





the major topographic feature of the study area was the Manihiki Plateau, which he described as outstanding. He
said he would be talking about several other outstanding features during his presentation.

Dr. Clark showed participants a topographic map of the submarine morphology in the region, and said that
he would be talking about its major geomorphic subdivisions. He told his audience to keep in mind that in addition
to the Manihiki plateau, there was a very large basin called the Penrhyn Basin, the Aitutaki Passage, the Cook
Islands chain; and the southern portion of the Cook Islands. He said that each of these areas had different
geomorphic provinces along with different relationships with manganese nodules. Dr. Clark said that knowledge
of the topography in the Cook Islands region was fairly general and that there was probably more information on
the Plateau Area than what they had on the other parts of the study area. He however suggested that basically in
the region of the basin and Passage Area the topography was relatively flat.

Presenting a summary of the cruises undertaken, Dr. Clark said that it was to give an idea of where samples
had been taken. He said that the belt, the passage and the Penrhyn Basin were to be kept in mind. He indicated
some areas that he said he had always focused on, including where David Cronan had gone, which was basically
the transect, right through the heart of the region.

Dr. Clark said that in the paper that would be distributed there was additional information on the actual
distribution of nodules, and also maps of the distribution of the metals, so he would not go into great detail on
that matter. Dr. Clark said that if that paper did not satisfy the appetite of participants, there was a 250-page
report, which had been prepared for the Cook Islands Government, containing the geochemistry of the nodules
and the statistical analyses that were performed.

According to Dr. Clark, the distribution of the nodules was concentrated in three areas with two very distinct
hot spots, in which nodule abundance was greater than 20 kilograms per square metre, and in some of those
areas, it went up into 30/32 kilograms per square metre. He said that the distribution pattern was a little more
detailed. He pointed out a fairly broad area with nodule abundance of 5 to 10 kilograms per square metre, and
other areas with abundance of 15 to 20 kilograms per metre. He suggested an area that he described as having the
greatest potential, based on the grade data.

Dr. Clark pointed out the area where copper and nickel primarily occurred, and a cobalt rich area. He said
that as one went beyond that, once again a fairly substantial nickel anomaly could be picked up in that area.
Speaking about cobalt, Dr. Clark said its presence in nodules was less than three-tenths, but scaled off in areas
down to 0.5. He also said that cobalt concentration tended to correlate very well with nodule abundance - the
higher the nodule abundance, the higher the cobalt content. So, that was one of the positive correlations that
existed in the area. He noted that in talking about that, one talked a lot about the Antarctic bottom water current,
about which he would say a few words later.

With regard to nickel, Dr. Clark said that concentrations were in the North-East area of the Cook Islands, and
that the maximum values were between 1.25 and 1.7 per cent, which he described as very high grade, and that
they occurred in the northern portion of the central Penrhyn Basin. Beyond that, Dr Clarke said that nickel values
were quite low, except for one small area in the South.

According to Dr. Clark, copper concentration followed nickel very closely; in the Cook Islands, copper tended
to be very much concentrated in the South.

Dr. Clark said that for those who were interested in resource estimates in the area, it was very small
compared to the Clarion-Clipperton Zone. Comparing the two regions, he described the Clarion-Clipperton Zone as
a copper/nickel mine, and the nodules in the Cook Islands region as a cobalt mine.

He said the cobalt results were associated with other small areas throughout the region. There was actually
one that had not quite made the cut-off. He said that it was his belief that a major portion of the control of the
development of the nodules was because of the Antarctic bottom water coming up through the passageway into
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the Penrhyn Basin. He said that one could think of the Antarctic bottom water as a river, because it was very
dense, stayed on the bottom, moved up, and looked very much like a river. He said that it looked so much like a
river that where there was some information on it, it was known that it was basically characterized by laminar flow
in the central portion of it, and fairly turbulent flow in some areas, in the marginal areas; it was the same as the
river. He also said that it was conceivable that when they started to look at the deposition of nodules, it was
certainly known that the carbonate compensation zone played an important role in that. It was necessary that it
be there, but, there were also a number of other things that needed to be there at the same time.

Dr. Clark said that with regard to the distribution of nodules in the Cook Islands, it was largely controlled by
what he termed a series of large and small basins. He said that if one envisioned the Antarctic bottom water
coming on up towards the Cook Islands into the Aitutaki Passageway, as a river coming in, two things happened.
First, when it came to the passageway, a great deal of turbulence occurred at its edges. He suggested that the
turbulence was required, along with the proper sedimentological basis, along with a proper slope, and all the other
physical characteristics. He said that these factors were responsible for the very high concentrations of nodules
before and after the Aitutaki Passageway. Dr. Clark described the process as akin to the Venturi effect, saying that
if one took a flow, choked it down, and then let it come out the other side, one would get turbulence going in and
coming out; those were the sorts of things that were not that dynamic but they meant that there was a certain
amount of agitation, a certain amount of transfer, and if one carried the right kinds of materials as one came, one
would be depositing them and forming nodule type deposits. He emphasized that it was necessary to have the
right sedimentation - the transparent layer.

Dr. Clark said that the transparent layer existed in these areas, which was why large concentrations of
nodules were found. He also said that the carbonate compensation zone, a roughly 4,800-metre zone, (below
what Professor Cronan had pointed out earlier) where cobalt and other metals would be dropped off was very
important. Basically, copper and nickel would be dropped out in a simple way. He said that when all these things
were put together and one started looking at their distribution in the Cook Islands, one came up with sort of a
model, that indicated that those individual basins that were formed adjacent to the Manihiki Plateau, including the
Penrhyn Basin, which was the largest of them had a very important role in nodule deposit formation.

Dr. Clark said that wherever the little basins were found, there tended to be a concentration of nodules
because they had the right slopes, the right sedimentation, and the right environments for developing nodule
fields. He said that to some extent in the Cook Islands, what had been observed was the formation of nodules and
nodule fields that were associated with a series of macro-to-micro basins. He described a macro basin as about
150 to 200 square miles and a micro basin as about 50 to 60 square miles. He said that if one looked at the
topography of the seabed surrounding the Cook Islands in detail, one could identify the macro and micro basins.
Dr. Clark said that if one viewed the Clarion-Clipperton Zone as a basin, which it most certainly was, or acted like
one, there was a massive concentration of nodules in the Clarion-Clipperton Zone, which, in his mind, was what he
termed a simple basin. There were about five different sizes of these basins.

Dr. Clark said that he was interested in basins because a large proportion of mineral deposits either
occurred in or adjacent to them; there was no reason why nodules would be any different. He said that if one
looked at it in that context, and began to think about it in terms of the Clarion-Clipperton Zone, and if one looked
at some of the maps, which showed high concentrations of nickel and copper, one began to see from the maps
that they were actually, fairly large macro basins; and it was in these areas that things like the Antarctic bottom
water got turned around, and manganese nodules began to be formed in the kinds and amounts that were seen;
otherwise, one just got nodules out in the Clarion-Clipperton Zone and there was a whole variety of variables that
controlled that.

Dr. Clark said that if he had to develop an exploration model, from which he would go looking for

manganese nodules, he would do it on a basin analysis, and that would be the fundamental thesis that he would
start working on. All of the other characteristics had to be there just as with any other kind of mineral deposit.
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In conclusion, Dr. Clark stressed that there had to be some fundamental, structural physiological feature
that was primarily responsible for most mineral deposits that were known of in the world. He said that he did not
know that manganese nodules were any different. Thus, he believed that the idea of having concentrator basins
showed up fairly well in the Cook Islands and was one level of looking at it. Another level was to look at the
Clarion-Clipperton Zone in the same general kind of a concept. Dr. Clark said that he did not know that it could
ever be proven, but one could perhaps look at the data to see whether it gave rise to any ideas and led to some
broader areas that could be concentrated on in the Clarion-Clipperton Zone.

SUMMARY OF THE DISCUSSION

A participant wanted to know to what Dr. Clark ascribed nickel enrichment in the southern coast.

Dr. Clark said that those were areas that tectonically were very, very active and with an extreme amount of
volcanism, and he believed that some of those anomalies were actually associated either with volcanism itself, or
that they might be associated with some sort of hydrothermal activity that was going on. Dr. Clark said that he
was guessing that the nickel was coming out of the faults somewhere, and that that was why it was seen there as
some sort of broad regional anomaly, but he really did not know.

The participant said that he was trying to get an answer because, in that particular basin, there was this

strange site, and he had seen nickel-enriched nodules in places where one would not expect it on the basis of a
biological area for the productivity model.
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CHAPTER 20 WORKING GROUP DELIBERATIONS

The Workshop’s recommendations emerged largely from three working groups that considered what sorts
of data should enter into a geological model of the Clarion-Clipperton Zone (CCZ) and what further work would be
needed to assemble existing data: Group A dealt with tectonics and volcanism; Group B, with bathymetry and
stratigraphy; and Group C, with sediment and water column characteristics. In all cases, the focus was on how
natural processes affected the abundance and metal grade of nodules, and how information on those relationships
could be derived by analysing earlier research.

Tectonics and Volcanism

Group A looked at the “basement” underlying nodule deposits — specifically, the shifting patterns of the
earth’s crust (tectonics) and the contribution of volcanoes and magma flows in realigning undersea topography
(volcanism). The CCZ might be divided into three physiographic zones in which the crust varied in age from 10 to
74 million years. Nodule formation was seen to be related to motion of the crustal plates defining those zones,
notably the Pacific plate that abuts the western edge of the North American continent. In the group’s view, that
relationship deserved further study.

The group saw tectonic activity, including faulting and fracturing of the crust, as a major component of the
geological model. Fissures in the seafloor provided channels through which deep currents might supply extra
oxygen conducive to nodule formation. An unnamed, east-west fracture through the centre of the CCZ deserved
study, along with similar but smaller features traversing the zone from north to south, as locales for above-average
accumulations of nodules. The group recommended the compilation of maps defining such features in greater
detail.

The group noted that volcanic activity had played a major role in reworking the seabed in the CCZ, creating
mountain ridges, plateaus and seamounts. While that fact was well recognized, it was thought that a comparison
was needed of the age and nature of such activity in different parts of the zone, beginning with studies of the age
of different structures.

Finally, the group urged that a closer look be taken at information presented to the Workshop about traces
of recent hydrothermal activity in the CCZ. Nodule composition and structure might have been affected by past
stages of intense hydrothermal activity.

Group A was chaired by Yuri Kazmin, a consultant with the Russian Ministry of Natural Resources and the
Interoceanmetal Joint Organization.

Bathymetry and Stratigraphy

Group B dealt with the mapping of the seabed (bathymetry) and the sediment layers underlying it
(stratigraphy). Noting that past analyses had dealt mainly with the CCZ as a whole, the group suggested that
greater emphasis be placed on models specific to sites and areas of the zone. It also favoured the creation of two
exploration models — one in narrative form and the other predictive, with a mathematical base.

With regard to the narrative version, the group observed that, as general factors affecting the origin,
distribution and metal content of nodules were well understood, the emphasis should now be on how those
factors interacted in specific instances. Most of the group’s recommendations concerned the predictive model, for
instance, what chemical and physical characteristics in the nodule environment could be used as indicators of the
likely presence of high-grade deposits.
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The group viewed the carbonate compensation depth (CCD) as a critical factor in the abundance and metal
content of nodules. When the seabed lay too far above or below that depth — which varied in different parts of
the ocean — nodule formation was inhibited.

The “grain” of the seafloor — its gross local and regional structure — was identified as another factor in
determining the abundance of nodules and, to a lesser degree, their content. Alongside this factor was
topography, including slope and surface texture.

Present and past sedimentation was cited as critical to almost every aspect of nodule abundance and
content. The highest nodule concentrations lay in beds of siliceous ooze and zeolitic clays. At the same time, none
were found outside zones of high biological productivity near the equator. The group believed that sedimentation
rates, erosion and currents must be in balance; too little or too much of any of these factors had a deleterious
impact on nodule formation.

While the group found that a great deal of data on these factors already existed, much of it had not been
given to the Authority. It was therefore of the view that the Authority should identify and access such data from
seabed contractors and public sources.

The group offered seven recommendations for action by the International Seabed Authority. They included
the development of databases on seafloor nodule photography, and seafloor morphology and sedimentation; a
definition of the geological evolution of the CCZ over the past 20 million years; the creation of sediment maps; the
collection of information on heat flow; the development of exploration models for specific areas; and the
undertaking of additional work to acquire and study data and develop a system of open data access.

Group B was chaired by Allen L. Clark, Senior Fellow at the East-West Centre, Honolulu, Hawaii.

Sediments and seawater

Group C concentrated on the interface between sediments and the overlying water. It cited as the main
element in that regard biological productivity, and specifically export productivity — the part of the chemical soup
that reached the bottom. That was regarded as a much more important source of metals than the surrounding
seabed. Since abundance and mineral grade were not generally related, the group felt that separate models were
needed for those two factors.

The group observed that the relationship between productivity and nodule formation was not linear. While
abundance rose with greater productivity up to a certain level, it diminished beyond that point, eventually
dropping to zero. Thus, it was critical to determine the turnaround point. The depth of the oxygen minimum zone
was another important element, but more work was needed to establish how that factor operated differently from
productivity.

Like Group B, Group C saw a need for further studies of the carbonate compensation depth (CCD), including
its variations from east to west. Copper, manganese and nickel concentrations increased near the CCD, while
cobalt and iron grades decreased. Given that relationship, the task was to plot areas likely to be richest in
particular metals. While no convincing relationship existed between nodule grade and the surrounding water,
nodules were more likely to be found in particular types of organic sediments, with the richest and most abundant
occurring in siliceous radiolarian ooze, rather than diatomaceous ooze or red clay. Rate of sedimentation was
probably more important than sediment type in predicting abundance.

Organic carbon in the sediment also increased towards the CCD but little data was available on this factor in
the CCZ. Other factors included the calcium carbonate and silicate content of sediments, and the content and
composition of pore water -- the seawater within nodules that bore additional metals. The group cited
productivity, calcium carbonate dissolution, biologically-generated silicates and organic carbon as topics that
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required further work. The group cited evidence that nodules were most abundant in areas of greatest
bioturbation — burrowing and other animal activity that rearranged sediments.

Finally, the group suggested that any differences between the CCZ and the South Pacific be examined. If
there were no substantial differences, a model for one could be applied to the other. Otherwise, the reasons for

any difference should be investigated.

Group C was chaired by David Cronan of the Department of Earth Science and Engineering, Imperial College,
London.

Presentations by working group chairmen

A.  Working Group on Tectonics and Volcanics
(Yuri Kazmin)

Tectonic and volcanic processes, as well as plate motion, are related to nodule formation in the CCZ.

The group identified suitable proxy factors and data from which the tectonic and volcanic processes could
be determined. The group also discussed appropriate actions that should be undertaken in the process of
developing the geological model. The inferred relationship of tectonic and volcanic activity with nodule abundance
and grade, especially with the distribution of nodule in the CCZ, was established. The point was made that
tectonics and volcanic activity might have a direct relationship with nodule grades, being a source of nodule
supply. Tectonic processes on the global scale might also have played a role indirectly by creating favourable
conditions for nodule creation in the CCZ. It was also pointed out that the actions to be taken during the
development of the geological model, in connection with the tectonics and volcanics, would deal with the
collection and processing of raw data, as well as with interpretation of regional data.

1. Plate motion

Plate motion and seafloor subsidence were considered to be important factors in these processes, as they
alternate the influence of the bathymetry and the depth of the ocean floor. This entire relationship was the result
of chemical composition in water columns, such as the CCD. How might the increase of the depth of the CCD be a
result of its subsequent fall in history. It was noted that the rest of the CCD dated from 65 million to 10, 20 million
years in the eastern part and that its formation was related to the spreading processes in the East Pacific Rise. One
could consider the CCZ as comprising of three geographic zones, defined by the bathymetric character, and
separated at 140° west and 125° west. The western part belonged to the transitional zone from the old oceanic
plate to the young oceanic plate, with the crust dating back to more than 60 million years, up to 74 million years.

The nickel blocks of the CCZ were created on the young oceanic plate 36 million years ago, and that part was
confined to its transitional zone from the young oceanic plate through 10 to 30 million years.

This side of the region was based on the location and the results of the Deep Sea Drilling Project. It was the
common view of the group that the plate motion might have been closely related, although indirectly, to the
nodule formation in the CCZ by creating favourable conditions in the bioproductivity zones. It was noted that
some related nodule composition grade to the age of the crust itself.

The view was expressed that, with respect to special trends that caused the reverse correlation in metal
grades and abundance of nodules, the phenomenon could also be related to the age and tectonic structure of
oceanic crust as a result of plate motion; it needed to be addressed within the geological model.

It was agreed that the age, composition and structure of the adjoining crust in the CCZ might constitute a
suitable proxy for a review of plate motion and subsidence. That could be derived through the synthesis,
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interpretation and analysis of the available data on anomalies, and other relevant geophysical information could
be derived from published and unpublished sources, including data from various data centres and published maps.

From the position of the history of the CCZ, tectonics could also be quantified by a review and interpretation
of the geological results of the Deep Sea Drilling Project. The collection and review of Deep Sea Drilling Project
data should be undertaken simultaneously, as well as other available information on the age of the basement and
the overlying sediments. A digital map series of the basic tectonic structure of the CCZ, substratum and age might
be compiled. It would be useful and helpful to develop a model of the tectonic evolution of the Clarion-Clipperton
Zone during the past 20 million years, in order to better understand the possible relationship of nodule genesis and
formation processes in the zone, in relation to the geological history.

2. Tectonic activity

The process of tectonic activity, including crustal structure, folding and fracturing, was one of the major
components of a geological model on a regional and local scale. Some scientists believed it to be a primary source
of metals, which potentially exploited weaknesses, such as major fault systems, shells or metals supplied to the
ocean floor.

Another view was that fracture and pull zones might provide a supply of free oxygen, thereby creating a
favourable environment for nodule formation.

Besides the Clarion Clipperton transform faults themselves, the oceanic basement of the zone was
characterized by a normal variant of folding sub-parallel to the East Pacific Rise and generated during normal
processes of seafloor spread. The spreading course was calibrated using a magnetic anomaly at the age of
basement. The composition of volcanic regions as seamount changes parallel to the Clarion-Clipperton course
strongly suggested tectonic control of volcanic activity.

The south longitudinal fault system was responsible for the predominant regional and local morphological
landscape of the zone, which was defined by a classic horst and graben structure of the basaltic basement.
Understanding the significance of the primary seafloor spread and the subsequent reactivation during the tectonic
evolution of the zone would be essential for determining the effects on sedimentation and the re-sedimentation
processes. During consideration of a mixture of possible relationships between nodule abundance and tectonic
processes in the zone, it was recalled that a presentation had been made highlighting the special relationship
between high nodule abundance and the postulated Unnamed Fracture Zone. It was thought that particular
attention should be focused on the issue and should foster the development of the geological model. The existing
location of such a fracture zone showed realistic readings from the probe and analysis of bathymetry and other
geophysical and geological datasets. The appropriate analysis would be in respect to nodule abundance and grade
within profiles across the fracture zone, showing period level wherever possible.

The same view was expressed with regard to the assumption of a possible correlation of manganese
concentration in the Clarion-Clipperton Zone on a global and regional scale, with fractures of horsts in a north-
north-west direction which were confined to the east-south-east extension of the volcanic ridge system.

Concerning possible proxy data, which might be used to constrain the tectonic framework of the CCZ, the
general view was that the Seabed Authority should express tectonics on a general and local level. The relief in
general reflected the basalt structure at various stages of all mineral activities. The analysis and interpretation of
the bathymetry and ocean floor topography and the calibration of that data with other geophysical parameters
might facilitate indication and lineation of fresh resources. In short, the linear volcanic regions and the volcanic
seamount changes strongly suggest sub-latitudinal pull systems on both a regional and local scale.

Attention was drawn to some presentations which had indicated that nodule abundance and metal grade
anomalies were spatially related in the CCZ to soil and lineaments on a regional scale. The view was expressed
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that, in addition to bathymetry and seabed morphology, with the appropriate analysis of the spatial distribution
and configuration of nodule fields, the fold and fracture system might identify with various abundance and grade
within the Clarion-Clipperton Zone. Other important local and regional indicators might be gravity/magnetic
anomalies, as well as crustal age, composition and tectonic structure of the basement and underlying sediments.
Location of registered size for ridge and volcanic activity and earthquake epicentres in the Eastern Pacific might
also represent important evidence of tectonic activity in the past. With regard to the direction that may be
undertaken for the development of the geological model, the group would commence with the analysis and
interpretation of the bathymetry and topography maps of the CCZ to be compiled on the scale of one to five
million, one to million, as well as a review of all data and information on bathymetry and topography.

The workshop was being undertaken with the aim of delineating fractures, faults, and other lineaments, at
various levels, to develop the tectonic framework for the model. The same procedure would also be applied with
respect to available information on the spatial distribution and configuration of such nodule parameters as
abundance and metal content. Priority would be given to the appropriate analysis and interpretation of relevant
geophysical maps and data for the CCZ and to analysis of recent seismic activity in the CCZ based on information
registered by earthquake epicentres in the Eastern Pacific. As an outcome, the geological model development
showed the preparation of schematic maps at various scales reflecting tectonic features — fractures, faults and
lineaments, registered earthquakes, etc.

3. Volcanic activity

General structure and composition of the Clarion-Clipperton ocean floor had been influenced by several
stages of volcanic activity. First, it was observed that the volcanic origin had been formed as a result of seafloor
spreading courses at the East Pacific Rise. It was suggested at various scales that volcanic structures had been
superimposed on the primary seafloor fabric; plateaux, all volcanic seamounts would change the mountain ridges.
Volcanic plateaux outside the normal volcanic areas had been met with results in extreme relief in some parts. In
some areas the relief had been complicated by latitudinal change in volcanics, culminating in eight hundred (800)
to three thousand (3000) metres above seawater, and volcanic mountain ranges. Those ranges were being
controlled tectonically and might reflect primary crustal weakness along flow lines, perhaps generated as existent
key ridges or fracture zones.

The general view was expressed that, although the important role of volcanism in the Clarion-Clipperton
Zone was well known, no proper attention had been given to the comparative analysis of the age and nature of
volcanic activity in various parts of the CCZ. It was only the more intensive volcanic activity registered on the
north-east of the zone, within the western flank of East Pacific Rise spreading zone, with rather young basement,
where organic changes and ridges might represent volcanic structures typical for extinct spreading centres. It was
also more than the volcanic activities reported in the north-west, near the Line Island volcanic chain. That part of
the zone was confined to the transitional zone from the old to the young, with the crust dating back to more than
60 million years.

It was felt that the regional volcanism, in that part, may be different from volcanic activity in the east and
belonged to the processes of formation of volcanic ridges over a hotspot. It was considered that, in many respects,
proxy data for reflector would come in during various phases in the CCZ; maybe it would be similar in many
respects to those mentioned above in tectonic activity. Therefore, possibilities for development of the geological
model in that area might also be similar. However, the steps were going to be taken in relation to the various
regional volcanic structures in different parts of the CCZ. This also included certain analytical research including
age determination.

4.  Hydrothermal activity

Attention was drawn to the presentation with respect to values of traces of risen hydrothermal activity in
the CCZ. It was considered to be an important factor which deserved much attention during the development of
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the geological model. In particular, verification of the original observations was needed. The research would thus
be carried out to obtain additional information to legislate. The group considered whether that factor was of
significance, and thought that it was possible to suggest a proxy dataset on this stipulation. It was still unlikely
that, aside from basement sampling information, it would be possible to follow up with this research.

A view was expressed with regard to the possible interrelationship of nodule composition and the structure
with certain stages of a basic hydrothermal activity in the Clarion-Clipperton Zone, resulting in sufficient import of
metals in seawater and sediments, resulting in the formation of minerals and nodules intercalated with nodules in
the nodule phase, and which also contained the same elements. However, the group felt that factors of such
importance were not of value to the working groups dealing with the nodules' genesis.

B. Working Group on Bathymetry and Stratigraphy
(Allen Clarke)

| don't actually have a complete list of all the people who were in the working group. It was a highly-
dynamic group of people that kept changing. At any given time, there were inputs from up to 14 persons, and
down to about 6. So all those inputs of benefit that we were discussing today came from the participants; the
things which are in error, came from me. So you now know who to blame.

We sort of took a slightly different approach which came out about the same way as the previous group.
We started from the results of the initial meeting held in January. The general model that was put together for
manganese nodules consisted of these general characteristics, and there was very little specificity with respect to
these. | think you heard a lot more specificity so far today, and in the meetings that have taken place earlier, so
that we're beginning to sort of close in on providing some sort of better definition of these areas.

Our basic approach was to get the x-version model, largely based on a broad view of statistical and
structural tectonic analysis of the CCZ, therefore what we're trying to do is to reduce this model development a
smaller scale, so that it actually becomes an exploration model. | would say that what we've developed so far
could be called a reconnaissance model, in the exploration trade which is one step away from being an exploration
model.

The real issue is to begin to refine the model to the extent possible, into specific areas and then within those
areas, look at those in terms of their real exploration value one way or the other. Now, the basic data that has
been used so far, has been that information which has been compiled and is basically information that has been
provided by the pioneer investors, both in the initial application and subsequent to their contributions. The only
reason | reiterate this is to make the point that the data presently available to the Authority in their database only
represents a relatively small proportion of the total amount of data available in the region, and does not even
represent the complete totality of data for the reserved areas. There is, however, a great deal of information that
needs to be acquired in the CCZ, particularly in these areas. Exactly how one goes about doing that became the
heart and soul of our discussions.

Now, there is also a very large amount of publicly available information from national and international
institutions and their databases, to the extent that these have been integrated into some of the overviews
presented here. That information is sort of textually available, but a lot of it is very detailed, and is in very well-
formed databases, available from other institutions, so we'll be talking about this in terms of fortifying the
traditional data which will be acquired as we go forward.

The model that we've been working with, or discussing, in our group used primarily this list of issues, as
being those most relevant to refining the exploration model. When we talk about seafloor tectonics and volcanics,
there's obviously very little that one is going to add to the discussion that Yuri has presented. We may have,
however, two small issues as we go forward. The other matter that we will discuss is the water column and there's
not much we need to say about that, because | think David Cronan will be covering that part pretty well.
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We'll skip over those fairly quickly, and we'll spend most of our time looking at seafloor morphology to the
sediments, to the specific issues of hiatuses, and look at nodule facies and nodule morphologies, particularly in the
context of how these attributes can be acquired and integrated into the development of an exploration model
which is more area-specific than the existing model. That was really what we were attempting to do in our
discussion. Now, Yuri has already covered in great detail what needs to be done with respect to the geophysical
structural data relating to seafloor. Simply to reiterate, from our perspective, in addition to the broad association,
there is a need to acquire, to the extent possible, information which will allow us to define specific areas or
provinces, that are amenable to nodule development concentration, and it may have possible economic
importance.

What it means is one has to come back from the regional information and try to break it down into more
precise common areas that we can begin to develop more realistic models for evaluation, for exploration. Just to
reiterate, from our interest, these are primarily related to basement depth, and to spreading centres and to heat
flow. Those seem to be primary determinants that have lead, or may have lead to the individual provinces that we
see within the data so far. We perhaps need to get a better handle on this. Now, | think there is a common
recommendation that there needs to be an aerial reconstruction of the CCZ. Let's just say that that's one of the
things that has to be done. In terms of the water column, what are most important to our model has already been
discussed in great detail, obviously the carbonate compensation zone is absolutely critical to any kind of a model.
Getting a good analysis of the carbonate compensation zone over time is particularly important, in this area.
Getting some idea of the vertical dimensions of the zone, is also critical in looking at what nodule concentrations,
metal concentrations are going to look like.

More recently, to the extent that its relevance has not been discussed, is the need to look at the potential
impact of the Antarctic bottom water and other activities, and the effects that might have had on the ability of
nodules to form in the region. Particularly looking at carbonate, which is potentially the all-time killer of
manganese nodules. What we are suggesting is that there is a need to focus in on more local issues relating to
zones of fracturing and to the structures that may form at basins. That is, we need to know a lot more about the
form and distribution of seamounts in the region. We also need to know and gather more information on the
major structural erosional features.

It’s particularly interesting here because one of the issues is that there is a considerable amount of
bathymetric information and seismic information in the Clarion-Clipperton Zone, not all of which, of course, is in
the reserved areas, but some of it is, and in the adjacent areas belonging to the Pioneer Investors. One of the key
issues defining the small zones is going to be gaining access to this bathymetric information. In the paper, we
briefly discuss the problems with that bathymetric information; basically the comment was that although the
information was available, a substantial amount of it may not be correlated to the point that would be particularly
useful. Getting a better idea of the general morphology of the seafloor in more detail is therefore, a critical issue.
One of the recommendations which we'll see later, is to take the available information and put it on the one-
minute bathymetric map. The two-minute is supposedly being used, and supposedly refining the existing
information.

As far as stratigraphy goes, the close association of nodules, and the composition of nodules with different
sedimentary facies is well known, and we pretty much have an understanding of the relationship between these.
It is not clear that we have the detailed understanding of the individual types of the individual distribution of these
within the areas of greatest interest; so there is a need to get more precision with that. Another area in which
there is very little information within the Authority is with respect to all of the individual bottom samples, cores
and other types of sedimentological information. Gaining access to that kind of information is absolutely vital to
refining the model from the broad sorts of classification down to what may be the real controls on nodule
distribution and abundance. Now, the discussion on these topics was not particularly encouraging, and it has to do
with the fact of the classification of sediments by the individual pioneer investors. Each of them has apparently
used their own system of nomenclature, and there's not a lot of hope that this nomenclature can be rationalised
into a common one. That would represent a fairly significant problem, so it may be something that the Authority
does something about.
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In terms of nodule data, let me just say that, | had a group of people who really loved nodules, and so |
learned more about nodules; | thought | knew a little bit, but | learned | know very little. The major distributions of
nodules is fairly well-known, but the important recommendation here and the important observation with this is
that there is a very, very, large amount of information about nodules available, which is basically in bottom photos,
both individual photos, transect photos, video transfers and transects. This information provides a great deal of
very valuable information, to get at the fundamental issue of abundance. The other thing with nodules is that this
nodule distribution and analysis of the types of nodules and the morphology, perhaps gives you one way of
actually approximating the boundaries of what we would call potentially economic returns of nodules. So, there's
a great deal to be learned and done from extracting a very detailed assessment of nodule occurrence and
distribution based on photos and videos.

Basically, the characteristics of nodules are metal content with cores of matter. But using the nodules
themselves as a surrogate, if you will, or proxy, for looking at the values of areas in terms of metal content, and
perhaps in certain ways to define abundance, looks like a very promising area of research, and in the model itself.

As instructed by our leader, we went through each one of these areas and defined potential areas of data
sources for additional information that could be put in to help substantiate the models. To a large extent, the list
tends to be somewhat similar, that a large amount of the information is still in the hands of the pioneer investors,
both within the reserved and adjacent areas. There have been a number of other projects going on that provide a
lot of useful information with respect to sedimentation and the distribution on the seafloor in that part of the
area. That's been done largely by the Ocean Drilling Program, headed by Texaco. So there's a great deal of
additional information in the region that is available and in databases that would be accessible to the Authority.

In addition, a number of universities and ocean research groups have been working in the area and through
a whole variety of things - Craig has talked about his biodiversity traverse, etc. — all these provide information on
the sedimentation and the characteristics of the area. So there's a fairly large spectrum of information out there
that provides useful data. There has also been a great deal of information that has been done by naval research
programmes of virtually every country. A lot of this information is being made available. Data for the United
States, for instance, is already in the geophysical data centre, and publicly available in Denver, Colorado. This
information could be integrated into the databases to help refine issues that have been defined by this group. So
I'm going to skip through these in terms of the data sources for the other areas, because they are essentially the
same although there is a whole series of different ones.

Il go straight to the recommendations, which | guess is a part of this. Basically, the group has six
recommendations:

1. To develop a database of seafloor nodule topography.

2. To create a geophysical database on seafloor morphology and sedimentation; keeping in mind there's
a caveat in the paper that everyone should constantly read. What it basically says is, that in the
collection of this and any other data, there should not be an overall just grab collection of
information; this is a collection of information that's specific to an area and specific to a problem that
you wish to address. So it's going to require a very selective database; but if that information is well
thought out, when the acquisition is done, it will answer many of the fundamental questions that
have to do with nodule abundance and concentration in the Clarion-Clipperton Zone.

3. To undertake a programme aimed at defining the geological evolution of the CCZ, at least over the
last twenty million years. That's something that Yuri has talked about, and | think that's something
that Charles has talked about; so it's probably one of the things people need to do.

4. To get better maps in the reserved areas of sediment, and get better information from a variety of
sources that we can extrapolate in there because of the close relation of nodule characteristics with
the sediments. There is a need to look at heat flow information. A lot of that information has been
compiled and is available.

5. To think about general model development, based on specific structural areas, because these are
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going to be the fundamental controls on the nodules and their occurrence that people will have an
economic interest in.

6. Once the data on the definition areas that Yuri has been talking about has been acquired, we can
begin to construct more specific models for the occurrence, distribution and abundance of nodules in
the area.

We also need to formally request additional information from national and international agencies and
programmes and national data centres. | think there's also a need for the compilation of state special studies;
various particular important issues that have to do with manganese nodule abundance or concentration, that may
require special studies by international experts, pioneer experts, that the Authority will have to enter into
negotiations with to get those kinds of studies done, so that they can begin to develop more effective models in
the reserved areas. A wide range of people should have access to the information and continue to work on
refining and developing the models that are needed.

So those are basically the recommendations, which include five further points to the proposed work plan:

1. Initially enter into discussions with pioneer investors and other institutions/consortia to gain access
to the kinds of data that we have suggested here

2. Set up a framework for undertaking the paleoreconstruction of the CCZ for at least the last twenty
years. And we'd lay out a programme of how to approach that.

3. As recommended, basic data should be initiated through a series of very special studies to

characterise what we call nodule basins or areas of potential economic importance in the CCZ. And
that is to bring these models down to where they actually have a quasi commercial counterpart to

them.
4, There should be an evaluation of heat flow within the CCZ; and,
5. As soon as possible, develop different models for different tectonic areas.

This is the summary of the recommendations and activities of the working group on bathymetry and
stratigraphy

C. Working Group on Sediment and Water Columns
(David Cronan)

The relationship between productivity and grade and abundance (particularly abundance but also grade) is
not well known.

A task to help resolve this would be to check the relationships between nodule parameters between nodule
grade and abundance, in terms of productivity for the Clarion-Clipperton Zone and over the entire Pacific. This
work has been done in the South Pacific, and it's quite easy to do. | think it would be very useful to simply draw
maps or to do correlations between grade and abundance, and productivity for the CCZ data set.

Then we come on to other water column parameters, firstly - the oxygen minimum zone. The oxygen
minimum zone is not a parameter which has featured very much in nodule studies, mainly because it's a couple
thousand metres above most of the nodule fields. Nevertheless, in recent years it's been shown to have an
important effect on cobalt-rich or hydrogenous ferromanganese oxide crusts, which, if you like, are very close
relations of the nodules. It is also possible that there may be some effect on the nodules. However, the oxygen
minimum zone and the depth and intensity of the zone is dependent on productivity, so it's not an independent
variable. Whether its directly related, in other words, as productivity goes up the o and z parameters change in a
linear manner; is still not known but would be useful to find out.

We don't have this variable intensity through the Clarion-Clipperton Zone. It is possible that it might modify
the signal supply from the surface, as concentrations of metals in the sinking organic material. For example, if it's
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very intense, and the waters are nearly anoxic, the amount of organic carbon decay in it will be less. If they are not
anoxic, it could well be that organic metal in it will fall through, in some cases without significant modification or in
other cases indicate some modification. We don't know the answer to this and need to check this out.

On the basis of work done on the oxygen minimum zone in relation to ferromanganese crusts elsewhere, it's
likely that it's going to have a greater effect on cobalt, than on nickel and copper. This has certainly been the
experience that we get from the South Pacific when we get hydrogenous ferromanganese oxide crusts.

A task that we could include therefore, would be to conduct analyses of variance, of oxygen minimum depth
of intensity against nodule grade and abundance in the Clarion-Clipperton Zone or indeed in other areas, to see if it
differs from the relations of these variables to productivity. In other words, does it simply mirror productivity in its
behaviour or does it actually modify the signal supplied to the seafloor, by the authority. We simply don't know
this also and, again need to check this out.

Let me, at this point, come down to the seabed, and to the calcium carbonate compensation depth; a
critical parameter that everyone has emphasized. All | can do is reemphasize it. The calcium carbonate
compensation depth intersects the seafloor, and is probably not horizontal going from east to west; but if you look
at the literature, there are various estimates of what it does. | think one of the first things we need to do is
actually check it out and find out at what depths it actually is. We know it varies from north to south, but what we
don't know is how it varies from east to west.

We do know that the sediments in the east of the area tend to have a higher component of carbonate ooze
than the sediments in the west of the area, which are predominantly siliceous oozes. So clearly, more of the
seafloor must be above the calcium carbonate compensation depth (CCD) in the eastern zone than in the western
zone.

So, what is the importance of the CCD, in terms of nodule abundance? We know by looking at photographs
and measuring the abundance, and we also know that nodule abundance in many areas tend to increase in the
vicinity of the CCD. There's a concentrated process here and its very logical because the rate of sedimentation on
the seafloor decreases as you get towards the calcium compensation depth and calcium carbonate is removed. We
also know that nodule abundance is inversely correlated with sedimentation rate and would expect an increase in
abundance towards the CCD. Indeed that is what | found, and | have tried to represent that in these findings. If
we go above the CCD, nodule abundance drops off, and as we go below the CCD nodule abundance drops off too,
but, in the vicinity of the CCD, it's quite high.

I've been shown some diagrams based on work in the South Pacific, showing how it affects grade in the
South Pacific. There was a diagram showing the two main minerals in the nodules: 10-angstrom manganite and
delta-MnO, indicating the calcium carbonate compensation depth, the distance below and the distance above.
When we look at the distribution of this ratio, we see a clear increase in the ratio between 10-angstrom manganite
and delta-MnO, in the vicinity of the CCD. These minerals are essentially proxies for composition, because the 10-
angstrom manganite is enriched in nickel and copper and delta-MnO, is enriched in cobalt. Now this was the
general relationship for the whole of the Penrhyn Basin. If we look at specific sites that are shown, the findings are
that as we come down to the CCD, we find that the concentrations of manganese, nickel and copper in the nodules
increased overall; whereas iron decreased toward the CCD. If we look at this station, the seafloor was actually
below the CCD, but in a group of stations, five degrees south, just south of the Clarion-Clipperton Zone;
manganese, nickel and copper values in the nodules showed an increase and then a decrease. | think that in spite
of the scatter, iron and cobalt may do the reverse.

§
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CHAPTER 21 WORKING GROUP REPORTS AND WORKSHOP
RECOMMENDATIONS

Introduction

Background and Programme Objectives

One of the primary responsibilities of the International Seabed Authority (ISA) is to assess the quantities of
metals to be found in polymetallic nodules. In this regard, the Authority undertook such an assessment for the
reserved areas in the Clarion-Clipperton Zone (CCZ) using the data and information that were submitted to it by
registered pioneer investors and that are maintained in its POLYDAT' database. The data and information
submitted by the six registered pioneer investors, while adequate for some resource assessment, are not sufficient
to allow an estimate of the quantities of metals to be found in these areas with a reasonable degree of confidence.
Since the Authority does not have the financial resources to assess the resources via exploring the international
seabed areas under its purview, geologic modelling is the most cost effective approach to overcome this problem.

Given the variability of nodule occurrences in the CCZ, modelling will not be an easy task. The Authority
therefore, convened a meeting of a group of invited scientists in Kingston, Jamaica in January 2003 to consider
various elements that should be included for such modelling.

The meeting in Kingston, subsequently called the Meeting of Scientists, examined several interrelated
processes in oceans, lithosphere, and its sediment cover, as well as in the atmosphere and the biosphere, that are
involved in the formation of nodule deposits. The scientists also discussed the results of scientific research
correlating nodule grade and abundance with, inter alia, a surficial seismically transparent sediment layer to be
found at potential nodule mine sites, seismic/volcanic activity in the CCZ, seabed topography, and certain
properties of the sediment layer at potential deposits. Participants also discussed geostatistical methods and
techniques that have the potential of being effective in geological modelling, and they produced a preliminary
outline for a programme of work that formed the basis for subsequent programme development.

Based on the results of the Meeting of Scientists and subsequent discussions with its participants and
others, ISA formulated the following general objectives for the proposed geological model development
programme:

Develop a prospector’s guide to include:
e Acquisition, examination and documentation of data that characterize the polymetallic nodule deposits of
the CCZ and the natural environment in which they have formed Selection and preparation of specific
data sets for use in the development of a quantitative geological model.

Develop a geological model to include:

e Improvement and extension of the polymetallic nodule resource assessments for the CCZ;
e Establishment of quantitative relationships between resource variables and environmental variables;

POLYDAT is the International Seabed Authority’s database on polymetallic nodules in the areas reserved for the Authority.
The data and information currently contained in POLYDAT were provided by the registered pioneer investors in seabed
exploration upon their registration by the United Nations Preparatory Commission that developed the International
Seabed Authority organization.
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e Complete documentation of methods to permit incremental improvement of the model;

The Meeting of Scientists concluded that data and information required for the proposed Geological Model
of the CCZ should be as broad as possible and should be based on standards to be developed by the ISA. The
participants recommended that the ISA convene a workshop to draft more detailed recommendations for the
development of the model. They suggested that the workshop participants include experts from academic
institutions, public and private enterprises, contractors, members of the ISA Legal and Technical Commission and
representatives from ISA Member States.

In response to this recommendation, the ISA convened such a workshop from 13 to 20 May 2003 at the Fiji

Sheraton Hotel in Nadi, Republic of the Fiji Islands. The remainder of this section describes the specific objectives
addressed at the workshop and the methodology employed to address them.

Workshop Obijectives

The workshop addressed the following objectives:

e Complete a review of the theoretical aspects of nodule formation;

e Discuss the basic geologic structure of the CCZ and the components of the geologic structure that will
be required for resource assessments, identify the key nodule parameters for inclusion in the model;

e Encourage proposals for scientific research to assist in confirming apparent correlations between
nodule grade and abundance with various events or environmental characteristics of the CCZ;

e Examine the application of geostatistical methods to resource estimation; and,

e Review the programme of work developed at the Meeting of Scientists and develop a more detailed
programme for implementation by the ISA.

The workshop also included a summary by Professor Craig Smith of the University of Hawaii of the work
being undertaken with regard to the biodiversity, species ranges, gene flow, and other research related to the
protection of the marine environment from the impact of exploration and mining of deep-sea polymetallic
nodules.

Workshop Methodology

Experts in the several relevant disciplines, including marine geology, geochemistry, biology, and geophysics,
delivered technical presentations during the first three days of the workshop which identified the major tasks that
the Authority should undertake to construct the geological model. The participants then broke into three working
groups, each charged with developing specific recommendations for a programme to develop the model. The
working groups developed their recommendations over the course of two days of informal meetings, and many
individuals participated in more than one of the Working Group deliberations during this period.

The working group chairs presented their recommendations to the full assembly of participants, who
discussed these recommendations at length in an open forum. The result of these discussions was a consensus on
the priorities for tasks that the Authority should address in the programme. The resultant set of priorities was
synthesized into a programme of work that was also discussed and modified until a final consensus was achieved.

The remainder of this report presents the key elements of this consensus including subject areas addressed by the

working groups and their specific recommendations for programme tasks and general recommendations from the
workshop, incorporating the specific working group recommendations into a general plan for implementation
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Working Group Recommendations

After three days of presentations, the workshop participants formed three working groups to formulate
specific recommendations for the development of the geological model. The objectives for the working groups
were:

1. To identify specific, available data sets that can be used in the development of the model; and,
2. To specify the methods to be used for incorporation of the data into predictive models.

The chairpersons for the working groups were charged with assembling the final recommendations of each
group. These are presented in the following sections.

Working Group on Tectonics and Volcanic Activity
Chair: Dr. Yuri Kazmin

The working group on tectonics and volcanism met and worked on Friday, 16 May 2003. It was composed
of: Dr. Y. Kazmin (Chair), Mr. S.K. Das, Mr. B. Diene, Prof. Wenzheng Lu, Mr. K. Mafi, Dr. L. Parson, Ms. C. Pratt, Mr.
R. Taake, and Dr. V. Yubko.

The discussions in the working group focused on the processes of tectonics and volcanism in relation to a
Geological Model of the CCZ on a global (the entire CCZ), regional (large contiguous areas within the CCZ
characterized by distinct tectonic or bathymetric features) and local (small areas usually where extensive survey
activity has taken place) scales. The group decided to make the discussion as comprehensive as possible, by
including processes of plate motion and subsidence, as well as hydrothermal activity.

Tectonic and volcanic processes (including plate motion and hydrothermal activity) potentially related to
nodule formation and metal accumulation in the CCZ at a range of scales, were discussed. The group identified
suitable proxy factors and data from which the tectonic and volcanic processes could be determined. The working
group also discussed appropriate actions that should be undertaken in the process of developing a geological
model to establish the interrelationship of tectonic and volcanic activity with nodule abundance and grade and
spatial distribution of nodules deposits in the CCZ.

A point was made that tectonics and volcanic activity may have direct relationship with nodule grades being
a source of metal supply. Tectonic processes on a global scale may also have played the important role indirectly
by creating favourable conditions for the nodule formation in the CCZ.

It was also pointed out that the actions to be taken during the development of a geological model in

connection with tectonics and volcanism shall deal with the collection and processing of raw data as well as with
interpretation of such original data.

Plate Motion and Subsidence

Plate motion and seafloor subsidence were considered to be important factors since these processes
ultimately influenced the bathymetry and the depth of the ocean floor and its interrelationship with key
biochemical layers of the water column (such as the carbonate compensation depth, CCD) and how the increase of
depth along the CCZ varies and might have been a result of the plate’s spreading history. This was discussed for the
East Pacific Rise and its subsequent cooling history.

It was noted that the oceanic crust of the CCZ dates from 65 (in western part) to 10-20 million years (in the
eastern part) and that its formation was related to the spreading processes at the East Pacific Rise. The CCZ could
be considered to comprise three physiographic zones, defined by bathymetric character, and separated at 140° W
and 125° W. The western part belonged to a transitional zone from a relatively old oceanic plate to a relatively
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young oceanic plate, with the crust dating more than 60 million years (up to 74 million years). The middle block of
the CCZ was located on a “young” oceanic plate (30-60 million years), and the eastern part was confined to a
transitional zone from a young oceanic plate to a spreading centre at the East Pacific Rise (10-30 million years).
This subdivision was based on a location of axes of magnetic anomalies and the results of the work of the Deep-
Sea Drilling Project. It was a common view in the group that the plate motion might have been closely related,
although indirectly, to the phenomenon of nodule formation in the CCZ by creating favourable environment for
nodule accumulation in connection with the palaeo-position of the CCD layer and bio-productivity zones.

It was noted that some researchers were inclined to relate nodule composition and grade to the age of the
crust substratum. A view was expressed that the phenomenon of the CCZ with respect to spatial trends in positive
or inverse correlation between metal grade and abundance in nodules might be also related to the age and
tectonic structure of oceanic crust as a result of plate motion and requires addressing within the geological model.

It was agreed that the age, composition and structure of the oceanic crust in the CCZ might constitute a
suitable proxy for the review of plate motion and subsidence. This could be derived through the synthesis,
interpretation and analysis of the available data on free-air gravity anomalies and magnetic anomalies and other
relevant geophysical information derived from published and unpublished sources, including data from various
data centres and published maps. The tectonic and depositional history of the CCZ could also be quantified by
review and interpretation of geological results of the Deep Sea Drilling Project.

It was agreed that the actions that should be undertaken in the course of the geological model development
would include collection, review and interpretation of gravity, magnetic and other relevant geophysical data and
maps, which might be available in public domains and other sources. The collection and review of the Deep Sea
Drilling Project data and information would be undertaken simultaneously, as well as of other available
information on the age of the basement and overlying sediments.

A digital map series reflecting the basic tectonic structure of the CCZ substratum and its age might be
compiled.

Another view was that it would be useful and helpful to develop a model of the tectonic evolution of the

CCZ during the past 20 million years, in order to understand better a possible relationship of nodule genesis and
formation processes in the CCZ in relation to the geological history of the Eastern Equatorial Pacific.

Tectonic Activity

The process of tectonic activity, including crustal structure faulting and fracturing, was one of the major
components of a geological model on a regional and global scale. Some scientists advocated volcanic and
hydrothermal activity as a primary source of metals, which potentially exploited crustal weaknesses, such as major
fault systems as channels of metals supply to the ocean floor. Another view was that fracture and fault zones
might provide access for the supply of free oxygen, therefore creating favourable environment for nodule
formation.

The general structure of the CCZ crust consisted of several stages of faulting and fracturing of the basement.
The primary structures were the Clarion and Clipperton transform faults. In addition, a normal fabric of pervasive
faulting that was parallel or sub-parallel to the East Pacific Rise and was generated during the normal processes of
seafloor spreading characterized the oceanic basement of the CCZ. That spreading process had been dated using
magnetic-anomaly data and the ages of the basement rocks, obtained mostly through radiometric dating of core
samples from the Deep Sea Drilling Project.

Well-documented sub-latitudinal volcanic ridges and seamount chains, parallel to the Clarion and Clipperton

faults, strongly suggested tectonic control of volcanic activity — the ages of which might be diverse and needed to
be validated where possible. The sub-longitudinal fault system (approximately parallel to the East Pacific Rise) was
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responsible for the predominant regional and local morphological landscape of the CCZ and was expressed by
classic horst and graben structures of basaltic basement. An understanding of the significance of the primary
seafloor fabric, and its relationships to the tectonic evolution of the CCZ was essential for understanding the
consequent effects that those tectonic processes had on the sedimentation and re-sedimentation processes.

While considering the issue of possible relationships between nodule abundance and tectonic processes in
the CCZ, the group recalled the presentation made at the workshop highlighting the spatial relationship between
high nodule abundance and the postulated “Unnamed Fracture Zone.” That poorly constrained structure was
believed to extend along the central part of the CCZ, approximately parallel to the Clarion and Clipperton fractures.
In view of the potential significance of that spatial relationship, it was felt that particular attention should focus on
that issue in the course of the development of the geological model. The existence and location of such a fracture
zone should be investigated through proper analysis of bathymetry and other geophysical and geological datasets.
The appropriate analysis of available sampling data with respect to nodule abundance and grade within profiles
across the fracture zone should be carried out wherever possible.

The same view was expressed with regard to an assumption of a possible correlation of manganese
concentrations in the polymetallic nodules of the CCZ, on both global and regional scales, with fractures and faults
of the NW and NW-W direction, which were confined to the E-SE extension of the Hawaiian volcanic ridge system.

With regard to possible proxy data, which may be used to constrain a tectonic framework of the CCZ, the
general view was that the seafloor topography expressed tectonics on a regional and local level. The relief in
general reflected the basement structure formed by various stages of faulting and volcanic activities. The analysis
and interpretation of the ocean floor topography and the calibration of these data with other geophysical
parameters might facilitate the identification and delineation of fracture and fault systems.

Sharply linear volcanic ridges and volcanic seamount chains strongly suggested sub-latitudinal fault systems
on both regional and local scales. Attention was drawn to some presentations, which indicated that nodule
abundance and metal grade anomalies were spatially related in the CCZ and to certain lineaments of various trend
on a regional scale. A view was expressed that, in addition to bathymetry and seabed morphology, the fault and
fracture systems might be identified through an appropriate analysis of the spatial distributions and configurations
of nodule fields.

Other important indicators of global and regional deep fault and fracture systems might be gravity and
magnetic anomalies, as well as crustal age, composition and tectonic structure of the basement and overlying
sediments. The locations of recent volcanic activity and earthquake epicentres in the Eastern Pacific might also
represent important evidence of tectonic activity in the past.

With regard to actions that might be undertaken for the development of the Geological Model the group
recommended the analysis and interpretation of the bathymetry and topography maps of the CCZ (to be compiled
at a scale 1:500,000 — 1:1,000,000) as well as a review of all data and information on bathymetry and topography.
That work would be undertaken with an aim of delineating fractures, faults, and other lineaments at various scales
to develop a tectonic framework for the model. The same procedure should also be applied with respect to
available information on the spatial distribution and configuration of such nodule parameters as abundance and
metal content, including relevant maps to be compiled.

Priority should also be given to an appropriate analysis and interpretation of relevant geophysical maps and
data for the CCZ. Analysis of recent seismic activity in the CCZ, based on information on registered earthquake
epicentres in the Eastern Pacific, should be also conducted. As an outcome, development of the geological model
should include the preparation of schematic maps and schemes of the CCZ on various scales reflecting tectonic
features (fractures, faults and lineaments, registered earthquakes, etc).
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Volcanic Activity

The general structure and composition of the CCZ ocean floor had been influenced by several stages of
volcanic activity. First, its substratum had a volcanic origin, formed as a result of seafloor spreading processes at
the East Pacific Rise. It was suggested that at various scales, volcanic structures had been superimposed on the
primary seafloor fabric as volcanic plateaus, old volcanic seamounts, volcanic chains, and mountain ridges.
Volcanic plateaus and sub-latitudinal volcanic ridges had been mapped in the western reserved areas, which
resulted in extreme relief in some parts. In many reserved blocks the relief was complicated by sub-latitudinal
chains or ridges of volcanoes, which rose 800-3000 m above the seafloor. Those ridges appeared to be controlled
tectonically and might reflect primary crustal weaknesses along the ridge lines, perhaps generated as ridge-axis
discontinuities or fracture zones during seafloor spreading. Such volcanic chains had been mapped in almost all of
the reserved blocks in the CCZ.

A general view was expressed that, although the important role of volcanism in the CCZ was well
recognized, no proper attention had been paid to the comparative analysis of the age and of nature of volcanic
activity in various parts of the CCZ. It was noted that more intensive volcanic activity was registered in the remote
eastern part of the CCZ, which lay within the western flank of the East Pacific Rise and consisted of a rather young
basement. Thus, the volcanic chains and ridges might represent volcanic structures typical for extinct spreading
centres.

It was also noted that intensive volcanic activity was reported in the remote west near the Line Islands
Volcanic Chain. That part of the CCZ was confined to a transitional zone from a relatively old oceanic plate to a
relatively young oceanic plate. In that region, the type, age, and origin of volcanism might be different from the
volcanic activity in the east and might belong to the processes of formation of volcanic ridges over a hot spot.

It was considered that, in many respects, proxy data for reflecting volcanism during various stages in the CCZ
might be similar to those mentioned above for tectonic activity. Therefore, possible tasks for development of the
geological model might be also similar. However, steps should be undertaken to determine the ages of various
volcanic structures in different parts of the CCZ. That might also include a certain programme of sampling and
analytic research (including age determination) undertaken by the contractors in the near future in conjunction
with their exploration work.

Hydrothermal Activity

Attention was drawn to a presentation at the workshop with respect to findings of traces of recent
hydrothermal activity in the CCZ. It was considered to be an important factor, which deserved much attention
during the development of the geological model. In particular, verification of the original observations was
needed. Certain research should be carried out to obtain additional on the subject. A view was expressed on the
potential for palaeo-hydrothermal activity (contemporaneous with the formation of the basement crust at the East
Pacific Rise) to have influenced basement composition. The group considered whether that factor was of
significance, and, indeed if it were possible to suggest a proxy dataset to address that speculation.

A view was expressed with regard to possible interrelationships between nodule composition and
hydrothermal activity in the CCZ. Hydrothermal activity might have caused the formation of hydrothermal layers
in nodules interspersed with hydrogenous layers. However, the group felt that consideration of such a hypothesis
was not within its competence and should be considered by the other working groups.
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Working Group on Bathymetry and Stratigraphy
Chair: Dr. Allen Clark

Introduction

The working group on bathymetry and stratigraphy undertook its activities within the framework prescribed
by the International Seabed Authority to:

Develop both a narrative and a predictive exploration model for manganese nodule exploration within the
Clarion-Clipperton Zone (CCZ) with the narrative model being largely qualitative and the predictive model largely
quantitative in structure. Both of the models should build upon the key parameters previously defined during the
January meeting of the working group that included, but were not restricted to the following:

e  Water depth

e  Water column characteristics

e Seafloor topography

e Palaeo-environment and sedimentation
e Nodule origin and distribution

In the formulation of the exploration models, the working groups were asked to focus their deliberations
and recommendations within the context that:

e Data must be currently available for a useful portion of the EEZ
e  Workshop participants agreed that the data were clearly linked to nodule grade or abundance

With respect to specific data inputs the working group on bathymetry and stratigraphy was asked to:

e Identify sources of proxy data

e |dentify potential sources of error in different datasets

e Define the quantitative link between the proxy data and nodule abundance and grade

e  Produce a document on working group findings and recommendations

e  Report on future work to be undertaken and establish quantitative links between the proxy data and
nodule abundance and grade.

Model Formulation

In the formulation of both the narrative exploration model (NEM) and the predictive exploration model
(PEM) the working group built largely on the discussions held at the January meeting of the group and on the
presentations/discussions of the present workshop. Formulation of the NEM and the PEM of the working group
was based on the following initial considerations:

Approach

Exploration model activities to date had been largely based on a broad geostatistical and structural/tectonic
analysis of the CCZ, therefore, present efforts should attempt to develop more site/area specific exploration
models.
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Data Sources

Data sources to be included in the models would incorporate presently available data in GEODAT but, to the
extent possible, include other data, such as:

e Data provided to the International Seabed Authority as part of the application process for pioneer status.

e Data presently held by registered pioneer investors on adjacent areas
e  Publicly-available data in national and international institutions and databases.

Proposed Narrative Model

Manganese nodules in the Clarion-Clipperton Zone have been extensively studied and the parameters that
influence their origin, occurrence, distribution, and metal content are, in general terms, relatively well understood.
However, the specific impact and the interaction of the multiple parameters is less well know and in many cases
problematic. Key parameters controlling the origin, distribution and manganese nodules in the CCZ that were
considered in the working group on bathymetry and stratigraphy include, but are not limited to, the following:

e  Water depth

e Characteristics of the water column (CCD — CDSi02)

e Seafloor tectonics/volcanic activity (20 MY to present)

e Seafloor age/spreading history (20 MY to present)

e Seafloor morphology (regional- macro)

e Sediments (total distribution, thickness, facies and type)

e Hiatuses (Eocene and late Miocene)

e Nodule facies (east to west variation)

e Nodule morphology/size (qualitative and quantitative value)
e  Primary productivity

Proposed Predictive Exploration Model

Specific data requirements and their related importance to the development of a proposed predictive
exploration model were defined and briefly discussed, as follows:

Water Column

The most important factors were the distribution of the zone of high bio-productivity and the occurrence of
the carbonate compensation depth (CCD).

ccb

o  Depth from east to west (should deepen)

e Impact of bio-productivity on the CCD

e Distribution of carbonate within the CCD overall and the reserved areas in particular

e  Palaeo-distribution of the CCD (assuming the bio-productivity zones stayed essentially the same over
time).

e Impact of the Antarctic Bottom Water on more recent sedimentation and nodule development related to
the CCD.

The CCD was a critical factor in the occurrence, distribution, abundance and metal content of Mn nodules
throughout the CCD, now and in the past, and therefore its nature and distribution was of critical importance in
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the formulation of the PEM. Of particular importance was the inhibiting impact of carbonate sedimentation on
manganese nodule development and the fact that nodules developed above the CCD were typically higher in
cobalt and manganese whereas those below were higher in Ni and Cu.

Required geophysical/structural data: Grain of the seafloor

Provinces

Local structure

Fracture zones

Basement depth

Plate motion

Volcanic structures — seamounts/volcanoes
Palaeo-tectonics, spreading centres

- Each created different structures

- CCZ spreading centres finished 10 MY ago

Heat flow

The gross structural features of the CCZ in large part determined the occurrence, distribution, abundance

and, to a greater or lesser extent, the grade of manganese nodules. To further refine the predictive exploration
model it would be necessary to further refine the macro and microstructure of the CCZ and the reserved areas of
ISA, in particular.

Required morphological data: Major structural features reflected in the topography’

Zones of fracturing

Horst and graben structures

Seamounts (volcanoes)

Major structures (erosion features)

Palaeomorphology of the manganese areas (with and without sediments) from Miocene onward (can be
done by the French)

The major morphological structure largely determined the areas of accumulation of manganese nodules.

The specific characteristics of those structures (size, slope, surface texture, cover) further refined the distribution,
concentration and composition (related to CCD on seamounts) of the nodules.

Required sedimentology/transparent layer (sedimentation, erosion, re-sedimentation) — surface and

transparent-layer sediments

Distribution of sediments (carbonates, silicious oozes, zeolitic clays®

Presence or absence of Eocene and late Miocene hiatuses

- Hiatus periods necessary for nucleation

- Inareas of 2 hiatuses second generation nodules are normally cored by manganese nodule
fragments

Thickness of the transparent layer*

2

It should be noted that a significant amount of bathymetric data of all types is poorly correlated with geographic position
data (particularly in earlier cruises) and therefore may be of limited use, other than providing information on general
morphology and stratigraphy.
Attempts to rationalize the nomenclature among the registered pioneer investors have proven unsuccessful, and this will be
a major constraint on developing the sediment component of the Predictive Exploration Model.
Registered pioneer investors can give guidance to the interpretation of data the ISA acquires. This can be done both for
flow directions/patterns and for the origin of transparent layers.
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- Transparent-layer materials are poorly consolidated

- Basically the transparent layers were in the valleys between the ridges
e Sedimentation rates (particle flux rate)

- Sedimentation rate should be less than 5mm/1Ky

- Accumulation rate 2gm/1Ky
e Bioturbation
e Erosion and re-deposition

The role of present and past sedimentation within the CCZ was considered critical to virtually every aspect
of nodule occurrence, distribution, abundance and metal content and was therefore extremely important to the
development of the predictive exploration model, in the formulation of which, the following factors, related to
sedimentation must be considered:

e Thickness was the important issue and drift (reworked) deposits were normally much thicker

e The most abundant areas of nodule concentration were associated with silicious oozes and zeolitic clays

e Sedimentary zones outside the high bio-productivity zone did not accrete nodules

e The presence or absence of the Eocene and late Miocene hiatus directly impacts the nature and
abundance of manganese nodules

e The thinner the post-hiatus sediments, the fewer the nodules, whereas in areas of thick post-hiatus
sediments, the nodules were more abundant (German area)

e In the eastern (Interoceanmetal) portion of the CCZ, only one hiatus was evident, whereas to the west,
both hiatuses were evident, although post-hiatus deposits might be thin

Nodule development was strongly influenced by the rates of sedimentation, erosion and current flow (i.e.

they must be balanced to foster growth) and too little or too much had a decidedly deleterious impact. The net
rates of sedimentation, erosion and current were critical.

Required Nodule Data (occurrence, distribution, abundance)

Nodule morphology and distribution might be proxies for abundance in certain circumstances. The
following considerations were important in this regard:

e  Major concentrations of nodules were found in valleys and basins
e Slope nodules were normally smaller and more abundant whereas valley/basin floor nodules were
larger and less abundant
e Nodule zonation (east to west)
- Sample bias was a problem
e Nodules that enclosed fragments of older nodules required that there be two hiatuses
- Might be related to winnowing and recycling in high current areas
e Limit of nodule fields was indicated by mixture of nodule types
- Change in nodule types/distribution in short space
e Nodule associations
- Largest and richest nodules were underlain by silicious oozes and zeolitic clay with a high content
of Aeolian dust
- Basin nodule abundance in rich areas was >10/kg/m2 and had a grade of 2.5% combined metal
- More Co in the hydrogenetic and more Cu and Ni in diagenetic 10A Mn
e Representative nodule morphologies
- Polynucleate
- Spheroidal
- Discoidal
- Tabular
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A significant amount of information existed, particularly as a result of more recent cruises, on the
occurrence, distribution, abundance and morphology of Mn nodules in the CCZ overall and within the reserved
areas of the Authority. The members of the working group on bathymetry and stratigraphy noted that, to date,
little analysis of those factors within the reserved areas had been undertaken, although considerable study and
modelling of these parameters had been done by the registered pioneer investors within their areas. The sharing
of those results would contribute substantially to the Authority’s ability to interpret nodule data, particularly from
bottom photos and video, for use in developing its predictive exploration model.

Data Sources

Although the Authority had acquired a significant amount of information from the registered pioneer
investors on its reserved areas, a vast amount of additional valuable information on those areas had not yet been
acquired and would be valuable for constructing and refining a predictive exploration model for the reserved areas
of the Authority. Additionally, the registered pioneer investors had considerable information, at a much higher
level of completeness, on areas adjacent to the reserved areas, and access to those data would materially assist
the Authority in its present and future PEM activities.’

Similarly, it was recognized that considerable critical data for the construction of both the NEM and the PEM
resided in the archives and/or active files of many national and international databases, organizations and
agencies.

Therefore, a critical activity of the Authority was to identify and gain access to relevant data, both from the
registered pioneer investors and other sources, to foster the development of its modelling effort. In the following,
an overview of potential data sources considered essential for constructing the bathymetric and stratigraphic
portions of the NEM and the PEM are listed:

Bathymetric Data

o NOAA bathymetric model data

e Registered pioneer investors

e Composite bathymetric maps

e  Basic data files (multi-beam echosounders, SeaBeam and 3.5 kHz seismic profiles)

e Research programmes JOIDES/DSDP/ODP

e  Universities/Institutes — Lamont-Dougherty, Scripps, Woods Hole — numerous universities
e Naval research programmes

Stratigraphy and Sedimentation

e Registered pioneer investors
- Basic data (Multibeam echosounders, SeaBeam and 3.5 kHz seismic profiles)
- Piston cores
- Grab samples
- Core samples
e International research programmes
- JOIDES - DSDP
- ODP (Texas)
- Pacific Bio-productivity Traverse

> Although considerable data exist, because of poor spatial location the value of the data, other than for general inputs to

the PEM may be limited in many cases.
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e Universities and Institutions - Lamont-Doherty, Scripps, Woods Hole — numerous universities

Tectonics/Geophysics

e Registered pioneer investors (multi-beam echosounders, Multibeam and 3.5 kHz seismic profiles)
e Universities and Institutes- Lamont-Dougherty, Scripps, Woods Hole — numerous universities
e Naval research programmes

Nodules

e Pioneer investors
- Photos
- Video
- Box cores
- Grab samples
e Bio-productivity (Pacific Bio-productivity Traverse)

Recommendations

Based on the discussions within the working group on bathymetry and stratigraphy and the critical
components defined for the predictive exploration model, the following recommendations were made for
consideration by the ISA:®

The International Seabed Authority should develop a database of seafloor nodule photography, for critical areas of
the reserved areas of the Authority for purposes of establishing nodule continuity, distribution, abundance and
morphology and for characterizing and assessing the resource potential of specific “Nodule Basins.”

The Authority should undertake to create a geophysical database on seafloor morphology and
sedimentation, for critical areas of the reserved areas of the Authority, based on Multibeam data and 3.5 kHz
seismic and for the purposes of defining permissive areas of nodule accumulation, defining seafloor, slope,
roughness characteristics and defining “transparent layer” characteristics.

The Authority should undertake a programme of activities aimed at defining the geologic evolution of the CCZ over
the last 20 MY. That reconstruction should focus on:

- Palaeotectonics (including spreading rates)

- Palaeobathymetry

- Palaeomorphology

- Palaeostratigraphy (sedimentary facies and nodule distribution)
- Antarctic Bottom Water

- CCD

The Authority should undertake to develop detailed sediment maps within and adjacent to its reserved
areas with special emphasis on defining areas of:

(a) Carbonate
- Silicious ooze

In requesting data, ISA should specifically define areas of importance, based on other factors, for the acquisition of data
and within those areas acquire only those data that can be geospatially located and subsequently integrated with other
data.
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Zeolitic clays
Geologic hiatuses

The Authority should acquire information on heat flow within the Clarion-Clipperton Zone and evaluate
these data in the context of:

(b) Their influence/association with nodule occurrence, distribution and metal content.

Influence/association with regional nodule facies.

To define or refine existing/future exploration models it is proposed that the ISA extend the
existing NEM and PEM modelling activity to develop exploration models, based on specific
structural areas, that would focus on the interaction of:

(c) Bathymetry

Differing spreading rates
Differing nodule facies
Sedimentation types and rates

(d) Nodule abundance

Undertake the above recommendations the Authority should undertake and support the
following activities:

Request for additional information (as detailed above) with appropriate metadata from the
registered pioneer investors (for critical areas of the reserved areas of the Authority and
adjacent areas of the pioneer investors); from national and international agencies and
programs; and from national data centres.

Compile_special studies by international experts/pioneer investors, requiring access to
confidential basic data or unique knowledge, to resolve specific issues of concern for the ISA
model programme.

Develop an open system of data access, to the research community, of Authority’s data for the
purposes of fostering additional research on the reserved areas.

Proposed work plan

Based on the above recommendations it is proposed that the Authority undertake, as appropriate and
within a reasonable period, the following work plan:

- Based on the defined data needs for the Predictive Exploration Model, the Authority should enter into
discussions with the registered pioneer investors and other institutions to gain access to needed data,
specifically bottom photos and geophysical data.

- A framework programme for undertaking the palaeo-reconstruction of the CCZ for the last 20 million
years, including specific data needs and potential sources, should be defined and initiated.

- As recommended, basic data acquired by the Authority should initiate a series of specific studies to
characterize “nodule basins” and nodule characteristics (abundance, distribution, morphology and
controls within its’ reserved areas.
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- An evaluation of palaeo to recent heat flow within the CCZ should be undertaken.

- To the extent possible, based on the above activities, specific exploration models for differing tectonic
areas should be developed.

Working Group on Sediments and the Water Column
Chairs: Prof. David Cronan and Dr. Philomene Verlaan

Originally, the Workshop participants decided to convene two separate groups, one devoted to sedimentary
processes and the other devoted to processes that take place in the water column. However, the groups agreed
that there was considerable overlap in interests, so they decided to combine into a single group to discuss both
types of oceanographic processes. This combined working group developed the following recommendations:

Water Column

Surface Currents

These were not thought to be significant in affecting the grade and abundance of the nodules.

Variable Metal Sources

While it was recognized that there may be more than one source of metals to the nodules, it was not felt
that possible local sources of metals would have any regional impact. More important are extraction processes in
determining nodule grade and abundance.

Primary Productivity

The export fraction of total biological productivity was believed to be an important transporter of metals to
the sediment interface. However, nodules grade and abundance were not linearly related to productivity. Rather
they increased as productivity increases up to a certain point and then decrease as productivity increases further.
At what value of productivity does this point occur?

Task: To determine relationships between nodule parameters and productivity, map nodule grade and
abundance in the CCZ and compare with productivity, as done in the South Pacific.

Oxygen Minimum Zone Depth and Intensity

The oxygen minimum zone was variable in both depth and intensity through the CCZ. Its position and
nature were largely determined by productivity. Thus it was not an independent variable. However, it could
modify the metal signal sent down by productivity and as such should be investigated.

Task: Conduct analysis of variance of oxygen minimum zone depth and intensity against nodule grade and
abundance in the CCZ to see whether it differs from the relationship of those variables to productivity.

Calcium Carbonate Compensation Depth

In some areas greatest nodule abundance occurred near the CCD because of the reduced sedimentation
rates there. In the South Pacific high productivity area the nickel and copper content of the nodules was related to
distance from the CCD.
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Task: Do an analysis of CCD depth in 52 longitudinal blocks from east to west across the CCZ, using the same
methods as used in the South Pacific. Then plot copper and nickel in nodules with distance from the CCD.

Benthic Currents

No evidence was presented of composition of variability in bottom water currents in the CCZ that could be
held to account for nodule grade. They were considered to be more important in affecting nodule abundance by
influencing the sedimentation rate.

Sediments

Sediment Type and Sedimentation Rate

Carbonate ooze. As outlined above both grade and abundance were low on carbonate ooze because of its
generally high sedimentation rate. Siliceous ooze. Nodules were most abundant on siliceous ooze. However,
there were two types of siliceous ooze, diatom and radiolarian, and the relative sedimentation rates and
importance of these in influencing nodule grade and abundance in the CCZ was unknown.

Task: Evaluation of the nature of siliceous sediments in the CCZ in relation to nodule grade and abundance
based on similar studies in the South Pacific. This may give a proxy for sedimentation rate, which is
probably more important than sediment type in influencing nodule parameters.

Red clay. Nodules were very abundant on red clay because of its very low sedimentation rates. They were

also low in nickel and copper but rich in cobalt because of lack of dilution of hydrogenous phases by diagenetic
phases. They were not present to any significant extent in the CCZ.

Labile Organic Material

This was thought to be the main carrier phase for manganese, nickel and copper. It was negatively
correlated with calcium carbonate and siliceous ooze. Few data were thought to be available from the CCZ.

Task: Do correlation analysis of calcium carbonate and biogenic silica with organic carbon in limited areas of

the CCZ where data are available, in order to test the interrelationship between these variables found in the
South Pacific. This may lead to the development of a proxy for organic carbon.

Other Sediment Parameters

e Degree of dissolution (from smear slides)
e pore water data, and bioturbation.
There were probably insufficient data available for these to be useful model parameters.

Rankings

This working group established the following rankings for the value of candidate variables for use as proxy
variables in the development of a geological model for nodule abundance and grade.

Most Important

e Sediment type and rate
e  Productivity (export production)
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e Distance of seafloor from CCD
e Sediment organic carbon contents

Less Important

e Surface currents

e  Oxygen minimum zone
e  Pore water composition
e Benthic currents

Matrix of Proxy Variables

Table 1 indicates the relationships between the candidate proxy variables and the key criteria of utility for
the development of the geological model. An “X” in the “Grade” or “Abundance” columns indicates that the
Working Group believes that the variable indicated in the marked row should be useful as a proxy variable for
either of these key nodule resource variables. An “X” in the column headed “Availability” indicates that the
Working Group believes that sufficient data sets for the indicated proxy variable are available for the variable to be
useful in the development of the geological model. A question mark denotes uncertainty among the Group.

Table 1
Assessment matrix for candidate proxy variables from the water column and sediments

Candidate proxy variable Grade Abundance Availability
Sediment type and sedimentation rate X X X
Productivity (export production) X X X
Distance of seafloor from CCD X X X
Sediment organic carbon contents X X
Surface currents X
Oxygen minimum zone ? X
Pore-water composition X ?
Benthic currents X ?

Initial work Needed for Model Development

The working group recommended that the ISA investigate relationships between productivity, calcium
carbonate dissolution, biogenic silica nature and abundance, organic carbon content of sediments and nodule
grade and abundance in CCZ to see whether they were similar to those already observed in the South Pacific. If
significant relationships were found they could be used directly in the model. If not, the ISA should try to establish
why there was no apparent relationship.

Integrated Recommendations

After the working groups presented their recommendations, the entire assembly discussed the common
factors and priorities expressed and the implications for implementing development of the geological model. The
following sections summarize the results of those deliberations.
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Programme Strategy

The ISA should adhere to the following general strategy.

- The primary products for the overall programme of work should include a prospector’s guide and a
geological model. The prospector’s guide would consider all the data types recommended by the
workshop and would examine and document all available data. Particular emphasis would be given to
those data types that could contribute to the better understanding of local-scale deposit characteristics.

- In parallel with the development of the prospector’s guide, the ISA should also develop a quantitative
geological model, which should be developed using available data with defined and readily testable
quantitative links to the abundance and grade of polymetallic nodules. An iterative, statistically based
approach should be used to construct the model.

The Prospector’s Guide

The prospector’s guide would consist of a narrative description of the key factors relevant to exploration for
polymetallic nodules in the CCZ. The guide would take advantage of the enormous professional experience
available among the programme participants and would provide a general framework for the integration of
qualitative, experience-based information with the more quantitative results from the geological model. It would
include an examination of all the data types identified in section 2.0 as being important indicators of grade and
abundance. It would identify specific data sets that qualify for use in the geological model. It would also focus on
the high-resolution characterization of specific deposit sites.

The Geological Model

When a specific dataset (which might include one or more candidate proxy variables) and associated
mathematical algorithms were proposed for inclusion as a proxy for abundance and/or grade, they should be
calibrated with one subset of the available nodule data and then tested with another subset. The results of the
testing should be made available to all participants in the model development and then, if appropriate, the
algorithm could be modified and tested repeatedly until the specific data set was either included or excluded from
the resultant model.

The final product would be a set of digital and hard-copy maps and tables describing predicted ore grade
and abundance and associated error estimates as well as complete documentation that described the model
testing procedures and all algorithms used in producing the final model results. No undisclosed, proprietary
algorithms would be acceptable for use in the model. In that way, the model could be subject to peer review in
the short term and would be available for updating when better data or better algorithms became available.

Reporting and Coordination

The Workshop participants recommended that the ISA adopt the following key elements of reporting while
the model and guide are being developed:

e Maintain an Internet site (ftp or http) that could be used by programme participants for exchanging
data and draft reports. Such a site would facilitate the timely and efficient exchange of data sets and
report drafts during the development of the model and guide.

* Provide periodic status reports to the Authority’s Legal and Technical Commission (LTC), including

written status reports and summary data sets on the ISA Central Data Repository, as well as occasional
oral presentations before the assembled LTC.
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e Collaborate on a regular basis with the environmental research programme currently being undertaken
under the leadership of Professor Craig Smith. That coordination could be used to provide inputs to the
development of the model and guide from the ongoing field work that would be conducted for the
environmental research programme and could also be used to provide guidance to the environmental
research for the description and delineation of benthic habitats.

Programme Phases

The programme would be executed in three phases, each of approximately one year’s duration. General
task descriptions for each phase are described in the following sections. Detailed scopes of work and schedules
that are guided by these general task descriptions should be worked out by the ISA in collaboration with
independent experts.

Phase 1

Task 1.1: Define the contents and initiate the drafting of the prospector’s guide

Using the working group recommendations presented in section 2.0 above as general guidelines, initiate the
acquisition and evaluation of global (entire CCZ) and regional (large contiguous areas within the CCZ with common
geological or bathymetric features) data for inclusion in the prospector’s guide and potentially also the geological
model. By the end of Phase 1, all data types and almost all of the data sets to be used in the programme should be
specifically identified and, if possible, acquired. The outline for the prospector’s guide should be completed and
drafting of the guide should be well underway before the end of Phase 1.

Task 1.2: Acquire high resolution data from intensively studied deposit sites

Acquire and evaluate specific local (small areas within the CCZ with good data coverage) data sets for
incorporation into the geological model. The overall objective of this effort is to characterize local-scale variables
such as the sizes and shapes of continuous nodule coverage, local variability of ore grade and nodule size, and
relationships with local environmental variables such as sub-bottom acoustic signatures and local topography. The
objective for the Phase 1 component is the acquisition of appropriate data sets and definition of the analytical
efforts that will be completed in the following phases of the programme.

Task 1.3: Produce the first iteration or iterations of the geological model

Using currently available model algorithms, nodule data sets, and proxy data sets, generate the first
predictions of nodule grade and abundance for the entire CCZ. Integrate the model components into well-defined
procedures that can be applied independent of computer platforms or proprietary software systems. Document
all data sets and procedures used. Generate standard error estimates for grade and abundance at every location
throughout the CCZ. Make all results available on the Central Data Repository. As additional proxy data sets and
model algorithms become available, use them, as appropriate, to generate comparative models or to refine the
initial models.

Task 1.4: Complete a bathymetric model for the entire Clarion-Clipperton Zone

Acquire or generate a bathymetric model for the entire CCZ, to be used as the base map for the geological
model and for regional analysis efforts included in the prospector’s guide. Include documentation of the estimated
resolution and accuracy of the model and the source data and methods used to generate the model.
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Task 1.5: Initiate the development of a tectonic framework for the past 20 million years

Begin the development of a general tectonic framework for the CCZ that will use published studies to
assemble the tectonic, bathymetric, and sedimentation history of the CCZ for the past 20 million years. The
framework will be used as a basic input for the development of time-integrated estimates of how various proxy
variables have influenced nodule grade and abundance over time.

Phase 2

Task 2.1: Complete the first draft of the prospector’s guide

Before the end of Phase 2, all datasets to be included into the programme of work should be acquired,
evaluated, and documented. These evaluations and the documentation of the data sets will constitute most of the
contents of the prospector’s guide, which will include the completed bathymetric model and tectonic framework.
The guide will also include the results of local-scale deposit characterization initiated as Task 1.2. The completed
draft should be reviewed by all participants in the programme of work at least 30 days before the Workshop,
described below in task 2.3.

Task 2.2: Complete description of inputs and methods for geological model

Before the end of Phase 2, the specific data sets to be used in the modelling and the general aspects of the
mathematical algorithms to be used for their incorporation into the model should be completed. The data sets
and descriptions of the algorithms should be reviewed by all participants in the programme of work at least 30
days before the Workshop, described in the next section.

Task 2.3: Convene a workshop to review the progress of the programme of work

In the fourth quarter of Phase 2, convene a workshop attended by all programme participants as well as
independent experts. The purpose of the workshop will be to review the reports and data products generated to
date in the programme and to guide the completion of the programme. The workshop will permit final changes to
be made, if necessary, to the model and to the guide.

Phase 3

Task 3.1: Complete prospector’s guide

Complete the guide, after final review by the Secretariat and possibly independent experts. Include the
approved document in the ISA Central Data Repository.

Task 3.2: Complete the geological model

Complete the model, after final review by the Secretariat and possibly independent experts. Include the
approved document, digital maps and data sets in the Central Data Repository. If deemed worthwhile, submit
portions or the entire model to peer-reviewed journals for possible publication.

Anticipated benefits of the programme

The Workshop identified the following benefits of the programme:
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Improved resource assessment

The immediate and most direct benefit of the programme will be a substantial improvement in the extent
and quality of resource assessment for the CCZ. The programme will also provide a summary of available resource
and indicator variables that can be used for evaluation of existing claims and for guidance in the selection of new
claims. Because the model will be thoroughly documented and include only reproducible methods, it will also
provide a mechanism for improving resource assessment in the future as methods and available data improve.

Direct support for environmental impact assessment

To predict and manage the environmental impacts of polymetallic-nodule mining, an understanding of the
biogeography of the benthic biota is essential. In particular, species ranges and rates of gene flow within and
beyond the CCZ must be understood to evaluate the chances of species extinctions resulting from mining
disturbance.

At the abyssal CCZ floor, as in other ecosystems, a variety of habitat variables play key roles in regulating the
nature and abundance of life. The presence and abundance of individual species, as well as community structure,
often are controlled by (or at least correlated with) specific physical and geological characteristics of the habitat.
Knowledge of the distribution of these habitat characteristics thus provides critical insights into regional variations
in the structure of the abyssal seafloor ecosystem, and the potential limits of species distributions.

Biological habitats are distinctly different for different types of seafloor. The abundance, size, percent
cover, and morphology of manganese nodules, which will be evaluated in the programme, are critical habitat
variables. The patch structure of nodule fields (e.g., the average length and width of nodule fields within an area)
also contains important habitat information, because field size and shape may control the distribution of nodule-
dependent species. Sedimentary characteristics, especially grain-size distribution, organic-carbon content, and
sediment type, may also be strongly correlated with benthic-community structure.

Seafloor bathymetry substantially influences the current regime (e.g., by steering and intensifying bottom
currents), the dynamism of sediments (e.g., by facilitating the slumping, erosion or deposition of sediments), and
even the type of substratum (e.g., rocky substrates on slope too steep to sustain the accumulation of sediment).
Because all of these factors influence the structure of benthic communities, fine-scale bathymetry, which will be
evaluated in the programme, also provides important insights into the nature and distribution of seafloor habitats.

The primary source of food material for abyssal communities in the CCZ appears to be the rain of organic
particles, ranging from individual phytoplankton cells to dead whales, which sink to the seafloor from the euphotic
zone (i.e., export flux). The organic matter in the smaller of these particles degrades and is consumed by midwater
animals during transit through the water column, generally yielding a very low flux of food to the CCZ seafloor.

Consequently, seafloor assemblages of the CCZ are among the most food- and biomass- poor on the Earth’s
solid surface. As might be expected in an energy-poor ecosystem, the total biomass and abundance in many size
classes of benthos (e.g., the meiofauna, macrofauna and megafauna) at the CCZ floor often is correlated with the
annual rain rate of particulate organic carbon. In fact, it has been suggested that the biomass in certain benthic
size classes, in particular the macrofauna, might be useful as an index of the annual flux of labile particulate
organic carbon to the deep-sea floor. Thus, characterization of regional variations in export flux, which is believed
to be an important proxy variable for predicting nodule grade and abundance, may be very useful in defining the
nutrient regime and habitat distribution of the underlying benthos.

We believe that the geological model will provide insight into variations in many of these key habitat
variables over a range of spatial scales (local to basin). Thus, it should yield fundamental insights into regional
distributions of seafloor habitat types and their associated species and communities. In short, the model should
provide a very useful regional habitat framework in which to interpret biological data (e.g., species occurrences,
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rates of gene flow) obtained from the Kaplan-funded project and other biological studies. Close integration of the
development and output from the geological model with biological studies in the CCZ is considered extremely
important.

Other benefits

In addition to the above benefits that are directly related to the mission of the ISA, completion of the
programme of work will have other, indirect benefits that may be substantial. The work will provide a uniquely
integrated, multi-disciplinary examination of an important oceanic regime. The programme will examine large-
scale water-column processes and their relationships to important geological and benthic biological processes in
what is arguably the most purely oceanic environment on Earth. It is quite possible that the links that are found
between nodule grade and abundance and the various proxy variables included in the programme will lead to
significant advances in our basic understanding of general oceanic processes.

SUMMARY OF THE DISCUSSION

The Chairman, Dr. Charles Morgan, said that there had been great results from the working groups. The
reports constituted a more or less uniform set of tasks that were being recommended for completion by the ISA.
He said he had formatted them with respect to the original programme of work, the purpose of which was to see
whether anything had been missed and to provide a common framework for the results, because many of them
were overlapping and had been stated in different ways, and to show consistency with the work that had been
done in January.

The Chairman wanted to have just two discussion topics: the first very short one was to just reiterate what
the general January recommendations were, and then he would move on to a list of the activities in the
programme of work and corresponding workshop recommendations that were before the meeting. He then
added a third topic, namely, priorities, and announced that he had assigned preliminary priorities for the tasks, and
had put them into three phases, corresponding roughly to three years, and then set in priorities within each of
those years. He said he expected that much of the discussion would take place on the latter topic.

He said that generally, the groups had recommended the need to achieve reliable geological model within
three to four years. The model input should be based on standards developed by the International Seabed
Authority. The present workshop represented a broad range of expertise and stake holders in the process. It was
necessary to implement the programme of work. The workshop topics from that meeting had been to include
nodule formation processes, Clarion-Clipperton Zone structure, key nodule characteristics, research that should be
supported, review of methods, and review of the ongoing environmental impact programme. The Chairman said
that he believed all of those had been covered, so he was proud to say that a good job was being done at the
workshop. The programme of work recommendations would be divided into the following categories:

- Project establishment —i.e., setting up the programme
- Data acquisition and processing

- Topography

- Proxy variables

- Relevant nodule parameters

- Modelling

The Chairman said that things had been reorganized in the workshop; primarily because of the desire to
have modelling directly involved with the data acquisition and selection and processing, and also because the
modelling itself was a very important part of the selection process for the data. Therefore, modelling had been
included in each of the topics reviewed in the Workshop.
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With regard to the programme of work — the Chairman said that, to reiterate the Scientists' meeting, the
workshop would be implemented by the ISA. If the job was done right, the implementation would be
straightforward and direct; if not, it would take a long time to get things going.

He said another activity was data acquisition and processing and that applied actually to most of the kinds
of data available to the workshop, alone. He therefore did not have specific workshop results that applied to that,
but certainly the general steps that were identified in the programme of work were applicable to each of the data
types that had been dealt with in the Workshop. The sources would be identified, public and private institutions
would be contacted, registered pioneer investors would be surveyed and met with for their support, the data
would be added to the Central Data Repository, and summarized.

A further activity would be in regard to seafloor topography. The items that were identified in the
programme of work were to process the registered pioneer investors’ data, include consortia data where possible,
get the best possible source of public data, then integrate those data into the Central Data Repository and
generate maps at the appropriate scales.

The Chairman said that the Workshop recommendations, were quite analogous, but more specific, and
more directly easily achievable, were to acquire the known one-minute bathymetry model for the regional
basement and to augment that map if possible, with whatever data that could be obtained from the pioneers or
other sources. Acquiring local scale bathymetry was possible, chiefly from the pioneer investors, but also possibly
from the other research organizations, and examining and reporting general transfer of the local bathymetric data,
and generating maps that integrated the data. The Chairman therefore thought that a good job had been done in
defining more precisely the tasks related to topography.

According to the Chairman, the biggest activity by far was the ocean floor. Most of the work done in the
working groups has related to one or more facets of the ocean floor. The programme of work stated that the
Workshop should deal with age, composition, structure, tectonics, volcanic activities, sediment layers etc., and
those topics had certainly been dealt with.

The Workshop recommendations were:

—  To generate a digital map series describing the current tectonic regimes in the region

—  To generate a regional model of tectonic evolution over the past twenty million years

—  To delineate possible internal fracture and fault systems of possible relevance

—  To examine current and ancient volcanic structures and evidence, and their possible relevance

—  To examine evidence of hydrothermal activity and its relevance, and

- To examine available acoustic heat flow and other ocean floor to identify relevant regional and local
constraints

The Chairman said that the last one was a big topic and that it proved many of the specific variables, such as
pore water chemistry that had been identified by the sediments group, and also included a lot of the geophysical
data that had been identified by the tectonics group. He said he had not had time to ensure that he had a
comprehensive list of variables, so he had created something that included available pore data and geophysical
data, and specifically, separated them into things that would provide some clues as to regional trends and local
constraints. Those could be changed or stated differently; that was his concept of how it related to development
and use of the geological model. There might certainly be other ideas on how to state the general difference
between how regional, local or small-scale data were treated.

Also in the programme of work was the water column structures, oxygen minimum zone, carbonate
compensation depth, currents and biology. The Workshop recommendations for these were very specific:
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—  To estimate the regional export productivity, both current and integrated, over the past twenty million
years in the Zone

—  To map the CCD in the region of interest and compare it with the nodule parameters deriving project

—  To look at ocean currents, oxygen minimum zone, and perhaps other parameters, to determine
whether or not they're relevant to the development of the model; whether they're available enough
to be used for the refining of the model

Nodule parameters, abundance and grade, and abundance and coverage, and other compositional features
(which a lot of time had not been spent on), and geo-statistics and cut-offs were also part of the programme of
work. The Chairman felt that there had been general agreement in the group that cut-offs, that is, economic cut-
offs (how low a grade or an abundance was useful), were to be addressed in this Workshop, because they were in
every economic and implied existence of a mining model. The Chairman said that he had included it, because it
had been listed, but it had not been specifically covered to any extent in the Workshop, and his suggestion was
that it not be covered in the programme.

For nodule parameters, the recommendations were:

—  To generate prediction and error maps for abundance and grade from the available sample data. Of
course there were many sub-tasks involved with that. The wish was to do whatever could be done
with the publicly available data; and to acquire whatever data was possible from the pioneer investors,
consortia and perhaps other sources;

—  To look at the available photos and video coverage to derive the regional trends and local constraints
for abundance. Presumably an argument could be made for their expressing regional trends if there
were three or more, maybe even five sites, where there was extensive coverage. It might be possible,
certainly many participants believed there were regional trends, and these data would provide a really
good idea of how well the local picture could be extrapolated regionally. This was a very important
general topic and the aim was to get something out of it with photographic data;

—  To examine nodule morphology data throughout the same kind of study, but this might be directly
coupled with the photographic work; it might also include independent data from samples. Its value
depended on how much data was available. Again, with regard to grade and abundance cut-offs, the
decision had been taken not to do that.

Other activities included local scale modelling tasks that were in the original programme. The view was that
it was important to include those up front and to make the development of the model a truly iterative process that
started with relatively simple kinds of surfaces, and tried to introduce complexity as it was useful for public or
predicted capability. Certainly involved in this effort were these three items that were specified in the programme
of work:

- Local scale modelling. The potential applications with photographs had been discussed. It was also
true with such things as the transparent layer, perhaps the side-scan sonar; the need to acquire those
data, if possible, had been highlighted. Of course, the first step was to acquire as much as possible,
and then it would be possible to find the kinds of things that were needed;

- Incorporating proxy variables. More time had been spent on that than on any other particular topic in
the Workshop, and very productively so. The list of things in hand, the Workshop recommendations
that were identified were very specific data that were available and it was strongly felt that they were
related to grade and abundance. A great deal of progress had been made there.

—  The construction of mathematical models would be part of the process.

The Chairman said that he had tried to identify what he had gleaned as the general consensus of what the

priorities should be. He had listed them in three phases, approximately three years, but some of those phases
could overlap and could certainly be rearranged. His objective was to present something with which to get the
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group thinking about how it wanted to proceed and where it wanted to start; what kinds of things should be done
first, and what kinds of things could more productively be done later.

Phase One

At the top of the list would be the prediction and aerial maps for abundance and grade from the available
data. First of all, those data had to be obtained, and then it would be relatively quick to generate those predictive
surfaces, which were really the basis for incorporation of any proxy variables, and for the modification of resource
assessments as we move forward.

The Chairman felt that many participants would agree that the acquisition of bathymetric data, both on a
local and regional scale was probably the number two priority in the entire Workshop.

Following that would be the generation of maps describing the tectonic regimes as they presently existed,
and then integrated models of tectonic evolution over the past 20 million years. It was necessary to start acquiring
photos and videos immediately, so that the definition or elimination of those tasks could begin. It was also
necessary to look for the local-scale bathymetry as soon as possible, so that the tasks associated with that could be
defined, again looking at the regional trends and local constraints that those data might imply.

It was also necessary to acquire and assemble the information on the internal faulting, the volcanic and
hydrothermal activity that Dr. Kazmin had identified. That had been surprising to many and it would certainly
change the general picture if specific data could be obtained that could be compared to the Workshop’s
prediction. Thus, getting those data and organizing them together would also come under Phase One efforts.

Phase Two

According to the Chairman, Phase Two was in many ways examining the data collected in Phase One. He
said that he would place photos and videos right on top. The potential for really helping to identify what nodule
deposits looked like was probably greatest in that data source. Of course, the other one was the acoustic detail
and other ocean floor data, which included many of the variables that had been defined in the sediments and
water column working groups, as well as the bathymetry, seafloor working group. Thus, a lot of the work would be
in, and once the kinds of data that were available and useable had been identified, examining them in several
different efforts would be, in his view, a top priority. Looking at the bathymetric data, this of course would
disappear if we can't get sufficient amounts of more bathymetric data, but it would be very enlightening and
similar in value to the photographic data, if we can obtain such data.

Also, looking at these poorly-known geophysical and geological variables, and examining nodule
morphological data are probably also well worth doing. And they would probably start before the end of Phase
One, or into Phase Two, depending on when the data were collected.

Phase Three

Phase Three priorities would be bringing it together - completing the reports that documented the input
data and the preliminary modelling results. The Chairman said he believed there would have to be another
workshop during that period to really finalize the inputs that were going to be used to demonstrate to each other
that those were the right inputs and that that was the way to incorporate them. Assuming that the Workshop
went well, it would be desirable to complete the model production, and more importantly, it had to be very clearly
documented. This was not a black box project. The model had to be defined in such a way that any other group
could take the input data and arrive at the same predictions as the Workshop did, and similarly look at the
methodology and say where it was wrong. Also, when future data became available, it was necessary to be able to
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use them in a similar set of algorithms; otherwise this would become a static programme and much less useful,
and also less credible, than just generating maps and things like that.

The Chairman said that he presumed that one of the last steps would be submitting the results to the
members of LTC for their input. There were quite a few LTC members present, so a lot of that was being done in
real time. Finally, would be the formalization of the results, their incorporation into the central repository, and
generation of the appropriate publications.

The Chairman said he was very happy with the interchange that had taken place and that he thought it had
all been extremely productive, and had helped him to focus on the things that were really important. He said he
would present the synthesis of all that had been worked toward in outline form. Of course, in the final workshop
recommendations, it would be augmented and made complete by the workshop reports as well. He said he had
not listed everything, but that he believed it was quite clear and represented a fairly complete listing of what the
Workshop wanted to deal with.

He first wanted to reiterate the basic programme objectives that had been stated and set forth by him at
the beginning of the Workshop, and then to go over briefly the strategy for model development; he clarified that
the term “strategy” had been suggested by Yuri [Kazmin] and that he thought it was a good term. The strategy led
to the production of basically two products for the programme:

(a)  An analytical model
(b) A narrative

He said that he wanted to discuss the key elements of those briefly.

The Chairman said that another very important aspect of the programme was going to be reporting and
coordination, to make sure that the iterative nature of the programme was maintained and that the proper
coordination was done to ensure that the best product was obtained. He wanted to go over briefly the task
descriptions and how each phase could be carried out and, finally, to go over what he thought the programme
benefits were; both to the Seabed Authority and to the oceanographic and scientific community at large.

He reiterated that the programme objectives were to clarify the processes that formed nodules, provide a
guide that explored all those, and to develop a model which could improve and extend the resource assessment
and provide inputs to the explorers' guide and that could be refined and improved. It would be a workable and
transparent model that could be updated and upgraded as new data became available.

The strategy for the development of the model was in two parts.
Phase One

The Chairman said that it was necessary for the geological model to use available data that could provide
testable links to nodule grade and abundance. Those were the criteria for the data to be used in the analytical
model, and an iterative and statistically-based approach would be used, testing with the data types when they
satisfied those criteria. All the data that were evaluated would be documented in an explorers' guide, which would
be developed in parallel with the analytical model.

The geological model would produce a set of digital and hard-copy maps representing the key variables of
abundance and grade for the nodules, and also the error estimates associated with those variables. That was

fundamentally what the product of the modelling is.

The explorers' guide was going to consist of a narrative assembly of the factors that were relevant to
exploration; and it would take advantage of the enormous expertise that was available in the Workshop and
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perhaps elsewhere; it could also provide a framework for the integration of qualitative experience-based
information that would coordinate and complement the model results. Recording and coordination were very
important and would have at least three elements.

An Internet (either ftp or http) site would be maintained for data and draft record exchange among the
participants, so that they could be done in real time and there would be a rapid turnaround and review time for
the intermediate products and development of both the quantitative products and the documents that support
them, and development of the explorers' guide.

Status reports would be provided to the ISA and the Legal and Technical Commission, as specified by the
Authority. Very important also, as had been raised by Dr. Craig Smith, was the need to collaborate in the
programme with the ongoing environmental programme, which was going to be in the field several times. It was
necessary to do whatever could be done to obtain inputs from that work and vice versa, in order for them to
provide a framework to delineate benthic habitats in the Clarion-Clipperton. This was seen as a potentially very
synergistic and positive kind of collaboration and it was desirable to specifically include it in the model
development.

The programme would have three phases, of roughly one year’s duration each, but a detailed schedule
needed to be hammered out. Phase One would produce the first iterations of the geological model and would
initiate the evaluation and acquisition of other data types that would go into the model and or into the explorers'
guide.

The Chairman outlined the specific tasks that came out of the workshop recommendations, as follows:

e  For the geological model, the first order of business was to generate prediction and error maps for
abundance and grade; using the currently available data. That has been done with more data readily
available for input into generating a map.

e A global topography model has to be generated - most of the work for has also been done although it
was doubtful whether it was possible to improve on the one minute model that has already been
developed and available from the National Geophysical Data Centre.

e A little bit more difficult, would be the generation of a tectonic model for the past 20 million years.
Since there was a pretty good idea how that Pacific plate had been moving, that was not expected to be
an enormous time-consuming job.

The Chairman said that he thought three things were absolutely essential, do-able, and would allow the next
iteration to be developed with the use of the proxy data. As could be done in Phase One, depending upon the
availability of the proxy data, that could be incorporated into the model as well. In parallel with that, it was
desirable to evaluate candidate global and regional proxy data, as well as candidate local data, for either inclusion
into the model, if they met the criteria, or for documentation in the explorers' guide, if they did not. It was
necessary to prepare digital datasets and algorithms for the data that made the cut to be included in the model.
The algorithms would describe specifically how they impacted and how they were to be used to generate or
improve the geological model. Finally, it was necessary to document the evaluation of all the candidate data that
were used in Phase One for the explorers' guide.

The Chairman referred to candidate data for global and regional data, that is, data for the whole Clarion-
Clipperton Zone, or major portions of it. The sediment thickness and composition was known, as these data came
from cores and seismic data. It was desirable however, to look at export productivity as it was a very important
variable, and maybe one of the first of the variables used as a proxy parameter. It was desirable to look at the
water column and sediment parameters, including the CCD, the oxygen minimum zone, and perhaps other things,
such as organic carbon, although the working group was not too optimistic about the availability of those data. It
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was necessary to see whether or not they could be used. It was necessary to take the available data that Dr.
Kazmin had looked at, and develop it further to see what more could be done, given the initial iteration of the
geological model - whether something quantitative that could be used and that was related to the geophysical and
tectonic characteristics that Dr. Kazmin talked about could actually be generated. The variables needed to be
documented even further and more clearly for the exploration model. In addition, it had yet to be seen how ocean
currents could be used quantitatively, but it was known qualitatively that they were certainly important, and there
was no doubt that they needed to be documented for the explorers' guide.

Of course, as had been discussed in many ways, we could end very much on the availability and the
comparability of the local data from one side to the next; the value of the data would totally depend on those
things. But, it was certainly necessary to look at microtopography, which came from multibeaming, and side scan
systems. Sediment thickness and composition had to be looked at, where there was closely-spaced data, closely-
spaced cores, seismics, things like that, which would accompany in most cases the microtopography data, and also
the photos and videos. The Chairman said that in most programmes, all three kinds of data were collected in
specific areas by the different consortia, and this was a sort of summary of the kinds of data that would be sought
to see whether they would be appropriate or not for further development, and at the very least documenting
them.

Phase Two

The first of the explorers’ guide would be completed, so that there would be a product that could be
reviewed carefully. The inputs and methods for the geological model would be finalized. One had to stop looking
for more proxy data at some point and before the end of Phase Two would be a very good time to stop. All of the
inputs to be used in the geological model would have to be defined before the end of Phase Two.

The Chairman said that, to conclude that phase, there would probably be a need for another workshop that
would review the draft of the explorers' guide and geological model, and see whether there were any mid-course
changes that needed to be made.

Phase Three

Phase Three would be the completion of the explorers' guide and the geological model, and submission of
the results to the Central Data Repository and; if appropriate, publication of the results in period journals, if
indeed, there were something worth publishing.

Benefits for the International Seabed Authority

First of all, this would doubtless provide the best possible resource assessment for the Clarion-Clipperton
zone

It would also provide a mechanism for improving the resource assessment as time goes by, as the methods
would be clearly documented so that they could be repeated and improved beyond the generation of this product.

Not least important, and in fact, possibly one of the most important things that would come out of this, was
that it would provide a framework for delineating benthic habitats, so that the biological assessment, the
environmental assessment would have a very important set of environmental data within which to place their
biological data. It would allow them to extrapolate and to look for places where they expect differences, based
upon the data characteristics generated by the geological model and exploration guide.

On a more general level, it would provide an authoritative description of an important oceanic regime. It
would be a useful reference for many persons in the future. It would hopefully integrate large-scale water column
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processes with geological and benthic biological processes to perhaps allow examination of larger variables and
even address such issues as large-scale mass flux to the oceans, global warming and a host of large oceanographic
problems. This would have the potential to contribute to those kinds of efforts as well.
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CONCLUDING REMARKS

Ambassador Satya N. Nandan,
Secretary-General,
International Seabed Authority

Thank you Charles for the meeting round-up. | was amazed at the level of discussions and the convergence
of ideas that have lead us to agree on the model, and allowing us to proceed to developing the model. I'm very
grateful to all participants for their contribution. This group has tremendous knowledge, some going back to very
many years, and some others who have been engaged along the way. They have all brought their expertise and
experience to us to help the Authority develop the elements for the model that we want to establish.

One of the concerns that I've always had, is for us to utilise the knowledge and experience that have been
developed over the years, before we go into retirement. And | thought it was important that we try to take
advantage of their participation in this stage in their life, and bring together their experiences. We now have this
model so that we can retain all the great work they have done, and benefit from the great knowledge and wisdom
that they have derived over the course of their lives. That is a really important aspect as far as we are concerned.
No doubt there will be others who will come along and do more work in the Clarion-Clipperton, and do more
extensive research, but these are the pioneers who established the foundation for the work.

Thank you all for your contributions and your achievements. When we came here, we were not sure
whether we would finally achieve that goal. However, with all your efforts during this week, you've done
marvellous, marvellous, work. | thought that you might be tempted to spend more time outside this morning, and
do less work but you have all continued to work very intensively and I'm grateful for that, and appreciate it.

One aspect of the model which | thought was very pleasing was the fact that you've incorporated the
environmental benefits, | have always been trying to tell people that the two are interrelated somewhat, and that
it wouldn't be a good model unless the environmental people can do the studies relating to the organisms and
their distributions in the Clarion-Clipperton Area. If we superimpose the two, | think it would be very good. It
would be a great contribution and quite a unique contribution. So, | think its going to benefit the
environmentalists as well. As you know the Kaplan Project is on its way. We've already had samples etc, and now
the next thing is for us to get this project on its way, now that we have the concept. It is my intention to continue
to communicate with all of you to develop the project and then expand it, and get the model going. It is my
intention to have a meeting of the contractors, and now that we have a project, something | can put to them and
explain to them what we are doing and what we hope to achieve, and see where they can incorporate it when
building this model. We need to get as much information as we can to ensure that we can count on their
cooperation. | think it's important to know what it is that you want.

Finally, | also thank SOPAC for all the assistance which they've provided to us in every way. The technology
is superior; perhaps more advanced than we'd find elsewhere. And | also want to thank the Government of Fiji;
the Minister for Home Affairs, and the Foreign Minister. | also want to than the Director of Mines for all the

assistance and guidance they've given us in setting up the field trips.

I hope before you go, you'll see a little more, if you have time, of the beautiful surroundings here. This is in
some ways a holiday resort area, so | hope you can see a little more of it.

| thank you very much, and all of my gratitude.
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Alf Simpson
Director
SOPAC Secretariat

| agree with Satya, that you all came to Fiji and sampled the general island, however, trying to predict the
rest of the country will give you a distorted model so you really need to visit a few more places to give you a bigger
and more realistic picture of what Fiji is all about.

I'd like to thank Charles for his chairing. | presume that he had no real idea where he wanted to go. But the
development of the model becomes slightly easy if you just jump in and say "develop a model." | presume the
Seabed Authority itself also has a model on how we can develop the areas; because what we are developing is
actually beyond the Seabed Authority, but for the common heritage of mankind. If we know where we want to go,
and what we're doing it for, then | think that everything will be easy.

For this Fiji conference obviously, we thank our hosts for facilitating us; also, the Seabed Authority and Satya
Nandan for bringing this meeting here to Fiji. Sometimes we sit in Jamaica, and we sit in the buildings, and we sit
in our flights, and the way we operate sometimes is slightly different when we are taken out of that environment;
and the way we work suddenly changes. | think we have a common goal, and | hope we can call this the common
goal model. We stand for a common goal and not only that, we drink from the same cup; and | think that's the
general idea. When you take people out, and we work together and we share, we find that we come to a different
conclusion. | think that method of working together may be the way for the future. It's a good model for us to
follow in the future.

Thank you. Thank you to everybody. I'd like to apologise for shortcomings from our side; there's all these
things that we should have done. But | hope we managed to facilitate running this workshop. | think we had a lot
of time to play; and I think that's always good, because | think developing the human relations is equally important
as the other part of work.

I'm really grateful for those who've been at the meeting; and for those working in the hotel, and those of
us who speak English obviously. Sometimes, | think how | would get on if | went to another place and speak
another language; we take it for granted all the time. I think it's something that we should be grateful for; we
should thank all the speakers — the French speakers, and the Russian speakers, and the Indonesian speakers.

I'd like to just address my fellow Pacific Islanders at the end of this. For some of us, its come along, and its
part of the education and learning process. | think many times there are various things that had just gone way,
several metres above our heads; but | hope we'll be able to see the processes. We'll largely focus on the data and
the information. That data and information will be there at the end of the day and it will be stored as well.

There is a process of moving the information across into models; and models to knowledge and knowledge
to wisdom. This is a human element. When you put together that huge databank of brain power and memory, the
things behind the data are very, very important. We need to facilitate collecting all that information and producing
those little maps. But if we don't have that common brainpower and history and information, and if we don't
somehow find a way to capture that and keep that and use that, then all the data in the world is going to highly
useful. So we really need to find a way to keep that, and this our workshop; when we meet again in another ten,
twenty, fifteen years time, probably half of us won't be here. So it's important to recognize that those who work
on that are equally as important as the information we carry. But if we don't have this input this way, we can get
the input from the various people that I think we've lost. As | said earlier on, when we've got a group like this,
what we've got to do is simplify things, so we come to a common understanding.

Everyone can sign on. But we mustn't forget that the diversity of knowledge that people have. We've
talked about all these various things and they're all information and important. We really need to find a way in
which all these layers and information can be accumulated in one place. Maybe we need the development of a

358 |Page



separate website where people can put data; not to come to a final synthesis like this one, or as a one-stop shop;
but | think we need to find something. This is the kind of model that will bring everything together. | don't think
we should compromise and draw and come up with one; this is all right for the Seabed Authority, but for everyone
to use, and for those who come later on, this is the way that to help people. Because the human thought can
never be replaced; if we try to synthesize it, then all the years and years of experience are lost; that would be a
great loss for mankind. Maybe we need to as a group think about this.

So, people of the Pacific, this thing has been going on for ages; we're just starting. Don't be disillusioned
by the fact that we didn't understand too much of what was going on. We need to find a way to bring all this
information so that we can find a way so we have a better understanding of everything. It goes without saying
that the Clarion-Clipperton does not have four walls around it; and what happens here does affect everyone else.
We've got to work together.

Sorry I've gone on, but I'm just trying to end this on a human note. At the end of the day, it is humans
working together that actually develop these models that actually will use these models. And as much as we, for
our own scientific gratification, produce scientific publications or whatever, that's fine. But at the end of the day
what is it for? We've all been working together. Nothing can take that away from this meeting.

SOPAC and the participants, is very small and insignificant in terms of the global distribution. But we think
that we have an obligation to look after quite a lot of the seabed and seafloor; and the only way to do that is to
develop partnerships. We will continue to work and try to develop partnerships with the Seabed Authority; we
hope following this we can share what data we have for a greater database.

I thank my staff for their long hours they put into this meeting. I'd like to thank the director of music for
being here; they were with us in the other place as well, last week; running around behind the scenes, kept the
music system working. I'd like to thank the hotel for hosting us. We hope you enjoyed yourself. We hope you

travel safely.

Thank you very much.
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