and the size of the footprint when compared with land-based mining, where the deposits 
are of low-grade. Other positive aspects compared with land-based operations, according to Mr 
Johnston, are that there are no waste dumps, there is no ore processing at the mine site and that 
land-use conflicts are limited. 
 
 Mr. Johnston pointed out that land-use conflicts in the mining industry were becoming 
more and more an issue, especially in industrialised countries where the trend was to relocate 
mining operations to other countries. He said that the relocation of these operations was not a 
consequence of limited resources but of environmental policies.   
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 Mr. Johnston outlined the environmental impacts of seabed exploration.  In the early 
survey phases, he said that there was generally no contact between the equipment used and the 
seafloor and therefore there was no impact at all. 
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 He also said that the impacts of the first drilling campaigns, which are drill holes, do not 
cause significant disturbances.  Mr. Johnston said that trial mining was the activity that caused the 
first significant impacts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  In this regard, Mr. Johnston said that possible stresses to the environment during this 
stage as well as during the actual mining operation were mainly related to plumes generated by 
mining. 
 
 According to Mr. Johnston, a company would not mine an active hydrothermal vent 
system, since it would destroy the equipment, but would operate in the flanks and in the old 
waning parts of the system.  Consequently, Mr. Johnston said impacts would mainly occur at 
these parts of hydrothermal vent sites. He also said that the impact of plumes can be mitigated by 
the use of suction pumps. 
 
 On the topic of the cost of compliance with environmental regulations for a seafloor mine, 
he said the location of the mine site had a significant influence on this cost, since the necessary 
equipment to conduct environmental studies needed to be transported to the site. In this regard, 
he said, cooperation and cost-sharing with marine scientific research (MSR) groups was highly 
appreciated, noting that such cooperation also had the potential to increase the knowledge base 
of all parties. Mr Johnston informed participants that any research group that would like to 
cooperate would be invited to Nautilus Minerals Inc’s seafloor mining project in Papua New 
Guinea. 
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 With regard to the cost of compliance with environmental regulations for land-based 
projects, Mr. Johnston said that specific land-use conflicts and the required effort for the EIS 
determined the final cost.  He said that significant costs also arose from solving conflicts with 
water quality management and from appropriate waste management. 
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 To conclude his presentation, Mr. Johnston summarised the essential aspects for 
compliance with environmental regulations for seafloor mineral exploration as follows:   
 

• Mobilisation is a major cost for any programme studying seafloor polymetallic 
sulphides. 

 
• US$2 toUS$5 million per cruise is common. 3 to 4 cruises would be needed to 

complete a 12 month EIS resulting in costs of US$ 8 to US$20 million. 
 
• Specialist equipment can be expensive.  
 
• Land based exploration programmes have their environmental impact “graded” 

and accepted before the work starts, and allow “progressive rehabilitation” of the 
mine site.  

 
• Programmes in the Area should follow a similar pattern so money and resources 

are used efficiently. 
 
• Collaboration between marine scientific researchers and miners is vital. 
 
• Cost of compliance is significantly reduced once the project is in production. 

 
 Mr. Johnston stated that the Authority had a vital role in managing these activities 
including the management of data and tenements. All environmental data and information should 
be made available to all parties to improve environmental compliance and monitoring.  He further 
stressed that the expected impacts should be classified and agreed upon in the work programme 
prior to the commencement of activities. Mr. Johnston emphasised that the Authority should learn 
from the experiences of the first group of seafloor explorers and miners who are likely to conduct 
their activities within the territorial waters and/or the Exclusive Economic Zones of countries like 
Papua New Guinea, which use modified existing “land based” legislation for environmental 
permitting mining operations. 
 
Summary of the discussions 
 
 With respect to the assessment of environmental impacts at hydrothermal vent systems, 
a participant asked if all kinds of impacts had been considered including physical impacts, noise, 
light and other disturbances.  Mr. Johnston replied that related impact studies were at an early 
stage, but that it had been found that the biodiversity at the inactive sites was much less 
compared to the active sites, which would not be mined.  He further stated that mining by its 
nature always had impacts which needed to be mitigated without placing too many constraints so 
that the operations could become impractical. More data needed to be collected to evaluate the 
impacts, he said.   
 
 Another participant wanted to know if environmental surveys of potential polymetallic 
sulphides mine sites suggested that due to the nature of the deposits, the environmental impact 
was less compared to activities related to polymetallic nodules and cobalt-rich crusts.  Mr. 
Johnston said that to his understanding it was too early to draw comparisons. He noted however, 
that the size of the area that would ultimately be mined was much smaller in the case of 
polymetallic sulphides deposits.  He added that the question also depended on the definition of 
environmental impacts and that more collaborative efforts were required to better understand in 
which ways, and to what extent disturbances would occur, for example, as a result of the 
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expected plumes that Nautilus Minerals Inc. has modelled in the context of the activities around 
Papua New Guinea.   
 
 A participant referred to the 2 million tonnes figure of polymetallic sulphides deposits that 
could be extracted from an area of 200 square metres for one year and noted that due to the 3-
dimensional nature of this type of deposit, the size of the mining area would be in a completely 
different range.  Mr. Johnston agreed and noted that a major problem of polymetallic sulphides 
deposits was that no detailed test drilling had been done so far which would allow for properly 
estimating the resources.  
 
 It was noted by another participant that the size of the area should not be the only 
consideration, but that the density and diversity of the biological communities were important 
factors. 
 
 Another participant wanted to know whether from an industry point of view it would be a 
big constraint to require an environmental impact assessment from contractors as part of any 
application at the beginning of the activities.  Mr. Johnston said that this would be a big hurdle for 
companies at the early stages following prospecting activities, and noted that there was no need 
to have a full environmental impact statement when contractors were engaged in low impact 
activities like geophysical surveys and limited sampling.  
 
 With regard to ecosystem modelling, another participant argued that due to the 
complexity of the ecosystems in the case of polymetallic sulphides deposits it would be 
impossible to quantitatively assess the environmental impact of deep sea mining.  This would be 
especially true in the case of territorial areas with material coming from land and significant 
biological fluctuations from year to year.  Mr. Johnston agreed that assessment of the 
environmental impact in ultimate detail would be impossible. However, he said that significant 
fluctuations in biological communities have not been observed in the areas where Nautilus 
Minerals Inc. has carried out preliminary investigations.  
 
 The Secretary-General reminded participants that the Authority had established 
environmental provisions in the Regulations for Polymetallic Nodules and similar provisions in the 
draft Regulations for Polymetallic Sulphides and Cobalt-Rich Crusts. According to these 
Regulations, the Secretary-General said contractors were required to develop baseline 
information at the beginning of exploration activities and to indicate what programme they have in 
place for environmental monitoring.  He also said that in the annual reports of contractors they 
have to indicate the environmental monitoring activities they have undertaken.  He noted that the 
requirements were less demanding during the exploration phase.  He said that at the end of 
exploration phase and before applying for an exploitation contract, potential contractors are 
required to provide the Authority with an impact statement.  The Secretary-General mentioned 
that the Legal and Technical Commission had issued guidelines regarding the collection of 
environmental data for polymetallic nodule deposits and had also identified the types of activities 
that were non-invasive or have no impacts. In this respect, he noted that the Authority was 
following a graded approach with activities classified in the manner mentioned by Mr. Johnston.  
The Secretary-General said that he expected further clarification in the light of experience that 
might be gained, and from workshops that brought the relevant scientists together.  The 
Secretary-General also said that collaborative research projects have also been carried out on 
polymetallic nodules in the Clipperton-Clarion area with the data provided to the Authority, and 
added that the Authority makes this information available through publications and through its 
Central Data Repository.  He added that environmental data were not proprietary and are to be 
made available to everyone.     

§ 
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Chapter 12: A hypothetical polymetallic sulphides mine in the Area  
Mr. Mike Johnston, Vice President, Corporate Development, Nautilus Minerals, 
Australia 

 
 
Summary of the presentation 
 
 Mr. Johnston gave on overview of Nautilus Minerals Inc.’s seafloor exploration activities 
in Papua New Guinea and outlined key considerations for a hypothetical polymetallic sulphides 
mining operation in the Area.  He disclosed that in May 2006, Nautilus Minerals Inc. raised an 
additional budget of CAD$25 million for the exploration for polymetallic sulphides deposits. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 He said that the company’s 17,500 square kilometres of exploration tenements were all 
located in the territorial waters of Papua New Guinea and that a lot of effort was required to 
explore the entire acreage. 
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 Mr Johnston said that most of the detailed work between New Ireland and New Britain1 
had been completed. He also said that in 2005 the company conducted geophysical surveys and 
sampling. He further disclosed that earlier in 2006 the company carried out test drilling. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Mr. Johnston said that the company had gained important experience with polymetallic 
sulphide deposits. This included the finding that common genetic models for deposit formation 
hold up well in practice.  Furthermore, he said that the company found that high grade ores were 
present locally (grades of 6-10 per cent copper) and that these deposits could be mined with 
regular “off-the-shelf” mining technology, even though the topography could present some serious 
engineering challenges.  
 
 Mr. Johnston presented a 3D image showing the topography of Nautilus’ primary 
exploration target area between about 1,500 and 2,000 meter water depths. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
____________ 
1 Both islands are part of the Bismarck Archipelago and are separated by the Saint George’s channel 
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 The images showed that the terrain structures were relatively rugged.  Mr. Johnston 
showed another image based on high resolution bathymetric data depicting chimneys 10-15 
metres high at the hydrothermal vents.  
 
 Mr. Johnston outlined the basic characteristics of the different mining technologies under 
consideration.  He said that the lifting technology concepts designed for polymetallic nodules 
mining were still relevant. 
 

 
 
 He pointed out that there were also other technologies available that would be suitable for 
polymetallic sulphides mining. He disclosed that a study in 2003 examined the potential for 
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combining technologies from conventional land-based mining with technologies used in the 
offshore oil and gas industry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
This and other studies recommend a mining system comprising a continuous mining 

machine suitably adapted for operation at sub-sea depths of 2000 metres and a pump or an air lift 
to transport the material via a 300 millimetre (mm) riser to the vessel on the surface. The ore 
would be shipped to a land-based concentrator. 
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 Mr. Johnston gave a breakdown of capital costs (CAPEX) estimated for the mining 
system components according to the 2003 study: 17 per cent of the cost was accounted for by the 
physical mining unit; 11 per cent for the pumping equipment; 26 per cent for the support platform 
and 39 per cent of capital cost was accounted for by the concentration plant on land.  Total capital 
cost was estimated at US$ 260 million for a production of 2 million tonnes per year. Operating 
cost (OPEX) is estimated to be about USD$48 per tonne.  Mr. Johnston noted that there was 
some opportunity to optimize capital e.g. by outsourcing ore processing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Mr Johnston said that polymetallic sulphides occurred in many Exclusive Economic 
Zones (EEZs) as well as in the Area.  He said that Nautilus Minerals Inc. has started seabed 
exploration in the territorial waters of Papua New Guinea. 
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Mr. Johnston stated that with regard to polymetallic sulphides deposits it was likely that 

many other investors would initially develop resources in the EEZs and within territorial waters.  
He said that for investors the terms of the Authority might be less attractive than those of some 
states like Papua New Guinea or Australia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 With regard to the economics of mining operations, Mr. Johnston said that mining was 
more risky than most other forms of investment since all capital had to be invested up front and 
profitability remained unknown for a long time. He said that the prospecting and exploration 
phases were associated with high economic risks, and also made the point that the specific tax 
regime in different countries could become another important risk factor for mining companies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Mr. Johnston made some remarks on the benefits to mankind of seabed mineral 
resources and noted that one of the fundamental questions would be if these resources should be 
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developed or kept as deposits of last resort. He said that the advantages of developing these 
resources were that mining would leave smaller footprints compared to land-based mining and 
that the metal grades in the deposits were relatively high.  
 
 Mr. Johnston embarked on the topic of the economic impact of the draft Regulations. He 
made the point that in the case of a 50 per cent profit sharing arrangement with the Authority the 
company would be economically disadvantaged, since it would have to make all investments 
upfront, carry all the risk and would get revenues only after many years. He noted that the 
company cannot use the Authority’s share to finance the project and that debt financing would be 
expensive.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Based on an assumed mining venture, Mr. Johnston modelled the economic impact of the 
production sharing option according to the draft Regulations. He used the same example of a 6 
million tonne deposit (6 per cent copper grade and 6 grams of gold per tonne) to compare the 
impacts of the equity interest option. 
 
 With a chart, Mr. Johnston showed the impact on project return in the case of the 
production sharing option. The chart depicted the profit share of the Authority, the company’s 
profit, taxes to be paid by the company and the project debt in the initial project phases. In his 
example, he used the Australian tax rate of 30 per cent.  
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 He stressed that the company’s profit was reduced by the applicable tax rate and further 
made the point that a 50 per cent profit share by the Authority needed to be financed through debt 
at an interest rate of at least 11-12 per cent. He said that dept financing costs would increase the 
risk and further reduce the company’s internal rate of return up to the point where the project 
becomes uneconomical to the company’s shareholders. 
 
 Mr. Johnston said that project risk would be less in the case of an equity interest model, 
which is one of the other proposals the Authority made with respect to participation, and 
presented a chart showing the returns and taxes for both partners as well as project debt in the 
initial stage.  
 

Equity Interest Model 
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 In his example of the equity interest split model, the Authority’s share was 20 per cent. An 
additional share of 30 per cent was assumed to be sold to the equity market or to another 
company.  Mr Johnston said that the equity partner would help to pay for the development cost 
and lower the cost to finance the project.  He noted that consequently, the project debt in the 
initial period decreases significantly and the project becomes less risky and more attractive. He 
added that the return to the Authority would, however, only be about half of the amount compared 
to the production sharing case. 
 
 Concluding his presentation, Mr. Johnston said that he believed polymetallic sulphides 
mining would have limited environmental impact.  He said that the technology to develop these 
resources was readily available, but noted that the economic risks were high.  He said that the 
commercial terms of development needed to recognize this, and gave the example of Papua New 
Guinea where he said the government had the right to apply a tax rate of 30 per cent on any 
mining project, but had not done so since 1996. As a result of these terms, Mr. Johnston said that 
mining companies have become very active in Papua New Guinea, with some of them interested 
in exploration of the seabed. Mr. Johnston emphasised that regulations for seabed mining in the 
Area need to consider competitiveness with land-based operations.  
 
 
Summary of the discussions 
 
 A member of the Legal and Technical Commission said that according to the principle of 
production sharing as defined in the draft Regulations only the profit was to be split on a 50:50 
basis, and this, only after recovery of the investor’s costs.   
 
 Mr. Johnston argued however, that the company would get taxed additionally, depending 
on the applicable tax structure.   
 
 The Secretary-General clarified the scheme of equity participation and explained that the 
Authority would participate according to the following system: It would have a minimum of 20 per 
cent equity participation in the project. The first 10 per cent accrued at the time of signing without 
payment. The next 10 per cent would accrue after recovery of the development cost. The 
Authority then has the option to buy into the project and to obtain up to 50 per cent participation in 
a joint venture. The Secretary-General noted that the equity share of 20 per cent which the 
Authority would obtain as a minimum reflected the philosophy that the seabed is considered the 
common heritage of mankind.  He also said that as an alternative to participation by the Authority 
through equity interest and production sharing, a contractor may provide a second deposit of 
equal estimated commercial value in its application for an exploration license; a principle which 
has been applied in the case of polymetallic nodules exploration licenses.  
 
 Mr. Johnston said that the latter option would work for manganese nodules, but it would 
not be possible to identify two deposits of equal estimated commercial value in the case of 
polymetallic sulphides. With respect to the two models of the economic impacts which he had 
presented, he said that it was his intention to model the two extremes according to the draft 
Regulations, assuming the minimum of 20 per cent equity participation by the Authority in the one 
case and a 50 per cent profit share in the other case. He further noted that financing options were 
critical to determine whether the project would have a sufficient rate of return for a commercial 
operation, and he recommended that the draft Regulations be further analysed by experts with 
respect to the impacts on project financing, taxation and debt management. 
 
 Another participant gave some details on the considerations during the development 
stages of the financial terms for the different options of participation by the Authority.  
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 With regard to the minimum expected internal rate of return for an investor to start an 
operation on the deep seabed, Mr. Johnston stated that in his opinion a rate of 10 per cent would 
not be enough and should be closer to 20 per cent. 
 
 The Secretary-General noted that the schemes for participation were invented in 
accordance with the philosophy of the common heritage as alternatives to the parallel system of 
two equal areas.  He said that the idea of a minimum equity participation had been developed 
because it was understood that it would be difficult to find two sites of equal commercial value in 
the case of the deposits under considerations. He said the parallel system had been retained as 
an option as it reflected the original implementation of the common heritage philosophy.  He 
further noted that for the definition of the financial terms it was considered that seabed mining 
should not be overly advantaged as compared to land-based production.  The Secretary-General 
also mentioned that originally a taxation scheme was selected as the system of participation by 
the Authority.  He said that this system was discarded because it was felt to be too intrusive, since 
the Authority would have to examine the concerned company’s books. 
 
 Mr. Johnston said that one of the key characteristics of potential seabed mining was a 
relatively small size of the undertaking resulting in massive impacts on the revenue in case of 
wrong estimates e.g. of the metal grade or the metal prices.  He therefore suggested considering 
a royalty system as a system of participation by the Authority, i.e. a system similar to the original 
taxation system as mentioned by the Secretary-General. The system, Mr. Johnston suggested, 
should consist of two schemes: a base level of taxation and royalty which would reflect the fact 
that resources are being extracted within the Area.  An additional component of the system 
should provide for flexibility and take possible metal price fluctuation and changes in profitability 
into account. He noted that such a system would support competitiveness of the mining company 
and yet achieve the goals of the common heritage principle.  
 
 
 

§ 
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Part III 
  
 

SUPPLY AND DEMAND FOR THE METALS OF COMMERCIAL  
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Chapter 13: Review of the Nickel, Cobalt and Manganese Markets 
Ms. Caitlyn L. Antrim, Director, Centre for Leadership in Global Diplomacy, USA 

 
 
Summary of the presentation 
 
 In the first of three presentations, Ms. Antrim gave an overview of the market for nickel, 
cobalt and manganese.  She said that a major objective of her presentations was to outline issues 
with demand projections and to reveal the uncertainties potential investors have to deal with in 
decision making. 
 
 Ms. Antrim told participants that studies of the nickel, cobalt, copper and manganese 
markets as part of the polymetallic nodules development programme had been carried out since 
the mid-1960s and that she first got involved in such studies in 1973. She noted that the metal 
demand was subject to unpredictable factors; both transient and transformational factors e.g. a 
transient two-year recession or technological developments that completely changed the future 
trends. 
 
 Using four examples of work undertaken in the mid-1970s on supply and demand for 
metals in the global economy, Ms. Antrim demonstrated the difficulties of projecting demand.  The 
four studies comprised two conducted by the U.S. Geological Survey (at the time “the US Bureau 
of Mines’), the ‘Wassily Leontief Model’, a predictive economic model which was used to derive 
perspectives for the metal markets, and a model by Wilfred Malenbaum, who introduced the 
concept of “intensity abuse”.  Ms. Antrim said that “intensity abuse” meant that countries with a 
low GDP per capita would have a lower consumption of metals, but as they became more 
developed, would consume these metals until their economies began to diversify and no longer 
focus on the construction and the manufacturing sector, but on the services and information 
technology sector. Reaching this target, Ms Antrim said that their demand for metals would 
decrease.  
 
 Ms. Antrim compared the estimates of the four projections for the demand for nickel, 
copper, cobalt and manganese in 2000.  
 

 
Nickel (t) Copper (t) Cobalt (t) Manganese (t) 

USGS-Medium 1705 19,500 79.7 22,100 

USGS-Low 1290 14,700 57.8 20,000 

Leontief 2833 31,300   

Malenbaum 1446 18,523 63.3 18,503 

Actual 1290 13,300 37.9 6,960 

 
 Ms. Antrim said that the USGS made a low and a medium estimate, and that all four 
studies were confuted in 1975.  She said that in general, all four projections were too high 
although she observed that the USGS estimate came close for nickel and copper.  She said that 
the Leontief general economic model did not capture the realities of the metal market, in particular 
the substitution of metals in production and the evolution of technology and demand. She also 
said that estimates of the demand for manganese were exaggerated in all four projections 
explaining that one of the trace elements that was present during the steel making process and 
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was generally undesirable was sulphur.  She said that manganese was used in the production of 
steel to treat the sulphur.  She pointed out that in the 1980s there were significant changes in 
steel-making technology that reduced the amount of sulphur in steel. As a result less manganese 
was needed.  Based on this example, Ms. Antrim pointed out that such developments were not 
foreseen making it difficult to plan long term projections.  She noted that since mining was such a 
long-term venture that included years of exploration and construction, such projections were 
indispensable for ventures expected to last for over 20 years. 
 
 Using a graph, Ms. Antrim illustrated price movements for nickel, cobalt and manganese 
from 1977 to 2005:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 She informed participants that prices in the graph were in 2005 US Dollars per pound, 
and that the indicated values reflected the current US Dollar value. Referring to cobalt, Ms. Antrim 
described the reasons for the fluctuations in price as a consequence of political disruptions in the 
former Zaire, now the Democratic Republic of Congo, which was the primary world producer of 
cobalt.  Ms. Antrim said that cobalt was produced as a by-product of either copper or nickel 
mining, except in the Democratic Republic of Congo, where cobalt production was more flexible, 
because mining operations could select from different deposits with relatively high variations in 
the cobalt grade.  She noted that supply problems lead to increased efforts to find substitutes for 
cobalt in industrial applications, and said that permanent substitutes were found keeping cobalt 
prices at a low level.  She also said that the price movements of cobalt reflected other conditions 
such as periods of economic recession.  
 
 Turning her attention to current demand projections based on recent trends, Ms Antrim 
showed a demand graph for copper, cobalt, nickel and manganese for the period 2000 to 2010: 
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 Ms. Antrim said that cobalt prices were rising quickly, in part because of the increased 
production of lithium-ion batteries, which use cobalt in their cathode. She said that nickel prices 
were also rising significantly; and that manganese prices were steady because it was tied to the 
steel industry which did not have much variation.  Ms. Antrim summarised the current trends by 
pointing out that all prices were trending up even though ten years ago they were trending down. 
 
 Ms. Antrim said that nickel had always been considered the metal of primary interest in 
polymetallic nodules, whereas cobalt was in the center of interest with regard to ferromanganese 
crusts.  She said that nickel was one of the principal constituents in most stainless steels and that 
it was a constituent in some steel alloys that were used for plating, and that it was also used in 
super alloys (high-temperature, high-strength alloys used in turbine blades for jet aircrafts).  She 
also said that a small but growing use for nickel was in nickel metal hydride batteries. She 
informed participants that in 2005, world production of nickel was 1.5 million metric tonnes. She 
also informed participants that global reserves of nickel were estimated at 62 million metric 
tonnes, and noted that this figure referred to ore quantities that had been explored in sufficient 
detail to guarantee that the deposits could be mined at a profit at the present time.  
 
 With regard to world nickel producers, Ms. Antrim used a graph to depict production in 
2005 in thousands of tonnes: 
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 She said that Russia was the largest single nickel producer with Australia, the second 
largest producer, mainly producing from nickel laterites which have a similar chemistry to 
polymetallic nodules and cobalt-rich crusts.  Ms. Antrium said that processing technology for 
laterite deposits could be adapted and used to process crusts and nodules from the seabed.  Ms. 
Antrim informed participants that Canada has always been a major producer of nickel, with 
production from sulphides and oxides deposits.  She said that the technologies for processing 
these two types of nickel deposits could also be applicable to polymetallic sulphides deposits as 
well as polymetallic nodules and cobalt-rich crusts on the seabed.  Ms. Antrim said that Indonesia 
had recently developed new laterite deposits, and that New Caledonia, a French Territory had 
been a very dependable low cost producer of nickel oxide deposits. She added that Cuba too, 
had a productive nickel deposit that produced cobalt as a by-product.  She described the other 
producers as small producers.  
 
 Ms. Antrim noted that Russia’s nickel production was mainly produced from a platinum 
mine that happened to produce nickel as a by-product.  She noted that at this mine, all investment 
and operating costs were covered by the production of the platinum group metals that the 
deposits contained.  She informed participants that after the Soviet Union broke into independent 
countries, the Russian nickel industry had the opportunity to go into the export market with 
production of more than 300,000 tonnes per year of nickel from a source that other producers 
could not compete with. As a result, she said that nickel prices were kept at low levels and 
strongly discouraged other producers from investing in nickel mining.  Ms. Antrim further 
explained that it had taken many years for this sudden and unforeseeable supply to the world 
market to be integrated into the regular market to a point where investors now look at developing 
deposits in other regions such as Canada or Indonesia.   
 
 Ms. Antrim said that nickel demand and the demand for stainless steel were closely 
related and developed proportionally to each other.  She said that one reason for increasing 
nickel demand was the Chinese market.   
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 Using the figure below, Ms. Antrim illustrated her point. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nickel Demand in China 
 
 According to Ms. Antrim, between 1990 and 2000, imports of stainless steel grew at a 
rate of 20-25 percent per year and the proportion of stainless steel compared to the primary nickel 
demand increased tremendously.  She informed participants that the demand for stainless steel 
was a mark of economic development because stainless steel was needed for the development of 
chemical industries, in food industries, in construction as well as in transportation and other 
industries.   
 
 Using the figure below, Ms. Antrim gave on overview of world nickel reserves: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

World Nickel Reserves (metric tonnes) 
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 She pointed out that Australia had tremendous reserves of nickel and would always be a 
major producer.  She also said that Russia, Cuba, Canada, Brazil, New Caledonia and South 
Africa had large reserves.  She informed participants that smaller reserves occurred in tropical 
countries where nickel was mainly produced from laterite ores.  Ms. Antrim noted that in the 
1980s mining laterite ores were considered as competition for deep sea mining of polymetallic 
nodules. 
 
 Ms. Antrim outlined the relevant characteristics of cobalt, the metal with the most 
attention in the framework of the workshop and which made cobalt-rich crusts attractive from an 
economic point of view.  With regard to its uses, she said that cobalt was an essential metal for 
advanced economies and was mainly used for superalloys, carbide tools, batteries, tool bits, 
pigments, as a chemical catalyst and for surface treatments for hardening the surface of 
materials. In some cases, Ms. Antrim said that nickel could substitute for cobalt in alloys, but did 
not provide as high a performance. On land, Ms. Antrim informed participants that cobalt was 
generally produced as a by-product of nickel or copper production, except in the case of the 
Democratic Republic of Congo where it is considered as primary production.  She said that world 
production in 2005 was 52,400 metric tonnes, and that global reserves were in the range of 7 
million tonnes. 
 
 With the figure below, Ms. Antrim pointed out that the Democratic Republic of Congo and 
Zambia were the largest cobalt producers.  She said that in both countries cobalt was produced 
from copper deposits.  Ms. Antrim said that in Australia, cobalt was mainly produced from laterite 
deposits.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Cobalt Production 2005 (metric tonnes) 
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 Using the figure below, Ms. Antrim also said that the Democratic Republic of the Congo 
and Australia had the highest reserves: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cobalt Reserves (thousands of tonnes) 
 
 With regard to the manganese market, Ms. Antrim said that the major use of this metal 
was in steel production, mainly for the 200 series stainless steel, which uses manganese instead 
of nickel.  She said that another important use, which might become more important in future, was 
in batteries, including conventional alkaline batteries as well as advanced lithium-ion batteries.  
Ms. Antrim noted that the market for advanced batteries was difficult to predict; pointing out that 
manganese lithium-ion batteries do not hold as much power as cobalt-based lithium-ion batteries, 
but were cheaper to manufacture.  She said that global production of manganese was about 10 
million tonnes in 2005; with reserves in 2005 of about 430 million tonnes.  
 
 Ms. Antrim said that the largest producers of manganese were South Africa, Australia, 
Gabon and Brazil. She said that the former USSR used to be the largest producer; but that those 
deposits were in the Ukraine, which had the largest reserves.  Ms. Antrim noted that Russian 
investors have plans to produce manganese from polymetallic nodules in the Gulf of Finland 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
2005 Manganese Production (thousands of tonnes) 
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 Ms. Antrim stated that transformational changes like the use of manganese in the steel 
industry could drastically affect previous metal demand projections. She outlined how future 
automobile design could change the current demand for certain metals.  She said that rising fuel 
costs and environmental issues were promoting innovations in automobile design. In this regard, 
she said that in Europe there was a heavy use of advanced diesel engines and that in the United 
States the hybrid electric vehicles have received a good market response.  She gave the example 
of a Japanese hybrid vehicle which used a nickel metal hydride battery with about 12 kilograms of 
nickel in each car. According to Ms. Antrim, hybrid car sales in the United States have risen from 
4,000 to 17,200 between January 2004 and June 2006.  Furthermore, she said that there have 
been discussions to increase the battery power of regular cars by moving from a 12 Volt battery to 
a 36 Volt power system.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2005 Manganese Reserves (thousands of tonnes) 
 
 
 Using the table below, Ms. Antrim illustrated the metal quantities required for the three 
types of batteries in hybrid vehicles: 
 
 
 
 
 
 
 
 
 
 
 Ms. Antrim noted that the implications of the battery choice could significantly affect metal 
demand.  In this regard, she said that given a world market of about 57 million cars per year, 10 
per cent market penetration by hybrid vehicles could require 66,000 tonnes of nickel or 16,500 
tonnes of cobalt (4.5 per cent or 31 per cent of current world production respectively). 
 
 Ms. Antrim listed other major factors that may affect the nickel, cobalt and manganese 
supply as being: 

Metal/ Battery Type Battery Weight, 3 
kwh battery  (Kg) 

Metal Content 3 kwh 
battery (Kg) 

Nickel/ NiMH 50 12 

Cobalt/ Lithium  Ion 22.65 4.08 

Lead/Lead Acid 85.71 60 
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• The stability of cobalt exports from the Democratic Republic of Congo 

• Export versus increasing domestic consumption in Russia 

• Development and expansion of major nickel deposits in Canada and Indonesia, 
and 

• Improved technologies for the production from laterite deposits e.g. in Australia  
 

 With regard to the demand side, Ms. Antrim reiterated the major factors affecting the 
nickel, cobalt and manganese markets as:  
 

• Economic growth in China and other developing countries 

• The use of 200 series stainless manganese-based steel in place of nickel-based 
stainless steels, and 

• The adoption of hybrid and electric automobiles with high-capacity batteries 
 
 Considering these factors, Ms. Antrim turned her attention to the implications for the 
prospects of production from the seabed.  She informed participants that land-based reserves of 
cobalt, nickel and manganese were sufficient for a long time, and said that as a result, metals 
from the seabed must compete for market share.  She said that economic growth in China, 
Russia, India and Brazil, would increase the need for new sources of nickel and cobalt.  She said 
that it would also increase the need for manganese, although not as strikingly.  Ms. Antrim stated 
that by-product relationships were an advantage for seabed minerals, since different metals could 
be produced at the same time from polymetallic nodules and cobalt-rich ferromanganese crusts.  
Ms. Antrim suggested that long-term contracts between mining companies and consumers of 
specialty products from the seabed (such as electrolytic manganese, nickel and cobalt for 
batteries) could reduce the risk and improve the economic outlook. 
 
 Ms. Antrim concluded her remarks by saying that metals would definitely grow in 
consumption, but that many uncertainties still existed with regard to the extent of growth, the 
demand for individual metals and the timeline for these developments. 
 
Summary of the discussion 
 
 A participant suggested that more attention needed to be paid to advances in land-based 
mining technology, especially advances in high pressure acid leach technology, and stated that 
many new land-based nickel and cobalt mining projects were underway using advanced 
technologies e.g. New Caledonia, Australia and Brazil.   
 
 Ms. Antrim replied that according to former estimates in the case of polymetallic nodules, 
about 80 per cent of the cost of the operation would occur in the processing plant and that seabed 
mining would benefit by making use of the advances in land-based technologies.  She said that 
seabed mining could become more competitive by using technologies that were being tested, 
developed and researched for non-seabed applications. 
 
 Another participant noted that there was a lack of supply of tellurium which was an 
inhibitor to developing technologies for solar cells with greater capacity and added that 
ferromanganese crusts were the most enriched deposits of tellurium.  

§ 
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Chapter 14: Review of the Copper, Lead and Zinc Markets  
Ms. Caitlyn L. Antrim, Director, Center for Leadership in Global Diplomacy, USA 

 
 
Summary of the presentation 
 
 Ms. Antrim said that while nickel, cobalt and manganese would be recovered from 
polymetallic nodules and cobalt-rich crusts, copper, lead and zinc which were the metals of this 
presentation were the major metals of interest in polymetallic sulphides deposits.  She said that 
copper, lead and zinc were basic metals that were of importance in the entire industrialisation 
path of every country in the world. 
 
 Using the graph below, Ms. Antrim showed the metal price history of these metals during 
1977 and 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 She informed participants that the prices shown in the graph were in 2005 US Dollars, so 
that the indicated values reflected current dollar values. She said that for all three metals, there 
had been a gradual decline in prices.  She said that copper prices, had been about $1.50/lb 
(1978), increased to $2/lb (1980) and then decreased to about $1.80/lb (2005).  According to Ms. 
Antrim, the copper price increased during periods of shortage or growth in the world economy 
when growth overtook available production capacities.  For all three metals, Ms. Antrim said that a 
general increase in growth occurred during the mid to late 1980s, followed by a recession in the 
1990s.  She said that these events resulted in slightly depressed metal prices.  Ms. Antrim stated 
that zinc and lead prices were very stable. For copper, she said that improvements in technology 
made it possible to produce copper from lower grade ores and at more competitive prices. 
 
 Ms. Antrim said that the main uses of copper were electrical, for roofing, plumbing and in 
different alloys.  She said that copper was a heavily-used metal with annual global production of 
14.9 billion tonnes (2005).  Through the chart shown below, she presented salient statistics on 
production.  Ms. Antrim informed participants that the USA used to be the largest producer of 
copper, but that Chile was now by far, the largest producer. 
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Copper Production 2005 (thousands of tonnes) 
 
 
 She said that the role of Chile as the largest producer was matched by Chile’s reserves, 
and with the figure below, provided data on global reserves of copper.  She also said that world 
reserves of copper were estimated at 470 billion tonnes (2005). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copper Reserves 2005 (thousands of tonnes) 
 
 
 Ms. Antrim noted that United States, Japan and China had different trends in 
consumption. In that regard, she said that while consumption was decreasing in the USA and 
Japan, the use of copper in China would continue to increase.  
 
  On the topic of the world lead market, Ms. Antrim informed participants that the major 
uses of lead were in lead acid batteries in vehicles (about 75 per cent of the total lead 
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consumption), gas additives, pigments and compounds as well as some alloys and ammunition.  
She noted that there was a large secondary market for recycling lead in batteries.  
 
 She said that global lead production in 2005 was 3,286 thousand tonnes and that lead 
reserves were 67 million tonnes in 2005. She said that the leading lead producers in 2005 were 
China, Australia, USA, Peru, Mexico and Canada.  Ms. Antrim provided salient statistics on global 
lead production as follows:  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lead Production 2005 (thousands of tonnes) 
 
 
 Ms. Antrim also provided relevant statistics on global lead reserves. She said that lead 
reserves were globally distributed, with major deposits in Australia, China and the USA.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lead Reserves 2005 (thousands of tonnes) 
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 With regard to zinc, Ms. Antrim informed participants that this metal was mainly used for 
dye cast components, galvanized steel, brass, alloys and chemical compounds.  She said that 
world production of zinc in 2005 was 10 million tonnes with estimated reserves of 220 million 
tonnes. She noted that zinc was often produced in conjunction with lead or copper.  
 
 Ms. Antrim also provided salient statistics on global production of zinc in the figure below.  
She said that the largest producers in descending order were China, Australia, Peru and Canada, 
and added that the United States still remained a major player for most base metals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Zinc Production 2005 (thousands of tonnes) 

 
 
 Ms. Antrim told participants that between 1997 and 2001 zinc production fell in Europe, 
but remained at the same level in the Americas and Africa, and increased in Asia and Oceania.    
 
 Turning to factors affecting the demand for copper, lead and zinc, Ms. Antrim stated that 
these were metals that countries in an early stage of industrial development heavily consume, so 
that demand strongly depended on the growth and the transformation of economies in developing 
countries. She informed participants that generally these metals were by-products, so mining 
operations mostly considered several of the base metals at the same time as gold and silver to be 
mined as by-products.  As a consequence, she said, when defining their objectives, mining 
companies need to have a sophisticated understanding of how the metal markets work and how 
the metals interplay with each other.  
 
 Ms. Antrim repeated that there was potential for a major redesign of automobiles in terms 
of moving from 12 volts to 36 volts power systems and noted that this could cause severe disarray 
in the lead industry because of the use of nickel metal hydride or lithium ion batteries instead of 
lead acid batteries.  She said that this would be another example of significant transformational 
changes in the metal markets that were difficult to predict. 
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Summary of the discussions 
 
 A participant stressed that competitiveness was essential for starting any mining venture 
on the seabed.  Ms. Antrim agreed and said that investors would be more confident if metal prices 
would continuously rise over a longer period. She also noted that precious metals as by-products 
could be essential for seabed deposits to be considered potential mining operations.  
 
 Another participant asked how recycling of metals was taken into consideration for 
demand projections and noted that in Japan recycling obligations came into force for electric 
appliances as well as for automobiles.  Ms. Antrim replied that recycling mechanisms were very 
efficient for lead; unlike galvanized metals which were much harder to recycle.  Where the metal 
is able to be separated, recycling would become more and more important.  She said that 
batteries could always be recycled no matter what metals were used in their manufacture.  
 
 It was noted by a participant that there were a number of undeveloped copper deposits 
with economic potential in Chile and in different parts of Asia. This participant further noted that 
these deposits would require significant investments, since the grade of the ore was generally 
lower compared to the ones that were currently in production. Consequently, they could only be 
developed if prices increased significantly.  This participant further noted that capital costs for 
developing these deposits had drastically increased for all base metals.   
 
 Another participant raised the point that it was expected that the worldwide number of 
motor vehicles would double in the next 20 years or so because of the increased demand in 
China, India and other countries, and wanted to know what the impact could be in terms of 
demand and use for copper and other metals. 
 
 A participant stated that he was very concerned about the copper supply in the future and 
picked up on the point of rising consumption in the automobile industry.  In this regard, the 
participant said that in Russia, China and India, huge amounts of automobiles would be required.  
Considering, that 10 kg-12 kg of copper was usually used in each car, and in the case of the 
hybrid-type cars, about double that amount; a significant increase in demand for copper was to be 
expected.  
  
 A participant asked how progress in processing technologies, e.g. in leaching technology 
or biological technology, resulting in lower cut-off grades, was taken into account in supply 
projections.  
 
 Ms. Antrim replied that she expected the trend of using lower grades due to improved 
technologies to continue and that it was debatable whether the ratio of declining grade and 
increase in volume would offset each other or result in a higher production. She noted that mining 
operations could also be restricted by political measures to limit areas for surface mining 
 
 
 

§ 
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Chapter 15: Review of the Silver and Gold Markets 
Ms. Caitlyn L. Antrim, Director, Center for Leadership in Global Diplomacy, USA 

 
 
Summary of the presentation 
 
 
 In her final presentation, Ms. Antrim reviewed the precious metals markets and drew 
conclusions on the prospects for nickel, cobalt, manganese, copper, lead, zinc, gold and silver.   
 
 Based on an annual publication of the United States Geological Survey, Ms. Antrim gave 
an overview of the noteworthy exploration activities for these metals by region in 2004.  Her 
primary interest was exploration for precious metals.  According to Ms Antrim, in 2004, out of 98 
notable exploration operations, 82 were for gold, either as the principal metal or as a by-product; 
14 were for silver; and the other two were for copper.  She said that many of the exploration 
efforts involved both copper and gold, and stressed that precious metals were a major driving 
factor that also made the mining of other metals attractive. 
 
 With regard to precious metals in seabed minerals, Ms. Antrim said that gold and silver 
were potential by-products in polymetallic sulphides deposits exploitation, and noted that precious 
metals often contributed significantly to the profitability of sulphides ores.  In this respect, she said 
that gold and silver were major incentives to exploration on land and potentially also for seabed 
minerals. 
 
 Using the figure below on gold and silver prices during the period 1977 to 2002, Ms. 
Antrim informed participants that with the exception of an economic spike in 1979/1980 the prices 
for gold and silver have been relatively stable.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gold and Silver Prices per Ounce (converted to US Dollar value in 2005) 

  
 
 She noted that silver prices were constant from 1990-2005, that gold prices, while 
decreasing a bit, have likewise been constant and predictable and have not been affected by 
economic cycles and by major technological shifts. 
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 Ms. Antrim said that gold was mainly used in jewellery, dental work, electronics, and as 
investment. She said that in 2005, gold production was 2,450 metric tonnes and world reserves 
were estimated at 42,000 metric tonnes ensuring supply for about 15 years. 
 
   Through the figure below, Ms. Antrim illustrated that jewellery was by far the dominant 
application and noted that one area with a technological shift was the improvement of ceramics in 
dental work partly replacing gold, which, however, barely affected total consumption. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gold Applications 
  
  
 Ms. Antrim reproduced salient statistics on global gold production adding that the major 
producers in descending order were South Africa, Australia, the United States and China. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gold Production in 2005 (metric tonnes) 
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 With regard to gold reserves, she said that South Africa, Australia, Peru, Russia and the 
USA had the largest reserves.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gold Reserves 2005 (metric tonnes) 
 
 
 For silver, Ms. Antrim said that its major uses were jewellery (33 per cent); photography 
(24 per cent); industrial applications (40 per cent) and coins (3 per cent).  She said that world 
production of silver in 2005 was 20,300 tonnes whereas reserves stood at 270,000 tonnes for the 
same year.  She said that at current consumption levels, reserves were sufficient for less than 15 
years.   
 
 She informed participants that silver production by region showed a slight growth in the 
Americas and Oceania with a slight decline in Europe and Africa. Generally, she said that 
production rates and the regional share of global production have remained relatively stable 
during the 1977 to 2001 period. . 
 
 Depicting prices of selected metals in 1977, 1980 and 2005, Ms. Antrim summarised the 
demand projections for nickel, copper, cobalt and manganese as follows: 
  

Metal prices in US Dollar (converted to the value in 2005) 
 
 1977 1980 2005 

Copper ($/lb) 1.71 2.07 1.69 

Nickel ($/lb) 5.82 5.93 6.59 

Cobalt ($/lb) 14.42 44.62 15.80 

Manganese ($/MTU) 3.75 3.41 4.71 

 
 
 She said that prices for these metals had not significantly increased over this period, but 
that the cost of labour, energy and construction increased consistently with inflation. The overall 
economics of a seabed mining venture as it was conceived in the 1970s was less profitable now 
than it was at that time.  She also said that on the other hand, progress in extractive metallurgy, 
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especially the development of pressure acid leaching and adapting it to seabed mining operations 
could reduce costs significantly.  Referring to previous slides Ms. Antrim further noted that in the 
last 5 five years a trend of rising prices could be observed, but that it was, however, difficult to 
make a forecast on such a short term dataset.  
 
 Some of the key factors that affected prices: 

 
• The supply-demand balance. 

• Risk (technical risk of the mining operations; economic risk; or political risk). 

• Alternative investments e.g. investments in expansion of existing deposits or 
improved processing efficiency, and 

• Changes in consuming technologies e.g. transformational changes in the steel 
industry. 

 
 Based on her analysis, Ms. Antrim gave an outlook of future trends for certain metals and 
summarised the following changes which she thought could occur:  
 

• A strong growth in demand and continuing price increases in response to the 
progress of advanced developing countries (especially China, India and Brazil) as a 
dominant factor over the next 20 years. 

• A reduction of Russian exports due to increasing domestic consumption. 

• The development of advanced auto batteries as major new markets for nickel, cobalt 
and manganese. 

• An increased demand for other specialized manganese products. 

• A potential reduction in demand for lead in auto batteries. 

• A continued cyclical market behaviour in response to general economic trends, 
recessions, impacts of disasters etc., and 

• Further development of PAL (Pressure Acid Leaching) technology and its applicability 
to seabed minerals as well as to laterites. 

 
 On the matter of risk factors that could affect the potential development of seabed mineral 
deposits, Ms. Antrim compared factors relating to industrial demand to factors relating to land-
based mining and the risk factors of seabed mining itself.  She said that industry-related risk 
included market changes due to end user technology or preferences together with the uncertainty 
of demand projections. She said that the development of land-based minerals could also be 
affected by the political uncertainty of some major mineral regions.  Ms. Antrim said that while 
seabed mining was associated with technical risks and greater geological uncertainty, the political 
risk could be less than some of its land-based competition.  

 
 Ms. Antrim  summarised the current trends in the supply and demand of the relevant 
metals as follows: 

 
• Significant amounts of nickel and cobalt are currently being recovered from land-

based oxide laterite deposits.  
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• In Voisey’s Bay, Labrador, Canada large nickel, cobalt and copper deposits are 
being developed.1 

• Some land-based producers of copper, lead and zinc are significantly expanding 
existing mining sites, and 

• A continued demand growth for minerals to support the development of China’s 
industrial and commercial economy. 

 
Ms. Antrim stressed that for demand projections, industrial transformational factors and 

the uncertainties associated with them needed to be taken into account, and pointed out her key 
findings and conclusions in relation to future seabed mining:  
 

1. The rising GDP of China and other developing countries will lead to higher than 
average growth of demand for major metals that could be derived from deep 
seabed minerals. 

 
2. The Automobile sector demand will expand conventional uses (copper and lead) 

and will open new demand for nickel, cobalt and manganese in high energy 
batteries. 

 
3. Precious metals are an important driving force in mineral exploration. Prospects 

for the recovery of gold and silver from polymetallic sulphides will be a factor in 
building interest in early seabed mining operations, and 

 
4. Legal and regulatory conditions are a major factor in the evaluation of 

attractiveness of mineral deposits for development.  Demonstration of an effective 
and efficient legal and regulatory regime for the deep seabed will compliment 
factors that make seabed mineral resources technically and economically 
attractive 

 
 In conclusion, Ms. Antrim stated that seabed minerals had the opportunity to become a 
major source of supply to the world economy.  She added that the demonstration of feasibility and 
an appropriate regulatory climate by the initial operations would ease the way for subsequent 
development of seabed minerals.  
 
__________________ 
 
1 The Voisey’s Bay deposit is a nickel-copper-cobalt deposit located approximately 35 kilometres southwest of Nain in 

northern Labrador. It was formed about 1.3 billion years ago and is contained within igneous rocks typical of those 
that host major nickel deposits elsewhere in the world. The Voisey’s Bay deposit consists of a series of individual 
nickel-copper-cobalt deposits that are known as the Reid Brook, Discovery Hill, Ovoid and Eastern Deeps. The Ovoid 
is close to the surface beneath 2.5 to 30 metres of overburden. The other deposits are deeper and plunge to the east-
southeast at about 20 degrees. Their depth varies between 100 and 1,000 metres below surface. The only deposit 
that has had sufficient exploration work done to be regarded as a proven resource is the Ovoid. This is a bowl-shaped 
deposit that measures 950 by 500 metres across, and is over 100 metres deep at the center. It contains proven 
reserves of 31.7 million tonnes of ore, 2.83 per cent of which is nickel, 1.68 per cent copper and 0.12 per cent cobalt. 
It is the only deposit that can be developed by surface open-pit mining techniques. The other deposits contain a total 
of 118 million tonnes of indicated and inferred resources, however, further exploration work (including underground 
work) will be required to determine how much of these resources can be mined. Most will have to be developed using 
underground mining techniques. All mineralization consists of nickel sulphide (pentlandite), which also contains the 
cobalt, copper-iron sulphide (chalcopyrite) and iron sulphide (pyrrhotite). The style of mineralization varies from 
massive (i.e. over 90 per cent sulphides minerals) to disseminated (i.e. the sulphides are mixed with other minerals). 
( Source: Government of Newfoundland, Labrador, Canada.) 
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Summary of the discussions 
 
 The Secretary-General raised the point that in the 1970s when the United Nations 
Convention on the Law of the Sea was being negotiated, a set of articles dealing with production 
policy including a formula for dividing the market between seabed production and land-based 
production were formulated.  He said that the background for these articles was the land-based 
producers’ concern that they would be displaced from the market by rapid growth of production 
from the seabed. Seabed production was thus limited to permitting an annual growth rate of 50 
per cent of the growth of nickel.  He said that assumptions of the annual metal market growth 
rates had been made based on the historical growth in nickel at this time of about 3.5 per cent to 
4 per cent over the previous 15-20 years.  The Secretary-General wanted to know if Ms. Antrim 
had recently calculated the rate of growth in nickel in light of current demands. 
 
 Ms. Antrim replied that the growth rate over the previous 5 years was about 4 per cent for 
nickel and 2-3 per cent for the base metals.  She added that it was difficult to project the current 
growth on the basis of the last few years when prices for some metals started to significantly 
increase.  
 
 The Secretary-General added that the earlier provisions made in respect of a maximum 
number of production sites for seabed producers were abandoned in the 1994 Agreement on 
Implementation of the Seabed Provisions of the Convention on the Law of the Sea.  He said that 
due to the lower growth in metal demand, it was decided to allow a free market situation with 
provisions against subsidization in the 1994 Agreement. 
 
 Another participant was interested in obtaining more details on gold prices and the 
potential effect it could have on the development of hydrothermal polymetallic sulphides deposits.  
He noted that since June 2006, gold prices had increased dramatically to about US$640 per 
ounce at the time of the workshop and quoted three different projections which anticipated gold 
prices to rise to between US$1,000 and US$8,000 per ounce in the next 4-6 years.  The 
participant stated that this was an important situation in respect of the potential development of 
hydrothermal polymetallic sulphides deposits and added that he believed that mining would be 
feasible if the gold price reached US$1,000 per ounce. 
 
 Ms. Antrim noted that one needed to take into account the time frames for which these 
projections had been made and further stated that some projections may not be objective and 
unbiased. 
 
 On the expanding cobalt market, a participant noted that the market size was still small 
and that cobalt-rich crusts mining as well as polymetallic nodule mining were economically risky.  
He further stated that polymetallic sulphides mining could take place at a smaller production scale 
and could economically be less risky.  As a mining engineer, he added that mining polymetallic 
sulphides was technically easier than mining ferromanganese cobalt-rich crusts deposits. 
 
 Ms. Antrim agreed and said that the experience from the development of polymetallic 
sulphides deposits could also be applied to crusts and nodule mining. 
 
 

§ 
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Chapter 16: Demand for Mineral Resources in the People’s Republic of China – 
Short, Medium and Long-Term Projections  
Dr. Hongtao Zhang, Deputy Director-General, China Geological Survey, Beijing, People’s 
Republic of China.  Presented by Mr. Haiqi Zhang of the China Geological Survey.. 

 
 
Summary of the Presentation 
 
 Mr. Zhang apologized for the absence of Dr. Hongtao Zhang, who could not be at the 
workshop due to pressing engagements.   
 
 Dr. Haiqi Zhang provided participants with an overview of the China’s Geological Survey 
and the mining industry of the People’s Republic of China. He informed participants that a 
geological map of China at a scale of 1:250,000 was completed in 2005.  In addition, he said that 
regional geochemical exploration, hydro, geological, gravity and airborne magnetic surveys had 
been carried out for China but at different scales.  Mr. Zhang disclosed that 171 minerals had 
been discovered in China and reserves for 158 of them had been established.  He also said that 
over 200,000 mineral occurrences had been identified.  He further informed participants that more 
than 10,000 large and medium-scale mining enterprises existed in China.  Additionally, he said 
that there were 240,000 small-size mining operations in the country.  Dr. Zhang said that the total 
production of solid mineral ores was more than 5 billion tonnes per year, translating into an 
annual value of the mining industry and related industries of over 2,000 billion Yuan, which made 
China the third largest producer of mineral ores in the world.  
 
 In the first part of his presentation Dr. Zhang outlined the exploitable reserves and the 
domestic supply of metallic minerals in China.  He made the following points to characterize the 
current situation: 
 

• The reserves of iron, manganese, aluminium and copper are large, but metal 
grades of the ores are generally low and the metals are associated with other 
minerals which makes them difficult to process; 

• There are rich deposits bearing tungsten, tin, rare earth elements, molybdenum 
and antimony, which are, however, not heavily consumed in China; 

• The proved reserves of interested metals are mostly located in areas where little 
geological survey work has been done; 

• China has high potential areas for mineral prospecting, as the country is located 
in the cross region of the three metallogenetic belts of the Pan Pacific Ocean, the 
Paleo Asia Ocean and the Paleo Tethy’s Ocean.  

• Since 1990 the consumption of mineral commodities is increasing faster than 
national production; 

• National  production is increasing at a greater rate than the discovery of new 
reserves, so the reserves of petroleum, coal, copper, iron, manganese and 
chromium have been decreasing in relative terms; 

• The shortage of petroleum, natural gas, coal, iron, manganese, chromite and 
copper is increasing; 
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• Of the current reserves of 45 main minerals, only 24 of them can meet the 
consumption demand until 2010 and only six of them can meet the consumption 
demand until 2020; 

• Compared to the year 2001 the reserves decreased at a great speed in the recent 
five years. The proved reserves of copper, zinc, nickel, cobalt, tungsten, 
molybdenum and rare earth elements decreased in 2005. 

 
 Using the table below, Dr. Zhang presented salient statistics of the proved reserves and 
the exploitable reserves of relevant metals as of the end of 2004, and compared to 2001. 
 
 

PROVED RESERVES AND EXPLOITABLE RESERVES OF METALS BY THE END OF 2004 
 

 Unit (* thousand 
tonnes) 

Proved 
Reserve 

Compared 
to 2001 

Exploitable 
Reserves 

Compared 
to 2001 

Iron  Billion tonnes
(ores)  581.51  +0.22  117.33  -3.97  

Manganese  10 (ores)  72456.9  +698  12558.7  -106  

Copper1  10* (metal)  6659.0  -258.0  1753.6  -188.3  

Bauxite1  10* (ores)  25.95  +1.24  5.59  +0.53  

Lead1  10* (metal)  3906.5  +166.8  824.4  +111.3  

Zinc1  10* (metal)  9224.9  -537.0  2686.8  +305.0  

Nickel1  10* (metal)  795.67  -32.22  239.83  -20.91  

Cobalt1  10* (metal)  63.33  -1.32  3.88  -1.02  

Tungsten1  10*  572.53  -10.7  144.24  +8.83  

Tin1  10* (metal)  481.23  -25.67  78.92  -9.87  

Molybdenum1  10* (metal)  875.65  -86.24  162.32  -32.69  

Gold  Tonnes (metal)  4560.24  +92.34  1362.33  -22.47  

Silver  Tonnes (metal)  126102  +6497  28770  +5444  

Rare Earth1  10* (oxide )  8882.9  -170.0  2015.6  -113.31  

_______________ 
1 In thousands of tonnes 
 
 Dr. Zhang explained that only proved reserves of iron, manganese, bauxite, lead, silver 
and gold increased during the period.  
 
 In the second part of his presentation Dr. Zhang discussed the supply and demand 
situation in the People’s Republic of China.  He said that due to the rapid development of the 
Chinese economy and the domestic shortage in the main mineral resources, the reliance on 
imports was continuously increasing and China had become the biggest importer of mineral 
metals. Through the use of the figure below, he provided salient statistics on export and import 
values for selected mineral commodities in 2005.  
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IMPORT AND EXPORT OF MAIN METAL MINERALS IN CHINA 
(VALUES IN TEN THOUSAND US DOLLAR) 

 
Export Import Commodity Amount Unit 

(in 1000 tonnes 
unless otherwise 
specified 

Amount Value Amount Value 

Iron ore (washed sands) 
and concentrates  

       27526  1837278  

Pig iron and iron glance   223  66651        
Steel scrap         1014  261049  

Billet and forged piece   707  267284  131  68054  
Steel products   2052  1307968  2582  2460845  

Manganese sands  
and concentrates  

       458  68348  

Not forged manganese   29  42433        
Chromium sands and 
concentrates  

       302  59557  

Copper sands and 
concentrates  

       406  370672  

Copper scrap         482  317991  

Not forged copper  
(including copper 
hardener) 

 14  54982  142  494967  

Copper products   46  207366  112  437824  

Aluminum oxide for 
refinery  

 2  1386  702  259717  

Scrap aluminum         169  136859  

Not forged aluminum 
(aluminum alloy)  

 132  237952  64  101849  

Aluminum products   71  195089  65  225102  

Zinc oxide  tonnes  62205  6920    

Lithopone  tonnes  79697  2938    
Not forged zinc and alloy   15 19583        

Not forged tin and alloy   2.7 19865        

Not forged antimony, 
powder scrap  

       2.9        

 
 
 Dr. Zhang gave details of the supply and demand of iron, manganese, chromium, 
bauxite/aluminium, copper, and the rare earths as follows: 

 
(i) In respect of iron ore, he said that the domestic production (blue line in the figure 

below) was 420 million tonnes in 2005; about double the output of 2001. About 
275 million tonnes of iron ore was imported (black line); and 485 million tonnes 
were consumed in total (red line). The percentage of imported iron ore increased 
from 14.15 per cent in 1990 to 57 per cent in 2004. 

 
 



 347

0 
1 

2 
3 

4 
5 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

Ten Million tonnes 

output consumption import 

 

Domestic Production, Consumption and Import of Iron Ore from 1990 to 2005 
  

(ii) With regard to manganese, domestic production was 7.185 million tonnes in 
2005; 4.58 million tonnes of manganese sands were imported, which 
corresponds to about 60 per cent of the total consumption (10.77 million tonnes). 

(iii) About 150,000 tonnes of chromium was produced in China in 2005. Imports were 
3.02 million tonnes, representing about 90 per cent of total consumption. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Domestic Production, Consumption and Import of Chromite from 1990 to 2005 
 

(iv) 790,000 tonnes of copper concentrate was produced domestically in 2005, and 
3.665 million tonnes of fine copper was consumed. 4.06 million tonnes of copper 
sand was imported in 2005. At the same time, significant amounts of raw copper, 
refinery copper, copper hardener, copper products and copper scrap was 
imported. In total, about 60 per cent of the copper demand in 2005 was met by 
imports. 

(v) Domestic output of aluminium oxide in 2005 was 8.609 million tonnes; 7.02 
million tonnes of aluminium oxide was imported in 2005. 

(vi) The outputs of lead and zinc concentrates in China in 2005 were 1.04 million 
tonnes and 2.52 million tonnes respectively.  Imports of lead and zinc 
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concentrates in 2005 amounted to 1.03 million tonnes and 568,000 tonnes 
respectively.  

(vii) In respect of rare earth elements, China has the largest reserves in the world. In 
2005 domestic output was 103,000 tonnes; domestic consumption was 51,900 
tonnes. The balance of 55,300 tonnes was exported.   

 
 On the topic of demand projections for China, Mr. Zhang stated that the supply of mineral 
resources was not secure and that the situation was getting severe. He gave the following 
reasons:  
 

• Domestic reserves of the required mineral resources are insufficient.  Most 
minerals such as iron, manganese, copper, lead, zinc, cobalt, tin and gold cannot 
satisfy projected demand in 2010. 

• Most mines are small-sized operations. Metal grades are relatively low; mining 
and processing is comparatively difficult and expensive.   

• The recovery rate of metals is lower than at the international level. About two-
thirds of the minerals which are associated with other minerals have not been 
used comprehensively as by-products; only about 10 per cent of the tailings are 
used. 

• Consumption is increasing rapidly and it is expected that the demand will 
continue to increase.  

 
 In conclusion, Mr. Zhang said that China was pursuing the following strategies to meet its 
challenges of insufficient supply of resources: 

 
• Improve resource management, reduce waste of mineral resources and increase 

the recovery rate by the use of new technologies. 

• Intensify resource exploration in the western part of China. 

• Carry out exploration of deep resources as well as new potential mine sites 

• Increase recycling. 

• Extend international cooperation and set up multi-channel import of a variety of 
mineral commodities. 

 
Summary of the discussion 
 
 The Secretary-General sought more clarification on Mr. Zhang’s statement that most of 
the local resources in China would be exhausted by 2010 unless new resources were found.  He 
asked if China was in the process of establishing supply channels from other countries and 
wanted to know at what point the supply would be secured to sustain China’s development. 
 
 Mr. Zhang replied that in 20 years China would need to develop mineral resources from 
the seabed such as polymetallic nodules, cobalt-rich ferromanganese crusts and polymetallic 
sulphides.  
 
 The Secretary-General asked whether the development of resources from the seabed 
could take place sooner. 
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 A member of the Chinese delegation replied that the question was a difficult one but 
confirmed Mr. Zhang’s comment that that by the year 2010 or 2020 some of the main metals 
would be exhausted in China.  He said, however, that by the year 2020 consumption of some 
metals could also decrease by way of technological development.  He said that exploration of 
mineral resources on the seabed was a goal, although at this particular point in time, it was not 
possible to state where or when commercial mining on the seabed would take place. 
 
 Another member of the Chinese delegation commented on the demand and supply 
situation and the strategy of the Chinese government. He outlined four official mid-term and long-
term strategies that the government of the People’s Republic of China would focus on. He said 
that one strategy was the expansion of exploration in the western part of China, which was 
expected to result in significant discoveries of copper and other important minerals.  Another 
strategy was to use low-grade minerals by means of improved mining technologies. The 
participant said that China had large deposits of low-grade iron, copper, lead, zinc, gold and 
aluminium.  The third strategy he said was international cooperation and noted that in the last few 
years China had made great efforts to establish ties with Australia, South American and African 
countries in terms of long-term supply relationships.  A fourth strategy, the participant said, was to 
save minerals through more efficient use of, for example, manganese in steel production.  Apart 
from these strategies, the participant pointed out that in his opinion, that the fifth strategy to 
overcome the shortage of resources was to promote prospecting and exploration for minerals on 
the seabed. 
 
 In reply to a question on whether recycling would be an important part of the policy and if 
there were programmes in place to initiate recycling, a member of the Chinese delegation advised 
that recycling was an important measure and part of the official industry policy of the People’s 
Republic of China.  
 
 On the subject of international cooperation as a major strategy to help meet  domestic 
demand, another participant asked if the Geological Survey of China itself planned to carry out 
exploration overseas, e.g. for copper in Chile or zinc in Australia.  
 
 In response, participants were advised that the policy of the Chinese government was to 
use foreign resources in different ways.  Buying commodities from the metal markets would be 
the most important way and another would be to establish joint ventures to develop oil and gas 
resources as well as hard rock minerals.  Participants were also informed that China is already 
participating in joint ventures in Australia, Peru, Tanzania and in some other projects.   
 
 Referring to the five strategies outlined by the participant from China, another participant 
asked about the priority of these strategies, especially the strategy to develop seabed minerals.  
He also wanted to know what could be done to make seabed minerals more attractive to China 
and noted that instruments need to be developed to promote deep sea mineral development.  
 
 The response was that deep sea mineral development was a long-term strategy and that 
in the short term more emphasis would be placed on recycling and on the development of low-
grade minerals on land. The point was also made that deep sea mineral development was an 
economic problem, not a technical one. He said that if the economic factors changed dramatically 
in terms of commodity prices, the existing mining systems could be improved immediately.  A 
critical factor identified as an impediment was the competitiveness of seabed mining. 
 

§ 
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Part IV 
  
 

 
RECOMMENDATIONS OF THE WORKING GROUPS ON  

POLYMETALLIC SULPHIDES DEPOSITS AND ON  
COBALT-RICH FERROMANGANESE CRUSTS DEPOSITS 

 
 

 Two working groups were formed to investigate the impacts of the draft 
Regulations in practice and to develop recommendations for changes if required.  
One of the working groups dealt with polymetallic sulphides and the other with 
cobalt-rich ferromanganese crusts.  The mandates of both working groups 
included an examination of the economic feasibility of mining the resource, the 
appropriate sizes of exploration and mining areas as well as the provisions for 
relinquishment, application fees and the participation by the Authority. A plenary 
was subsequently held to discuss intermediate results. The cobalt-rich 
ferromanganese crusts working group was led by Dr. James Hein and the 
polymetallic sulphides group was led by Dr. Charles Morgan.  The reports of the 
working groups and the subsequent discussions are summarised below. 

 
 
Chapter 17 Report of the Polymetallic Sulphides Working Group including a 

preliminary cost model of a ferromanganese cobalt-rich crust venture and 
impact of the of system of participation proposed in the draft Regulations 

 Dr. Charles Morgan, Environment Planner, Planning Solutions Inc., Mililani, 
Hawaii, United States of America 

 
Chapter 18 Report of the Cobalt-Rich Ferromanganese Crusts Working Group   
 Dr. James Hein, US Geological Survey, Menlo Park, CA, United States of 

America 
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Chapter 17: Report of Polymetallic Sulphides Working Group 
Presented by Dr. Charles Morgan, Environment Planner, Planning Solutions Inc., Mililani, 
Hawaii, United States of America 
 

 
 
 Dr. Morgan reiterated the mandate of the working group which was to work with the 
existing draft Regulations and examine the economic feasibility of mining polymetallic sulphides 
resource. He said that a single set of regulations for polymetallic sulphides and cobalt-rich 
ferromanganese crusts together with issues related to exploration area restrictions and 
relinquishment procedures as well as subject participation by the Authority were to be addressed. 
 
 Dr. Morgan noted that with respect to equity participation by the Authority, the working 
group did not feel competent enough to suggest an appropriate formula and that the working 
group suggested deferring the particular issue to experts in this field. 
 
 With regard to the working group’s recommendations for characteristics of exploration 
areas, Dr. Morgan said that the working group supported the original concept of the draft 
Regulations with blocks of 10 by 10 kilometres as the basic unit for initial exploration and the 
group accepted the fact that an exploration area would consist of a maximum of 100 such blocks 
located in a contiguous cluster to prevent “cherry picking” of best known sites.1   
 
 With respect to the application fees contained in the draft Regulations, he said that the 
working group suggested adding an option that could make other investors, besides States 
parties, more interested in investing in the development of the resource.  Therefore, in addition to 
the option of paying a fee of USD$250,000 to be paid at the time of the application, investors 
could select the option of paying a lower application fee plus annual rental fees per block that 
increased over time.  Dr. Morgan added that the basic principle was to encourage the explorer to 
examine, study, and explore the license area thoroughly in an early manner so that the explorer 
could relinquish parts of the area as soon as possible.  He added that this would also provide an 
economic incentive, since entry fees would be lower at the initial stage where the risks were 
highest, which would encourage of more investment. 
 
 On the matter of rental fees for the second option the working group suggested the 
following amounts per block: 
 

• US$250 in the first year 

• US$500 after the first year 

• US$1,000  after the first relinquishment 

• US$2,000  after the second relinquishment 

• After each 5-years of contract extension the amount should be doubled 
 
 According to the suggestions, Dr. Morgan explained that in the first year, each block 
would cost US$250 which would result in US$25,000 for 100 blocks plus an application fee of 
US$25,000. After the first year the amount per bock would rise to US$500 so that the annual fee 
for 100 blocks would be US$ 50,000. 
 
________ 
1 The Activity of pursuing the most lucrative, advantageous, or profitable among various options and 
leaving the less attractive ones for others 
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 Assuming that a contractor wanted to seek a five-year extension, Dr. Morgan explained 
that each time an application for such an extension was made, the contractor would pay double 
the price of each block (US$4000) as an incentive to move forward with its activities.  He noted 
that the suggested amounts were thought to be reasonable but nevertheless arbitrary and were 
open to change as appropriate 

 
 He presented the table below indicating fee development and the cumulative total fees 
over a 20 year period based on the suggested fees. 
 
EXAMPLE OF RENTAL FEE OPTION 
 

Year # of blocks $/Block Application Fee Area Rental 
Fee 

Total Fees Cumulative total

1 100 250 25,000 25,000 50,000 50,000 

2 100 500   50,000 50,000 100,000 

3 100 500   50,000 50,000 150,000 

4 100 500   50,000 50,000 200,000 

5 100 500   50,000 50,000 250,000 

6 50 1000   50,000 50,000 300,000 

7 50 1000   50,000 50,000 350,000 

8 50 1000   50,000 50,000 400,000 

9 50 1000   50,000 50,000 450,000 

10 50 1000   50,000 50,000 500,000 

11 25 2000   50,000 50,000 550,000 

12 25 2000   50,000 50,000 600,000 

13 25 2000   50,000 50,000 650,000 

14 25 2000   50,000 50,000 700,000 

15 25 2000   50,000 50,000 750,000 

16 25 4,000   100,000 100,000 850,000 

17 25 4,000   100,000 100,000 950,000 

18 25 4,000   100,000 100,000 1,050,000 

19 25 4,000   100,000 100,000 1,150,000 

20 25 4,000   100,000 100,000 1,250,000 
 
 Dr. Morgan outlined the recommendations of the working group in respect of 
relinquishment.  He said the group suggested that no requirement for contiguity of blocks after 
relinquishment needed to be defined.  He said that this was to allow investors to focus on the 
areas of high promise and to eliminate areas that were not interesting, taking into account that the 
deposits were highly irregularly spaced and that it would be an undue burden and somewhat 
inefficient to require contiguity beyond the first stage.  Dr. Morgan said that the working group was 
of the opinion that this suggestion is consistent with the existing draft Regulations.  
 
 The working group suggested relinquishment to take place according to the following 
scheme:  
 

• After a maximum of 5 years, the areas should be reduced to 50 per cent of the 
original area 
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• After a maximum of 10 years, the areas should be reduced to 25 per cent of the 
original area 

 
• After a maximum of 15 years, the areas should be reduced to the equivalent of 25 

blocks, where blocks could be subdivided as appropriate by the Authority 
 

 Dr. Morgan noted that a contractor could relinquish areas earlier and if it took the second 
option, it would be to its economic advantage to relinquish earlier.  He also said that the group felt 
it would be to the advantage of the Authority to free up areas for other explorers as early as 
possible.  He explained that the only addition that the working group made to the existing draft 
Regulations in relation to the relinquishment procedures was the possibility of subdividing the 
remaining blocks and changing the area to the equivalent of 25 blocks.  This would give the 
Authority the ability to break a 10 by 10-kilometre block into smaller sections as is appropriate to 
permit efficient exploitation and not constrain the developer to arbitrary blocks.  He noted that 
mining companies at this stage would have identified the actual mine sites and would be able to 
delineate them.  This option would allow for flexibility and efficient usage of the licence territory for 
subsequent development efforts. 
 
Summary of the discussion 
 
 In relation to the proposed subdivision of final exploration blocks after relinquishment a 
participant commented that the wording “subdivided as appropriate by the Authority” might be 
misleading and suggested that the subdivision of the block in a generic sense should be done by 
the Authority, whereas the selection of sub-blocks should be up to the contractor. 
 
 Dr. Morgan said that the intent was that the Authority would divide the final mining area 
into 1 km by 1 km sub-blocks and the contractor would then pick from these to define his mine 
site.   
 
 The Secretary-General suggested that blocks could be subdivided as appropriate by the 
contractor in consultation with the Authority.  
 
 Another participant commented on the payment scheme for the block rental option and 
said that according to this suggestion, his understanding was that the Authority would give the 
contractor the rights to exploit the remaining 25 blocks only after the 15th year.  He said that a 
contractor may have finished exploration by the 10th year, but would have to pay the fees for five 
more years. 
 
 Dr. Morgan pointed out that it was important to understand that the proposed timelines 
with respect to relinquishment were maxima, i.e. an explorer could relinquish earlier and ask for 
an exploitation licence earlier.  Dr. Morgan stressed that doubling the fee after 15 years to 
USD$4,000 per block should be an incentive to finish exploration in less than 15 years. 
 
 The Secretary-General noted that an exploration contractor could accelerate its activities 
and pay fees only until it finished exploration.  Thereafter, there would be a different contract 
dealing with the exploitation phase and the contributions to be made under that scheme.  He said 
that there was a need to establish another scheme for exploitation. 
 
 Another member of the polymetallic sulphides working group reminded participants that 
the rental fee scheme was a second option and that contractors were free to select the option of 
paying US$250,000 up front for 15 years of exploration.  The participant said that for an applicant 
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that decided on the second option it was reasonable to assume that by the 15th year it would 
have paid more than a contractor who had initially decided to pay the money up front.   
 
 After 15 years, this participant continued, the contractor would be making annual 
payments of US$100,000, if it still had not decided to start mining. With respect to the timelines 
for relinquishment and the related fees according to the second option, this participant suggested 
adding a clause saying that in the case of rapid exploration where the equivalent of US$250,000 
has not been yet been fully paid the difference would have to be paid when the contractor 
completed exploration and moved on to exploitation.  
 
 With respect to the two options, a participant commented that it might not be fair to grant 
a contractor who paid US$ 250,000 up front 5 year extension terms at no costs while another 
contractor which selected the second option would have to pay for any extension of the 
exploration phase. 
 
 Responding to this comment, another participant said that from a company’s point of view 
it would be expected to pay for an extension of the exploration term.  
 
 Dr. Morgan stated that given the fact that a company did not make profit until the 
exploitation phase, it would be unlikely that a company which decided to use the second option 
would carry out exploration for more than 15 years and ask for an extension.   
 
 The Secretary-General stated that the issue of procedures for extension and the 
associated fees needed to be addressed.  He said that the existing draft Regulations did not 
exclude the possibility to charge fees for the extension of the exploration contract. 
 
 

§ 
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Chapter 18: Report of Cobalt-Rich Ferromanganese Crusts Working Group  
Presented by Dr. James Hein, US Geological Survey, Menlo Park, CA, United States of 
America 
 

 
 Dr. Hein introduced his report by stating that the cobalt-rich ferromanganese crusts 
working group came to consensus with respect to some recommendations whilst other issues 
remained without consensus.  He said that the only regulation for which there was consensus was 
the base exploration block unit of 100 square kilometres.  He said that all other regulations for 
which consensus was reached were new. 
 
 He summarised the consensus regulations in relation to exploration areas as follows: 
 

• Exploration blocks should be 100 square kilometres, consisting of five 20 square 
kilometres contiguous sub-blocks 

 
• Exploration blocks need not be contiguous but should be clustered within a local 

geographic area 
 
• Relinquishment should be based on the 20 square kilometres sub-blocks and 

should occur during two stages  
 
• The final set of 20 square kilometres sub-blocks that define the mine site need not 

be contiguous 
 
 Dr. Hein noted that the concept of sub blocks was new and had been introduced to 
decrease the necessary amount of exploration territory as well as to decrease the amount of mine 
site territory by eliminating uninteresting territory within the lease areas.   
 
 With respect to the relinquishment procedures, he said it would be more efficient to 
relinquish on a per sub-block basis which better reflected the size of mining sites according to the 
geological conditions, rather than the initial 100 square kilometres block size. He noted that it was 
agreed upon by all working group members that the final set of sub blocks that defined a mine site 
did not need to be contiguous. 
 
 Dr. Hein proceeded to stipulate the recommendations for which the working group did not 
come to a consensus.  He said that the contentious issues were the sizes of the exploration areas 
and the final mine sites, and noted that the range of values suggested for the exploration area 
was between about 2,000 square kilometres -10,000 square kilometres and between 100 square 
kilometres -2,800 square kilometres for mine sites.  He disclosed that most of the discussions of 
the working group were related to the question on how much un-mineable areas could occur in a 
mine site. 
 
 In relation to the exploration area and mine site area, Dr. Hein reiterated the suggestions 
he had prepared prior to the workshop: 
 

• An exploration area should consist of up to about 25 exploration blocks of 100 
square kilometres each comprising a maximum area of about 2,500 square 
kilometres 

 
• A mine site should consist of up to about 25 sub-blocks of 20 square kilometres 

each comprising a maximum area of about 500 square kilometres 
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 He stated that according to some model calculations the suggested size of 500 km² for a 
mine site was five times larger than what could actually be needed by a commercial mining 
company.  He said that the working group was, however, unable to reach a consensus on this 
issue.   
 
 Dr. Hein presented the group’s recommendations for relinquishment of leased exploration 
territory as follows:  
 

• No requirement for contiguity after relinquishments 

• After a maximum of 5 years, reduce area to 50 per cent of the original 

• After a maximum of 10 years, reduce area to 25 per cent of the original 

• After a maximum of 15 years, reduce area to 25 sub-blocks 
 

Dr. Hein said that the only deviation from the draft Regulations was the use of sub-
blocks of 20 km² rather than the 100 km² blocks.  Referring to the recommendations of the 
polymetallic sulphides working group, he noted that the concept of 10 km² sub-blocks could be 
applied to cobalt-crusts as well and added that the smaller the sub-blocks, the more unusable 
territory could be eliminated in the leased site. 
 
 The working group developed a model mine site as a basis to suggest recommendations 
as per the group’s mandate.  In order to evaluate the impacts of the draft Regulations and to 
develop modifications, a “reverse” approach was chosen.  He said that starting from assumptions 
on the required production rates of a mining operation and other conditions for commercially-
viable activities, the theoretical mine site was presented.  
 
 Dr. Hein reiterated the model parameters and model assumptions which had been used 
for the model mine site: 
 

• 20 years of operation 

• 1 million wet tonnes of annual ore production (670,000 dry tonnes) 

• Mean crust thickness of 6 centimetres 

• 0.6 % cobalt grade (0.5 per cent nickel as a by-product) 

• 78 kilograms of cobalt per square meter 

• 4,020 tonnes cobalt production per year 

• 12.82 square kilometres mining area per year resulting in 256 square kilometres 
over 20 years 

• Size of exploration area 2,500 square kilometres 

• Exploration costs (early exploration): 60 days at US$75,000 resulting in USD$ 4.5 
million. 

 
 He noted that the tonnage values per year were based on the premise of not being too 
intrusive in the cobalt market. He said that the group selected a maximum of 10 per cent market 
penetration for cobalt.  Dr. Hein further noted that for the purpose of the theoretical model the 
working group agreed upon these parameters, however, there were different opinions on the 
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values for a real mining venture, and cited a group member who said that in normal engineering 
practice, three times the mining area was used as a safety margin, which would increase the 
mining area to about 750 square kilometres. Dr. Hein stated that based on scientific evidence he 
suggested a final mine area of 500 square kilometres, although the key question of how much 
additional territory was needed to get 256 square kilometres of mineable area could not be 
answered until a commercial venture was initiated and completed.  
 
 Dr. Hein further mentioned practical considerations of the working group. These were that 
the actual production rate may be limited by the mining equipment, and the size of the exploration 
area. In this regard, he noted that with the introduction of escalating fees for blocks, the 
exploration area of 2,500 square kilometres results in costs for the initial phase of exploration of 
about USD$4.5 million. In the case of the larger exploration area, at 10,000 square kilometres, the 
fees for exploration would rise to about USD$20 million which could be prohibitive to a 
commercial enterprise. 
 
 With regard to the issues of application and/or rental fees which the working group did not 
address in detail, Dr. Hein said that he supported the polymetallic sulphides working group’s 
concept of having two options, i.e. an up-front fee and  variable fees based on the number of 
retained blocks.  He concluded his report by stating that in his opinion cobalt-crusts mining would 
be further down the line than polymetallic sulphides mining, so there was still time to discuss 
these issues. 
 
 In relation to the effect of the system of participation, the working group produced the 
report below. 
 
A preliminary cost model of a cobalt-rich ferromanganese crusts mining venture in the Area, and 
an examination of the effects of the system of participation by the Authority 
 
 The Working Groups on polymetallic sulphides and cobalt-rich ferromanganese crusts 
deposits in the Area were requested to examine the effects of the proposed system of 
participation of the Authority in the development of cobalt-rich crusts and polymetallic sulphides 
deposits in the Area. It is recalled that the draft regulations provide an alternative to the 
requirement of reserved sites by contractors for these resources. This alternative is contained in 
regulation 16 of the draft regulations on Prospecting and Exploration for polymetallic sulphides and 
cobalt-rich ferromanganese crusts in the Area proposed by the Legal and Technical Commission 
(ISBA/10/C/WP1). In accordance with this regulation, each applicant shall, in its application, elect 
either to:  
 

(a) Contribute a reserved area to carry out activities pursuant to Annex III, article 9, of the 
United Nations Convention on the Law of the Sea (regulation 17 of the draft 
regulations) or  

 
(b) Offer an equity interest in accordance with regulation 19 of the draft regulations. 

 
 Regulation 19 of the draft regulations states that where the applicant elects to offer an 
equity interest, the equity interest, which shall take effect at the time the applicant applies for a 
contract for exploitation, shall include the following: 
 
 The Enterprise shall obtain a minimum of 20 per cent of the equity participation in the 
venture arrangement on the following basis: 
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(a) Half of such equity participation shall be obtained without payment, directly or 
indirectly, to the applicant and shall be treated pari passu for all purposes with the 
equity participation of the applicant; 

 
(b) The remainder of such equity participation shall be treated pari passu for all purposes 

with the equity participation of the applicant except that the Enterprise shall not receive 
any profit distribution with respect to such participation until the applicant has 
recovered its total equity participation in the venture. 

 
 The draft regulations also state that notwithstanding the above (paragraph 3), the 
applicant shall nevertheless offer the Enterprise the opportunity to obtain up to 50 per cent 
participation in a joint venture on the basis of pari passu treatment with the applicant for all 
purposes: 
 

(a) In the event the Enterprise elects not to accept 50 per cent of such equity participation, 
the Enterprise may obtain a lesser per cent on the basis of pari passu treatment with 
the applicant for all purposes for such lesser participation; 

 
(b) Except as specifically provided in the agreement between the applicant and the 

Enterprise, the Enterprise shall not by reason of its participation be otherwise obligated 
to provide funds or credits or issue guarantees or otherwise accept any financial 
liability whatsoever for, or on behalf of, the joint venture arrangement, nor shall the 
Enterprise be required to subscribe for additional participation so as to maintain its 
proportionate participation in the joint venture arrangement. 

 
 In this alternative, the Enterprise is able to purchase equity participation in the proposed 
project at a cost of at least 10 per cent and as much as 40 per cent of total equity value. In its 
purchase, the Enterprise would receive an additional 10 per cent of the equity in the project, 
giving a range of equity share of 20 per cent -50 per cent. 
 
 The Working Group on cobalt-rich ferromanganese crusts deposits in the Area 
established a preliminary cost model for such a venture, and examined the effects of the system 
of participation by the Authority on the operation.  
 
 The Group noted that without an actual operation upon which to base values and 
schedules, and without prior implementation of the terms and provisions of the equity system, its 
analysis incorporated assumptions based on interpretation, study and experience that may differ 
from actual practice. Its assumptions regarding duration of prospecting, exploration and mining 
are presented below. The Working Group stated that the comparative analysis of the effects of 
various levels of the Enterprise’s equity participation should be indicative of how the system will 
work in practice. 
 
Assumptions 
 
 The Working Group identified the type of operation as a fully integrated cobalt-rich 
ferromanganese crusts mining venture producing 1,000,000 dry metric tons of crusts per year for 
twenty years, and producing refined nickel and cobalt. It assumed that the average metal grades 
of crusts deposits would be 0.4 per cent for nickel and 0.6 per cent for cobalt. The metallurgical 
processing efficiency for both metals was assumed to be 95 per cent. The model assumes that 
prospecting will be of two year duration, exploration of five-year duration, and mining will be for 
twenty years.  
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 With regard to revenues, the model assumed that the 2006 average nickel and cobalt 
prices in 2006, $6.6 per pound and $15.4 per pound respectively will be applicable. 
 
 These parameters were defined as the base case scenario by the Group. 
 
Scheduling of Costs and Revenues 
 
 The Working Group pointed out that the model has three major time divisions: a 
prospecting period of two years, an exploration and development period of 5 years and a 
production period of 20 years (see Figure 1). The Working Group spread exploration expenses 
equally over the 5-year exploration and development period while capital expenses were 
scheduled as 20 per cent in the fifth year of the project, 50 per cent in the sixth year, and 30 per 
cent in the seventh year. 
 
 It also pointed out that production is scheduled from year eight through year 27. The 
Working group assumed that the first two years of production sales are calculated as a fraction of 
total sales at full capacity as the system ramps up to full efficiency in the third year of production. 
Capital investment is recovered from the beginning of commercial production until fully recovered. 
The Group noted that while there is no set end date for capital recovery,  it assumed that capital 
recovery would be complete between the third and sixth years of commercial production. It also 
assumed that operational exploration would be completed at the end of the penultimate (26th) 
year. 
 

 
Values Used in the Model 
 
Costs 
 
 Prospecting cost was estimated at USD $2.5 million per year for two years. Pre-
Production exploration was estimated at USD $2.5 million per year, for five years (years 3-7). 
 
 The Working Group divided capital construction costs into at-sea (mining vessel and 
equipment, and the transportation system) and processing plant costs, then totaled and disbursed 
the costs over years 5, 6, and 7, in the following proportions; 20 per cent, 50 per cent and 30 per 
cent respectively. It defined total capital cost as capital construction cost (the at-sea and 
processing construction capital cost) plus prospecting, exploration and Research and 
Development costs. The Working group estimated at-sea and processing capital costs as 
USD$500 million in the base case and $600 million in cases with increased costs, giving total 
investment of $517.5 million and $617.5 million respectively. 
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 The Working Group was of the view that operational exploration would be conducted from 
the beginning of commercial production (year 8) and would cease one year before the end of 
commercial production. It estimated annual exploration cost as USD$5 million per year. It also 
estimated operating costs in the at-sea and processing components to be 20 per cent of the 
total capital cost. Defining total annual operating costs as comprising exploration costs and 
operating costs for the at-sea and ore processing component, the Working Group estimated 
total annual operating costs for the base case as USD$105 million/year.  It also estimated cases 
with increased costs to have total annual operating costs of USD$125 million. 
 
Revenues 
 
 The Group estimated that gross revenues from metal sales would begin in year 8 at 40 
per cent of full production, rising in year 9 to 75 per cent and reaching full capacity in year 10. In 
the base case (the 2006 metal prices noted above), annual gross revenues were USD$248.29 
million. Where metal prices are 20 per cent higher, the Group estimated revenues to be 
USD$306.99 million per year. 
 
 The Working Group determined that the USD$250,000 fee payable to the Authority 
would be paid during the third year (the beginning of exploration). It noted that this would be 
handled as a separate cost that is not included in either the operating or capital costs, but would 
be included in the overall calculation of the Internal Rate of Return (IRR). 
 
Equity Participation 
 
 The Working Group indicated that in the model, capital contributions by the Contractor 
and the Enterprise were calculated as separate variables, as were cumulative capital 
contributions. It also indicated that the Enterprise’s contributions were calculated at 10 per cent 
intervals from 0 to 40 per cent of total equity investment. 
 
 The Group distributed net revenues (after deduction of operating expenses and capital 
recovery) according to equity share. In this regard, it noted that for the Enterprise the possible 
values of equity share are 0 per cent, 20 per cent, 30 per cent, 40 per cent and 50 per cent, 
corresponding to equity investments of 0 per cent, 10 per cent, 20 per cent, 30 per cent and 40 
per cent respectively. 
 
Financial Analysis 
 
 The Working Group analyzed four cases in its study. In case 1, the Group used the set of 
base assumptions for costs and revenues. In case 2, the Group increased the capital and annual 
operating costs for the at-sea system and the processing plant by 20 per cent. In case 3, the 
Group used the base assumptions for costs and increased gross sales revenues by 20 per cent. 
Finally, in case 4 the Group used the increased cost and revenues in cases 2 & 3.  
 
 The Working Group reported the results for each case in Tables 1 to 4 below. It also 
reported the IRRs for each case including the level of equity share in Figure 2. These were 
reported for the project as a whole, for the Contractor and for the Enterprise. 
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Table 1: Base case 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2: High Cost, Base revenue 
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Table3: Base Cost, High Revenue 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4: High Cost, High Revenues 
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Analysis 
 
The results of the calculations made by the Working Group are summarized in Figure 2.  

From the graphical display, the Group observed that the greatest impact on profitability comes 
from the initial Enterprise investment of 10 per cent equity purchase and 20 per cent equity 
participation. The Group noted that for the Enterprise, the IRR achieves its highest rate at the 20 
per cent level of equity participation. It concluded that this is due to the high ratio of equity 
participation to share of investment of 200 per cent. It noted that as the ratio declines of equity 
participation to share of investment declines to 150 per cent, 133 per cent and 120 per cent, the 
IRR also declines. Similarly, as the Contractor’s equity to investment ratio declines from 100 per 
cent to 89 per cent, 87.5 per cent, 85.7 per cent and 83.3 per cent, its IRR declines as well. 
  

Finally the Group stated that this relationship also indicates that there is an inverse 
relationship between the scale of participation by the Enterprise and the return on its investment, 
with increased investment resulting in a lower IRR even though the total financial return  still 
increases with increasing equity share. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Internal Rate of Return as a function of equity share of contractor and Enterprise 

for each case. 
 
 The Working Group stated that in cases where investment capital is scarce or where the 
Contractor is increasingly risk averse at higher levels of investment, the Contractor may find the 
reduction of IRR to be balanced or overshadowed by the investment injection by the Enterprise. 
The Working Group also stated that the analysis suggests that if the Enterprise has limited funds 
available for investment and there are multiple projects of similar return and risk in which to 
invest, the Enterprise would benefit by spreading its investment across the opportunities to keep 
its investment at the higher levels of return and spread its risk across multiple projects. 
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Summary of the discussions 
 
 A participant who was also a member of the working group made the point that the 
contentious issue of area sizes should not only be reported as a recommendation without 
consensus but incorporated as two alternative recommendations in the report of the working 
group reflecting the different opinions. The participant stressed that in his opinion the size of 
exploration areas and mining areas as suggested by Dr. Hein were not sufficient and that 
important risk factors and uncertainties were not taken into account in Dr. Hein’s suggestions.  He 
added that it would be hard to reach a consensus in this respect, so the best way would be to 
provide decision makers with two recommendations. 
 
 Dr. Hein agreed to this proposal and said, however, that based on his experience, even a 
mine site area of only 100 square kilometres would be sufficient.  Companies would be able find 
‘mineable areas’ with thick crusts, without sediment cover, and with subdued topography. He said 
that these sites had already been identified.  
 
 Another participant supported the idea of providing optional recommendations with 
respect to the exploration and mine site areas.  The participant said that an investor intending to 
embark on a large scale programme should be given the possibilities with certain reservations 
regarding appropriate financial investments and adherence to the rules for relinquishment.  
 
 Another participant commented that he agreed that there was a need to make alternative 
recommendations, but that it would not be credible to suggest options for the mine site in such a 
wide range between 500 to 2,500 square kilometres. 
 
 Dr. Hein concurred and stated that the recommendations should reflect a certain level of 
confidence.  He also noted that his suggestions were based on scientific evidence and the best 
available data. He said that the data that the other suggestion was based on, remained largely 
unknown. 
 
 Dr. Hein was asked how many suitable mining areas of 2,500 square kilometres size 
could possibly be found within the region of primary interest which he had earlier identified in the 
Central Pacific Ocean.  He replied that he had not measured the total area potentially feasible for 
mining yet.  He reminded participants that less than 1 per cent of the number of seamounts in the 
Pacific Ocean had been explored.  However, he said that given the fact that market penetration 
for cobalt from the seabed should not exceed 10 per cent, there would be high-quality mine sites 
to sustain cobalt mining operations for hundreds of years. 
 
 Another participant said that the options in terms of area sizes should not vary in range to 
up to five times the amount of territory in the regulations, and added that from the point of the 
Legal and Technical Commission all options should be supported by an equivalent amount of 
data.  He said that to judge between the recommendations and to make rational decisions, the 
data that alternative recommendations were based on should be examined in the same way as 
Dr. Hein’s data. 
 
 The Secretary-General said that he preferred a compromise between the two 
approaches, i.e. Dr. Hein’s approach and the suggestions presented by Mr. Shengxiong.  If there 
was no agreement between the parties, it should be stated in the report that there were two 
opinions. He added that this should be avoided and encouraged Dr. Hein and Mr. Shengxiong to 
come to an understanding on reasonable figures. 
 
 Dr. Hein invited the interested parties to meet again and to further discuss the matter.   
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 A participant stated that there is a fundamental discrepancy between the case where an 
investor might establish a profitable mine site from a small area of 100 square kilometres and the 
case of another entity that might have considerably more resources at their disposal to develop a 
much larger area.  He said that both these strategies should be encouraged in such a way that 
development of the resources and early relinquishment of unwanted territory are promoted.  The 
participant further stated that the Authority should be able to allocate and manage contracts in an 
equivalent manner, and also said that this would be difficult for contract areas of between 100 
square kilometres and 2,500 square kilometres.  To solve the issue, this participant suggested 
defining a basic contract area and to make it possible for an entity to have several contracts with 
the Authority.  To avoid monopolies the participant said that an upper limit for the number of 
contracts should be established, and further suggested that each contract would be managed 
separately by the Authority under the same terms and conditions.  
 
 Dr. Hein supported this proposal and said that this concept could solve most of the 
contentious issues. 
 
 
 
 

§ 
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Annex I 
 

 
INTERNATIONAL SEABED AUTHORITY WORKSHOP ON 
MINING OF COBALT-RICH FERROMANGANESE CRUSTS 

AND POLYMETALLIC SULPHIDES : TECHNOLOGICAL AND 
ECONOMIC CONSIDERATIONS 

 
Background Paper prepared by the Secretariat 

 
 
1. The International Seabed Authority will convene a workshop on technical and 
economic considerations for mining cobalt rich ferromanganese crusts (CRFCs) and 
polymetallic sulphides (PSDs) resources of the international seabed area (“the Area”) in 
Kingston, Jamaica, from 31 July to 4 August 2006. 
 
I. Issues to be Addressed 
 
2. During the fourth session of the International Seabed Authority in August 1998 
the delegation of the Russian Federation requested that the Authority adopt regulations 
for mineral resources other than polymetallic nodules, namely polymetallic sulphides and 
cobalt crusts.  Until 2000 the main focus of the work of the Authority was the completion 
of regulations for prospecting and exploration for polymetallic nodules in seabed areas 
beyond the limits of national jurisdiction (the Area).   
 
3. At the tenth session of the Authority, the Legal and Technical Commission 
submitted “Draft regulations on prospecting and exploration for polymetallic sulphides and 
cobalt-rich ferromanganese crusts in the Area” to the Council for its consideration at the 
eleventh session.  Document ISBA/10/C/WP.1 comprises 43 regulations and four 
annexes.  Annex 1 is on “Notification of intention to engage in prospecting”, Annex 2 is on 
“Application for approval of a plan of work for exploration to obtain a contract”, Annex 3 
“Contract for exploration”, and Annex 4 contains standard clauses for exploration 
contracts.  
 
4. At the eleventh session of the Authority (August 2005), following the first reading 
of “Draft regulations on prospecting and exploration for polymetallic sulphides and cobalt-
rich ferromanganese crusts in the Area”, the Council requested the Secretariat to clarify 
the technical content of some of the regulations. 
 
5. The purpose of the workshop is to examine the prospects for the development of 
cobalt-rich ferromanganese crusts and polymetallic sulphides deposits in the Area, and to 
provide the members of the Authority with relevant and up-to- date data and information 
on, inter alia, 
 

(a) The process through which occurrences of cobalt-rich ferromanganese 
crusts and polymetallic sulphides in the Area may be converted to 
commercially exploitable deposits; 

(b) The geologic characteristics and geographic distribution of potential 
cobalt-rich ferromanganese crusts deposits/occurrences in the Area; 
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(c) The geologic characteristics and geographic distribution of potential 
polymetallic sulphides deposits/ occurrences in the Area; 

(d) Technological issues associated with commercializing cobalt-rich 
ferromanganese crusts deposits in the Area; 

(e) Technological issues associated with commercializing polymetallic 
sulphides deposits/occurrences in the Area; 

(f) Economic and financial issues associated with commercializing cobalt-rich 
ferromanganese crusts deposits in the Area; 

(g) Economic and financial issues associated with commercializing 
polymetallic sulphides deposits in the Area; 

(h) The market outlook for the base and precious metals to be found in these 
two potential ores; 

(i) Financial terms of exploration/production contracts for the relevant base 
metals in terrestrial mining; 

(j) A comparison of the costs for environmental protection in land-based 
mining of the relevant base metals and for cobalt-rich ferromanganese 
crusts and polymetallic sulphides in the Area; 

(k) A hypothetical cobalt-rich ferromanganese mining venture in the Area, and 
(l) A hypothetical polymetallic sulphides mining venture in the Area. 

 
6. As part of the workshop, it is proposed to use the two hypothetical mining 
ventures as the basis for a practical application of the system of participation by the 
Authority in either venture, should a contractor select this option. 
 
7. Though these subjects have not all been addressed explicitly in previous 
workshops by the Authority, a number of presentations and papers at these workshops 
provide valuable information in this regard. This background paper contains excerpts that 
are relevant to the various workshop topics, from papers presented at some of the 
Authority’s previous workshops. 

 
II. Relevant Information from the Authority’s Previous Workshops and its 

Central Data Repository 
 
8. The Authority’s  workshop in June 2000, on the subject “Minerals other than 
polymetallic nodules of the Area”, was focused on polymetallic sulphides and cobalt-rich 
ferromanganese crusts (occurrences/deposits), their environments of deposition, 
associated flora and fauna, measures that could be taken to protect associated flora and 
fauna from future mining, and issues related to the differences between these two mineral 
resources and polymetallic nodules, that would impact the application of the common 
heritage principle in relation to the development of the latter resources.  In addition, the 
workshop was informed of international programmes researching various aspects of 
polymetallic sulphides and cobalt-rich ferromanganese crusts (occurrences/deposits).1  
  
 
 
____________ 
 
1 Minerals other than Polymetallic Nodules of the International Seabed Area – Proceedings of the 

International Seabed Authority’s workshop held in Kingston, Jamaica 26-30 June 3000 
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9. Some of the papers presented at the 2000 workshop that are of relevance to the 
current workshop include, inter alia,  
 

• “Metallogenesis of Marine mineral resources” – Dr Peter Rona  
(This paper encompassed a wide-range of topics on the marine minerals 
industry, and the types of marine mineral resources that have attracted 
commercial interest from coastlines to the deep ocean basins. In relation 
to seafloor mineralization, he addressed the discovery, origins, and the 
distribution of both polymetallic sulphides and cobalt-rich ferromanganese 
crusts deposits. He also addressed the exploration methods for both types 
of deposits subdividing exploration into finding and characterizing the 
deposits). 

 
• “A comparison of possible economic returns from mining deep seabed 

polymetallic nodules, seafloor massive sulphides (polymetallic sulphides) 
and cobalt-rich ferromanganese crusts” – Jean-Pierre Lenoble. 

 
(This paper undertook a comparison of the possible economic returns from 
mining a polymetallic nodule deposit, a polymetallic sulphides deposit and 
a cobalt-rich ferromanganese deposit. It examined the characteristics of 
each deposit (nature of the deposits, parameters needed to estimate the 
tonnage and metal content of each type of deposit and the state of the art 
of mining and processing technologies), and based on an average of metal 
prices for the period 1960 to 1999, compared the value of the three types 
of deposits based on the value of a tonne of in situ ore). 

 
10. At this workshop, papers were presented that dealt exclusively with polymetallic 
sulphides. In that regard, the following papers are relevant: 
 
 Polymetallic Sulphides 

 
• “Seafloor massive sulphides deposits and their resource potential“ 

Professor Peter Herzig, S. Petersen and Mark D. Hannington. 
(This paper addressed the origin, occurrence, metal composition, size, 
tonnage, resource potential and global distribution of polymetallic sulphides 
deposits). 

 
• “Hydro thermal sulphide mineralization of the Atlantic – Results of Russian 

investigations” – G. Cherkashev. A. Ahsadze and A. Glumov. 
 (This paper informed the workshop about polymetallic sulphides deposits 

that had been found in the Mid-Atlantic Ridge. The paper highlighted areas 
showing promise for new hydrothermal fields, provided metal content 
information for three deposits (Logachev 1 and 2, and the MIR mound) and 
informed participants of the results of metallurgic tests of samples 
recovered from the MIR mound).  

 
• Technical requirements for exploration and mining seafloor massive 

sulphides deposits and cobalt-rich ferromanganese crusts” – Professor 
Herzig and S. Petersen. 
(This paper described the technical requirements for exploration and 
mining of   polymetallic sulphides and cobalt-rich crusts deposits). 
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• “Financing exploration for seafloor massive sulphides deposits” – Julian 

Malnic 
 (This paper addressed issues involved in raising finance for the exploration 

of polymetallic sulphides deposits in Papua New Guinea’s marine 
jurisdiction). 

 
• “Status report on the data and information requirements of Papua New 

Guinea’s seafloor massive sulphides deposits” – James Wanjik. 
(This paper addressed the data and reporting requirements for exploring 
for polymetallic sulphides deposits under Papua New Guinea’s Mining Act. 
It provides information on the terms of an exploration license, including 
duration, size of exploration areas, and the role of marine scientific 
research in the development of these resources). 
 

11. Similarly, some of the papers presented at this workshop dealt exclusively with 
cobalt-rich ferromanganese crusts. In that regard, the following papers are relevant to the 
current workshop: 

 
Cobalt-rich ferromanganese Crusts 
 
• “Regional and local variability in the spatial distribution of cobalt-bearing 

ferromanganese crusts in the world’s ocean” – V.M. Yubko and Y.B. 
Kazmin. 
(This paper presents data and information on cobalt-rich ferromanganese 
crusts provinces in the oceans from a multi-tiered graphical database 
created from 2217 sampling stations from which parameters on ore 
abundance from 20 ore provinces and 64 regions where crusts deposits 
are known to occur. It provides data on a typical crusts ore field, and it also 
presents critical statistics for the eight main areas of cobalt-rich crusts in 
the North-West Pacific Ocean). 

 
• “Cobalt-rich ferromanganese crusts: Global distribution, composition. Origin 

and research activities” - James R. Hein. 
(This paper provided information on the origin, composition and distribution 
of cobalt-rich ferromanganese crusts deposits in the world’s oceans.  It 
provided ranges for the cobalt content of crusts deposits, objectives to 
meet during the initial and later stages of exploration for crusts deposits, 
twelve criteria that have been developed for the exploration and mining of 
such deposits and recommendations for future research on the subject). 

 
12. In 2004, the Authority convened a workshop on the establishment of 
environmental baselines at deep seafloor cobalt-rich ferromanganese crusts and deep 
seabed polymetallic sulphides mine sites in the Area, for the purpose of evaluating the 
likely effects of exploration and exploitation of these resources on the marine 
environment. 
 
13. Some of the papers of the 2004 workshop of relevance to the current workshop 
include, inter alia,  
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Polymetallic Sulphides 
 

• Proposed exploration and mining technologies for polymetallic sulphides. 
Professor Steven Scott, Scotiabank Marine Geology Research Laboratory, 
University of Toronto. 

 (This paper reviews prospecting and exploration methodologies for 
polymetallic sulphides deposits, the prospects and economics of 
polymetallic sulphides mining and possible mining technologies). 

 
• “Exploration for and pre-feasibility of mining polymetallic sulphides – a 

commercial case study” - Mr. David Heydon, Chief Executive Officer of 
Nautilus Minerals Ltd. 
(This paper presents the steps being taken by Nautilus Minerals Ltd, a 
company that has an exploration license for polymetallic sulphides deposits 
in the territorial sea of Papua New Guinea to commercialize sulphides 
deposits in that area.  The company is in a technical alliance with six 
companies that have expertise in different aspects of the integrated 
operation.  These are: Worley as Project Manager, Perry and Voest-Alpine 
Bergtechnik providing the required expertise in Remote Operated Vehicles 
and Miner cutting tool respectively: Siemag is in the alliance for ore hoisting, 
and Seacore and Williamson Associates bring their expertise in drilling and 
resource geophysics to the alliance.  The paper describes the exploration 
methods being used (water column testing to locate evidence of active 
plumes for the purposes of identifying older and mature orebodies along 
strike or rift), geophysical tools (such as resistivity, self potential, magnetics, 
induced polarization, gravity and video cameras), and sampling and drilling.  
The paper also compares sulphides exploration with crusts exploration and 
identifies the amount of seafloor area required to obtain 2 million tons of ore 
in each case. The paper provides information on the foreseen mine (annual 
production, mine life, the characteristics of ore bodies to support the 
operation and specifications of its ROV miner). 

 
• “Mining on land versus the seafloor – a case study. Antamina Mine 

comparison” - Mr. David Heydon, Chief Executive Officer of Nautilus 
Minerals Ltd. 

(This paper compares the Nautilus Seafloor project (grades of copper, zinc 
and gold, and  annual production) to the Antamina mine (zinc and copper 
producer) being undertaken by Teck Cominco, Noranda and BHP-Billiton in 
Peru. The paper states that the seafloor project compares favourably to the 
land-based operation). 

 
Cobalt-rich ferromanganese Crusts 
 
• Proposed exploration and mining technologies for cobalt-rich crusts - Dr. 

Rahul Sharma, National Institute of Oceanography, Dona Paula, Goa, India. 
(This paper evaluates mining scenarios for cobalt-rich ferromanganese crusts 
deposits and associated environmental considerations. Using data contained 
in the 1987 Hawaii Department of Planning and Economic Development 
publication on “Mining Development Scenario for cobalt-rich Manganese 
Crusts in the Exclusive Economic Zones of the Hawaiian Archipelago and 
Johnston Island”, this paper outlines the possible environmental impact of 
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crusts mining. The paper also provides the estimates of the resource potential 
of crusts within the EEZ of the Hawaiian archipelago and Johnston Island). 

 
14. At the Authority’s eleventh workshop which was convened in March 2006 on the 
subject “Cobalt-rich ferromanganese crusts and the diversity and distributions patterns of 
seamount fauna”, Dr. Hein presented a paper on the characteristics of seamounts and 
cobalt-rich ferromanganese crusts which provided an update of his 2000 paper.  This 
paper also provides information that is of particular relevance to the current workshop. 

 
• Characteristics of Seamounts and cobalt-rich ferromanganese crusts. James 

R. Hein, Senior Geologist United States Geological Survey, USA. 
(This paper provides relevant information on the factors that lead to the 
formation of cobalt-rich ferromanganese crusts in the oceans, the metals that 
they contain, and identifies the different regions of the world’s oceans where 
the metals of commercial interest in cobalt-rich crusts are highest.  The paper 
provides criteria that have to be met by cobalt-rich bearing ferromanganese 
crusts seamounts to meet the requirements of likely first generation mine-
sites, pointing out that seamounts in the Central Pacific Ocean region best 
meet these criteria.  The paper provides data on the surface areas of typical 
equatorial guyots and conical seamounts and estimates that based on a crust 
thickness of 26 kilograms per square meter, 77 square kilometres of crusts 
had to be mined to satisfy a production rate of 2 million tonnes of crust per 
year.  The paper also estimates the area of crusts (with an average crust 
thickness of two centimetres) that would be required to meet a twenty year 
mining operation and the number of seamounts (large and average-sized) 
that would undertake the project). 

 
III. The Authority’s Central Data Repository 
 
15. The Authority continues to maintain and upgrade its Central Data Repository 
(CDR) on marine mineral resources.  The CDR presently has mineral data on cobalt-rich 
ferromanganese crusts occurrences on seamounts from over 1130 locations.  The data 
on polymetallic sulphides occurrences are from around 50 locations (with several 
additional entries showing detailed sampling in most of the stations).  The Authority has 
used these data sets along with additional data from workshops that it convened, and 
data available in the public domain (the InterRidge web site for the PMS data) to prepare 
several maps showing the occurrences of these two types of marine minerals in the 
world’s oceans and in the International Seabed Area.  The Authority has used the data in 
its repository to produce the two maps contained in Annex I on world-wide distribution of 
cobalt-rich ferromanganese crusts and polymetallic sulphides occurrences/deposits in the 
Area. 
 
IV. The Draft Regulations on Prospecting and Exploration for  Polymetallic 

Sulphides and Cobalt-Rich Crusts in the Area (ISBA/10/C/WP.1) 
 
16. The draft Regulations on prospecting and exploration for polymetallic sulphides 
and cobalt-rich ferromanganese crusts in the Area, document ISBA/10/C/WP1, provides 
definitions for prospecting, exploration and exploitation of these minerals as follows: 
 

(a) “Prospecting” means the search for deposits of polymetallic sulphides or 
cobalt crusts in the Area, including estimation of the composition, sizes and 
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distributions of deposits of polymetallic sulphides or cobalt crusts and their 
economic values, without any exclusive rights;1  

 
(b) “Exploration” means searching for deposits of polymetallic sulphides or 

cobalt crusts in the Area with exclusive rights, the analysis of such deposits, 
the use and testing of recovery systems and equipment, processing 
facilities and transportation systems, and the carrying out of studies of the 
environmental, technical, economic, commercial and other appropriate 
factors that must be taken into account in exploitation, and                     

 
(c) “Exploitation” means the recovery for commercial purposes of polymetallic 

sulphides or cobalt crusts in the Area and the extraction of minerals there 
from, including the construction and operation of mining, processing and 
transportation systems, for the production and marketing of metals;

 

 
 

  Prospecting 
 
17. In accordance with the draft Regulations,  
 

• Prospecting shall be conducted in accordance with the Convention and the 
Regulations and may commence only after the prospector has been 
informed by the Secretary-General that its notification has been recorded 
pursuant to regulation 4, paragraph 2. 

  
• Prospecting shall not be undertaken if substantial evidence indicates the risk 

of serious harm to the marine environment. 
 
• Prospecting shall not be undertaken in an area covered by an approved plan 

of work for exploration for polymetallic sulphides or cobalt crusts or in a 
reserved area; nor may there be prospecting in an area which the Council 
has disapproved for exploitation because of the risk of serious harm to the 
marine environment. 

 
• Prospecting shall not confer on the prospector any rights with respect to 

resources. A prospector may, however, recover a reasonable quantity of 
minerals, being the quantity necessary for testing, and not for commercial 
use.  

 
• There shall be no time limit on prospecting except that prospecting in a 

particular area shall cease upon written notification to the prospector by the 
Secretary-General that a plan of work for exploration has been approved 
with regard to that area, and  

 
• Prospecting may be conducted simultaneously by more than one prospector 

in the same area or areas.  
 
 Exploration 
 
18. With regard to applications for approval of plans of work for exploration in the 
form of contracts, in addition to meeting requirements with regard to the form of 
applications, a certificate of sponsorship2 and financial and technical capabilities3 the 
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draft Regulations specify that the total area covered by the application should meet the 
following conditions: 
 

• The area covered by each application for approval of a plan of work for 
exploration shall be comprised of not more than 100 blocks.  

 
• For polymetallic sulphides or cobalt crusts the exploration area shall consist 

of contiguous blocks. For the purposes of this regulation two blocks that 
touch at any point shall be considered to be contiguous. 

 
• Notwithstanding the provisions in paragraph 1 above, where a contractor 

has elected to contribute a reserved area to carry out activities pursuant to 
annex III, article 9, of the Convention, in accordance with regulation 17, the 
total area covered by an application shall not exceed 200 blocks.. 

 
19. Where the applicant elects to contribute a reserved area, the area covered by the 
application shall be sufficiently large and of sufficient estimated commercial value to allow 
two mining operations.  The applicant shall divide the blocks comprising the application 
into two groups of equal estimated commercial value and composed of contiguous 
blocks. The area to be allocated to the applicant shall be subject to the provisions of 
regulation 27.  
 
20. Each such application shall contain sufficient data and information, as prescribed 
in section III of Annex 2 to these Regulations, with respect to the area under application to 
enable the Council, on the recommendation of the Legal and Technical Commission, to 
designate a reserved area based on the estimated commercial value of each part. Such 
data and information shall consist of data available to the applicant with respect to both 
parts of the area under application, including the data used to determine their commercial 
value.4  

 
21. The Council, on the basis of the data and information submitted by the applicant 
pursuant to section II of Annex 2 to these Regulations, if found satisfactory, and taking 
into account the recommendation of the Legal and Technical Commission, shall 
designate the part of the area under application which is to be a reserved area. The area 
so designated shall become a reserved area as soon as the plan of work for exploration 
for the non-reserved area is approved and the contract is signed. If the Council 
determines that additional information, consistent with these Regulations and Annex 2, is 
needed to designate the reserved area, it shall refer the matter back to the Commission 
for further consideration, specifying the additional information required.5  

 
22. Once the plan of work for exploration is approved and a contract has been 
issued, the data and information transferred to the Authority by the applicant in respect of 
the reserved area may be disclosed by the Authority.6  
 

 

____________ 

2 Regulations 10 and 11 
3 Regulation 13 
4 In accordance with article 14, paragraph 3, of annex III of the Convention 
5 Regulation 28 
6 Regulation 27 
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23.  A plan of work for exploration shall be approved for a period of 15 years.  Upon 
expiration of a plan of work for exploration, the contractor shall apply for a plan of work for 
exploitation unless the contractor has already done so, has obtained an extension for the 
plan of work for exploration or decides to renounce its rights in the area covered by the 
plan of work for exploration. 
  
24. Not later than six months before the expiration of a plan of work for exploration, a 
contractor may apply for extensions for the plan of work for exploration for periods of not 
more than five years each.  Such extensions shall be approved by the Council, on the 
recommendation of the Commission, if the contractor has made efforts in good faith to 
comply with the requirements of the plan of work but for reasons beyond the contractor’s 
control has been unable to complete the necessary preparatory work for proceeding to 
the exploitation stage or if the prevailing economic circumstances do not justify 
proceeding to the exploitation stage.7  
 
25. The contractor shall relinquish the blocks allocated to it as follows:  
 

(a) By the end of the fifth year from the date of the contract, the contractor shall 
have relinquished:  

 
(i)  At least 50 per cent of the number of blocks allocated to it; or  
 
(ii) If 50 per cent of that number of blocks is a whole number and a 

fraction, the next higher whole number of the blocks.  
 
(b) By the end of the tenth year from the date of the contract, the contractor 

shall have relinquished:  
 

(i) At least 75 per cent of the number of blocks allocated to it; or  
 

(ii) If 75 per cent of that number of blocks is a whole number and a 
fraction, the next higher whole number of the blocks.  

 
(c) At the end of the fifteenth year from the date of the contract, or when the 

contractor applies for exploitation rights, whichever is the earlier, the 
contractor shall nominate up to 25 blocks from the remaining number of 
blocks allocated to it, which shall be retained by the contractor.  
Relinquished blocks shall revert to the Area.6 7 

 
(d) The Council may, at the request of the contractor, and on the 

recommendation of the Commission, in exceptional circumstances, defer 
the schedule of relinquishment. Such exceptional circumstances shall be 
determined by the Council and shall include, inter alia, consideration of 
prevailing economic circumstances or other unforeseen exceptional 
circumstances arising in connection with the operational activities of the 
Contractor.  

____________ 
7 The Council may at the request of the contractor, and on the recommendation of the Commission, in 

exceptional circumstances, defer the schedule of relinquishment. Such exceptional circumstances shall be 
determined by the Council and shall include, inter alia, consideration of prevailing economic circumstances 
or other unforeseen exceptional circumstances arising in connection with the operational activities of the 
Contractor. (Regulation 27, paragraph 6). 
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26. Under the regulations, the maximum areas that will be allocated to contractors for 
exploration for cobalt-rich ferromanganese crusts and polymetallic sulphides deposits in 
the Area will be 100 blocks or 10,000 square kilometres. The possible mining operations 
from these exploration areas are expected to occur on 2500 square kilometres of the 
seafloor.  
 
V. Mining Cobalt-Rich Ferromanganese Crusts and Polymetallic Sulphides 

in the Area - Technological and Economic Considerations 
 
27. As noted in section II, some of the papers and presentations made during the 
Authority’s previous workshops provide useful information pertinent to this workshop.  
This section contains relevant excerpts on the two types of mineral resources from the 
workshops.  The excerpts address some of the topics to be discussed at the workshop, 
including the geologic characteristics and geographic distribution of potential cobalt-rich 
ferromanganese and polymetallic sulphides deposits in the Area, technological, economic 
and financial issues that need to be addressed in their development, the market outlook 
for the metals of commercial interest in these two types of potential orebodies and 
hypothetical mining ventures for cobalt-rich ferromanganese crusts and polymetallic 
sulphides that might impact prospecting, exploration and subsequent mining of these 
mineral resources. For ease of comprehension, for each mineral resource, the relevant 
excerpts are presented under the topic to be discussed at the workshop.  Part I contains 
excerpts relevant to cobalt-rich ferromanganese crusts and Part III contains excerpts 
relevant to polymetallic sulphides. 
 
 
Part I : Excerpts from papers presented at ISA workshops on cobalt-rich 

ferromanganese crusts Occurrences/deposits 
 
1. Geologic characteristics and geographic distribution 
 
“Metallogenesis of marine minerals” - Peter Rona, Professor Marine Geology and 
Geophysics Institute of Marine and Coastal Sciences Rutgers University 

 
28. “Sources of metals that form cobalt-rich ferromanganese crusts of the deep ocean 
are derived from both continental and deep ocean sources and are precipitated from 
seawater like manganese nodules. The metals in addition to iron and manganese include 
cobalt, nickel, platinum, and titanium depending on proximity to different sources. These 
metals precipitate at slow rates over millions of years as crusts up to about 25 cm thick on 
hard-rock substrates of seamounts and submerged volcanic mountain ranges between 
ocean depths of 400 and 4000 meters. These crusts are most widespread in the Pacific 
Ocean because of the large number of seamounts present.”   
 
“Cobalt-rich ferromanganese crusts: Global distribution, composition, origin and research 
activities” - James Hein, Senior Geologist, United States Geological Survey, USA 
 
29. “Cobalt-rich ferromanganese crusts occur throughout the global ocean on 
seamounts, ridges, and plateaus where currents have kept the rocks swept clean of 
sediments for millions of years.  Crusts precipitate out of cold ambient seawater onto 
hard-rock substrates forming pavements up to 250 mm thick.  Crusts are important as a 
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potential resource for primarily cobalt, but also for titanium, cerium, nickel, platinum, 
manganese, thallium, tellurium, and others.  Crusts form at water depths of about 400-
4000 m, with the thickest and most cobalt-rich crusts occurring at depths of about 800-
2500 m, which may vary on a regional scale.” 

 
 “Fe-Mn crusts have been recovered from seamounts and ridges as far north as 
the Aleutian Trench in the Pacific and Iceland in the Atlantic and as far south as the 
Circum-Antarctic Ridge in the Pacific, Atlantic, and Indian Oceans.  However, the most 
detailed studies have concerned seamounts in the equatorial Pacific, mostly from the EEZ 
(200 nautical miles) of island nations including the Federated States of Micronesia, 
Marshall Islands, Kiribati, as well as in the EEZ of the USA (Hawaii, Johnston Island), but 
also from international waters in the Mid-Pacific Mountains.”   

 
“Compared to the estimated 50,000 or so seamounts that occur in the Pacific, the 

Atlantic and Indian oceans contain fewer seamounts and most Fe-Mn crusts are 
associated with the spreading ridges.  Crusts associated with those spreading ridges 
usually have a hydrothermal component that may be large near active venting, but which 
is regionally generally a small (<30%) component of the crusts formed along most of the 
ridges.  Those types of hydrogenetic-hydrothermal crusts are also common along the 
active volcanic arcs in the west Pacific, the spreading ridges in back-arc basins of the 
west and southwest Pacific, spreading centres in the south and east Pacific, and active 
hotspots in the central (Hawaii) and south (Pitcairn) Pacific.  Very few (<15) of the 
approximate 50,000 seamounts in the Pacific have been mapped and sampled in detail, 
and none of the larger ones have been so studied, some of which are comparable in size 
to continental mountain ranges.” 

 
“The distribution of crusts on individual seamounts and ridges is poorly known.  

Seamounts generally have either a rugged summit with moderately thick to no sediment 
cover (0-150 m) or a flat summit (guyot) with thick to no sediment cover (0-500 m).  The 
outer summit margin and the flanks may be terraced with shallowly dipping terraces 
headed by steep slopes meters to tens of meters high.”  

 
 “The thickest crusts occur on summit outer-rim terraces and on broad saddles on 
the summits.  Estimates of sediment cover on various seamounts range from 15% to 
75%, and likely average about 50%.  Crusts are commonly covered by a thin blanket of 
sediments in the summit region and on flank terraces. In the Pacific, the thickest crusts 
occur at water depths of 1500-2500 m, which corresponds to the depths of the outer 
summit area and upper flanks of most Cretaceous seamounts.  The water depths of thick 
high cobalt content crusts vary regionally and are generally shallower in the South Pacific 
where the OMZ is less well developed; there, the maximum cobalt contents and thickest 
crusts occur at about 1000-1500 m. Thick crusts are rarely found in the Atlantic and Indian 
Oceans, with the thickest (up to 125 mm) being recovered from the New England 
seamount chain (NW Atlantic), and a 72 mm-thick crust being recovered from a seamount 
in the Central Indian Basin.”  
 

“The characteristics of crust deposits that would influence mining include factors 
that are critical for resource estimation, such as the aerial extent (from few sq. m. to few 
sq. km.), crust thickness (0.1 to 10 cm), composition (Cobalt (Co) +Nickel (Ni) 
+Manganese (Mn) + Iron (Fe) = 30-40%) and average density (1.5-2.0 g/cm3). The other 
factors that would determine the mineability of a deposit would include its depth of 
occurrence (500-5000 m), location (whether on axis or off axis), the slopes on which they 
occur (0-400) and micro topographic undulations (1-100 cm).”   
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“The surface areas of 34 typical equatorial Pacific guyots and conical seamounts 

were measured. Surface areas were determined using Arc Map’s 3-D analyst and the 
amount of sediment versus hard-rock areas were calculated from side-scan sonar back-
scatter images.  The surface areas of 19 guyots and 15 conical seamounts varied from 
4,776 to 313 square kilometres. The total area of the 34 seamounts is 62,250 square 
kilometres, which cover a geographic region of 506,000 square kilometres. The average 
surface area of the 34 seamounts is 1,850 square kilometres.  The amount of surface 
area above 2500 m water depth, where mining is likely to occur, averages 515 square 
kilometres (range 0-1,850 square kilometres).  Guyots are bigger than conical seamounts 
because guyots at one time grew large enough to be islands before erosion and 
subsidence took place.  The conical seamounts never grew large enough to breach the 
sea surface.” 

 
“In the Pacific, the thickest crusts occur at water depths of 1500-2500 m, which 

corresponds to the depths of the outer summit area and upper flanks of most 
Cretaceous seamounts.  The water depths of thick high cobalt content crusts vary 
regionally and are generally shallower in the South Pacific where the OMZ is less well 
developed; there, the maximum cobalt contents and thickest crusts occur at about 
1000-1500 m.”  

  
“Thick crusts are rarely found in the Atlantic and Indian Oceans, with the thickest 

(up to 125 mm) being recovered from the New England seamount chain (NW Atlantic), 
and a 72 mm-thick crust being recovered from a seamount in the Central Indian Basin.”  

 
“The thickest crusts occur on summit outer-rim terraces and on broad saddles on 

the summits.  Estimates of sediment cover on various seamounts range from 15% to 
75%, and likely average about 50%.  Crusts are commonly covered by a thin blanket of 
sediments in the summit region and on flank terraces.  It is not known how much sediment 
can accumulate before crusts stop growing.  Crusts have been recovered from under as 
much as 2 m of sediment without apparent dissolution.  Based on coring results, 
Yamazaki estimated that there are 2-5 times more Fe-Mn crust deposits on seamounts 
than estimates based on exposed crust outcrops because of their coverage by a thin 
blanket of sediment.  Those thinly veiled crusts would be within reach of mining 
operations.”  

 
“Within the central Pacific, a great many seamounts occur within the Area 

(international waters), and promising locations for potential mining occur within the Mid-
Pacific Mountains, such as between Wake and Minami Torishima (Marcus) Islands, the 
Magellan Seamounts, seamounts between the EEZs of Johnston Island and the Marshall 
Islands and Johnston Island and Howland and Baker Islands, Shatsky Rise farther to the 
north might also be promising.   Figure 1 prepared with the assistance of Dr. Hein shows 
this area. 
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Figure 1: Sampling locations for Cobalt Rich Ferromanganese crusts in the 
Pacific.  The green line shows the region of interest for Cobalt Crust 
Mining. 

 
“A Comparison of the Possible Economic Returns from Mining Deep Seabed 
Polymetallic Nodules, Seafloor Massive Sulphides and Cobalt-Rich Crusts” 
 - Jean-Pierre Lenoble, Ingenieur Geologue, Legal and Technical Commission (ISA) 

Chatou, France 
 

30. “Encrustations of ferromanganese hydroxides have been found in many areas of 
the seafloor, but more particularly, where consolidated sediments and hard rocks outcrop. 
Most of them were discovered on seamounts or plateaux that constitute elevations of the 
seafloor in abyssal areas. These summits are frequently linked with volcanic structures 
and sometimes are sunken atolls.” 

 
“Since the beginning of the 1980s, ferromanganese crusts deposits have 

attracted the attention of explorers, as potential resources for cobalt. Although several 
exploration surveys have been carried out in different parts of the world’s oceans, mostly 
by scientific institutions, the state of knowledge is still limited.” 

 
“Cobalt-bearing crusts are often associated with low-grade nodules. Both these 

deposits have relatively low manganese to iron ratio (1-2.5) in comparison to polymetallic 
nodules of economic interest (4-6). Their nickel and copper contents are also lower (0.3-
1%). While the cobalt content of crusts can reach 3%, on average it is only 0.6-0.8%, or 
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three to four times greater than the average cobalt content of "good" nodules (0.25%). 
Other metals occur as trace metals. These include vanadium (0.06%), molybdenum 
(0.05-0.1%), and platinum (0.14 to 5 ppm).” 

 
“The richest cobalt-crusts deposits appear to be concentrated at water depths of 

800-2000 m. Some scientists have considered a link with the oxygen minimum zone as a 
possible reason for their formation. However, as in fossil stratigraphy, such crustification 
is an indication of a lacuna of sedimentation, either by a hiatus (no deposition) or by 
intermediate erosion. Similar encrustations, associated with nodules, were found in cores 
made on top of seamounts in the Indian Ocean and later in many DSDP cores. They were 
proved lacunae of sedimentation. Observations of current activities that prevent sediment 
deposition have been recorded during several surveys.” 

 
“It seems that there are two kinds of cobalt-rich crusts deposits: 

 
- Flat deposits on top of sunken atolls, where the crust covers old coral reef 

formations; 
 
- Inclined deposit on the flanks of volcanic seamounts, where the crust covers 

volcanic breccias and associated sediments. 
 

1. Economic and financial issues associated with commercializing Cobalt-
rich ferromanganese crusts in the Area 

 
“Characteristics of Seamounts and Cobalt-Rich Ferromanganese Crusts” 
 - James R. Hein, Senior Geologist, United States Geological Survey, USA 

 
31. “The greatest potential economic value of Fe-Mn crusts has always been their 
unprecedented high contents of cobalt.  However, Fe-Mn crusts contain high 
concentrations of a great variety of metals that could become important by-products of 
cobalt recovery.  Recently, significant increased demands for metals in the rapidly 
growing economies of China and India have pushed up the metal prices, notably copper, 
nickel, and cobalt.  This upward trend in prices will fluctuate, but should not be 
ameliorated anytime soon.  Nickel consumption in China has increased five fold in the 
decade of the 1990s and continues to grow.  The projected annual rate of growth of world 
consumption is expected to range from 4-6% for cobalt, copper, and nickel. Shortages of 
copper supplies have been projected to occur within the next decade. The price of copper 
has more than tripled since 2001, and the price of nickel has likewise increased 
significantly, although with large fluctuations.  These increased metal demands may have 
an impact on the three main deep-seabed mineral-deposit types in that nodules and 
crusts have high copper, nickel, and cobalt contents, and polymetallic sulphides have high 
copper contents.  Increased metal demand and higher prices make the potentiality for 
marine mining more likely.”   

 
 “The combined cobalt (Co), nickel (Ni), and copper (Cu) contents are highest in 
the open Pacific Ocean, intermediate in the Indian and Atlantic Oceans, and lowest along 
the continental margins in the Pacific Ocean. The highest copper contents occur in Indian 
Ocean crusts because they are generally from deeper water areas and copper contents 
increase with increasing water depth of crust occurrence.  Shatsky Rise Fe-Mn crusts, 
mid-latitudes of the northwest Pacific, have a surprisingly high mean copper content, as 
well as the highest copper value yet measured in a bulk crust, 0.4% (4000 ppm). Platinum 
(Pt) contents are highest in the Atlantic and open South Pacific crusts, intermediate in the 
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open North Pacific and Indian Ocean crusts, and lowest in crusts from continental 
margins. Cerium (Ce) and the other rare-earth elements are generally highest in Indian 
and Atlantic Ocean crusts.”   

 
“Cobalt-rich ferromanganese crusts: Global distribution, composition, origin and research 
activities” – James Hein, Senior Geologist, United States Geological Survey, USA 

   
32. “Bulk crusts contain cobalt contents up to 1.7%, nickel to 1.1%, and platinum to 
1.3 parts per million (ppm), with mean iron/manganese ratios of 0.4 to 1.2.  Cobalt, nickel, 
titanium, and platinum decrease, whereas iron/manganese, silicon, and aluminium 
increase in continental margin crusts and in crusts with proximity to west Pacific volcanic 
arcs.  Vernadite- and CFA-related elements decrease, whereas iron, copper, and detrital-
related elements increase with increasing water depth of crust occurrence.  Cobalt, 
cerium, thallium, and maybe also titanium, lead, tellurium, and platinum are strongly 
concentrated in crusts over other metals because they are incorporated by oxidation 
reactions.  Total rare-earth elements (REEs) commonly vary between 0.1% and 0.3% and 
are derived from seawater along with other hydrogenetic elements, cobalt, manganese, 
nickel, etc.  Platinum-group elements are also derived from seawater, except palladium, 
which is derived from detrital minerals.”   

 
“Proposed Exploration and Mining Technologies For Cobalt-Rich Crusts” 
- Dr. Rahul Sharma, Scientist, National Institute of Oceanography, Dona Paula, India  

   
33. “Although many studies have evaluated their metal contents and geological 
setting, a study undertaken by the Department of Planning and Economic Development of 
Hawaii in 1987 entitled “Mining Development Scenario for Cobalt-rich Manganese crusts 
in the Exclusive Economic Zones of the Hawaiian Archipelago and Johnston Island.  
Honolulu” addressed several aspects of the deposits, such as mining criteria, techno-
economic feasibility and infra-structural requirements.  The study area was estimated to 
have an overall in-place resource potential of 2.6 million tonnes of cobalt, 1.6 million 
tonnes of nickel, 81 million tonnes of manganese, and 58 million tonnes of iron with an 
average content of 0.73% Co, 0.45% Ni, 23% Mn and 16.5% Fe.  This estimate is based 
on mean crust coverage of 40%, crust thickness ranging from 0.5-2.5 cm in different 
areas, and average density of 1.95g/cm3 (wet) or 1.34 g/cm3 (dry).”  
 
3. Technological issues associated with commercializing cobalt-rich  

ferromanganese crusts in the Area 
 

“Proposed Exploration and Mining Technologies for Cobalt-Rich Crusts” 
- Dr. Rahul Sharma, Scientist, National Institute of Oceanography, Dona Paula, India  

 
34. “The characteristics of crust deposits that would influence mining include factors 
that are critical for resource estimation, such as the aerial extent (from few sq. m. to few 
sq. km.), crust thickness (0.1 to 10 cm), composition (Cobalt (Co) +Nickel (Ni) 
+Manganese (Mn) + Iron (Fe) = 30-40%) and average density (1.5-2.0 g/cm3).  The other 
factors that would determine the mineability of a deposit would include its depth of 
occurrence (500-5000 m), location (whether on axis or off axis), the slopes on which they 
occur (0-400) and micro topographic undulations (1-100 cm).”   

 
 “The Hawaiian and Johnston islands study reveals that the depth versus axis 
position relationships of Co, Ni, Mn, and Fe of both on- and off-axis sample locations 
showed minor variation for similar depth ranges.  Also metal concentrations of Co, Ni, and 
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Mn increase with increase in latitude, whereas Fe decreases. Similarly, crusts on 
sediments have higher concentrations of Aluminium (Al) and Copper (Cu), and lower 
concentrations of Mn, Co, and Zinc (Zn) than those on basalt substrates.”  

 
“A detailed study on occurrence of these deposits (Yamazaki and Sharma, 2000) 

has classified zones depending on seabed slopes, such as nodule dominant (0-30), 
sediment dominant (3-70), transitional zone (7-150) wherein crusts and nodules co-exist at 
most locations, and crust dominant (>150) . Such a classification of the distribution of 
crusts deposits on the seafloor would provide critical inputs for designing the mining 
device and help in optimum utilization of the capability of the mining system. Besides 
manoeuvrability on different seabed slopes, a mining device would also be required to 
negotiate the micro topographic undulations associated with different types of crust 
surfaces, such as step like (100-200 cm), large outcrops (50-100 cm), cobble type (20-50 
cm), nodular (10-20 cm) and also nodules (1-10 cm) and sediments (0-5 cm). It has also 
been suggested if buried crusts are also considered for mining, the resource potential 
could increase many fold, hence improving the overall efficiency of the mining system 
(Yamazaki et al., 1994).” 

  
“Besides these, there are several geotechnical properties of crusts that would 

play a role in mining these deposits. These include their density, hardness, porosity, void 
ratio, as well as their compressive and tensile strengths that would determine the 
collection mechanism of the mining device.” 

 
Exploration techniques  

 
35. “There are various parameters that need to be evaluated for resource estimation 
as well as designing a suitable mining device, for which different techniques would have 
to be employed. These include the occurrence of rock outcrops, sediment cover, slope 
distributions, geomorphology, and current patterns.  All of these physical properties of the 
environment affect crust formation. Bottom photographs are useful in determining local 
distribution of crusts, sediments, and rock outcrops; depth sounding is useful for 
determining slopes; coring can be useful in interpreting sub-bottom structure including 
buried crusts. Similarly, deployment of current meters and CTD sensors and collection of 
water samples at discrete depths would provide critical environment data for operation of 
mining system as well as environmental impact prediction and assessment. Whereas, the 
weather recorder would help tracking the meteorological conditions for optimizing mining 
duration during the year, the position fixing instruments provide the basic location and 
navigation data.”  

 
Estimation of area to be mined and impacted 

  
36. “It is expected that a number of individual crust deposits will be required to sustain 
a commercial mining operation over the 15 to 20-yr period. It is estimated that roughly 600 
km2 area would sustain one commercial mining operation for 15-20 years (Hawaiian 
study, 1987), which at the mining rate of 1 million tones / year should have a deposit of 
15-20 million tones. The Hawaiian study suggested that to estimate the tonnage of in-
place crust resources in an area, multiply the appropriate tonnage number times the 
permissive area.  For example, for a seamount having an average crust thickness of 2.5 
cm, 40% coverage, and a permissive area of 425 km2, the total in-place crust resource is:  

 
  19,500 * 425 = 8,775,000 t (wet)” 
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“Regional and local variability in the spatial distribution of cobalt bearing  ferromanganese 
crusts in the world’s ocean.  (Description of  the Marcus-Wake underwater rise)” - V.M 
Yubko,  Yuzmorgeologiya; and Y.B Kazmin, Russian Federation 

 
37. “A typical ore field can be separately located guyots, whose base is 120 to 80 km. 
The top is at a depth interval between 1300 and 1500m, and the slope brow confined to a 
depth of 1500m. The configuration of the summit plateau is similar to that of the base and 
has dimensions of 65 to 35 km at a depth of 3000m. The diameter of the structure at this 
depth is 15 km. The average dip of the slopes in between 1500 and 3000 m varies from 
20 to 30 degrees, whilst the deeper slopes are more gentle, varying between 5 and 10 
degrees.”  

 
“Cobalt-rich ferromanganese crusts: Global distribution, composition, origin and research 
activities” - James Hein, Senior Geologist, United States Geological Survey, USA 

 
38. “For many guyots and seamounts, the surface area that is likely to be mined is 
less than the area that exists above 2500 m water depth, because of sediment cover.  As 
a worst-case scenario, about 210 square kilometres (range ~210-410 square kilometres) 
of the average seamount would have crust exposed (not covered by sediment) that could 
potentially be mined; and about 530 square kilometres (range ~530-1060 square 
kilometres) of the largest seamount measured would be available for mining.  Those 
areas would likely be further reduced because of prohibitive small-scale topography, un-
mined biological corridors, and other impediments to mining. Consequently, for the largest 
seamount measured, as little as 130 square kilometres (range ~130-265 square 
kilometres) might be available for mining; and for the average seamount, as little as 50 
square kilometres (range 50-105 square kilometres) might be available for mining. 
Seamounts and guyots do exist that have little sediment cover and relatively subdued 
topography and those are the ones that are likely to be mined.”   

 
Implications for Mine Site Characteristics 

  
“Based on the data presented, it is proposed that a future crusts mine site will 

have the following characteristics.  
  

(i) Mining operations will take place around the summit region of guyots on 
flat or shallowly inclined surfaces, such as summit terraces and saddles, 
which may have either relatively smooth or rough small-scale topography. 
These are the areas with the thickest and most cobalt-rich crusts; much 
thinner crusts occur on steep slopes; 

(ii) The summit of the guyots will not be deeper than about 2200 meters, the 
terraces not deeper than about 2500 meters; 

(iii) Little or no sediment will occur in the summit region, which implies strong 
and persistent bottom current; 

(iv) The summit region will be large, more than 600 square kilometers (see 
next section);  

(v) The guyots will be Cretaceous in age;   

(vi) Areas with clusters of large guyots will be favoured; 

(vii) Guyots with thick crusts and high grades (cobalt, nickel, copper) will be 
chosen; 
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(viii) The central Pacific best fulfils all the above criteria.  

 
“The basic mine-site characteristics listed above can be utilized in the design of 

mining equipment, and in considering biological and environmental issues.  For example, 
sessile biota and fish may be more important concerns than sediment in fauna.  Mining 
equipment will probably not have to be designed to operate on steep slopes, although that 
capability would offer greater flexibility.”   

 
Implications for available mine sites 

 
“Based on a conservative estimate of 26 kilograms of crust per square meter of 

seafloor (range ~25-78 kilograms per square meter-based on dry bulk density of 1.3 
grams per cubic centimetre and mean range of crust thicknesses of 2-6 centimetres), it 
would require the mining of 77 square kilometres (range ~26-77) per year to satisfy a rate 
of production of 2 million metric tons of crust per year. This would translate to 1,540 
square kilometres (range ~520-1,540) of crust removal for a 20 year mining operation.  
From the data on seamount sizes and likely areas available for mining presented above, it 
can be concluded that about 3-12 large guyots would be needed for a 20 year mining 
operation, or about 10-31 average size seamounts based on an average crust thickness 
of two centimetres.  However, it is likely that large areas can be found with twice that 
average crust thickness.”    

 
“A Comparison of the Possible Economic Returns from Mining Deep Seabed Polymetallic 
Nodules, Seafloor Massive Sulphides and Cobalt-Rich Crusts” 
 - Jean-Pierre Lenoble Ingenieur Geologue Legal and Technical Commission (ISA) 
Chatou, France 

 
39. “The dimensions of flat deposits can be 50-200 km2 with 70-90% of the area 
covered by encrustations.  Their topography is relatively even, with slopes less than 5%.  
Cracks form an irregular pattern that cup up the crust and the underlying material to 
several decimetres deep.  The corresponding slabs are one to several square meters 
wide.” 

 
 “Slope deposits are inclined up to 25%, as the flanks of old volcanoes.  Crusts 
cover more or less consolidated sediments as well as hard basaltic rock and breccias. 
Evidence of sliding along the slope has been recorded.” 

 
 “The thickness of the crust can be 2 to 10 cm, sometimes up to 20 cm, but the 
structure and composition varies from top to bottom. Generally, only the few first 
millimetres have very high cobalt content (up to 3%). Cobalt grade decreases with depth, 
as well as manganese and iron, because of mixing with the underlying material.  When 
this material is composed of calcareous phosphorite, there is a corresponding increase of 
the phosphorus and calcium contents.  Therefore, only the first few centimetres (2 to 3) of 
a deposit have an economic value.  Phosphatisation has also been found in slope 
deposits, probably in relation with up-welling phenomena.” 

 
“The wet specific gravity of crust material is reported to vary from 1.6 to 2.1 g   

cm-3. The crust material, as is the case with polymetallic nodules, is very porous (43-
74%). Accordingly, in the Tuamotu area, the average dry specific gravity was 1.4 g cm3.” 

 
“During the surveys made by CNEXO (1970) then IFREMER in this area a 
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submerged old atoll was discovered near Niau Island.  The depth of the plateau is 1000-
1200 m limited by steep flanks of 400 m where the slope is more than 25%.  Of the total 
area of 270 km2, at least 80 km2 are coated with encrustations, with an apparent coverage 
ratio of 70%.  The surface of the crust is bumpy with smooth decimetric microtopogaphy. 
Sandy sediments with ripple marks occupy enclosed sectors.  One can suspect the 
existence of buried crust beneath this sediment, as found in other deposits.  The large 
blocks of crust, that have been dredged, showed a phosphatic-calcareous core, light 
brown and well consolidated.  Fossil foraminifers give an age of 45 Ma (middle Eocene).  
The outer part is altered with micro fissures impregnated by ferromanganese hydroxides.  
The crust, dark black and 2 to 5 cm thick, is more continuous and compact at the top part 
of the blocks.  From the surface of this crust, the cobalt content decreases from 2% in the 
first 3 mm to 1.7% in the next 15 mm and 0.6% in the following 15 mm.  A bulk sample 
taken from the crust had average grades of 0.33% Co, 0.2% Ni, 0.06% Cu, 9.7% Mn, and 
7.9% Fe.  In 1986, an attempt was made to sample the deposit with a pyrotechnic 
multicorer with relative success.” 

 
“The representativeness of such sampling versus future mining is questionable, 

as is the case for many of the surveys conducted elsewhere.  An attempt to be more 
effective was made using a large gravity corer.  However, the penetration through the 
crust and its substrate is limited and consequently does not show a fair picture of the 
deposit.” 

 
“At Niau, the tonnage of material with economic merit has been estimated to be 1 

million dry tonnes with average cobalt content of 1.2%, based on recovering only the first 
2 cm of the crusts.  Dilution of this layer by the underlying material will certainly occur, but 
it seems possible to separate the crust by ore processing techniques. Several similar 
deposits have been discovered in the vicinity that could increase this speculative inferred 
resource to five Mt, which could then produce 50 000 t of cobalt.” 

 
“Total resources of cobalt from Co-rich crusts in the central Pacific have been 

estimated to 500 million tonnes (100 deposits similar to Niau).” 
 

“The exploration techniques must be improved considerably in order to provide 
the necessary parameters for the design of mining and processing methods.  A better 
knowledge of the micro topography can be obtained by using deep-towed multibeam 
sonar associated with continuous high resolution TV recordings. Sampling methods must 
be completely retailored.  Rotary diamond drilling machines equipped with a multicorer 
system must be developed to provide a fast and cheap sampling method with better 
recovery.” 

 
Mining and processing technologies 

 
“Several engineering studies have been carried out to define possible methods of 

mining and processing cobalt-rich crusts.  The studies highlight the current lack of 
knowledge and the need for better information to be able to design efficient systems.” 

 
“A revised continuous line bucket (CLB) system was proposed by its inventor for 

crust recovery. Besides the apparent simplicity of the system, strong reservations must be 
made about its efficiency.  It is doubtful that the buckets will be able to extract large slabs 
of crust that are firmly attached to their substrate.  Buckets could be also severely 
damaged when they impact the bottom of the deposits.  The blocks containing crusts will 
be low grade, retaining a significant amount of waste material.  In slope deposits, blocks 
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of lava and volcanic breccias will also be retrieved, as the buckets cannot be manipulated 
to discriminate between ore and waste.” 

 
“In 1985, Halkyard proposed a hydraulic lifting system with a self-propelled 

bottom crawler equipped with cutting devices as suitable technology for mining crusts.  
The cutting devices would create incisions on the surface layers of the crust, permitting 
their extraction by suction to the pipe system.” 

 
“In a study conducted during the same year by Gemonod for the Niau deposit, a 

similar system was envisaged.  The proposed cutting device would be a set of hammer 
drills or a row of rotary cutting drums.  A crusher would also be installed on the self-
propelled crawling dredge, in order to produce slurry (60% solid) to be pumped to the 
surface.” 

  
“Chung considered the possibility of using water-jet cutting or fracturing to slice or 

break the crust top-layers.  He also considered adopting a hydraulic lifting system, with a 
towed or self-propelled bottom collector.” 

 
“Zaiger proposed an innovative system in 1994, known as "solution mining".  A 

large "containment and regulation cover" (CRC: up to 40 000 m2), consisting of an 
impermeable membrane, is sealed on the bottom by tubes filled with a heavy medium 
such as barite mud. A leaching solution is introduced between the CRC and the seafloor.  
After sufficient time, the enriched solution is pumped to the surface platform for metal 
extraction. The CRC is then moved to another area.  Preliminary tests have raised more 
problems than providing solutions.” 

 
“Research on processing has been limited owing to the lack of information on the 

composition and physical properties of the possible raw ore.  However, some studies 
have shown possibilities of using ore processing to concentrate the minerals.  Magnetic 
separation, followed by froth flotation, can separate the ferromanganese hydroxides from 
the calcareous phosphorite or the siliceous volcanic fragments, and form an enriched 
concentrate.  Heavy liquid separation was also proposed to obtain the same result.” 

 
“Minemet Recherché studied this method under a contract from 

Afernod/Gemonod in 1986.  A concentrate grading 1.2% Co, 0.6% Ni, 0.1% Cu and 26% 
Mn was obtained from the raw ore. The recovery could be better than 70%.” 

 
“Extraction of the metals from the concentrate can be also effected by 

hydrometallurgy.  For polymetallic nodules, both ammoniacal and sulphuric acid leaching 
were proposed. Japanese institutions studied the dissolution of the valuable metals (Co, 
Ni, and Cu) in a mixture of ammonium sulphite and ammonium carbonate, or in 
ammonium thiosulphate.  The metals are then extracted from the pregnant solution by 
selective organic solvents. The refined metals are obtained by final electro winning.” 

  
“Minemet Recherché proposed to use sulphuric leaching in a closed cell under 

one MPa pressure at 180°C temperature.  The introduction of Mn++ ions favours cobalt 
recovery.  The process derives from the SRM2 tested for polymetallic nodules by the 
French CEA.  Selective extraction of the different metals (Co, Ni, Cu) is made by organic 
solvents. Sulphide concentrates are prepared by precipitation for further refining.  Cobalt 
recovery could be 93%.  Manganese is confined in a low-grade ferromanganese residue, 
rich in iron, which could be (doubtfully) used as a manganese ore.” 

 



 388

Part II:  EXCERPTS FROM WORKSHOP PAPERS ON SEAFLOOR 
POLYMETALLIC SULPHIDES OCCURRENCES/DEPOSITS 

 
Geologic Characteristics and Geographic Distribution 

 
“Seafloor Massive Sulphides deposits and their resource potential” 
 Prof. Herzig and Mr S. Petersen, Institute for Mineralogy Brennhausgasse, Germanyand 
Dr Hannington Geological survey of Canada, Ottawa, Canada 
 
40. “The discovery of high-temperature black smokers, massive sulphides, and vent 
biota at the crest of the East Pacific Rise at 21°N in 1979 confirmed that the formation of 
new oceanic crust through seafloor spreading is intimately associated with the generation 
of metallic mineral deposits at the seafloor. It was documented that the 350°C 
hydrothermal fluids discharging from the black smoker chimneys at this site at a water 
depth of about 2,600 m continuously precipitate metal sulphides in response to mixing of 
the high-temperature hydrothermal fluids with ambient seawater. The metal sulphides 
including pyrite, sphalerite, and chalcopyrite eventually accumulate at and just below the 
seafloor and have the potential to form a massive sulphide deposit. It has also been 
documented that circulation of seawater through the oceanic crust is the principal process 
responsible for the formation of massive sulphide deposits in this environment. Seawater 
which deeply penetrates into the oceanic crust at seafloor spreading centers is being 
modified to a hydrothermal fluid with low pH, low Eh, and high temperature during water-
rock interaction above a high-level magma chamber. This fluid is then capable of leaching 
and transporting metals and other elements which eventually precipitate as massive 
sulphides at the seafloor or as stockwork and replacement sulphides in the sub-seafloor. 
The resulting massive sulphide deposits can reach considerable size ranging from several 
thousand to about 100 million tonnes.  High concentrations of base (copper, zinc, lead) 
and in particular precious metals (gold, silver) in some of these deposits have recently 
attracted the interest of the international mining Industry.”  

 
 “In the two decades since the discovery of hydrothermal vents at the mid-ocean 
ridges, significant mineral deposits have been documented in more than a dozen different 
volcanic and tectonic settings around the world at water depths up to 3,700 m. 
Polymetallic sulphide deposits are found on fast-, intermediate-, and slow-spreading mid-
ocean ridges, on axial and off-axis volcanoes and seamounts, in sedimented rifts adjacent 
to continental margins, and in subduction-related arc and back-arc environments (see 
Figure 2 below).” 
 

 
 
Figure 2. Geological environments for the 
occurrence of seafloor hydrothermal 
systems. Polymetallic massive sulphides 
deposits have been found in all settings 
except for intraplate seamounts. 
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“The majority of sites so far have been located at the East Pacific Rise, the 
Southeast Pacific Rise, and the Northeast Pacific Rise, mainly because the first discovery 
of an active high-temperature hydrothermal system was made at 21°N at the East Pacific 
Rise off shore Baja California. Only one site has so far been located at the ridge system of 
the Indian Ocean, close to the Rodriguez Triple Junction. The scarcity of sulphides 
deposits on the Mid-Atlantic Ridge and in the Indian Ocean is, at least to a large extent, a 
function of restricted exploration activity in these areas. It has been assumed that today 
only about 5% of the 60,000 km of oceanic ridges worldwide have been surveyed and 
investigated in some detail.” 

 
“During hydrothermal Convection at oceanic spreading centres, seawater 

penetrates deeply into the newly-formed oceanic crust along cracks and fissures, which 
are a response to thermal contraction and seismic events typical for zones of active 
seafloor spreading. The seawater circulating through the oceanic crust at seafloor 
spreading centres is converted into an ore-forming hydrothermal fluid in a reaction zone 
which is situated close to the top of a sub axial magma chamber (Fig. 3). Major physical 
and chemical changes in the circulating seawater include (i) increasing temperature, (ii) 
decreasing pH, and (iii) decreasing Eh. The increase in temperature from about 2°C to 
values >400°C31,32 is a result of conductive heating of a small  percentage of seawater 
close to the solidified top of a high level magma chamber. This drives the hydrothermal 
convection system and gives rise to black smokers at the seafloor.” 

 
“Due to its increased buoyancy at high temperatures, the hydrothermal fluid 

rises rapidly from the deep-seated reaction zone to the surface along major faults and 
fractures within the rift valley or close to the flanks of the rift. In particular the intersections 
of faults running parallel and perpendicular to the ridge axis are the loci of high-velocity 
discharge black smokers and polymetallic sulphides mounds. The sulphides precipitation 
within the up flow zone (stockwork) and at the seafloor (massive sulphides) is a 
consequence of changing physical and chemical conditions during mixing of high 
temperature (250-400°C), metal-rich hydrothermal fluids with cold (about 2°C), oxygen-
bearing seawater (Fig. 3).” 

 
 
 
 
 
 
Figure 3:  A cross-section of a 
polymetallic sulphides mound 
showing the principal components 
of seafloor hydrothermal system.  
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“Out of the more than 100 sites of hydrothermal mineralization currently known at 
the modern seafloor, only about 10 deposits may have sufficient size and grade to be 
considered for future mining, although information on the thickness of most of those 
sulphides deposits is not yet available.  These potential mine sites include the Atlantis II 
Deep in the Red Sea, Middle Valley, Explorer Ridge, Galapagos Rift, and the East Pacific 
Rise 13°N in the Pacific Ocean, the TAG hydrothermal field in the Atlantic Ocean, as well 
as the Manus Basin, the Lau Basin, the Okinawa Trough, and the North Fiji Basin in the 
western and south-western Pacific.  All of these sites except two (East Pacific Rise 13°N 
and TAG hydrothermal field) are located in the Exclusive Economic Zones of coastal 
states including Saudi Arabia, Sudan, Canada, Ecuador, Papua New Guinea, Tonga, 
Japan, and Fiji.  Scientific drilling has been carried out by the Ocean Drilling Program to a 
depth of 125 m at the TAG hydrothermal field and to about 200 m at Middle Valley. Leg 
193 of the Ocean Drilling Program is scheduled for December/January 2000/2001 to 
explore the third dimension of the Eastern Manus Basin (Pacmanus site).  The Atlantis II 
Deep is still the only deposit that has been evaluated by a commercial company 
(Preussag, Germany) in the late 1970s based on standards usually applied by the 
minerals industry to land-based ore deposits. A pilot mining test has successfully 
demonstrated that the metalliferous muds occurring below the surface of a 60°C brine not 
only in the Atlantis II Deep can be continuously mined.” 
 
Table 1: Possible Sites for Mining of Seafloor Massive Sulphides Deposits 
 
Deposit Ocean Area Water Depth 

(m) 
Jurisdiction Country 

Atlantis II Deep Red Sea 2,000 – 2,200 EEZ Saudi Arabia 
Middle Valley Northeast Pacific 2,400 – 2,500 EEZ Canada 
Explorer Ridge Northeast Pacific 1,750 – 2,600 EEZ Canada 
Pacific Southwest Pacific 1,700 – 2,000 EEZ Tonga 
North Fiji Basin Southwest Pacific 1,900 – 2,000 EEZ Fiji 
Eastern Manus Basin Southwest Pacific 1,450 – 1,650 EEZ Papua New Guinea 
Central Manus Basin Southwest Pacific 2,450 – 2.500 EEZ Papua New Guinea 
Conical Seamount Southwest Pacific 1,050 – 1,650 EEZ Papua New Guinea 
Okinawa Trough West Pacific 1,250 – 1,610 EEZ Japan 
Galapagos Rift East Pacific 2,600 – 2,850 EEZ Ecuador 
EPR 13oN East Pacific 2,500 – 2,600 International ISA 
TAG Central Atlantic 3,650 – 3,700 International ISA 
 
 

“Preussag has also performed active exploration for massive sulphides 
deposits in the Galapagos Spreading Center 86°W in the mid 1980s during the GARIMAS 
project (Galapagos Rift Massive Sulphides), which consisted of three cruises with the 
German vessel SONNE.  At that time it was concluded, that the Galapagos deposits are 
not sufficiently large and continuous to be economically mined.” 

 
“It is also unlikely that deposits such as the TAG hydrothermal field, which is 

located in international waters at the Mid-Atlantic Ridge, the 13°N seamount at the East 
Pacific Rise or the Sonne hydrothermal field at the remote Rodriguez Triple Junction in 
the Southern Indian Ocean will become mining targets in the near future.  This is also true 
for many of the sulphides deposits along the East, Northeast and Southeast Pacific 
Rises.”  
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“Hydrothermal sulphides mineralization of the Atlantic – Results of Russian investigations” 
– G. Cherkashev. A. Ahsadze; Institute of Geology and Mineral Resources of the Ocean; 
and I. Glumov, Ministry of Natural resources, Russian Federation, 
 
41. “Some of the investigations that were begun in 1985 in the Mid-Atlantic Ridge are 
still in progress. Nearly 20 cruises have been organized in this region. Geological and 
geophysical studies at scales between 1: 1 000 000 and 1: 200 000 were conducted in the 
course of this period in a 50-100 km band of the axial zone of the Mid-Atlantic Ridge from 
120 N to 19° N and from 21° N to 29° N. These studies included bathymetric, magnetic, 
physical and chemical oceanographic studies, side-scan sonar surveys using frequencies 
of 30 or 100 kHz, as well as video- and photo-profiling and geological sampling. Ten (10) 
areas showing promise for new hydrothermal fields that are located at 28°40′°– 28°48′°N, 
27°05′-27°10′°N, 25°25′-25°33′°N and 16°07′-16°09′°N were the most significant 
discoveries by Russian researchers during this period.” 
 
 “Intensive investigations resulted in the discovery of new hydrothermal sulphides 
fields; the Logachev - 1 and Logachev – 2 fields, the high-cuprous and high gold content 
sulphides mineralization at 24° 30’N that was photographed and dredged, the MIR 
hydrothermal mound of the TAG field that was subsequently sampled and studied in 
detail, as well as the previously known Snake Pit field.” 
 
 “Based on the potential resources contained in Logachev deposits, they are 
considered to be medium – large, with tonnage estimates between 5 to 50 million tonnes, 
and with the highest potential in the eastern flanges of the slope of the valley.” 
 
Metallogenesis of marine minerals – Peter Rona, Professor Marine Geology and 
Geophysics Institute of Marine and Coastal Sciences Rutgers University 
 
42. “In 1979, on the East Pacific Rise at 21 degrees north latitude off Baja California 
(Mexico), scientists exploring the ocean floor discovered chimney-like formations of dark 
rock atop sulphide mounds, spewing hot water and surrounded by animal species 
different from any previously known.  Since then, studies have shown that these black-
smoker complexes are an outgrowth of the formation of new oceanic crust through 
seafloor spreading as the tectonic plates underlying the earth’s surface converge or move 
apart.  This activity is intimately associated with the generation of metallic mineral 
deposits at the seafloor.” 

 
“At water depths up to 3,700 metres, hydrothermal fluids, having seeped from the 

ocean into subterranean chambers where they are heated by the molten rock (magma) 
beneath the crust, are discharged from the black smokers at temperatures up to 400° 
Celsius.  As these fluids mix with the cold surrounding seawater, metal sulphides in the 
water are precipitated onto the chimneys and nearby seabed.  These sulphides, including 
galena (lead), sphalerite (zinc) and chalcopyrite (copper), accumulate at and just below 
the seafloor, where they form massive deposits that can range from several thousand to 
about 100 million tonnes.  High concentrations of base metals (copper, zinc, lead) and 
especially precious metals (gold, silver) in some of these massive sulphide deposits have 
recently attracted the interest of the international mining industry.  Many polymetallic 
sulphides deposits are also found at sites that are no longer volcanically active.” 

 
“Most sites have been located in mid-ocean at the East Pacific Rise, the 

Southeast Pacific Rise and the Northeast Pacific Rise.  Several deposits are also known 
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at the Mid- Atlantic Ridge but only one has so far been located at the ridge system of the 
Indian Ocean.  The paucity of known sulphide deposits at the Mid-Atlantic Ridge and the 
Central Indian Ridge is largely explained by the fact that exploration in these areas has 
been limited.  Only some 5 percent of the 60,000 kilometres of oceanic ridges worldwide 
have been surveyed in any detail.” 

  
“In the mid-1980s, additional sulphides deposits were discovered in the south-

western Pacific, at ocean margins where basins and ridges occur on the seafloor between 
the continent and volcanic island arcs. In these so-called back-arc spreading centres, 
magma rises close to the surface at convergent plate margins where one tectonic plate 
slips beneath another in a process called subduction.  Further deposits have been 
discovered in the western and south western Pacific (Lau Basin and North Fiji Basin), 
Okinawa Trough southwest of Japan, Manus Basin, North of New Caledonia, Woodlark 
basin, Papua New Guinea etc.  Today more than 100 sites of hydrothermal mineralization 
are known and around 25 of them are high temperature black smoker venting.” 
 
Economic and financial issues in commercializing polymetallic sulphides of the 
Area 
 
“Seafloor Massive Sulphides deposits and their resource potential” – Prof. Herzig and S. 
Petersen, Institute for Mineralogy, Freiberg/Sachsen, Germany and Dr. Mark Hannington, 
Geological survey of Canada 
 
43. The Mineralogy of the seafloor sulphides is tabulated below. 
 
Table 2  Mineralogy of seafloor polymetallic sulphides 

 

Metal contents: 
 

“Despite moderate tonnages in several seafloor deposits, recovered samples 
from about 50 deposits worldwide represent no more than a few hundred tonnes of 
material. Based on existing data and lacking information on the third dimension it is 
premature to comment on the economic significance of seafloor massive sulphides. 
Published analyses of sulphide samples, however, indicate that these deposits may 
contain important concentrations of metals that are comparable to those found in ores 
from massive sulphides mines on land.” 
 

Bulk Chemical composition of seafloor polymetallic sulphides  
 

The bulk composition of some of the known seafloor polymetallic sulphides 
occurrences is presented in Table 3 below. 
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Table 3  Bulk chemical composition of seafloor polymetallic sulphides occurrences 
 
 

 
 

“Comparison of nearly 1,300 chemical analyses of seafloor sulphides reveals that 
deposits in different volcanic and tectonic settings have different proportions of metals.  
Relative to samples from sediment-starved mid-ocean ridges, massive sulphides formed 
in basaltic to andesitic environments of back-arc spreading centres (573 samples) are 
characterized by high average concentrations of zinc (17%), lead (0.4%) and barium 
(13%), but little iron.  Polymetallic sulphides at back-arc rifts in continental crust (40 
samples) also have low iron content but are commonly rich in zinc (20%) and lead (12%), 
and have high concentrations of silver (1.1%, or 2,304 grams/t). In general, the bulk 
composition of seafloor sulphides deposits in various tectonic settings is a consequence 
of the nature of the volcanic source rocks from which the metals are leached.  Recently 
another dimension is added to the PMS with the report of high concentration of gold.  The 
Mid oceanic ridges have average 1.2 gm/ton but back arc sulphides the gold 
concentration can be as high as 28g/ton (Lau Basin) to around 55 gm/ton at Manus Basin. 
The conical seamount in the EEZ of Papua New guinea has a high 230 gm/ton of gold 
concentration.  Polymetallic sulphides have the advantage in that more than one metal 
can be mined simultaneously, the extraction of metals from the sulphides is a proven 
technology and efficient.”  

 
“Financing exploration for seafloor massive sulphides deposits" – Julian Malnic, CEO, 
Direct Nickel Pty Ltd, Sydney 

 
44. “With exploration for Seafloor Massive Sulphides (SMS)* deposits barely half a 
decade old, there are not statistically sound generalizations that can be drawn from the 
financing experience so far. Furthermore, because of the normal confidentiality that 
surrounds corporate activity, knowledge of industry experience does not extend far 
beyond our own group. However, it is evident that the capital raising process will be 
similar to either terrestrial mineral exploration, or maybe even to dot.com style, 
companies.” 

 
“SMS mining offers scope for a highly compressed development cycle. The 

time between first identifying a plume and tracking down a deposit, and the time of mining 
the deposit can be very short, a factor that will also carry considerable economic 
advantage. ‘With the mobility of the production vessel, test mining can be conducted 
within a matter of weeks of a discovery. On land, the definition drilling required to justify 
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the cost of a test shaft will typically take two years and then test shaft will take additional 
time. By lowering such development threshold, the feasibility costs are also expected to 
be significantly lower than for terrestrial mines.” 

 
“Using very basic assumptions and calculations about the most likely system 

we will use, Nautilus has performed some very useful spreadsheet models for a proposed 
Manus Basin mining operation. We regard these models as proprietary assets so I do not 
intend to present them here. But for the sake of illustration, one base case involved an 
arbitrary mine size of 1.5Mt and at the rate of 1000tpd, the mine life will be 4.5 years. The 
following chart shows the summary of net cash flow and cumulative net cash flow for this 
scenario.  Capex costs include the acquisition of a ship for USD$50m.” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:  Summary of net cash flow for a seafloor polymetallic sulphides mine 
 
3. Technological issues in commercializing polymetallic sulphides in the Area 
 
Metallogenesis of marine minerals – Peter Rona, Professor Marine Geology and 
Geophysics Institute of Marine and Coastal Sciences Rutgers University 
 
 
45. “Exploration for a seafloor mineral deposit involves many variations to achieve 
two basic objectives: to determine where the mineral deposit is located, and to determine 
physical, chemical and, in many cases, the biological properties of the deposit and its 
seafloor setting”. 
 

(i) Finding the deposit: The first objective, determination of where a seafloor 
mineral deposit is located, involves starting the exploration within the 
seafloor province where that type of mineral deposit is known to occur, but 
at unknown distances from deposits that may be present within that 
province.  Then apply complementary exploration methods that will sense 
diagnostic properties of that type of deposit and its specific setting starting 
at some distance from a potential deposit and gradually coming closer, that 
is, closing range to the deposit. The systematic exploration strategy to find 
a deposit on the seafloor is to progressively close range from far to near 
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according to the sensitivity to detection of physical and chemical properties 
of the deposit.   

 
(ii) Let us consider this approach of closing range to a potential mineral deposit 

using as an example an actively forming massive sulphides deposit in the 
seafloor province of a submerged volcanic mountain range at a divergent 
plate boundary.  This strategy was successfully used to discover the TAG 
hydrothermal field on the Mid-Atlantic Ridge, the first hot springs and 
massive sulphide deposits found anywhere in the deep Atlantic Ocean (16).  
Hot springs associated with an active massive sulphide deposit will 
discharge certain metals in dissolved and particulate form (iron and 
manganese) and dissolved gases (helium) that can be carried by deep 
ocean currents for distances of hundreds of kilometres from a source.  
These components can be detected in water samples recovered from 
appropriate depths by standard shipboard water sampling methods.  
Certain of these metallic mineral particles from black smokers will settle 
through the water column to the seafloor where the metallic mineral 
component can be detected in cores of seafloor sediments.  The general 
location of seafloor hot springs can be found by following concentration 
gradients of these metallic signals in the water column and in seafloor 
sediments. At ranges of tens to several kilometres (thickness of the water 
column in the deep ocean), shipboard bathymetric and magnetic methods 
and near-surface towed side-scan sonar can be employed to determine the 
seafloor setting and detect a characteristic magnetic signature of either an 
active or inactive massive sulphide deposit.  When within kilometres of the 
hot springs, various in situ sampling (water, particles, seafloor sediment) 
and imaging (photos, video, and side-scan sonar) methods can be used on 
various types of unmanned deep submergence vehicles at altitudes up to 
tens of meters above the seafloor to locate the massive sulphides deposit.  
These unmanned deep submergence vehicles comprise Remotely 
Operated Vehicles (ROV) which are tethered to the ship and controlled 
though an electrical or electro-fibre optic cable with a real-time video link to 
the operators, and Autonomous Underwater Vehicles (AUV) which are free-
swimming and are programmed to perform imaging, sampling and other 
measurement procedures. Manned submersibles, also known as Human 
Occupied Vehicles (HOV), may be used for direct observation, sampling 
and measurements after the massive sulphide deposit has been targeted.  
 

(iii) Characterizing the deposit: Having found the marine mineral deposit, the 
next objective is to accurately determine the detailed physical, chemical 
and, in cases, biological properties of the deposit and its seafloor setting. 
This may be accomplished using the "nested survey" strategy, which starts 
with surveying the seafloor setting of the deposit and progressively obtains 
more detailed information of the deposit itself employing many of the same 
exploration methods used to find the deposit.  Following through with the 
case of the deep ocean massive sulphide deposit, the exploration methods 
described so far provide direct information on that part of the massive 
sulphide deposit exposed on the seafloor and only indirect information on 
the portion beneath the seafloor.  Recall that in describing the active 
sulphide mound in the TAG hydrothermal field, the surface expression is 
only the "tip of the iceberg" (Figure 3).  Drilling is required to directly 
determine the third dimension including grade and tonnage of a massive 
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sulphide deposit on the seafloor just as for such as deposit on land.  For 
massive sulphides bodies on land hundreds of holes each tens to hundreds 
of meters long spaced meters apart may be drilled to recover almost 
continuous cores of the material penetrated.  These cores are used to 
determine the shape, grade and tonnage of the massive sulphide mound 
and underlying feeder/stockwork zone (Figure 3). Present capability to drill 
a massive sulphide body at a water depth of several kilometres in the deep 
ocean is far more limited.  For example, the active sulphides mound in the 
TAG hydrothermal field is one of only two such mounds that have been 
drilled to date by the Ocean Drilling Program (ODP). ODP Leg 158 spent 
two months at sea in 1994 and with formidable technical difficulty drilled 17 
holes up to 125 meters long with overall core recovery of 12 percent. 
Drilling methods for massive sulphides deposits and associated volcanic 
rocks in the deep ocean are being improved but will fall far short of land 
standards for the foreseeable future.”  

 
“Hydrothermal sulphides mineralization of the Atlantic – Results of Russian investigations”  
– G. Cherkashev. A. Ahsadze; Institute of Geology and Mineral Resources of the Ocean;  
I. Glumov, Ministry of Natural resources,     Russian Federation, 
 
46. “The technologies used by Russian researchers for studying seafloor sulphides 
deposits included, in addition to conventional methods, a towed geophysical system 
called RIFT (which was applied during the discovery of the Logachev hydrothermal fields) 
and a submersible drill to assess the thickness of the sulphides deposits.” 

 
“Proposed exploration and mining technologies for polymetallic sulphides” -Steven D. 
Scott, Director Scotiabank Marine Geology Research laboratory, Department of Geology, 
University of Toronto, Canada 
 

Exploration methodologies  
 
47. “Scientific research cruises have been responsible for the discoveries to date of 
seafloor polymetallic sulphides and all deposits are prominently exposed and visible on 
the seafloor. Seemingly, everywhere we looked, we found deposits. Exploration has 
largely relied on methods such as detailed bathymetric mapping, high resolution sidescan 
sonar, tracing hydrothermal particulate plumes to their source using transmissometres, 
dredging, seafloor photography and submersible traverses. All except dredging are 
passive and inflict no serious environmental damage.”  
 
 “Close inspection of high-resolution swath bathymetric and sonar maps can 
usually reveal the most prospective sites in the axial valley, and sometimes off-axis, of 
mid-ocean ridges and in the calderas of young, volcanically active seamounts.  Tops of 
magma chambers have been imaged seismically beneath individual segments of ridge 
axes by recognition of a "bright spot" in multi-channel reflection records.  A good example 
is from 8°50'N to 13°30'N (most notably at 9°30'N) along the East Pacific Rise. Here, the 
interpreted top of the magma chamber can be traced, with some uncertainty, for tens of 
kilometres along the ridge axis at depths of 1.2 to 2.4 km beneath the seafloor.  Harding 
et al. (1989) have interpreted the seismic data from 13°N East Pacific Rise to represent a 
shallow small axial magma at the pinnacle of a much larger zone of hot and only partially 
molten basalt. Such pinnacles probably occur intermittently along a ridge segment and 
would be loci for hydrothermal venting, as is presently occurring at 13°N.”  
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 “The most successful method for locating actively forming PMS deposits is to find 
their particulate plume and tracing it to its source.  This is typically done using a 
transmissometre that measures absorption of light by the particles within the water 
column. Typically, an instrument package measuring conductivity (salinity), temperature 
(in millidegrees), depth and light absorption with water samplers aboard is towed at slow 
speed behind a ship and is lowered and raised within the expected depth interval for a 
particulate plume.  Data are recorded real-time and water is sampled within any plume 
that is encountered.  Particles are filtered from this water onboard ship and later analyzed 
for pathfinder elements such as copper, zinc and barium that might indicate a PMS-
forming hydrothermal system.  Suspected sources of plumes are dredged, photographed 
or inspected by submersible.”  
 
 “Once a sizeable mound has been located, coring of close-spaced and accurately 
positioned drill holes is required in order to determine with a considerable degree of 
confidence the deposit’s content of metals and its tonnage.  As is the case for land 
deposits, such information is critical for determining whether mining is economically viable 
and for determining the best methods for metallurgical processing. Near total core 
recovery is required in holes that may be only a few meters apart.  Coring can be 
accomplished either using a bottom-deployed autonomous drill   or a drill operated from a 
remotely operated vehicle (ROV).”  
 
 “Large scale ocean mining for PMS will have high start-up costs, perhaps as 
much as $300 million (all values are in current US dollars) phased in over several years 
through stages of exploration, evaluation and mining.  This cost must be seen in the light 
of discovery and development costs for new land mines that are typically of the same 
order of magnitude.  For example, approximately $200 million is required to find and 
develop a PMS deposit in the Abitibi region of western central Quebec and Noranda is 
spending about $200 million to develop 30 million metric tons of ore between 2000 and 
3000 meters depth in its Kidd Creek mine.  The anticipated start-up cost for ocean mining 
of PMS is favourable relative to the $650 million spent on the failed attempt to mine 
manganese nodules.”  
 
 “Although the technology does not exist for recovering seafloor PMS, some 
schemes that were developed by Namco for recovering diamonds in the relatively shallow 
offshore of Namibia and by the Lockheed Corporation for recovering manganese nodules 
in deep ocean basins, such as robotic bottom mining vehicles and lift systems (Welling, 
1981), can probably be adapted to sulphide mining. Small operations, such as that 
envisaged by Nautilus Minerals, might use television-guided grabs.  The Namco vehicle, 
which has suffered serious mechanical failures, is a bottom crawler with a suction head. 
The sulphides are at shallower water depth than nodules and are relatively soft so should 
be easy to break up.  The subsurface stockwork mineralization is typically of lower metal 
content than the massive sulphides and is harder so would require excavation.  These are 
unlikely to be recovered unless by solution mining or bio-leaching.  For the softer surface 
deposits, Scott (1992) envisaged a robotic continuous miner with a cutting blade, much as 
is used in coal and potash mines, that would extract, grind and pre-concentrate the 
desired minerals, lift these to surface in a slurry (air lift or pump) and leave the waste 
minerals on the sea floor.”  
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“Exploration for and pre-feasibility of mining polymetallic sulphides – a commercial case 
study” - Mr. David Heydon, Chief Executive Officer of Nautilus Minerals Ltd. 

 
48.  “Nautilus Minerals Ltd. is a company which has an exploration licence for 
Polymetallic sulphides in the territorial sea of Papua New Guinea (PNG) to commercialise 
sulphides deposits in that area.  The company is in technical alliance with six other 
companies that have expertise in different aspects of the integrated operations.  The 
Nautilus has performed major exploration programme in PNG.  The exploration included 
water column testing (to locate active plumes or vent smokers). This covered a large 
prospective regional area.  The sea water samples from up to 10 km away can lead to 
locating the active metal vents. During the geophysical studies methods like resistivity 
measurements, self potential, magnetics, induced polarisation, video camera and gravity 
were employed.  This helps in finding the aerial extent of the ore-body to estimate the 
mass or tonnage of deposit.  The geophysical anomalies were ‘ground truthed’ during the 
sampling phase.  The samplers used for the purpose were the dredges and the 
sophisticated grabs.  Unlike the crusts or the polymetallic nodules which lay on the 
seabed surface, the PMS required drilling to test the vertical or depth extent of 
mineralization and to test any buried body. Drilling thus assists in determining the average 
grade of the body and it was carried out by Nautilus using remote operated drill rig 
lowered to the seafloor.  Drilling in deeper waters is not so common and only a couple of 
ship based operators have the capability to drill in 2000 m water. Even the Ocean Drilling 
Program (ODP) has not successfully recovered continuous core from the top 20 m of the 
seabed where these sulphides may first be mined.” 

   
“The exploration drilling during the first phase should start with about 9 holes at 

approximately 60 m spacing drilled to 20 m depth with 70 mm core diameter.  It may be 
necessary to include one or two 300 mm (12”) holes reamed for larger sample for first 
phase metallurgy testing.  During the pre-mining phase, for detailed grade and pre-mine 
planning, an additional 27 holes (30 m spacing) depending on whether local variability of 
geology and grades are consistent. During this phase, larger reamed holes for 
metallurgical studies may be required.” 

 
Exploration crusts Vs Sulphides 
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“If trial mining of crusts and sulphides is undertaken, it will entail mining 1 million 

tonnes trailing a 2mtpa mining system. 1 MT of crust covers a surface area of 8 square 
kilometres whereas 1 million tonnes of PMS to 20 m deep disturbs only 140 square 
meters of surface area.” 

 
“Nautilus has also done a pre-feasibility engineering study of mining polymetallic 

sulphides at 2000 m. to mine 2 MT per annum with mine life plus 10 years needs 20 MT of 
sulphides. 2 MT is 200mX200m@20 m thick. A mine may stay in one spot anchored for a 
year or more over a field containing several deposits and it will relocate to another area to 
aggregate 20 mt required.” 

  
“Nautilus has also conceptualised the ROV required for the mining operation. The 

Remotely Operated Vehicles (ROVs) are already being used for cable and pipe lay 
trenching but they are not ‘mining’. Nautilus’ study is based on 5000 hr operation and 2 
million tonnes giving 400 tons per hour. Two mining vehicles per platform powered by 
electric umbilical each mining 200 tons per hour may be required. As the PMS have the 
strength of coal, it is proposed to use drum cutters. A drum cutter miner is 5 m wide and 
cuts a 2 m high ‘face’ with each mine r advancing only 7 meters per hour. Siemag, the 
world leader in hoisting ore from deep underground is associated with Nautilus in helping 
the lifting of ore. Siemag have proposed a system to hoist at a rate of 400 tonnes per hour 
from 2000 m depth. They propose to hoist 100 ton kibbles at 1.8 m/sec rate. Nautilus has 
considered both slurry pump and positive displacement pump option which may be 
assisted by airlift.” 

 
“Technical requirements for exploration and mining seafloor massive sulphides deposits 
and cobalt-rich ferromanganese crusts” – Professor Herzig and S. Petersen, Prof. Herzig 
and S. Petersen, Institute for Mineralogy, Freiberg/Sachsen, Germany and Dr Mark 
Hannington, Geological survey of Canada 
 
49. “Since the discovery of black smokers, massive sulphides and vent biota in 1979, 
numerous academic and government institutions carry out exploration for seafloor 
massive sulphides deposits at oceanic spreading centres worldwide. Leading countries in 
this field are the United States, France, Germany, the United Kingdom, Japan, Canada, 
Russia, and Australia. In some countries, such as Portugal and Italy, marine exploration 
programmes for massive sulphides have been newly developed over the past few years.” 

 
 “Table 4 below shows the major international efforts during the past decade in 
PMS studies.” 
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Table 4 International efforts in PMS studies 

 
 

 
“For research and resource assessment of polymetallic massive sulphides 

deposits, technological advances are a critical factor. In the present state of research and 
commercialization, information on the depth extent and therefore the size of the deposit, 
and the type of mineralization and alteration are extremely important. Drilling by the 
Ocean Drilling Program Leg 158 at the active TAG hydrothermal mound at the Mid-
Atlantic Ridge4 has indicated a total tonnage of 2.7 million tonnes of sulphides above, and 
1.2 million tonnes below the seafloor 5. It was also found that high concentrations of base 
and precious metals are confined to the upper few meters of the mound. The mound itself 
consists of breccias with varying proportions of pyrites, silica, and anhydrites that would 
not be economically recoverable. Initially, it was thought that the entire mound consists of 
polymetallic massive sulphides. Except for the TAG mound, the Middle Valley site at the 
Juan de Fuca Ridge and the Atlantis II Deep in the Red Sea, depth information is not 
available for any of the known seafloor sulphides deposits. Research and resource 
assessments of these deposits rely on surface samples only. As drilling of hydrothermal 
systems by the Ocean Drilling Program will be the exception rather than the rule, reliable 
portable drilling and coring devices are required for research and industry. It has to be 
demonstrated that these systems are actually capable of supporting drilling and coring 
several tens of meters of massive sulphides and rock at the seafloor. The available 
technology is an encouraging start but needs to be further developed in order for drilling at 
the seafloor to depths of 50-100 m a routine operation by any research vessel, and to 
reveal reliable information on the depth extent of mound and chimney complexes.” 
 

“After the resource potential of a massive sulphides deposit has been adequately 
established by grid drilling similar to land-based operations, exploitation and recovery will 
be the next challenges. Selective mining using large TV-controlled grabs similar to those 
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used for exploration are an option; however, continuous mining appears to be the only 
economic alternative.  It appears that the continuous mining systems used by De Beers 
Marine, offshore Namibia, for the recovery of diamonds from water depths of about 100-
150 m could be converted for massive sulphides mining.  These systems consist of large 
(7 m diameter) rotating cutter heads that are attached to a flexible drill string through 
which the diamond-bearing sediment is airlifted onto the ship for further processing.” 
 
 “Seafloor Massive Sulphides deposits and their resource potential” – Prof. Herzig and S. 
Petersen, Institute for Mineralogy, Freiberg/Sachsen, Germany and Dr Mark Hannington, 
Geological survey of Canada 

 
Size and Tonnage: 

 
50. “Considering that estimates of the continuity of sulphide outcrop are difficult, and 
that the thickness of the deposits is commonly poorly constrained, estimates for several 
deposits on the mid-ocean ridges suggest a size of 1-100 million tonnes, although the 
depth extend of mineralization is difficult to assess. The largest deposits are found on 
failed and heavily sedimented but still hydrothermally active oceanic ridges. Drilling 
carried out by the Ocean Drilling Program during Legs 139 and 169 at the sediment 
covered Middle Valley deposit on the northern Juan de Fuca Ridge has indicated about 8-
9 million tonnes of sulphide ore.” 
 

“The largest known marine sulphides deposit is still the Atlantis II Deep in the Red 
Sea, which was discovered more than ten years before the first black smoker at the East 
Pacific Rise 63. The Atlantis II Deep mineralization largely consists of metalliferous muds, 
instead of massive sulphides, which is a consequence of the high salinity acquired by the 
hydrothermal fluids from circulation through thick Miocene evaporates at the flanks of the 
Red Sea rift. A detailed evaluation of the 40 km2 deposit has indicated 94 million tonnes of 
dry ore with 2.0 wt.% Zn, 0.5 wt.% Cu, 39 ppm Ag, and 0.5 ppm Au 64,65,66 which results 
in a total precious metal content of roughly 4,000 tonnes of Ag and 50 tonnes of Au. A 
pilot mining test at 2,000 m depth has shown that this deposit can be successfully mined.” 
 

“Estimates of sizes between 1-100 million tonnes for individual massive sulphide 
deposits on the seafloor are well within the range of typical volcanic-associated massive 
sulphide deposits on land. However, most occurrences of seafloor sulphides amount to 
less than a few thousand tonnes, and consist largely of scattered hydrothermal vents and 
mounds usually topped by a number of chimneys with one or more large accumulations of 
massive sulphide. More than 60 individual occurrences have been mapped along an 8 km 
segment of Southern Explorer Ridge, but most of the observed mineralization occurs in 
two large deposits with dimensions of 250 m x 200 m67. The thicknesses of the deposits 
are difficult to determine unless their interiors have been exposed by local faulting. Typical 
black smokers are estimated to produce about 250 tonnes of massive sulphide per year. 
Thus, a local vent field with a few black smokers can easily account for a small size 
sulphide deposit, depending on the duration of activity.” 

 
“Out of the more than 200 sites of hydrothermal mineralization currently known at 

the modern seafloor, only about 10 deposits may have sufficient size and grade to be 
considered for future mining, although information on the thickness of most of those 
sulphide deposits is not yet available (Table 5). These potential mine sites include the 
Atlantis II Deep in the Red Sea, Middle Valley, Explorer Ridge, Galapagos Rift, and the 
East Pacific Rise 13°N in the Pacific Ocean, the TAG hydrothermal field in the Atlantic 
Ocean, as well as the Manus Basin, the Lau Basin, the Okinawa Trough, and the North 
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Fiji Basin in the western and south-western Pacific. All of these sites except two (East 
Pacific Rise 13°N and TAG hydrothermal field) are located in the Exclusive Economic 
Zones of coastal states including Saudi Arabia, Canada, Ecuador, Papua New Guinea, 
Tonga, Japan, and Fiji.” 
 

Table 5 Possible sites for seafloor sulphides mining 
 
Deposit Ocean Area Water Depth 

(m) 
Jurisdiction Country 

Atlantis II Deep Red Sea 2,000 – 2,200 EEZ Saudi Arabia 
Middle Valley Northeast Pacific 2,400 – 2,500 EEZ Canada 
Explorer Ridge Northeast Pacific 1,750 – 2,600 EEZ Canada 
Lau Basin Southwest Pacific 2,700 – 2,000 EEZ Tonga 
North Fiji Basin Southwest Pacific 1,900 – 2,000 EEZ Fiji 
Eastern Manus Basin Southwest Pacific 2,450 – 2,650 EEZ Papua New Guinea 
Central Manus Basin Southwest Pacific 2,450 – 2.600 EEZ Papua New Guinea 
Conical Seamount Southwest Pacific 1,050 – 2,650 EEZ Papua New Guinea 
Okinawa Trough West Pacific 2,600 – 2,850 EEZ Japan 
Galapagos Rift 
East Pacific Rise 

East Pacific 2,500 – 2,600 EEZ Ecuador 

TAG Mid Atlantic Ridge 3,650 – 3,700    -    International 
 
 

“Located in international waters at the Mid-Atlantic Ridge, the 13°N seamount at 
the East Pacific Rise or the Sonne hydrothermal field at the remote Rodriguez Triple 
Junction in the Southern Indian Ocean will become mining targets in the near future. This 
is also true for many of the sulphide deposits along the East, Northeast and Southeast 
Pacific Rises. However, in this decade, marine mining appears to be feasible under 
specific conditions ideally including: 

 
(1) High gold and base metal grades, 
 
(2) Site location close to land, i.e., commonly within the territorial waters (200 

nm Exclusive Economic Zone or even 12 nm zone) of a coastal state, 
 
(3) Shallow water depth not significantly exceeding 2,000 m (although the 

technology exists for mining in deeper water,).” 
 

“Under those circumstances, massive sulphide mining can be economically 
attractive considering that the entire mining system is portable and can be moved from 
mine site to mine site. An investment into mining systems and ships is thus not tied to a 
certain location as is the case on land, where a typical mine development in a remote 
area including all infrastructure requires an initial investment of US$350-500 million.” 

 
“Seafloor massive sulphides mining will likely focus on relatively small areas of 

the seafloor and largely be restricted to the surface (strip mining) and shallow subsurface 
(open cast mining) to recover sulphide mounds and chimney fields at and replacement 
ore bodies just below the seafloor.  Environmental impact studies are yet to be carried out 
and will likely indicate that mining of seafloor massive sulphide deposits has only a 
relatively small environmental impact.” 
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“Proposed Exploration and Mining Technologies for Polymetallic Sulphides” -Steven D. 
Scott, Director Scotiabank Marine Geology Research laboratory, Department of Geology, 
University of Toronto, Canada 
 
51. There are seafloor deposits of apparent size and grade that, if they were on land, 
would definitely be targets for further evaluation. Most of these are in territorial waters.  An 
example is the Atlantis II Deep in the Red Sea that contains 94 million metric tons 
(Mustafa et al., 1984). It rivals the size of analogous “giant” ore bodies on land although at 
0.5% copper, 2% zinc, 39 g/t silver and 0.5 g/t gold it is of lower grade than mineable land 
deposits.  Most marine deposits are very much smaller but have an apparent high unit 
value that makes them attractive (e.g., Sunrise in the Izu-Bonin arc, 9 million metric tons 
with 44 analyses averaging 5.6% copper, 20.3% zinc, 2.1% lead, 1197 g/t silver, 18.4 g/t 
Au; Iizasa et al., 1999).  The only known PMS in the Area of sufficient size to be of 
potential interest is TAG on the Mid-Atlantic Ridge (Rona et al. 1993; Humphries et al., 
1995). The main mound (there are several additional “Mir” mounds nearby) and 
underlying subsurface stockwork mineralization totals about 3.9 million metric tons but, 
like the Atlantis II Deep, it too appears to have a low a metal content.”  
 

“The in situ value of the metals in the Sunrise deposit could be about $US770 
per metric ton at September 3, 2004 metal prices based on the average analysis of 44 
samples.  Extrapolating this over the 9 million tons that has been estimated for Sunrise 
gives a potential in situ value of $6.93 billion but these 44 samples are probably not 
representative of the entire deposit.  Regardless, the average metal content (“grade”) of a 
deposit is only one of the many factors that determine if an accumulation of sulphides is 
an “ore”.  Whether or not Sunrise is an “ore” will depend on its true grade and tonnage but 
also on how much can actually be recovered, mining costs, metallurgical recoveries and 
costs and a host of other considerations.”  

 
“A television-guided grab such as that envisaged by Nautilus for lifting 

chimneys to surface in Manus Basin can never be more than a small operation. Grabs are 
deployed at 60 meters per minute and the water depth at the main PACMANUS site is 
about 1800m. Assuming, optimistically, ½ hour for manoeuvring to find a chimney, each 
grab would take 90 minutes. Only 36 tons can be recovered per day if the capacity of the 
grab is 2 tons, 180 tons with a 10-ton capacity, etc. Leaving the 80% rejects on the sea 
floor instead of lifting them to surface and concentrating them there would reduce 
recovery costs substantially.”  

 
“Mining on Land vs. the Seafloor- a case study” 
Dr David Heydon, CEO, Nautilus Minerals Limited. 
 
52. “The Antamina mine located at more than 4300 m above sea level in the Andes 
Mountains, 385 km north of Lima in Peru, is one of the largest zinc and copper producers 
in the world. This mine cut about 110mt. of mountain and had the lake drained. The mine 
generated around 112 mt waste in 2003, 1400 workers worked and has a total of 550 mt 
tailings slime produced in 20 years. The overview shows the nautilus project has higher 
copper %- (5.5% compared to 1.23% for Antamina) and Zinc (12% compared to 1.03%). 
The ocean mine is likely to produce 190 m pounds copper on an average. If you compare 
the costs, the Antamina had lot of pre-strip expense for 4 years while Nautilus the returns 
are immediate. The Sea mine can be moved everywhere there is no overburden and can 
mine around 1,000 tons/hour. No drilling and blasting will be required for ocean mining. 
The Antamina land mine required 2000 m tunnel to mill, 300 km pipeline and generates lot 
of waste. Even environmentally the ocean mining is advantageous as there are no waste 
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dumps. Compared to 95 mt slimes/tails for ocean mining, the Antamina has about 550 mt 
of slimes/tails. The land mine needs around 1400 staff, 100 MW of electricity while the 
Nautilus project will require less than 500 staff and 40 MW of electricity. In effect the 
ocean mining needs less capital, has higher grade ores, generates less waste is 
environmentally friendly and has higher exploration success.” 
 
3. Environmental issues 

 
“Impact of the development of seafloor massive sulphides on deep-sea hydrothermal 
ecosystems” 
Dr S. Kim Juniper, GEOTOP Centre, University of Quebec, Montreal, Canada 
 
53. “Some large, seafloor polymetallic sulphides deposits are hydrothermally inactive 
and provide no habitat for a specialized vent fauna. There are some observations of the 
colonization of inactive deposits by ‘normal’ deep-sea organisms. This would suggest that 
mining would pose little threat to the survival of individual species since its fauna is drawn 
from the surrounding deep sea. However, inactive sites have received little attention from 
biologists and more extensive sampling is required to establish that the nature of their 
fauna. Mining will effectively eliminate the habitat formed by extinct deposits, so it is 
important to confirm that they host only background deep-sea species.” 

 
“Any guidelines aimed at protection of vent species will require provision for site-

specific issues such as whether mining will occur on active or inactive hydrothermal sites 
and the geographic range of the affected vent species. Standard criteria used in 
environmental assessment in other marine habitats will also have to be taken into 
account.” 

 
VI. Supply and Demand for the Metals of Economic Interest in Cobalt-Rich 

Ferromanganese Crusts and Polymetallic Sulphides Deposits. 
 
54. Based on the documentation available to the ISA, the metals of interest in cobalt-
rich ferromanganese crusts are cobalt, nickel, copper and manganese, with cobalt being 
by far the metal of primary interest.  The metals of interest in polymetallic sulphides are 
copper, zinc, lead and in some cases gold, silver and platinum. 
 
55. In 2002, the ISA commissioned the services of a consultant1 to provide it with an 
outlook for the metals to be found in polymetallic nodules.  The metals of interest in these 
mineral resources are copper, nickel, cobalt and manganese.  While cobalt-rich 
ferromanganese crusts contain the same metals, polymetallic sulphides differ in that they 
contain zinc, lead and in some cases gold, silver and platinum.  
 
56. Since the submission of the consultant’s report, the metal markets have shown 
tremendous buoyancy with the prices of all the metals indicated above increasing 
significantly.  The major findings by the consultant at the time with respect to copper, 
nickel, manganese and cobalt were as follows:   
 

• Estimates of market behaviour made in the late 1970’s proved to be 
overoptimistic (from a producer’s perspective) for both consumption levels 
and prices. In hindsight, the actual market behaviour is understandable but it 
could not have been predicted at the time of the forecasts. In spite of the 

                                                 
1 Outlook for metals from polymetallic nodules – Caitlyn L. Antrim, August 2002. 
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difficulty, effective management of the mineral resources of the deep seabed 
requires the best understanding possible of how markets may behave over 
the next decade and beyond. 

 
• Looking back to the metals forecasts of the late 1970’s, the markets have 

shown lower growth and lower prices than anticipated. This is due to several 
factors: 

 
(i) Tight markets and rising prices in the early 1980’s and extreme price 

variability that led to slow growth in demand beyond unique and 
essential applications; 

(ii) Improvements in steelmaking technology that resulted in a 20% 
reduction in the use of manganese in steel production; 

(iii) Development of improved processing technologies, expansion of 
existing mines and development of nickel laterite resources in Australia; 

(iv) Financial attractiveness of investment in Chile rose sufficiently to 
significantly increase copper production capacity, more than 
compensating for reduction of copper production from the Democratic 
Republic of the Congo due to its political instability; 

(v) Delays in anticipated growth of developing country economies and 
reduced growth of demand for metals in industrialized economies as 
service industries increased their share of the industrial economy; 

(vi) The 1991 breakup of the former Soviet Union and the subsequent 
decline of industrial activity in the successor states that resulted in a 
significant reduction in domestic metal demand and corresponding 
increase in the availability of Russian nickel to the world market. 

 
• Production capacity developed under the expectations of earlier forecasts 

resulted in production capacity to force prices for metals gradually downward. 
 
• Development of improved processing technologies allowed mines and 

processors to continue to operate even when metals prices measured in 
constant terms dropped below prices of the late 1970’s. 

 
 The outlook for the metal markets in the coming decade will be affected by: 
 

• Continued growth of stainless steel and copper consumption in developing 
countries, undergoing industrialization, particularly in China and India; 

 
• Low cost nickel and cobalt production in Australia and New Caledonia and 

application of PAL technology to reduce operating costs; 
 
• Development of Voisey Bay’s nickel-cobalt deposits in Canada; and, 
 
• Continued low growth of steel demand and further implementation of 

improved steel-making technology that reduces need for manganese. 
 
57. The conditions that ensured availability of sufficient quantities of low cost nickel, 
copper, cobalt and manganese will not continue indefinitely.  Changing patterns of 
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economic growth, new demands in response to growth of the electronics sector and 
developments in automotive technology, and long lead times for the development of new 
mines and processing facilities all contribute to a long term outlook for tighter supplies and 
rising prices.  As if these factors didn’t make market forecasting complex enough, there 
are a number of uncertainties that could have a significant effect on the metals markets, 
particularly for nickel and cobalt, but whose timing is uncertain.  These are: 
 

• Recovery of the economies of the Russian Federation and other former 
Soviet republics accompanied by significant reduction of exports of metals 
needed by the domestic industries; 

 
• Return of stability to the Democratic Republic of the Congo and return to 

production of the copper and cobalt mines; 
 

• Rate of acceptance of hybrid and electric vehicles that require rechargeable 
batteries, and, 

 
• Competition between nickel and cobalt in the market for rechargeable 

batteries. 
 
58. Overall, the outlook is good for availability of nickel, copper, cobalt and 
manganese to support the global economy in quantities and at prices that encourage 
development and industrialization. It is likely, however, that major events affecting supply 
and demand will continue to drive the nickel and cobalt markets between periods of over- 
and under-supply with accompanying cycles of low and high prices. The range of prices, 
however, should be less pronounced than in the past due to improved production 
technology that makes it possible to process nickel and cobalt ores at low cost. 
 
59. At this time, the greatest uncertainty appears to lie with the development of 
electric and hybrid automobiles and the choice of battery technology adopted in support of 
the vehicles. The size of the market and the division between nickel, cobalt and substitute 
materials is beyond prediction at this time, and yet it could be a major factor in the nickel 
market or the dominant use of cobalt within a decade. 
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Annex 2 
 

Draft regulations on prospecting and exploration for polymetallic sulphides 
and cobalt-rich ferromanganese crusts in the rea**(ISBA/C/WP/1/Rev.1*) 

 
Preamble 
 
 In accordance with the United Nations Convention on the Law of the Sea 
(“the Convention”), the seabed and ocean floor and the subsoil thereof beyond the 
limits of national jurisdiction, as well as its resources, are the common heritage of 
mankind, the exploration and exploitation of which shall be carried out for the 
benefit of mankind as a whole, on whose behalf the International Seabed Authority 
acts. The objective of this set of Regulations is to provide for prospecting and 
exploration for polymetallic sulphides and cobalt-rich ferromanganese crusts. 
 
 
Part I Introduction 
 
Regulation 1 
Use of terms and scope 

 

1. Terms used in the Convention shall have the same meaning in these 
Regulations. 
 
2. In accordance with the Agreement relating to the Implementation of Part XI of the 
United Nations Convention on the Law of the Sea of 10 December 1982 (“the 
Agreement”), the provisions of the Agreement and Part XI of the United Nations 
Convention on the Law of the Sea of 10 December 1982 shall be interpreted and applied 
together as a single instrument. These Regulations and references in these Regulations 
to the Convention are to be interpreted and applied accordingly. 
 
3. For the purposes of these Regulations: 
 

(a) “block” means a cell of a grid as provided by the Authority, which shall be 
approximately 10 kilometres by 10 kilometres and no greater than 100 square 
kilometres; 
 
(b) “cobalt crusts” means hydroxide/oxide deposits of cobalt-rich 
iron/manganese (ferromanganese) crust formed from direct precipitation of 
minerals from seawater onto hard substrates containing minor but significant 
concentrations of cobalt, titanium, nickel, platinum, molybdenum, tellurium, 
cerium, other metallic and rare earth elements; 
 
(c) “exploitation” means the recovery for commercial purposes of 
polymetallic sulphides or cobalt crusts in the Area and the extraction of minerals 
therefrom, including the construction and operation of mining, processing and 
transportation systems, for the production and marketing of metals; 
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(d) “exploration” means searching for deposits of polymetallic sulphides or 
cobalt crusts in the Area with exclusive rights, the analysis of such deposits, the 
use and testing of recovery systems and equipment, processing facilities and 
transportation systems, and the carrying out of studies of the environmental, 
technical, economic, commercial and other appropriate factors that must be taken 
into account in exploitation; 
 
(e) “marine environment” includes the physical, chemical, geological and 
biological components, conditions and factors which interact and determine the 
productivity, state, condition and quality of the marine ecosystem, the waters of 
the seas and oceans and the airspace above those  
 
(f) “polymetallic sulphides” means hydrothermally formed deposits of 
sulphide minerals which contain concentrations of metals including, inter alia, 
copper, lead, zinc, gold and silver; 

 
(g) “prospecting” means the search for deposits of polymetallic sulphides or 
cobalt crusts in the Area, including estimation of the composition, sizes and 
distributions of deposits of polymetallic sulphides or cobalt crusts and their 
economic values, without any exclusive rights; 
 
(h) “serious harm to the marine environment” means any effect from 
activities in the Area on the marine environment which represents a significant 
adverse change in the marine environment determined according to the rules, 
regulations and procedures adopted by the Authority on the basis of 
internationally recognized standards and practices. 

 
4. These Regulations shall not in any way affect the freedom of scientific research, 
pursuant to article 87 of the Convention, or the right to conduct marine scientific research 
in the Area pursuant to articles 143 and 256 of the Convention. Nothing in these 
Regulations shall be construed in such a way as to restrict the exercise by States of the 
freedom of the high seas as reflected in article 87 of the Convention. 
 
5. These Regulations may be supplemented by further rules, regulations and 
procedures, in particular on the protection and preservation of the marine environment. 
These Regulations shall be subject to the provisions of the Convention and the 
Agreement and other rules of international law not incompatible with the Convention. 
 

 
 

Part II Prospecting 
 
Regulation 2 
Prospecting 

 
1. Prospecting shall be conducted in accordance with the Convention and these 
Regulations and may commence only after the prospector has been informed by the 
Secretary-General that its notification has been recorded pursuant to regulation 4, 
paragraph 2. 
 
2. Prospecting shall not be undertaken if substantial evidence indicates the risk of 
serious harm to the marine environment. 
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3. Prospecting shall not be undertaken in an area covered by an approved plan of 
work for exploration for polymetallic sulphides or cobalt crusts or in a reserved area; nor 
may there be prospecting in an area which the Council has disapproved for exploitation 
because of the risk of serious harm to the marine environment. 
 
4. Prospecting shall not confer on the prospector any rights with respect to 
resources. A prospector may, however, recover a reasonable quantity of minerals, 
being the quantity necessary for testing, and not for commercial use. 
 
5. There shall be no time limit on prospecting except that prospecting in a particular 
area shall cease upon written notification to the prospector by the Secretary-General that 
a plan of work for exploration has been approved with regard to that area. 
 
6. Prospecting may be conducted simultaneously by more than one prospector in 
the same area or areas. 

 
Regulation 3 
Notification of prospecting 

 
1. A proposed prospector shall notify the Authority of its intention to engage in 
prospecting. 
 
2. Each notification of prospecting shall be in the form prescribed in annex 1 to 
these Regulations, addressed to the Secretary-General, and shall conform to the 
requirements of these Regulations. 
 
3. Each notification shall be submitted: 
 

(a) in the case of a State, by the authority designated for that purpose by it; 

(b) in the case of an entity, by its designated representative; 

(c) in the case of the Enterprise, by its competent authority. 
 
4. Each notification shall be in one of the languages of the Authority and shall 
contain: 
 

(a) the name, nationality and address of the proposed prospector and 
its designated representative; 
 
(b) the coordinates of the broad area or areas within which prospecting 
is to be conducted, in accordance with the most recent generally accepted 
international standard used by the Authority; 
 
(c) a general description of the prospecting programme, including the 
proposed date of commencement and its approximate duration; 
 
(d) a satisfactory written undertaking that the proposed prospector will: 
 

(i) comply with the Convention and the relevant rules, regulations 
and procedures of the Authority concerning: 
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a. cooperation in the training programmes in connection 
with marine scientific research and transfer of technology 
referred to in articles 143 and 144 of the Convention; and 
 
b. protection and preservation of the marine environment; 

 
(ii) accept verification by the Authority of compliance therewith; and 
 
(iii) make available to the Authority, as far as practicable, such data 
as may be relevant to the protection and preservation of the marine 
environment. 

 
Regulation 4 
Consideration of notifications 
 
1. The Secretary-General shall acknowledge in writing receipt of each notification 
submitted under regulation 3, specifying the date of receipt. 
 
2. The Secretary-General shall review and act on the notification within 45 days of 
its receipt. If the notification conforms with the requirements of the Convention and these 
Regulations, the Secretary-General shall record the particulars of the notification in a 
register maintained for that purpose and shall inform the prospector in writing that the 
notification has been so recorded. 
 
3. The Secretary-General shall, within 45 days of receipt of the notification, inform 
the proposed prospector in writing if the notification includes any part of an area included 
in an approved plan of work for exploration or exploitation of any category of resources, 
or any part of a reserved area, or any part of an area which has been disapproved by the 
Council for exploitation because of the risk of serious harm to the marine environment, or 
if the written undertaking is not satisfactory, and shall provide the proposed prospector 
with a written statement of reasons. In such cases, the proposed prospector may, within 
90 days, submit an amended notification. The Secretary-General shall, within 45 days, 
review and act upon such amended notification. 
 
4. A prospector shall inform the Secretary-General in writing of any change in the 
information contained in the notification. 
 
5. The Secretary-General shall not release any particulars contained in the 
notification except with the written consent of the prospector. The Secretary-General 
shall, however, from time to time inform all members of the Authority of the identity of 
prospectors and the general areas in which prospecting is being conducted. 
 
Regulation 5 
Protection and preservation of the marine environment during prospecting 

 
1. Each prospector shall take necessary measures to prevent, reduce and control 
pollution and other hazards to the marine environment arising from prospecting as far as 
reasonably possible using for this purpose the best practicable means at its disposal. In 
particular, each prospector shall minimize or eliminate: 
 

(a) adverse environmental impacts from prospecting; and 
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(b) actual or potential conflicts or interference with existing or planned 
marine scientific research activities, in accordance with the relevant future 
guidelines in this regard. 

 
2. Prospectors shall cooperate with the Authority in the establishment and 
implementation of programmes for monitoring and evaluating the potential impacts of the 
exploration and exploitation of polymetallic sulphides and cobalt crusts on the marine 
environment. 
3. A prospector shall immediately notify the Secretary-General in writing, using the 
most effective means, of any incident arising from prospecting which poses a threat of 
serious harm to the marine environment. Upon receipt of such notification the Secretary-
General shall act in a manner consistent with regulation 35. 
 
Regulation 6 
Annual report 

 
1. A prospector shall, within 90 days of the end of each calendar year, submit a 
report to the Authority on the status of prospecting. Such reports shall be submitted by the 
Secretary-General to the Legal and Technical Commission. Each such report shall 
contain: 
 

(a) a general description of the status of prospecting and of the results 
obtained; 

(b) information on compliance with the undertakings referred to in regulation 
3, paragraph (4) (d); and 

(c) information on compliance with the relevant future guidelines in this 
regard. 

 
2. If the prospector intends to claim expenditures for prospecting as part of the 
development costs incurred prior to the commencement of commercial production, the 
prospector shall submit an annual statement, in conformity with internationally accepted 
accounting principles and certified by a duly qualified firm of public accountants, of the 
actual and direct expenditures incurred by the prospector in carrying out prospecting. 
 
Regulation 7 
Confidentiality of data and information from prospecting contained in the annual report 
 
1. The Secretary-General shall ensure the confidentiality of all data and information 
contained in the reports submitted under regulation 6 applying mutatis mutandis the 
provisions of regulations 38 and 39, provided that data and information relating 
exclusively to environmental monitoring programmes shall not be considered confidential. 
 
2. The Secretary-General may, at any time, with the consent of the prospector 
concerned, release data and information relating to prospecting in an area in respect of 
which a notification has been submitted. If the Secretary-General determines that the 
prospector no longer exists or cannot be located, the Secretary-General may release 
such data and information. 
 
 
Regulation 8 
Objects of an archaeological or historical nature 
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3. A prospector shall immediately notify the Secretary-General in writing of any 
finding in the Area of an object of an archaeological or historical nature and its location. 
The Secretary-General shall transmit such information to the Director-General of the 
United Nations Educational, Scientific and Cultural Organization. 
 
 
Part III  Applications for approval of plans of work for Exploration in the 
form of contracts 
 
Section 1  General provisions 
 
Regulation 9 
General 
 
 Subject to the provisions of the Convention, the following may apply to the 
Authority for approval of plans of work for exploration: 
 

(a) the Enterprise, on its own behalf or in a joint arrangement; 
 
(b) States Parties, state enterprises or natural or juridical persons which 
possess the nationality of States or are effectively controlled by them or their 
nationals, when sponsored by such States, or any group of the foregoing which 
meets the requirements of these Regulations. 

 
Section 2  Content of applications 
 
Regulation 10 
Form of applications 

 

1. Each application for approval of a plan of work for exploration shall be in the form 
prescribed in annex 2 to these Regulations, shall be addressed to the Secretary-General, 
and shall conform to the requirements of these Regulations. 
 
2. Each application shall be submitted: 
 

(a) in the case of a State, by the authority designated for that purpose by it; 

(b) in the case of an entity, by its designated representative or the authority 
designated for that purpose by the sponsoring State or States; and 

(c) in the case of the Enterprise, by its competent authority. 
 
3. Each application by a state enterprise or one of the entities referred to in 
subparagraph (b) of regulation 9 shall also contain: 
 

(a) sufficient information to determine the nationality of the applicant or the 
identity of the State or States by which, or by whose nationals, the applicant is 
effectively controlled; and 
 
(b) the principal place of business or domicile and, if applicable, place of 
registration of the applicant. 
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4. Each application submitted by a partnership or consortium of entities shall 
contain the required information in respect of each member of the partnership or 
consortium. 
 
Regulation 11 
Certificate of sponsorship 
 
1. Each application by a state enterprise or one of the entities referred to in 
subparagraph (b) of regulation 9 shall be accompanied by a certificate of sponsorship 
issued by the State of which it is a national or by which or by whose nationals it is 
effectively controlled. If the applicant has more than one nationality, as in the case of a 
partnership or consortium of entities from more than one State, each State involved shall 
issue a certificate of sponsorship. 
 
2. Where the applicant has the nationality of one State but is effectively controlled 
by another State or its nationals, each State involved shall issue a certificate of 
sponsorship. 
 
3. Each certificate of sponsorship shall be duly signed on behalf of the State by 
which it is submitted, and shall contain: 
 

(a) the name of the applicant; 

(b) the name of the sponsoring State; 

(c) a statement that the applicant is: 
 

(i) a national of the sponsoring State; or 
(ii) subject to the effective control of the sponsoring State or its 
nationals; 

 
(d) a statement by the sponsoring State that it sponsors the applicant; 

(e) the date of deposit by the sponsoring State of its instrument of ratification 
of, or accession or succession to, the Convention; 

(f) a declaration that the sponsoring State assumes responsibility in 
accordance with article 139, article 153, paragraph 4, and annex III, article 4, 
paragraph 4, of the Convention. 
 

4. States or entities in a joint arrangement with the Enterprise shall also comply with 
this regulation. 
 
Regulation 12 
Total area covered by the application 
 
1. The area covered by each application for approval of a plan of work for 
exploration shall be comprised of not more than 100 blocks. 
 
2. For polymetallic sulphides or cobalt crusts the exploration area shall consist of 
contiguous blocks. For the purposes of this regulation two blocks that touch at any point 
shall be considered to be contiguous. 
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3. Notwithstanding the provisions in paragraph 1 above, where a contractor has 
elected to contribute a reserved area to carry out activities pursuant to annex III, article 9, 
of the Convention, in accordance with regulation 17, the total area covered by an 
application shall not exceed 200 blocks. 
 
Regulation 13 
Financial and technical capabilities 
 
1. Each application for approval of a plan of work for exploration shall contain 
specific and sufficient information to enable the Council to determine whether the 
applicant is financially and technically capable of carrying out the proposed plan of work 
for exploration and of fulfilling its financial obligations to the Authority. 
 
2. An application for approval of a plan of work for exploration by the Enterprise 
shall include a statement by its competent authority certifying that the Enterprise has the 
necessary financial resources to meet the estimated costs of the proposed plan of work 
for exploration. 
 
3. An application for approval of a plan of work for exploration by a State or a state 
enterprise shall include a statement by the State or the sponsoring State certifying that 
the applicant has the necessary financial resources to meet the estimated costs of the 
proposed plan of work for exploration. 
 
4. An application for approval of a plan of work for exploration by an entity shall 
include copies of its audited financial statements, including balance sheets and profit-
and-loss statements, for the most recent three years, in conformity with internationally 
accepted accounting principles and certified by a duly qualified firm of public accountants; 
and 
 

(a) if the applicant is a newly organized entity and a certified balance sheet 
is not available, a pro forma balance sheet certified by an appropriate official of 
the applicant; 
 
(b) if the applicant is a subsidiary of another entity, copies of such financial 
statements of that entity and a statement from that entity, in conformity with 
internationally accepted accounting principles and certified by a duly qualified 
firm of public accountants, that the applicant will have the financial resources to 
carry out the plan of work for exploration; 
 
(c) if the applicant is controlled by a State or a state enterprise, a statement 
from the State or state enterprise certifying that the applicant will have the 
financial resources to carry out the plan of work for exploration. 

 
5. Where an applicant referred to in paragraph 4 intends to finance the proposed 
plan of work for exploration by borrowings, its application shall include the amount of such 
borrowings, the repayment period and the interest rate. 
  
6. Each application shall include: 
 

(a) a general description of the applicant’s previous experience, knowledge, 
skills, technical qualifications and expertise relevant to the proposed plan of work 
for exploration; 
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(b) a general description of the equipment and methods expected to be used 
in carrying out the proposed plan of work for exploration and other relevant non-
proprietary information about the characteristics of such technology;  
 
(c) a general description of the applicant’s financial and technical capability 
to respond to any incident or activity which causes serious harm to the marine 
environment. 

 
7. Where the applicant is a partnership or consortium of entities in a joint 
arrangement, each member of the partnership or consortium shall provide the information 
required by this regulation. 
 
Regulation 14 
Previous contracts with the Authority 
 
 Where the applicant or, in the case of an application by a partnership or 
consortium of entities in a joint arrangement, any member of the partnership or 
consortium, has previously been awarded any contract with the Authority, the application 
shall include: 
 

(a) the date of the previous contract or contracts; 

(b) the dates, reference numbers and titles of each report submitted to the 
Authority in connection with the contract or contracts; and 

(c) the date of termination of the contract or contracts, if applicable. 
 
Regulation 15 
Undertakings 
 
 Each applicant, including the Enterprise, shall, as part of its application for 
approval of a plan of work for exploration, provide a written undertaking to the Authority 
that it will: 
 

(a) accept as enforceable and comply with the applicable obligations created 
by the provisions of the Convention and the rules, regulations and procedures of 
the Authority, the decisions of the organs of the Authority and the terms of its 
contracts with the Authority; 
 
(b) accept control by the Authority of activities in the Area, as authorized by 
the Convention; and 

 
(c) provide the Authority with a written assurance that its obligations under 
the contract will be fulfilled in good faith.  

 
Regulation 16 
 
Applicant’s election of a reserved area contribution or equity interest or joint venture or 
production sharing participation 
 
 Each applicant shall, in the application, elect either to: 
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(a) contribute a reserved area to carry out activities pursuant to Annex III, 
article 9, of the Convention, in accordance with regulation 17; or 

(b) offer an equity interest in accordance with regulation 19; or 

(c) enter into a joint venture arrangement in accordance with regulation 19; 
or 

(d) enter into a production-sharing contract in accordance with regulation 19. 
 
 

Regulation 17 
Data and information to be submitted before the designation of a reserved area 
 
1. Where the applicant elects to contribute a reserved area, the area covered by the 
application shall be sufficiently large and of sufficient estimated commercial value to allow 
two mining operations. The applicant shall divide the blocks comprising the application 
into two groups of equal estimated commercial value and composed of contiguous 
blocks. The area to be allocated to the applicant shall be subject to the provisions of 
regulation 27. 
 
2. Each such application shall contain sufficient data and information, as prescribed 
in section III of annex 2 to these Regulations, with respect to the area under application to 
enable the Council, on the recommendation of the Legal and Technical Commission, to 
designate a reserved area based on the estimated commercial value of each part. Such 
data and information shall consist of data available to the applicant with respect to both 
parts of the area under application, including the data used to determine their commercial 
value. 
 
3. The Council, on the basis of the data and information submitted by the applicant 
pursuant to section III of annex 2 to these Regulations, if found satisfactory, and taking 
into account the recommendation of the Legal and Technical Commission, shall 
designate the part of the area under application which is to be a reserved area. The area 
so designated shall become a reserved area as soon as the plan of work for exploration 
for the non-reserved area is approved and the contract is signed. If the Council 
determines that additional information, consistent with these Regulations and annex 2, is 
needed to designate the reserved area, it shall refer the matter back to the Commission 
for further consideration, specifying the additional information required. 
 
4. Once the plan of work for exploration is approved and a contract has been 
issued, the data and information transferred to the Authority by the applicant in respect of 
the reserved area may be disclosed by the Authority in accordance with article 14, 
paragraph 3, of annex III to the Convention. 
 
Regulation 18 
Applications for approval of plans of work with respect to a reserved area 
 
1. Any State which is a developing State or any natural or juridical person 
sponsored by it and effectively controlled by it or by any other developing State, or any 
group of the foregoing, may notify the Authority that it wishes to submit a plan of work for 
exploration with respect to a reserved area.  The Secretary-General shall forward such 
notification to the Enterprise, which shall inform the Secretary-General in writing within six 
months whether or not it intends to carry out activities in that area.  If the Enterprise 
intends to carry out activities in that area, it shall, pursuant to paragraph 4, also inform in 
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writing the contractor whose application for approval of a plan of work for exploration 
originally included that area. 
 
2. An application for approval of a plan of work for exploration in respect of a 
reserved area may be submitted at any time after such an area becomes available 
following a decision by the Enterprise that it does not intend to carry out activities in that 
area or where the Enterprise has not, within six months of the notification by the 
Secretary-General, either taken a decision on whether it intends to carry out activities in 
that area or notified the Secretary-General in writing that it is engaged in discussions 
regarding a potential joint venture.  In the latter instance, the Enterprise shall have one 
year from the date of such notification in which to decide whether to conduct activities in 
that area. 
 
3. If the Enterprise or a developing State or one of the entities referred to in 
paragraph 1 does not submit an application for approval of a plan of work for exploration 
for activities in a reserved area within 15 years of the commencement by the Enterprise of 
its functions independent of the Secretariat of the Authority or within 15 years of the date 
on which that area is reserved for the Authority, whichever is the later, the contractor 
whose application for approval of a plan of work for exploration originally included that 
area shall be entitled to apply for a plan of work for exploration for that area provided it 
offers in good faith to include the Enterprise as a joint-venture partner. 
 
4. A contractor has the right of first refusal to enter into a joint venture arrangement 
with the Enterprise for exploration of the area which was included in its application for 
approval of a plan of work for exploration and which was designated by the Council as a 
reserved area. 
 
Regulation 19 
Equity interest, joint venture or production sharing participation 
 
1. Where the applicant elects to offer an equity interest, joint venture or a production 
sharing, it shall submit data and information in accordance with regulation 20. The area to 
be allocated to the applicant shall be subject to the provisions of regulation 27. 
 
2. Equity interest: the Equity interest, which shall take effect at the time the 
applicant applies for a contract for exploitation, shall include the following: 
 
 The Enterprise shall obtain a minimum of 20 per cent of the equity participation in 
the venture arrangement on the following basis: 
 

(a) Half of such equity participation shall be obtained without payment, 
directly or indirectly, to the applicant and shall be treated pari passu for all 
purposes with the equity participation of the applicant; 
 
(b) The remainder of such equity participation shall be treated pari passu for 
all purposes with the equity participation of the applicant except that the 
Enterprise shall not receive any profit distribution with respect to such 
participation until the applicant has recovered its total equity participation in the 
venture. 
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3. Joint venture: notwithstanding paragraph (2) above, the applicant shall 
nevertheless offer the Enterprise the opportunity to obtain up to 50 per cent participation 
in a joint venture on the basis of pari passu treatment with the applicant for all purposes: 
 

(a) In the event the Enterprise elects not to accept 50 per cent of such equity 
participation, the Enterprise may obtain a lesser per cent on the basis of pari 
passu treatment with the applicant for all purposes for such lesser participation; 
 
(b) Except as specifically provided in the agreement between the applicant 
and the Enterprise, the Enterprise shall not by reason of its participation be 
otherwise obligated to provide funds or credits or issue guarantees or otherwise 
accept any financial liability whatsoever for, or on behalf of, the joint venture 
arrangement, nor shall the Enterprise be required to subscribe for additional 
participation so as to maintain its proportionate participation in the joint venture 
arrangement. 

 
4. Production sharing: A production sharing contract shall include a requirement 
that the applicant will be responsible for all the management and execution of the 
operations during the exploration phase with its own capital, manpower, technology and 
equipment at its sole risk and cost. During the exploitation phase, the applicant is entitled 
to recover these costs. Thereafter, profits will be split on a 50:50 basis between the 
applicant and the Enterprise. 
 
Regulation 20 
Data and information to be submitted for approval of the plan of work for exploration 
 
1. Each applicant shall submit, with a view to receiving approval of the plan of work 
for exploration in the form of a contract, the following information: 
 

(a) a general description and a schedule of the proposed exploration 
programme, including the programme of activities for the immediate five-year 
period, such as studies to be undertaken in respect of the environmental, 
technical, economic and other appropriate factors that must be taken into account 
in exploration; 
 
(b) a description of the programme for oceanographic and environmental 
baseline studies in accordance with these Regulations and any environmental 
rules, regulations and procedures established by the Authority that would enable 
an assessment of the potential environmental impact of the proposed exploration 
activities, taking into account any recommendations issued by the Legal and 
Technical Commission; 

 
(c) a preliminary assessment of the possible impact of the proposed 
exploration activities on the marine environment; 
 
(d) a description of proposed measures for the prevention, reduction 
and control of pollution and other hazards, as well as possible impacts, to 
the marine environment; 
 
(e) data necessary for the Council to make the determination it is 
required to make in accordance with regulation 13, paragraph 1; and 
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(f) a schedule of anticipated yearly expenditures in respect of the 
programme of activities for the immediate five-year period. 
 

2. Where the applicant elects to contribute a reserved area, the data and 
information relating to such area shall be transferred by the applicant after the Council 
has designated the reserved area in accordance with regulation 17, paragraph 3. 
 
3. Where the applicant elects to offer an equity interest or joint venture arrangement 
or enter into a production sharing contract, the data and information relating to such area 
shall be transferred by the applicant at the time of the election.  
 
Section 3  Fees 
 
Regulation 21 
Fee for applications 
 
1. The fee for processing applications for approval of a plan of work for exploration 
shall be 250,000 United States dollars or its equivalent in a freely convertible currency. 
The fee shall be paid to the Authority by the applicant at the time of submitting an 
application. 
 
2. The amount of the fee shall be reviewed from time to time by the Council in order 
to ensure that it covers the administrative costs incurred by the Authority in processing 
the application. 
 
Section 4  Processing of applications 
 
Regulation 22 
Receipt, acknowledgement and safe custody of applications 
 
 The Secretary-General shall: 
 

(a) acknowledge in writing receipt of every application for approval of a plan 
of work for exploration submitted under this Part, specifying the date of receipt; 
 
(b) place the application together with the attachments and annexes thereto 
in safe custody and ensure the confidentiality of all confidential data and 
information contained in the application; and 
 
(c) notify the members of the Authority of the receipt of such application and 
circulate to them information of a general nature which is not confidential 
regarding the application.  
 

Regulation 23 
Consideration by the Legal and Technical Commission 
 
1. Upon receipt of an application for approval of a plan of work for exploration, the 
Secretary-General shall notify the members of the Legal and Technical Commission and 
place consideration of the application as an item on the agenda for the next meeting of 
the Commission. 
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2. The Commission shall examine applications in the order in which they are 
received. 
 
3. The Commission shall determine if the applicant: 
 

(a) has complied with the provisions of these Regulations; 

(b) has given the undertakings and assurances specified in regulation 15; 

(c) possesses the financial and technical capability to carry out the proposed 
plan of work for exploration; and 

(d) has satisfactorily discharged its obligations in relation to any previous 
contract with the Authority. 

 
4. The Commission shall, in accordance with the requirements set forth in these 
Regulations and its procedures, determine whether the proposed plan of work for 
exploration will: 
 

(a) provide for effective protection of human health and safety; 

(b) provide for effective protection and preservation of the marine 
environment; 

(c) ensure that installations are not established where interference may be 
caused to the use of recognized sea lanes essential to international navigation or 
in areas of intense fishing activity. 

 
5. If the Commission makes the determinations specified in paragraph 3 and 
determines that the proposed plan of work for exploration meets the requirements of 
paragraph 4, the Commission shall recommend approval of the plan of work for 
exploration to the Council. 
 
6. The Commission shall not recommend approval of the plan of work for 
exploration if part or all of the area covered by the proposed plan of work for exploration is 
included in: 
 

(a) a plan of work for exploration approved by the Council for polymetallic 
sulphides or cobalt crusts; or 
 
(b) a plan of work approved by the Council for exploration for or exploitation 
of other resources if such proposed plan of work for exploration for polymetallic 
sulphides or cobalt crusts might cause undue interference with activities under 
such an approved plan of work for such other resources; or 
 
(c) an area disapproved for exploitation by the Council in cases where 
substantial evidence indicates the risk of serious harm to the marine 
environment. 

 
7. Except in the case of applications by the Enterprise, on its own behalf or in a joint 
venture, and applications under regulation 18, the Commission shall not recommend 
approval of the plan of work for exploration if part or all of the area covered by the 
proposed plan of work for exploration is included in a reserved area or an area 
designated by the Council to be a reserved area. 
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8. If the Commission finds that an application does not comply with these 
Regulations, it shall notify the applicant in writing, through the Secretary-General, 
indicating the reasons. The applicant may, within 45 days of such notification, amend its 
application. If the Commission after further consideration is of the view that it should not 
recommend approval of the plan of work for exploration, it shall so inform the applicant 
and provide the applicant with a further opportunity to make representations within 30 
days of such information. The Commission shall consider any such representations made 
by the applicant in preparing its report and recommendation to the Council. 
 
9. In considering a proposed plan of work for exploration, the Commission shall 
have regard to the principles, policies and objectives relating to activities in the Area as 
provided for in part XI and annex III of the Convention and the Agreement. 
 
10. The Commission shall consider applications expeditiously and shall submit its 
report and recommendations to the Council on the designation of the areas and on the 
plan of work for exploration at the first possible opportunity, taking into account the 
schedule of meetings of the Authority. 
 
11. In discharging its duties, the Commission shall apply these Regulations and the 
rules, regulations and procedures of the Authority in a uniform and non-discriminatory 
manner. 
 
Regulation 24 
Consideration and approval of plans of work for exploration by the Council 
 
1. The Council shall consider the reports and recommendations of the 
Commission relating to approval of plans of work for exploration in accordance with 
paragraphs 11 and 12 of section 3 of the annex to the Agreement. 
 
2. If the Commission has made recommendations for the approval of 
applications in the same area or areas by more than one applicant, the Secretary-
General shall so notify such applicants, who may, within 45 days of such 
notification, amend their applications so as to resolve conflicts with respect to such 
applications. If such conflicts are not resolved within the said period, the Council 
shall determine the area or areas to be allocated to each applicant on an equitable 
and non-discriminatory basis. 
 
 
Part IV  Contracts for exploration 
 
Regulation 25 
The contract 
 
1. After a plan of work for exploration has been approved by the Council, it shall be 
prepared in the form of a contract between the Authority and the applicant as prescribed 
in annex 3 to these Regulations. Each contract shall incorporate the standard clauses set 
out in annex 4 in effect at the date of entry into force of the contract. 
 
2. The contract shall be signed by the Secretary-General on behalf of the Authority 
and by the applicant. The Secretary-General shall notify all members of the Authority in 
writing of the conclusion of each contract. 



 424

 
Regulation 26 
Rights of the contractor 
 
1. The contractor shall have the exclusive right to explore an area covered by a plan 
of work for exploration in respect of polymetallic sulphides or cobalt crusts. The Authority 
shall ensure that no other entity operates in the same area for resources other than 
polymetallic sulphides or cobalt crusts in a manner that might interfere with the operations 
of the contractor. 
 
2. A contractor who has an approved plan of work for exploration only shall have a 
preference and a priority among applicants submitting plans of work for exploitation of the 
same area and resources. Such preference or priority may be withdrawn by the Council if 
the contractor has failed to comply with the requirements of its approved plan of work for 
exploration within the time period specified in a written notice or notices from the Council 
to the contractor indicating which requirements have not been complied with by the 
contractor. The time period specified in any such notice shall not be unreasonable. The 
contractor shall be accorded a reasonable opportunity to be heard before the withdrawal 
of such preference or priority becomes final. The Council shall provide the reasons for its 
proposed withdrawal of preference or priority and shall consider any contractor’s 
response. The decision of the Council shall take account of that response and shall be 
based on substantial evidence. 
 
3. A withdrawal of preference or priority shall not become effective until the 
contractor has been accorded a reasonable opportunity to exhaust the judicial remedies 
available to it pursuant to part XI, section 5, of the Convention. 
 
 
Regulation 27 
Size of area and relinquishment 
 

1. The contractor shall relinquish the blocks allocated to it in accordance with 
paragraphs 2, 3 and 4 of this regulation. 
 
2. By the end of the fifth year from the date of the contract, the contractor shall have 
relinquished: 
 

(a) at least 50 per cent of the number of blocks allocated to it; or 

(b) if 50 per cent of that number of blocks is a whole number and a fraction, 
the next higher whole number of the blocks. 

 
3. By the end of the tenth year from the date of the contract, the contractor shall 
have relinquished: 
 

(a) at least 75 per cent of the number of blocks allocated to it; or 

(b) if 75 per cent of that number of blocks is a whole number and a fraction, 
the next higher whole number of the blocks. 

 
4. At the end of the fifteenth year from the date of the contract, or when the 
contractor applies for exploitation rights, whichever is the earlier, the contractor shall 
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nominate up to 25 blocks from the remaining number of blocks allocated to it, which shall 
be retained by the contractor. 
 
5. Relinquished blocks shall revert to the Area. 
 
6. The Council may, at the request of the contractor, and on the recommendation of 
the Commission, in exceptional circumstances, defer the schedule of relinquishment. 
Such exceptional circumstances shall be determined by the Council and shall include, 
inter alia, consideration of prevailing economic circumstances or other unforeseen 
exceptional circumstances arising in connection with the operational activities of the 
Contractor. 
 
Regulation 28 
Duration of contracts 
 
1. A plan of work for exploration shall be approved for a period of 15 years. Upon 
expiration of a plan of work for exploration, the contractor shall apply for a plan of work for 
exploitation unless the contractor has already done so, has obtained an extension for the 
plan of work for exploration or decides to renounce its rights in the area covered by the 
plan of work for exploration. 
 
2. Not later than six months before the expiration of a plan of work for exploration, a 
contractor may apply for extensions for the plan of work for exploration for periods of not 
more than five years each. Such extensions shall be approved by the Council, on the 
recommendation of the Commission, if the contractor has made efforts in good faith to 
comply with the requirements of the plan of work but for reasons beyond the contractor’s 
control has been unable to complete the necessary preparatory work for proceeding to 
the exploitation stage or if the prevailing economic circumstances do not justify 
proceeding to the exploitation stage. 
 
Regulation 29 
Training 
 
 Pursuant to article 15 of annex III to the Convention, each contract shall include 
as a schedule a practical programme for the training of personnel of the Authority and 
developing States and drawn up by the contractor in cooperation with the Authority and 
the sponsoring State or States. Training programmes shall focus on training in the 
conduct of exploration, and shall provide for full participation by such personnel in all 
activities covered by the contract. Such training programmes may be revised and 
developed from time to time as necessary by mutual agreement. 
 
Regulation 30 
Periodic review of the implementation of the plan of work for exploration 
 
1. The contractor and the Secretary-General shall jointly undertake a periodic 
review of the implementation of the plan of work for exploration at intervals of five years. 
The Secretary-General may request the contractor to submit such additional data and 
information as may be necessary for the purposes of the review. 
 
2. In the light of the review, the contractor shall indicate its programme of activities 
for the following five-year period, making such adjustments to its previous programme of 
activities as are necessary. 
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3. The Secretary-General shall report on the review to the Commission and to the 
Council. The Secretary-General shall indicate in the report whether any observations 
transmitted to him by States Parties to the Convention concerning the manner in which 
the contractor has discharged its obligations under these Regulations relating to the 
protection and preservation of the marine environment were taken into account in the 
review. 
 
Regulation 31 
Termination of sponsorship 
 
1. Each contractor shall have the required sponsorship throughout the period of the 
contract. 
 
2. If a State terminates its sponsorship it shall promptly notify the Secretary-General 
in writing. The sponsoring State should also inform the Secretary-General of the reasons 
for terminating its sponsorship. Termination of sponsorship shall take effect six months 
after the date of receipt of the notification by the Secretary-General, unless the 
notification specifies a later date. 
 
3. In the event of termination of sponsorship the contractor shall, within the period 
referred to in paragraph 2, obtain another sponsor. Such sponsor shall submit a 
certificate of sponsorship in accordance with regulation 11. Failure to obtain a sponsor 
within the required period shall result in the termination of the contract. 
 
4. A sponsoring State shall not be discharged by reason of the termination of its 
sponsorship from any obligations accrued while it was a sponsoring State, nor shall such 
termination affect any legal rights and obligations created during such sponsorship. 
 
5. The Secretary-General shall notify the members of the Authority of the 
termination or change of sponsorship. 
 
Regulation 32 
Responsibility and liability 
 
 Responsibility and liability of the contractor and of the Authority shall be in 
accordance with the Convention. The contractor shall continue to have responsibility for 
any damage arising out of wrongful acts in the conduct of its operations, in particular 
damage to the marine environment, after the completion of the exploration phase. 
 
 
Part V  Protection and preservation of the marine environment 
 
Regulation 33 
Protection and preservation of the marine environment 
 
1. The Authority shall, in accordance with the Convention and the Agreement, 
establish and keep under periodic review environmental rules, regulations and 
procedures to ensure effective protection for the marine environment from harmful effects 
which may arise from activities in the Area. 
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2. In order to ensure effective protection for the marine environment from harmful 
effects which may arise from activities in the Area, the Authority and sponsoring States 
shall apply a precautionary approach, as reflected in principle 15 of the Rio Declaration,1 
to such activities. The Legal and Technical Commission shall make recommendations to 
the Council on the implementation of this paragraph. 
 
3. Pursuant to article 145 of the Convention and paragraph 2 of this regulation, each 
contractor shall take necessary measures to prevent, reduce and control pollution and 
other hazards to the marine environment arising from its activities in the Area as far as 
reasonably possible using the best technology available to it. 
 
Contractors, sponsoring States and other interested States or entities shall cooperate 
with the Authority in the establishment and implementation of programmes for monitoring 
and evaluating the impacts of deep seabed mining on the marine environment. When 
required by the Authority, such programmes shall include proposals for areas to be set 
aside and used exclusively as impact reference zones and preservation reference zones. 
“Impact reference zones” means areas to be used for assessing the effect of activities in 
the Area on the marine environment and which are representative of the environmental 
characteristics of the Area. “Preservation reference zones” means areas in which no 
mining shall occur to ensure representative and stable biota of the seabed in order to 
assess any changes in the flora and fauna of the marine environment. 
 
Regulation 34 
Environmental baselines and monitoring 
 
1. Each contract shall require the contractor to gather environmental baseline data 
and to establish environmental baselines, taking into account any recommendations 
issued by the Legal and Technical Commission pursuant to regulation 41, against which 
to assess the likely effects of its programme of activities under the plan of work for 
exploration on the marine environment and a programme to monitor and report on such 
effects. The recommendations issued by the Commission may, inter alia, list those 
exploration activities which may be considered to have no potential for causing harmful 
effects on the marine environment. The contractor shall cooperate with the Authority and 
the sponsoring State or States in the establishment and implementation of such 
monitoring programme. 
 
2. The contractor shall report annually in writing to the Secretary-General on the 
implementation and results of the monitoring programme referred to in paragraph 1 and 
shall submit data and information, taking into account any recommendations issued by 
the Commission pursuant to regulation 41. The Secretary-General shall transmit such 
reports to the Commission for its consideration pursuant to article 165 of the Convention. 
 
Regulation 35 
Emergency orders 
 
1. When the Secretary-General has been notified by a contractor or otherwise 
becomes aware of an incident resulting from or caused by a contractor’s activities in the 
Area that poses a threat of serious harm to the marine environment, the Secretary-
General shall cause a general notification of the incident to be issued, shall notify in 
writing the contractor and the sponsoring State or States, and shall report immediately to 
the Legal and Technical Commission and to the Council. A copy of the report shall be 
circulated to all members of the Authority, to competent international organizations and to 
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concerned subregional, regional and global organizations and bodies. The Secretary-
General shall monitor developments with respect to all such incidents and shall report on 
them as appropriate to the Commission and to the Council. 
 
2. Pending any action by the Council, the Secretary-General shall take such 
immediate measures of a temporary nature as are practical and reasonable in the 
circumstances to prevent, contain and minimize the threat of serious or irreversible 
damage to the marine environment. Such temporary measures shall remain in effect for 
no longer than 90 days, or until the Council decides what measures, if any, to take 
pursuant to paragraph 5 of this regulation, whichever is the earlier. 
 
3. After having received the report of the Secretary-General, the Commission shall 
determine, based on the evidence provided to it and taking into account the measures 
already taken by the contractor, which measures are necessary to respond effectively to 
the incident in order to prevent, contain and minimize the threat of serious or irreversible 
damage to the marine environment, and shall make its recommendations to the Council. 
 
4. The Council shall consider the recommendations of the Commission. 
 
5. The Council, taking into account the recommendations of the Commission and 
any information provided by the Contractor, may issue emergency orders, which may 
include orders for the suspension or adjustment of operations, as may be reasonably 
necessary to prevent, contain and minimize the threat of serious harm to the marine 
environment arising out of activities in the Area. 
 
6. If a contractor does not promptly comply with an emergency order to prevent a 
threat of serious harm to the marine environment arising out of its activities in the Area, 
the Council shall take by itself or through arrangements with others on its behalf, such 
practical measures as are necessary to prevent, contain and minimize any such serious 
harm to the marine environment. 
 
7. In order to enable the Council, when necessary, to take immediately the practical 
measures to prevent, contain and minimize the threat of serious harm to the marine 
environment referred to in paragraph 6, the contractor, prior to the commencement of 
testing of collecting systems and processing operations, will provide the Council with a 
guarantee of its financial and technical capability to comply promptly with emergency 
orders or to assure that the Council can take such emergency measures. If the contractor 
does not provide the Council with such a guarantee, the sponsoring State or States shall, 
in response to a request by the Secretary-General and pursuant to articles 139 and 235 
of the Convention, take necessary measures to ensure that the contractor provides such 
a guarantee or shall take measures to ensure that assistance is provided to the Authority 
in the discharge of its responsibilities under paragraph 6. 

 
Regulation 36 
Rights of coastal States 
 
1. Nothing in these Regulations shall affect the rights of coastal States in 
accordance with article 142 and other relevant provisions of the Convention. 
 
2. Any coastal State which has grounds for believing that any activity in the Area by 
a contractor is likely to cause a threat of serious harm to the marine environment under its 
jurisdiction or sovereignty may notify the Secretary-General in writing of the grounds upon 
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which such belief is based. The Secretary-General shall provide the Contractor and its 
sponsoring State or States with a reasonable opportunity to examine the evidence, if any, 
provided by the coastal State as the basis for its belief. The contractor and its sponsoring 
State or States may submit their observations thereon to the Secretary-General within a 
reasonable time. 
 
3. If there are clear grounds for believing that serious harm to the marine 
environment is likely to occur, the Secretary-General shall act in accordance with 
regulation 35 and, if necessary, shall take immediate measures of a temporary nature as 
provided for in paragraph 2 of regulation 35. 
 
4. Contractors shall take all measures necessary to ensure that their activities are 
conducted so as not to cause damage by pollution to the marine environment under the 
jurisdiction or sovereignty of other States, and that pollution arising from incidents or 
activities in its exploration area does not spread beyond such area. 
 
Regulation 37 
Objects of an archaeological or historical nature 
 
 The contractor shall immediately notify the Secretary-General in writing of any 
finding in the exploration area of an object of an archaeological or historical nature and its 
location. The Secretary-General shall transmit such information to the Director-General of 
the United Nations Educational, Scientific and Cultural Organization. Following the finding 
of any such object of an archaeological or historical nature in the exploration area, the 
contractor shall take all reasonable measures to avoid disturbing such object. 
 
 
Part VI  Confidentiality 
 
Regulation 38 
Proprietary data and information and confidentiality 
 
1. Data and information submitted or transferred to the Authority or to any person 
participating in any activity or programme of the Authority pursuant to these Regulations 
or a contract issued under these Regulations, and designated by the contractor, in 
consultation with the Secretary-General, as being of a confidential nature, shall be 
considered confidential unless it is data and information which: 
 

(a) is generally known or publicly available from other sources; 

(b) has been previously made available by the owner to others without an 
obligation concerning its confidentiality; or 

(c) is already in the possession of the Authority with no obligation concerning 
its confidentiality. 

 
2. Data and information that is necessary for the formulation by the Authority of 
rules, regulations and procedures concerning protection of the marine environment and 
safety, other than equipment design data, shall not be deemed proprietary. 
 
3. Confidential data and information may only be used by the Secretary-General 
and staff of the Secretariat, as authorized by the Secretary-General, and by the members 
of the Legal and Technical Commission as necessary for and relevant to the effective 
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exercise of their powers and functions. The Secretary-General shall authorize access to 
such data and information only for limited use in connection with the functions and duties 
of the staff of the Secretariat and the functions and duties of the Legal and Technical 
Commission. 
 
4. Ten years after the date of submission of confidential data and information to the 
Authority or the expiration of the contract for exploration, whichever is the later, and every 
five years thereafter, the Secretary-General and the contractor shall review such data and 
information to determine whether they should remain confidential. Such data and 
information shall remain confidential if the contractor establishes that there would be a 
substantial risk of serious and unfair economic prejudice if the data and information were 
to be released. No such data and information shall be released until the contractor has 
been accorded a reasonable opportunity to exhaust the judicial remedies available to it 
pursuant to Part XI, section 5, of the Convention. 
 
5. If, at any time following the expiration of the contract for exploration, the 
contractor enters into a contract for exploitation in respect of any part of the exploration 
area, confidential data and information relating to that part of the area shall remain 
confidential in accordance with the contract for exploitation. 
 
6. The contractor may at any time waive confidentiality of data and information. 
 
Regulation 39 
Procedures to ensure confidentiality 
 
1. The Secretary-General shall be responsible for maintaining the confidentiality of 
all confidential data and information and shall not, except with the prior written consent of 
the contractor, release such data and information to any person external to the Authority. 
To ensure the confidentiality of such data and information, the Secretary-General shall 
establish procedures, consistent with the provisions of the Convention, governing the 
handling of confidential information by members of the Secretariat, members of the Legal 
and Technical Commission and any other person participating in any activity or 
programme of the Authority. Such procedures shall include: 
 

(a) maintenance of confidential data and information in secure facilities and 
development of security procedures to prevent unauthorized access to or 
removal of such data and information; 

(b) development and maintenance of a classification, log and inventory 
system of all written data and information received, including its type and source 
and routing from the time of receipt until final disposition. 

 
2. A person who is authorized pursuant to these Regulations to have access to 
confidential data and information shall not disclose such data and information except as 
permitted under the Convention and these Regulations. The Secretary-General shall 
require any person who is authorized to have access to confidential data and information 
to make a written declaration witnessed by the Secretary-General or his or her authorized 
representative to the effect that the person so authorized: 
 

(a) acknowledges his or her legal obligation under the Convention and these 
Regulations with respect to the non-disclosure of confidential data and 
information; 
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(b) agrees to comply with the applicable regulations and procedures 
established to ensure the confidentiality of such data and information. 

 
3. The Legal and Technical Commission shall protect the confidentiality of 
confidential data and information submitted to it pursuant to these Regulations or a 
contract issued under these Regulations. In accordance with the provisions of article 163, 
paragraph 8, of the Convention, members of the Commission shall not disclose, even 
after the termination of their functions, any industrial secret, proprietary data which are 
transferred to the Authority in accordance with Annex III, article 14, of the Convention, or 
any other confidential information coming to their knowledge by reason of their duties for 
the Authority. 
 
4. The Secretary-General and staff of the Authority shall not disclose, even after the 
termination of their functions with the Authority, any industrial secret, proprietary data 
which are transferred to the Authority in accordance with Annex III, article 14, of the 
Convention, or any other confidential information coming to their knowledge by reason of 
their employment with the Authority. 
 
5. Taking into account the responsibility and liability of the Authority pursuant to 
Annex III, article 22, of the Convention, the Authority may take such action as may be 
appropriate against any person who, by reason of his or her duties for the Authority, has 
access to any confidential data and information and who is in breach of the obligations 
relating to confidentiality contained in the Convention and these Regulations. 
 
 
Part VII  General procedures 
 
Regulation 40 
Notice and general procedures 
 
1. Any application, request, notice, report, consent, approval, waiver, direction or 
instruction hereunder shall be made by the Secretary-General or by the designated 
representative of the prospector, applicant or contractor, as the case may be, in writing. 
The requirement to provide any information in writing under these Regulations is satisfied 
by the provision of the information in an electronic document containing a digital 
signature. Service shall be by hand, or by telex, facsimile or registered airmail to the 
Secretary-General at the headquarters of the Authority or to the designated 
representative. 
 
2. Delivery by hand shall be effective when made. Delivery by telex shall be 
deemed to be effective on the business day following the day when the “answer back” 
appears on the sender’s telex machine. Delivery by facsimile shall be effective when the 
“transmit confirmation report” confirming the transmission to the recipient’s published 
facsimile number is received by the transmitter. Delivery by registered airmail shall be 
deemed to be effective 21 days after posting. An electronic document is presumed to be 
received by the addressee when it enters an information system designated or used by 
the addressee for the purpose of receiving documents of the type sent and it is capable of 
being retrieved and processed by the addressee. 
 
3. Notice to the designated representative of the prospector, applicant or contractor 
shall constitute effective notice to the prospector, applicant or contractor for all purposes 
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under these Regulations, and the designated representative shall be the agent of the 
prospector, applicant or contractor for the service of process or notification in any 
proceeding of any court or tribunal having jurisdiction. 
 
4. Notice to the Secretary-General shall constitute effective notice to the Authority 
for all purposes under these Regulations, and the Secretary-General shall be the 
Authority’s agent for the service of process or notification in any proceeding of any court 
or tribunal having jurisdiction. 
 
Regulation 41 
Recommendations for the guidance of contractors 
 
1. The Legal and Technical Commission may from time to time issue 
recommendations of a technical or administrative nature for the guidance of contractors 
to assist them in the implementation of the rules, regulations and procedures of the 
Authority. 
 
2. The full text of such recommendations shall be reported to the Council. Should 
the Council find that a recommendation is inconsistent with the intent and purpose of 
these Regulations, it may request that the recommendation be modified or withdrawn. 
 
 
Part VIII  Settlement of disputes 
 
Regulation 42 
Disputes 
 
1. Disputes concerning the interpretation or application of these Regulations shall 
be settled in accordance with Part XI, section 5, of the Convention. 
 
2. Any final decision rendered by a court or tribunal having jurisdiction under the 
Convention relating to the rights and obligations of the Authority and of the Contractor 
shall be enforceable in the territory of each State Party to the Convention. 
 
 
Part IX  Resources other than polymetallic sulphides or cobalt crusts 
 
Regulation 43 
Resources other than polymetallic sulphides or cobalt crusts 
 
 If a prospector or contractor finds resources in the Area other than polymetallic 
sulphides or cobalt crusts, the prospecting and exploration for and exploitation of such 
resources shall be subject to the rules, regulations and procedures of the Authority 
relating to such resources in accordance with the Convention and the Agreement. The 
prospector or contractor shall notify the Authority of its find. 
 
 
Notes 
1 Report of the United Nations Conference on Environment and Development, Rio de Janeiro, 
3-14 June 1991 (United Nations publication, Sales No. E.91.1.8 and corrigenda), vol. 1: Resolutions 
adopted by the Conference, resolution 1, annex 1. 
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Attachment 1 Notification of intention to engage in prospecting 

 
 
1. Name of prospector: 
2. Street address of prospector: 
3. Postal address (if different from above): 
4. Telephone number: 
5. Facsimile number: 
6. Electronic mail address: 
7. Nationality of prospector: 
8. If prospector is a juridical person, identify prospector’s 

(a) Place of registration; and 

(b) Principal place of business/domicile and attach a copy of the prospector’s 
certificate of registration. 

9. Name of prospector’s designated representative: 
10. Street address of prospector’s designated representative (if different from above): 
11. Postal address (if different from above): 
12. Telephone number: 
13. Facsimile number: 
14. Electronic mail address: 
 
15. Attach the coordinates of the broad area or areas in which prospecting is to be 
conducted, as referred to in the World Geodetic System WGS 84 or the International 
Terrestrial Reference Frame (ITRF) defined by the International Association of Geodesy. 
 
16. Attach a general description of the prospecting programme, including the date of 
commencement and the approximate duration of the programme. 
 
17. Attach a written undertaking that the prospector will: 

 (a) Comply with the Convention and the relevant rules, regulations and 
procedures of the Authority concerning: 

(i) Cooperation in the training programmes in connection with 
marine scientific research and transfer of technology referred to in 
articles 143 and 144 of the Convention; and 

(ii) Protection of the marine environment; and 
 
 (b) Accept verification by the Authority of compliance therewith. 
 
18. List hereunder all the attachments and annexes to this notification (all data and 
information should be submitted in hard copy and in a digital format specified by the 
Authority): 

 
 
 
 
Date:  
      Signature of prospector’s designated representative 
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ATTESTATION: 
 
 
 
 
 
Signature of person attesting 
 
 
 
 
 
Name of person attesting 
 
 
 
 
 
Title of person attesting 
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Attachment 2 Application for approval of a plan of work for exploration 
to obtain a contract 

 
 
Section I Information concerning the applicant 
 
 
1. Name of applicant: 
2. Street address of applicant: 
3. Postal address (if different from above): 
4. Telephone number: 
5. Facsimile number: 
6. Electronic mail address: 
7. Name of applicant’s designated representative: 
8. Street address of applicant’s designated representative (if different 
from above): 
9. Postal address (if different from above): 
10. Telephone number: 
11. Facsimile number: 
12. Electronic mail address: 
13. If the applicant is a juridical person, identify applicant’s 
 
 (a) Place of registration; and 
 
 (b) Principal place of business/domicile and attach a copy of the applicant’s 
certificate of registration. 
 
14. Identify the sponsoring State or States. 
 
15. In respect of each sponsoring State, provide the date of deposit of its instrument 
of ratification of, or accession or succession to, the 1982 United Nations Convention on 
the Law of the Sea and the date of its consent to be bound by the Agreement relating to 
the Implementation of Part XI of the United Nations Convention on the Law of the Sea of 
10 December 1982. 
 
16. A certificate of sponsorship issued by the sponsoring State must be attached with 
this application. If the applicant has more than one nationality, as in the case of a 
partnership or consortium of entities from more than one State, certificates of sponsorship 
issued by each of the States involved must be attached. 
 
Section II  Applicant’s election with respect to a reserved area contribution, joint venture 

participation or production sharing contract 
 
 
17. Elect either to: 
 

(a) Contribute a reserved area to carry out activities pursuant to Annex III, 
article 9, of the Convention, in accordance with regulation 17; or 

(b) Offer an equity interest in accordance with regulation 19; 

(c) Offer a joint venture arrangement in accordance with regulation 19; or 
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(d) Enter into a production sharing contract in accordance with regulation 19. 
 
Section III Information relating to the area under application 
 
18. Define the boundaries of the area under application by attaching a list of 
geographical coordinates referred to in the World Geodetic System WGS 84 or the 
International Terrestrial Reference Frame (ITRF) defined by the International Association 
of Geodesy. 
 
19. Attach a chart (on a scale and projection specified by the Authority) and, if the 
applicant elects to contribute a reserved area in accordance with regulation 16, a list of 
the coordinates identifying two parts of equal estimated commercial value. 
 
20. If the applicant elects to contribute a reserved area in accordance with regulation 
16, include in an attachment sufficient information to enable the Council to designate a 
reserved area based on the estimated commercial value of each part of the area under 
application. Such attachment must include the data available to the applicant with respect 
to both parts of the area under application, including: 
 

(a) Data on the location, survey and evaluation of the polymetallic sulphides 
or cobalt crusts in the areas, including: 

 
(i) A description of the technology related to the recovery and 
processing of polymetallic sulphides or cobalt crusts that is necessary for 
making the designation of a reserved area; 

(ii) A map of the physical and geological characteristics, such as 
seabed topography, bathymetry and information on the reliability of such 
data; 

(iii) Data and maps showing location of the ore body (or bodies), 
grade of polymetallic sulphides and abundance and grade of cobalt 
crusts (in kg/m2); 

(iv) A calculation based on standard procedures, including statistical 
analysis, using the data submitted and assumptions made in the 
calculations that the two areas could be expected to contain polymetallic 
sulphides or cobalt crusts of equal estimated commercial value 
expressed as recoverable metals in mineable areas; 

(v) A description of the techniques used by the applicant; 
 

(b) Information concerning environmental parameters (seasonal and during 
test period) including, inter alia, wind speed and direction, wave height, period 
and direction, current speed and direction, water salinity, temperature and 
biological communities. 

 
21. If the area under application includes any part of a reserved area, attach a list of 
coordinates of the area which forms part of the reserved area and indicate the applicant’s 
qualifications in accordance with regulation 18 of the Regulations. 
 
 
 
 



 438

Section IV Financial and technical information 
 
22. Attach sufficient information to enable the Council to determine whether the 
applicant is financially capable of carrying out the proposed plan of work for exploration 
and of fulfilling its financial obligations to the Authority: 
 

(a) If the application is made by the Enterprise, attach certification by its 
competent authority that the Enterprise has the necessary financial resources to 
meet the estimated costs of the proposed plan of work for exploration; 
 
(b) If the application is made by a State or a state enterprise, attach a 
statement by the State or the sponsoring State certifying that the applicant has 
the necessary financial resources to meet the estimated costs of the proposed 
plan of work for exploration; 
 
(c) If the application is made by an entity, attach copies of the applicant’s 
audited financial statements, including balance sheets and profit-and-loss 
statements, for the most recent three years in conformity with internationally 
accepted accounting principles and certified by a duly qualified firm of public 
accountants; and 

 
(i) If the applicant is a newly organized entity and a certified balance 
sheet is not available, a pro forma balance sheet certified by an 
appropriate official of the applicant; 
 
(ii) If the applicant is a subsidiary of another entity, copies of such 
financial statements of that entity and a statement from that entity in 
conformity with internationally accepted accounting practices and 
certified by a duly qualified firm of public accountants that the applicant 
will have the financial resources to carry out the plan of work for 
exploration; 
 
(iii) If the applicant is controlled by a State or a state enterprise, a 
statement from the State or state enterprise certifying that the applicant 
will have the financial resources to carry out the plan of work for 
exploration. 

 
23. If it is intended to finance the proposed plan of work for exploration by 
borrowings, attach a statement of the amount of such borrowings, the repayment period 
and the interest rate. 
 
24. Attach sufficient information to enable the Council to determine whether the 
applicant is technically capable of carrying out the proposed plan of work for exploration, 
including: 
 

(a) A general description of the applicant’s previous experience, knowledge, 
skills, technical qualifications and expertise relevant to the proposed plan of work 
for exploration; 
 
(b) A general description of the equipment and methods expected to be used 
in carrying out the proposed plan of work for exploration and other relevant non-
proprietary information about the characteristics of such technology; and 
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(c) A general description of the applicant’s financial and technical capability 
to respond to any incident or activity which causes serious harm to the marine 
environment. 

 
Section V The plan of work for exploration 
 
25. Attach the following information relating to the plan of work for exploration: 
 

(a) A general description and a schedule of the proposed exploration 
programme, including the programme of activities for the immediate five-year 
period, such as studies to be undertaken in respect of the environmental, 
technical, economic and other appropriate factors which must be taken into 
account in exploration; 
 
(b) A description of a programme for oceanographic and environmental 
baseline studies in accordance with the Regulations and any environmental 
rules, regulations and procedures established by the Authority that would enable 
an assessment of the potential environmental impact of the proposed exploration 
activities, taking into account any recommendations issued by the Legal and 
Technical Commission; 
 
(c) A preliminary assessment of the possible impact of the proposed 
exploration activities on the marine environment; 
 
(d) A description of the proposed measures for the prevention, reduction and 
control of pollution and other hazards, as well as possible impacts, to the marine 
environment; 
 
(e) A schedule of anticipated yearly expenditures in respect of the 
programme of activities for the immediate five-year period. 

 
Section VI Undertakings 
 
26. Attach a written undertaking that the applicant will: 
 

(a) Accept as enforceable and comply with the applicable obligations 
created by the provisions of the Convention and the rules, regulations and 
procedures of the Authority, the decisions of the relevant organs of the Authority 
and the terms of its contracts with the Authority; 
 
(b) Accept control by the Authority of activities in the Area as authorized by 
the Convention; 
 
(c) Provide the Authority with a written assurance that its obligations under 
the contract will be fulfilled in good faith. 

 
Section VII Previous contracts 
 
27. Has the applicant or, in the case of an application by a partnership or consortium 
of entities in a joint arrangement, any member of the partnership or consortium or any 
affiliate previously been awarded any contract with the Authority? 
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28. If the answer to 27 is “yes”, the application must include: 
 

(a) The date of the previous contract or contracts; 
 
(b) The dates, reference numbers and titles of each report submitted to the 
Authority in connection with the contract or contracts; and 
 
(c) The date of termination of the contract or contracts, if applicable. 

 
Section VIII Attachments 
 
29. List all the attachments and annexes to this application (all data and information 
should be submitted in hard copy and in a digital format specified by the Authority): 
 
 
 
Date:  
    Signature of applicant’s designated representative 
 
 
 
ATTESTATION: 
 
 
 
 
Signature of person attesting 
 
 
 
 
Name of person attesting 
 
 
 
 
Title of person attesting 
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Attachment 3 Contract for exploration 
 
 
THIS CONTRACT made the        day of          between the INTERNATIONAL SEABED 
AUTHORITY represented by its SECRETARY-GENERAL (hereinafter referred to as “the 
Authority”) and             represented by                        (hereinafter referred to as “the 
Contractor”) WITNESSETH as follows: 
 
Incorporation of clauses 
 
A. The standard clauses set out in annex 4 to the Regulations on Prospecting and 
Exploration for Polymetallic Sulphides and Cobalt-rich Crusts in the Area shall be 
incorporated herein and shall have effect as if herein set out at length. 
 
Exploration area 
 
B. For the purposes of this contract, the “exploration area” means that part of the 
Area allocated to the Contractor for exploration, defined by the coordinates listed in 
schedule 1 hereto, as reduced from time to time in accordance with the standard clauses 
and the Regulations. 
 
Grant of rights 
 
C. In consideration of: 
 

(1) Their mutual interest in the conduct of exploration activities in the 
exploration area pursuant to the Convention and the Agreement; 
 
(2) The responsibility of the Authority to organize and control activities in the 
Area, particularly with a view to administering the resources of the Area, in 
accordance with the legal regime established in Part XI of the Convention and the 
Agreement and Part XII of the Convention respectively; and 
 
(3) The interest and financial commitment of the Contractor in conducting 
activities in the exploration area and the mutual covenants made herein; 

 
the Authority hereby grants to the Contractor the exclusive right to explore for 
(polymetallic sulphides) (cobalt crusts) in the exploration area in accordance with 
the terms and conditions of this contract. 

 
Entry into force and contract term 
 
D. This contract shall enter into force on signature by both parties and, subject to the 
standard clauses, shall remain in force for a period of fifteen years thereafter unless: 
 

(1) The Contractor obtains a contract for exploitation in the exploration area 
which enters into force before the expiration of such period of fifteen years; or 
 
(2) The contract is sooner terminated provided that the term of the contract 
may be extended in accordance with standard clauses 3.2 and 17.2. 
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Schedules 
 
E. The schedules referred to in the standard clauses, namely section 4 and section 
8, are for the purposes of this contract schedules 2 and 3 respectively. 
 
Entire agreement 
 
F. This contract expresses the entire agreement between the parties, and no oral 
understanding or prior writing shall modify the terms hereof.  IN WITNESS WHEREOF 
the undersigned, being duly authorized thereto by the respective parties, have signed this 
contract at …, this … day of … 
 
Schedule 1 
 
[Coordinates and illustrative chart of the exploration area] 
 
Schedule 2 
 
[The current five-year programme of activities as revised from time to time] 
 
Schedule 3 
 
[The training programme shall become a schedule to the contract when approved by the 
Authority in accordance with section 8 of the standard clauses.] 
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Annex 4 Standard clauses for exploration contract 
 

 
Section 1 Definitions 
 
1.1 In the following clauses: 
 

(a) “exploration area” means that part of the Area allocated to the Contractor 
for exploration, described in schedule 1 hereto, as the same may be reduced 
from time to time in accordance with this contract and the Regulations; 
 
(b) “programme of activities” means the programme of activities which is set 
out in schedule 2 hereto as the same may be adjusted from time to time in 
accordance with sections 4.3 and 4.4 hereof; 
 
(c) “regulations” means the Regulations for Prospecting and Exploration for 
Polymetallic Sulphides and Cobalt Crusts in the Area, adopted by the Authority. 

 
1.2 Terms and phrases defined in the Regulations shall have the same meaning in 
these standard clauses. 
 
1.3 In accordance with the Agreement relating to the Implementation of Part XI of the 
United Nations Convention on the Law of the Sea of 10 December 1982, its provisions 
and Part XI of the Convention are to be interpreted and applied together as a single 
instrument; this contract and references in this contract to the Convention are to be 
interpreted and applied accordingly. 
 
1.4 This contract includes the schedules to this contract, which shall be an integral 
part hereof. 
 
Section 2 Security of tenure 
 
2.1 The Contractor shall have security of tenure and this contract shall not be 
suspended, terminated or revised except in accordance with sections 20, 21 and 24 
hereof. 
 
2.2 The Contractor shall have the exclusive right to explore for (polymetallic 
sulphides) (cobalt crusts) in the exploration area in accordance with the terms and 
conditions of this contract. The Authority shall ensure that no other entity operates in the 
exploration area for a different category of resources in a manner that might 
unreasonably interfere with the operations of the Contractor. 
 
2.3 The Contractor, by notice to the Authority, shall have the right at any time to 
renounce without penalty the whole or part of its rights in the exploration area, provided 
that the Contractor shall remain liable for all obligations accrued prior to the date of such 
renunciation in respect of the area renounced. 
 
2.4 Nothing in this contract shall be deemed to confer any right on the Contractor 
other than those rights expressly granted herein. The Authority reserves the right to enter 
into contracts with respect to resources other than (polymetallic sulphides) (cobalt crusts) 
with third parties in the area covered by this contract. 
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Section 3 Contract term 
 
3.1 This contract shall enter into force on signature by both parties and shall remain 
in force for a period of fifteen years thereafter unless: 
 

(a) the Contractor obtains a contract for exploitation in the exploration area 
which enters into force before the expiration of such period of fifteen years; or 
 
(b) the contract is sooner terminated, provided that the term of the contract 
may be extended in accordance with sections 3.2 and 17.2 hereof. 

 
3.2 Upon application by the Contractor, not later than six months before the 
expiration of this contract, this contract may be extended for periods of not more than five 
years each on such terms and conditions as the Authority and the Contractor may then 
agree in accordance with the Regulations. Such extensions shall be approved if the 
Contractor has made efforts in good faith to comply with the requirements of this contract 
but for reasons beyond the Contractor’s control has been unable to complete the 
necessary preparatory work for proceeding to the exploitation stage or if the prevailing 
economic circumstances do not justify proceeding to the exploitation stage. 
 
3.3 Notwithstanding the expiration of this contract in accordance with section 3.1 
hereof, if the Contractor has, at least 90 days prior to the date of expiration, applied for a 
contract for exploitation, the Contractor’s rights and obligations under this contract shall 
continue until such time as the application has been considered and a contract for 
exploitation has been issued or refused. 
 
Section 4 Exploration 
 
4.1 The Contractor shall commence exploration in accordance with the time schedule 
stipulated in the programme of activities set out in schedule 2 hereto and shall adhere to 
such time periods or any modification thereto as provided for by this contract. 
 
4.2 The Contractor shall carry out the programme of activities set out in schedule 2 
hereto. In carrying out such activities the Contractor shall spend in each contract year not 
less than the amount specified in such programme, or any agreed review thereof, in 
actual and direct exploration expenditures 
. 
4.3 The Contractor, with the consent of the Authority, which consent shall not be 
unreasonably withheld, may from time to time make such changes in the programme of 
activities and the expenditures specified therein as may be necessary and prudent in 
accordance with good mining industry practice, and taking into account the market 
conditions for the metals contained in (polymetallic sulphides) (cobalt crusts) and other 
relevant global economic conditions. 
 
4.4 Not later than 90 days prior to the expiration of each five-year period from the 
date on which this contract enters into force in accordance with section 3 hereof, the 
Contractor and the Secretary-General shall jointly undertake a review of the 
implementation of the plan of work for exploration under this contract. The Secretary-
General may require the Contractor to submit such additional data and information as 
may be necessary for the purposes of the review. In the light of the review, the Contractor 
shall make such adjustments to its plan of work as are necessary and shall indicate its 
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programme of activities for the following five-year period, including a revised schedule of 
anticipated yearly expenditures. Schedule 2 hereto shall be adjusted accordingly. 
 
Section 5 Environmental monitoring 
 
5.1 The Contractor shall take necessary measures to prevent, reduce and control 
pollution and other hazards to the marine environment arising from its activities in the 
Area as far as reasonably possible using for this purpose the best technology available to 
it. 
 
5.2 Prior to the commencement of exploration activities, the Contractor shall submit 
to the Authority: 
 

(a) an impact assessment of the potential effects on the marine environment 
of the proposed activities; 

(b) a proposal for a monitoring programme to determine the potential effect 
on the marine environment of the proposed activities; and 

(c) data that could be used to establish an environmental baseline against 
which to assess the effect of the proposed activities. 

 
5.3 The Contractor shall, in accordance with the Regulations, gather environmental 
baseline data as exploration activities progress and develop and shall establish 
environmental baselines against which to assess the likely effects of the Contractor’s 
activities on the marine environment. 
 
5.4 The Contractor shall, in accordance with the Regulations, establish and carry out 
a programme to monitor and report on such effects on the marine environment. The 
Contractor shall cooperate with the Authority in the implementation of such monitoring. 
 
5.5 The Contractor shall, within 90 days of the end of each calendar year, report to 
the Secretary-General on the implementation and results of the monitoring programme 
referred to in section 5.4 hereof and shall submit data and information in accordance with 
the Regulations. 
 
Section 6 Contingency plans and emergencies 
 
6.1 The Contractor shall, prior to the commencement of its programme of activities 
under this contract, submit to the Secretary-General a contingency plan to respond 
effectively to incidents that are likely to cause serious harm to the marine environment 
arising from the Contractor’s activities at sea in the exploration area. Such contingency 
plan shall establish special procedures and provide for adequate and appropriate 
equipment to deal with such incidents and, in particular, shall include arrangements for: 
 

(a) the immediate raising of a general alarm in the area of the exploration 
activities; 

(b) immediate notification to the Secretary-General; 

(c) the warning of ships which might be about to enter the immediate vicinity; 
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(d) a continuing flow of full information to the Secretary-General relating to 
particulars of the contingency measures already taken and further actions 
required; 

(e) the removal, as appropriate, of polluting substances; 

(f) the reduction and, so far as reasonably possible, prevention of serious 
harm to the marine environment, as well as mitigation of such effects; 

(g) as appropriate, cooperation with other contractors with the Authority to 
respond to an emergency; and 

(h) periodic emergency response exercises. 
 
6.2 The Contractor shall promptly report to the Secretary-General any incident arising 
from its activities that has caused or is likely to cause serious harm to the marine 
environment. Each such report shall contain the details of such incident, including, inter 
alia: 
 

(a) the coordinates of the area affected or which can reasonably be 
anticipated to be affected; 

(b) the description of the action being taken by the Contractor to prevent, 
contain, minimize and repair the serious harm to the marine environment; 

(c) a description of the action being taken by the Contractor to monitor the 
effects of the incident on the marine environment; and 

(d) such supplementary information as may reasonably be required by the 
Secretary-General. 

 
6.3 The Contractor shall comply with emergency orders issued by the Council and 
immediate measures of a temporary nature issued by the Secretary-General in 
accordance with the Regulations, to prevent, contain, minimize or repair serious harm to 
the marine environment, which may include orders to the Contractor to immediately 
suspend or adjust any activities in the exploration area. 
 
6.4 If the Contractor does not promptly comply with such emergency orders or 
immediate measures of a temporary nature, the Council may take such reasonable 
measures as are necessary to prevent, contain, minimize or repair any such serious harm 
to the marine environment at the Contractor’s expense. The Contractor shall promptly 
reimburse the Authority the amount of such expenses. Such expenses shall be in addition 
to any monetary penalties which may be imposed on the Contractor pursuant to the terms 
of this contract or the Regulations. 
 
Section 7 Objects of an archaeological or historical nature 
 
 The Contractor shall immediately notify the Secretary-General in writing of any 
finding in the exploration area of an object of an archaeological or historical nature and its 
location. Following the finding of any such object of an archaeological or historical nature 
in the exploration area, the Contractor shall take all reasonable measures to avoid 
disturbing such object. 
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Section 8 Training 
 
8.1 In accordance with the Regulations, the Contractor shall, prior to the 
commencement of exploration under this contract, submit to the Authority for approval 
proposed training programmes for the training of personnel of the Authority and 
developing States, including the participation of such personnel in all of the Contractor’s 
activities under this contract. 
 
8.2. The scope and financing of the training programme shall be subject to negotiation 
between the Contractor, the Authority and the sponsoring State or States. 
 
8.3 The Contractor shall conduct training programmes in accordance with the specific 
programme for the training of personnel referred to in section 8.1 hereof approved by the 
Authority in accordance with the Regulations, which programme, as revised and 
developed from time to time, shall become a part of this contract as schedule 3. 

 
Section 9 Books and records 
 
 The Contractor shall keep a complete and proper set of books, accounts and 
financial records, consistent with internationally accepted accounting principles. Such 
books, accounts and financial records shall include information which will fully disclose 
the actual and direct expenditures for exploration and such other information as will 
facilitate an effective audit of such expenditures. 
 
Section 10 Annual reports 
 
10.1 The Contractor shall, within 90 days of the end of each calendar year, submit a 
report to the Secretary-General in such format as may be recommended from time to time 
by the Legal and Technical Commission covering its programme of activities in the 
exploration area and containing, as applicable, information in sufficient detail on: 
 

(a) the exploration work carried out during the calendar year, including 
maps, charts and graphs illustrating the work that has been done and the results 
obtained; 

(b) the equipment used to carry out the exploration work, including the 
results of tests conducted of proposed mining technologies, but not equipment 
design data; and 

(c) the implementation of training programmes, including any proposed 
revisions to or developments of such programmes. 

 
10.2 Such reports shall also contain: 
 

(a) the results obtained from environmental monitoring programmes, 
including observations, measurements, evaluations and analyses of 
environmental parameters; 
 
(b) a statement of the quantity of (polymetallic sulphides) (cobalt crusts) 
recovered as samples or for the purpose of testing; 
 
(c) a statement, in conformity with internationally accepted accounting 
principles and certified by a duly qualified firm of public accountants, or, where 
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the Contractor is a State or a state enterprise, by the sponsoring State, of the 
actual and direct exploration expenditures of the Contractor in carrying out the 
programme of activities during the Contractor’s accounting year. Such 
expenditures may be claimed by the contractor as part of the contractor’s 
development costs incurred prior to the commencement of commercial 
production; and 

 
(d) details of any proposed adjustments to the programme of activities and 
the reasons for such adjustments. 

 
10.3 The Contractor shall also submit such additional information to supplement the 
reports referred to in sections 10.1 and 10.2 hereof as the Secretary-General may from 
time to time reasonably require in order to carry out the Authority’s functions under the 
Convention, the Regulations and this contract. 
 
10.4 The Contractor shall keep, in good condition, a representative portion of samples 
and cores of the (polymetallic sulphides) (cobalt crusts) obtained in the course of 
exploration until the expiration of this contract. The Authority may request the Contractor 
in writing to deliver to it for analysis a portion of any such sample and cores obtained 
during the course of exploration. 
 
Section 11 Data and information to be submitted on expiration of the contract 
 
11.1 The Contractor shall transfer to the Authority all data and information that are 
both necessary for and relevant to the effective exercise of the powers and functions of 
the Authority in respect of the exploration area in accordance with the provisions of this 
section. 
 
11.2 Upon expiration or termination of this contract the Contractor, if it has not already 
done so, shall submit the following data and information to the Secretary-General: 
 

(a) copies of geological, environmental, geochemical and geophysical data 
acquired by the Contractor in the course of carrying out the programme of 
activities that are necessary for and relevant to the effective exercise of the 
powers and functions of the Authority in respect of the exploration area; 
 
(b) the estimation of mineable deposits, when such deposits have been 
identified, which shall include details of the grade and quantity of the proven, 
probable and possible (polymetallic sulphide) (cobalt crust) reserves and the 
anticipated mining conditions; 
 
(c) copies of geological, technical, financial and economic reports made by 
or for the Contractor that are necessary for and relevant to the effective exercise 
of the powers and functions of the Authority in respect of the exploration area; 
 
(d) information in sufficient detail on the equipment used to carry out the 
exploration work, including the results of tests conducted of proposed mining 
technologies, but not equipment design data; 
 
(e) a statement of the quantity of (polymetallic sulphides) (cobalt crusts) 
recovered as samples or for the purpose of testing; and 
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(f) a statement on how and where samples of cores are archived and their 
availability to the Authority. 

 
11.3 The data and information referred to in section 11.2 hereof shall also be 
submitted to the Secretary-General if, prior to the expiration of this contract, the 
Contractor applies for approval of a plan of work for exploitation or if the Contractor 
renounces its rights in the exploration area to the extent that such data and information 
relates to the renounced area. 
 
Section 12 Confidentiality 
 
 Data and information transferred to the Authority in accordance with this contract 
shall be treated as confidential in accordance with the provisions of this section and the 
Regulations. 
 
Section13 Undertakings 
 
13.1 The Contractor shall carry out exploration in accordance with the terms and 
conditions of this contract, the Regulations, Part XI of the Convention, the Agreement and 
other rules of international law not incompatible with the Convention. 
 
13.2 The Contractor undertakes: 
 

(a) to accept as enforceable and comply with the terms of this contract; 
 
(b) to comply with the applicable obligations created by the provisions of the 
Convention, the rules, regulations and procedures of the Authority and the 
decisions of the relevant organs of the Authority; 
 
(c) to accept control by the Authority of activities in the Area as authorized by 
the Convention; 
 
(d) to fulfil its obligations under this contract in good faith; and 
 
(e) to observe, as far as reasonably practicable, any recommendations 
which may be issued from time to time by the Legal and Technical Commission. 

 
13.3 The Contractor shall actively carry out the programme of activities: 
 

(a) with due diligence, efficiency and economy; 
(b) with due regard to the impact of its activities on the marine environment; 
and 
 
(c) with reasonable regard for other activities in the marine environment. 

 
13.4 The Authority undertakes to fulfil in good faith its powers and functions under the 
Convention and the Agreement in accordance with article 157 of the Convention. 
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Section 14 Inspection 
 
14.1 The Contractor shall permit the Authority to send its inspectors on board vessels 
and installations used by the Contractor to carry out activities in the exploration area to: 
 

(a) monitor the Contractor’s compliance with the terms and conditions of this 
contract and the Regulations; and 
 
(b) monitor the effects of such activities on the marine environment. 

 
14.2 The Secretary-General shall give reasonable notice to the Contractor of the 
projected time and duration of inspections, the name of the inspectors and any activities 
the inspectors are to perform that are likely to require the availability of special equipment 
or special assistance from personnel of the Contractor. 
 
14.3 Such inspectors shall have the authority to inspect any vessel or installation, 
including its log, equipment, records, facilities, all other recorded data and any relevant 
documents which are necessary to monitor the Contractor’s compliance. 
 
14.4 The Contractor, its agents and employees shall assist the inspectors in the 
performance of their duties and shall: 
 

(a) accept and facilitate prompt and safe boarding of vessels and 
installations by inspectors; 
 
(b) cooperate with and assist in the inspection of any vessel or installation 
conducted pursuant to these procedures; 
 
(c) provide access to all relevant equipment, facilities and personnel on 
vessels and installations at all reasonable times; 
 
(d) not obstruct, intimidate or interfere with inspectors in the performance of 
their duties; 
 
(e) provide reasonable facilities, including, where appropriate, food and 
accommodation, to inspectors; and 
 
(f) facilitate safe disembarkation by inspectors. 

 
14.5 Inspectors shall avoid interference with the safe and normal operations on board 
vessels and installations used by the Contractor to carry out activities in the area visited 
and shall act in accordance with the Regulations and the measures adopted to protect 
confidentiality of data and information. 
 
14.6 The Secretary-General and any duly authorized representatives of the Secretary-
General, shall have access, for purposes of audit and examination, to any books, 
documents, papers and records of the Contractor which are necessary and directly 
pertinent to verify the expenditures referred to in section 10.2 (c). 
 
14.7 The Secretary-General shall provide relevant information contained in the reports 
of inspectors to the Contractor and its sponsoring State or States where action is 
necessary. 
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14.8 If for any reason the Contractor does not pursue exploration and does not request 
a contract for exploitation, it shall, before withdrawing from the exploration area, notify the 
Secretary-General in writing in order to permit the Authority, if it so decides, to carry out 
an inspection pursuant to this section. 
 
Section 15 Safety, labour and health standards 
 
15.1 The Contractor shall comply with the generally accepted international rules and 
standards established by competent international organizations or general diplomatic 
conferences concerning the safety of life at sea, and the prevention of collisions and such 
rules, regulations and procedures as may be adopted by the Authority relating to safety at 
sea.  Each vessel used for carrying out activities in the Area shall possess current valid 
certificates required by and issued pursuant to such international rules and standards. 
 
15.2 The Contractor shall, in carrying out exploration under this contract, observe and 
comply with such rules, regulations and procedures as may be adopted by the Authority 
relating to protection against discrimination in employment, occupational safety and 
health, labour relations, social security, employment security and living conditions at the 
work site. Such rules, regulations and procedures shall take into account conventions and 
recommendations of the International Labour Organization and other competent 
international organizations. 
 
Section 16 Responsibility and liability 
 
16.1 The Contractor shall be liable for the actual amount of any damage, including 
damage to the marine environment, arising out of its wrongful acts or omissions, and 
those of its employees, subcontractors, agents and all persons engaged in working or 
acting for them in the conduct of its operations under this contract, including the costs of 
reasonable measures to prevent or limit damage to the marine environment, account 
being taken of any contributory acts or omissions by the Authority. 
 
16.2 The Contractor shall indemnify the Authority, its employees, subcontractors and 
agents against all claims and liabilities of any third party arising out of any wrongful acts 
or omissions of the Contractor and its employees, agents and subcontractors, and all 
persons engaged in working or acting for them in the conduct of its operations under this 
contract. 
 
16.3 The Authority shall be liable for the actual amount of any damage to the 
Contractor arising out of its wrongful acts in the exercise of its powers and functions, 
including violations under article 168, paragraph 2, of the Convention, account being 
taken of contributory acts or omissions by the Contractor, its employees, agents and 
subcontractors, and all persons engaged in working or acting for them in the conduct of 
its operations under this contract. 
 
16.4 The Authority shall indemnify the Contractor, its employees, subcontractors, 
agents and all persons engaged in working or acting for them in the conduct of its 
operations under this contract, against all claims and liabilities of any third party arising 
out of any wrongful acts or omissions in the exercise of its powers and functions 
hereunder, including violations under article 168, paragraph 2, of the Convention. 
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16.5 The Contractor shall maintain appropriate insurance policies with internationally 
recognized carriers, in accordance with generally accepted international maritime 
practice. 
 
Section 17 Force majeure 
 
17.1 The Contractor shall not be liable for an unavoidable delay or failure to perform 
any of its obligations under this contract due to force majeure. For the purposes of this 
contract, force majeure shall mean an event or condition that the Contractor could not 
reasonably be expected to prevent or control; provided that the event or condition was not 
caused by negligence or by a failure to observe good mining industry practice. 
 
17.2 The Contractor shall, upon request, be granted a time extension equal to the 
period by which performance was delayed hereunder by force majeure and the term of 
this contract shall be extended accordingly. 
 
17.3 In the event of force majeure, the Contractor shall take all reasonable measures 
to remove its inability to perform and comply with the terms and conditions of this contract 
with a minimum of delay; provided that the Contractor shall not be obligated to resolve or 
terminate any labour dispute or any other disagreement with a third party except on terms 
satisfactory to it or pursuant to a final decision of any agency having jurisdiction to resolve 
the dispute. 
 
17.4 The Contractor shall give notice to the Authority of the occurrence of an event of 
force majeure as soon as reasonably possible, and similarly give notice to the Authority of 
the restoration of normal conditions. 
 
Section 18 Disclaimer 
 
 Neither the Contractor nor any affiliated company or subcontractor shall in any 
manner claim or suggest, whether expressly or by implication, that the Authority or any 
official thereof has, or has expressed, any opinion with respect to (polymetallic sulphides) 
(cobalt crusts) in the exploration area and a statement to that effect shall not be included 
in or endorsed on any prospectus, notice, circular, advertisement, press release or similar 
document issued by the Contractor, any affiliated company or any subcontractor that 
refers directly or indirectly to this contract. For the purposes of this section, an “affiliated 
company” means any person, firm or company or State-owned entity controlling, 
controlled by, or under common control with, the Contractor. 
 
Section 19 Renunciation of rights 
 
 The Contractor, by notice to the Authority, shall have the right to renounce its 
rights and terminate this contract without penalty, provided that the Contractor shall 
remain liable for all obligations accrued prior to the date of such renunciation and those 
obligations required to be fulfilled after termination in accordance with the Regulations. 
 
Section 20 Termination of sponsorship 
 
20.1 If the nationality or control of the Contractor changes or the Contractor’s 
sponsoring State, as defined in the Regulations, terminates its sponsorship, the 
Contractor shall promptly notify the Authority forthwith. 
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20.2 In either such event, if the Contractor does not obtain another sponsor meeting 
the requirements prescribed in the Regulations which submits to the Authority a certificate 
of sponsorship for the Contractor in the prescribed form within the time specified in the 
Regulations, this contract shall terminate forthwith. 
 
Section 21 Suspension and termination of contract and penalties 
 
21.1 The Council may suspend or terminate this contract, without prejudice to any 
other rights that the Authority may have, if any of the following events should occur: 
 

(a) if, in spite of written warnings by the Authority, the Contractor has 
conducted its activities in such a way as to result in serious persistent and wilful 
violations of the fundamental terms of this contract, Part XI of the Convention, the 
Agreement and the rules, regulations and procedures of the Authority; or 
 
(b) if the Contractor has failed to comply with a final binding decision of the 
dispute settlement body applicable to it; or 

 
(c) if the Contractor becomes insolvent or commits an act of bankruptcy or 
enters into any agreement for composition with its creditors or goes into 
liquidation or receivership, whether compulsory or voluntary, or petitions or 
applies to any tribunal for the appointment of a receiver or a trustee or receiver 
for itself or commences any proceedings relating to itself under any bankruptcy, 
insolvency or readjustment of debt law, whether now or hereafter in effect, other 
than for the purpose of reconstruction. 

 
21.2 Any suspension or termination shall be by notice, through the Secretary-General, 
which shall include a statement of the reasons for taking such action. The suspension or 
termination shall be effective 60 days after such notice, unless the Contractor within such 
period disputes the Authority’s right to suspend or terminate this contract in accordance 
with Part XI, section 5, of the Convention. 
 
21.3 If the Contractor takes such action, this contract shall only be suspended or 
terminated in accordance with a final binding decision in accordance with Part XI, section 
5, of the Convention. 
 
21.4 If the Council has suspended this contract, the Council may by notice require the 
Contractor to resume its operations and comply with the terms and conditions of this 
contract, not later than 60 days after such notice. 
 
21.5 In the case of any violation of this contract not covered by section 21.1 (a) hereof, 
or in lieu of suspension or termination under section 21.1 hereof, the Council may impose 
upon the Contractor monetary penalties proportionate to the seriousness of the violation. 
 
21.6 The Council may not execute a decision involving monetary penalties until the 
Contractor has been accorded a reasonable opportunity to exhaust the judicial remedies 
available to it pursuant to Part XI, section 5, of the Convention. 
 
21.7 In the event of termination or expiration of this contract, the Contractor shall 
comply with the Regulations and shall remove all installations, plant, equipment and 
materials in the exploration area and shall make the area safe so as not to constitute a 
danger to persons, shipping or to the marine environment. 
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Section 22  Transfer of rights and obligations 
 
22.1 The rights and obligations of the Contractor under this contract may be 
transferred in whole or in part only with the consent of the Authority and in accordance 
with the Regulations. 
 
22.2 The Authority shall not unreasonably withhold consent to the transfer if the 
proposed transferee is in all respects a qualified applicant in accordance with the 
Regulations and assumes all of the obligations of the Contractor and if the transfer does 
not confer to the transferee a plan of work, the approval of which would be forbidden by 
Annex III, article 6, paragraph 3 (c), of the Convention. 
 
22.3 The terms, undertakings and conditions of this contract shall inure to the benefit 
of and be binding upon the parties hereto and their respective successors and assigns. 
 
Section 23 No waiver 
 
 No waiver by either party of any rights pursuant to a breach of the terms and 
conditions of this contract to be performed by the other party shall be construed as a 
waiver by the party of any succeeding breach of the same or any other term or condition 
to be performed by the other party. 
 
Section 24 Revision 
 
24.1 When circumstances have arisen or are likely to arise which, in the opinion of the 
Authority or the Contractor, would render this contract inequitable or make it impracticable 
or impossible to achieve the objectives set out in this contract or in Part XI of the 
Convention or the Agreement, the parties shall enter into negotiations to revise it 
accordingly. 
 
24.2 This contract may also be revised by agreement between the Contractor and the 
Authority to facilitate the application of any rules, regulations and procedures adopted by 
the Authority subsequent to the entry into force of this contract. 
 
24.3 This contract may be revised, amended or otherwise modified only with the 
consent of the Contractor and the Authority by an appropriate instrument signed by the 
authorized representatives of the parties. 
 
Section 25 Disputes 
 
25.1 Any dispute between the parties concerning the interpretation or application of 
this contract shall be settled in accordance with Part XI, section 5, of the Convention. 
 
25.2 Any final decision rendered by a court or tribunal having jurisdiction under the 
Convention relating to the rights and obligations of the Authority and of the Contractor 
shall be enforceable in the territory of each State Party to the Convention. 
 
Section 26 Notice 
 
26.1 Any application, request, notice, report, consent, approval, waiver, direction or 
instruction hereunder shall be made by the Secretary-General or by the designated 
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representative of the Contractor, as the case may be, in writing. Service shall be by hand, 
or by telex, facsimile or registered airmail to the Secretary-General at the headquarters of 
the Authority or to the designated representative. The requirement to provide any 
information in writing under these Regulations is satisfied by the provision of the 
information in an electronic document containing a digital signature. 
 
26.2 Either party shall be entitled to change any such address to any other address by 
not less than ten days’ notice to the other party. 
 
26.3 Delivery by hand shall be effective when made. Delivery by telex shall be 
deemed to be effective on the business day following the day when the “answer back” 
appears on the sender’s telex machine. Delivery by facsimile shall be effective when the 
“transmit confirmation report” confirming the transmission to the recipient’s published 
facsimile number is received by the transmitter. Delivery by registered airmail shall be 
deemed to be effective 21 days after posting. An electronic document is presumed to 
have been received by the addressee when it enters an information system designated or 
used by the addressee for the purpose of receiving documents of the type sent and it is 
capable of being retrieved and processed by the addressee. 
 
26.4 Notice to the designated representative of the Contractor shall constitute effective 
notice to the Contractor for all purposes under this contract, and the designated 
representative shall be the Contractor’s agent for the service of process or notification in 
any proceeding of any court or tribunal having jurisdiction. 
 
26.5 Notice to the Secretary-General shall constitute effective notice to the Authority 
for all purposes under this contract, and the Secretary-General shall be the Authority’s 
agent for the service of process or notification in any proceeding of any court or tribunal 
having jurisdiction. 
 
Section 27 Applicable law 
 
27.1 This contract shall be governed by the terms of this contract, the rules, 
regulations and procedures of the Authority, Part XI of the Convention, the Agreement 
and other rules of international law not incompatible with the Convention. 
 
27.2 The Contractor, its employees, subcontractors, agents and all persons engaged 
in working or acting for them in the conduct of its operations under this contract shall 
observe the applicable law referred to in section 27.1 hereof and shall not engage in any 
transaction, directly or indirectly, prohibited by the applicable law. 
 
27.3 Nothing contained in this contract shall be deemed an exemption from the 
necessity of applying for and obtaining any permit or authority that may be required for 
any activities under this contract. 
 
Section 28 Interpretation 
 
 The division of this contract into sections and subsections and the insertion of 
headings are for convenience of reference only and shall not affect the construction or 
interpretation hereof. 
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Section 29 Additional documents 
 
 Each party hereto agrees to execute and deliver all such further instruments, and 
to do and perform all such further acts and things as may be necessary or expedient to 
give effect to the provisions of this contract. 
 
 
 
 
 
 
 

§ 




