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FOREWORD

When we ask ourselves to consider if we have been good stewards of our natural resources
we must admit we have not always lived up to our potential.

When we look at the oceans these failures are manifest; 90% of the large fish and whales
have been fished or killed. Our fishing fleets have scoured vast parts of the seabed and
destroyed vital habitats and ecosystems, we are dumping an estimated eight million tons
of plastic into the oceans every year creating enormous gyres of plastic waste, fish, birds
and other marine animals are being choked and suffocated by this waste. No, we have to
admit we have not done a good job.

There is, however, one area where it is not too late and where we have the chance to get
it right - the deep sea. The sea below 200 meters depth accounts for 95% of the volume
of the ocean, making it the largest habitat for life on Earth. Though it is perpetually cold,
generally dark, and subject to extreme pressures, the deep sea contains a wealth of
unigue and unusual species, habitats and ecosystems.

The deep seabed also contains valuable mineral deposits. There is growing commercial
interest in mining the ocean floor for these minerals. We might be entering into a gold
rush to get to these resources and there is a growing competition between countries and
companies to exploit these minerals with limited consideration for the effects on nature.

The International Seabed Authority (ISA) is operating with the dual mandate of promoting
the development of the deep sea bed whilst ensuring that this development is not harmful
to the environment. This challenging and conflicting dual mandate will require improved
oversight by the international community to make sure that the broader interests and
welfare of the oceans are adequately addressed. It is our desire that this publication
assists in shedding light on the issues that need to be addressed to achieve these goals
and ensure that, if the deep seabed is to be developed, it is done in a manner that is
sustainable both economically as well as environmentally. Using subsidies to develop
seabed mining is a bad investment for people and the planet.

This report, produced by the Global Marine and Polar Programme of the International
Union for the Conservation of Nature (JUCN) with the support of the Gallifrey Foundation,
aims to provide policy makers, industry and the public at large, a comprehensive overview
of the opportunities and threats posed by deep sea mining.

The findings in this report challenge all concerned to collaborate to ensure that before
commercial deep sea mining commences that the environmental risks have been
understood, what the acceptable limits of impact shall be and how such shall be
monitored, controlled and mitigated. Many of the assumptions made when UNCLOS was
drafted, such as the growth rate of polymetallic nodules or the lack of fauna at depth,
have been overturned. This demands that together we reassess how best to balance the
dual mandate of the ISA based on science and fact.

Carl Gustaf Lundin
Director, IUCN Global Marine and Polar Programmme
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Summary

The sea below 200 meters depth accounts for 95% of the volume of the ocean, making it the
largest habitat for life on Earth. Though it is perpetually cold, generally dark, and subject to
extreme pressures, the deep sea contains a wealth of unigue and unusual species, habitats
and ecosystems.

It also contains a wealth of mineral resources, some of them in unique or highly enriched
concentrations. Attempts to recover these resources during the 1970s and 1980s were
impaired by legal uncertainties and technical constraints, along with metal prices that did
not justify the enormous investments required. Today, the legal uncertainties have been
largely resolved, marine mining and environmental monitoring technology has advanced
rapidly, and every rise in metal rates—real and projected—increases the commercial appeal
of deep-sea mining. Yet while the technological and commercial challenges are being
met, little is known about the environmental implications. Deep-sea mining may well be
within commercial reach and some operations may even have a lower footprint than their
terrestrial counterpart, but assessing how this activity would affect the deep seabed, and
possibly other parts of the ocean, remains largely unknown.

This report aims to stimulate interest in the deep ocean and the discussions surrounding
its potential development, with a specific focus on deep-sea mining of hard metal-bearing
minerals. It first outlines the geology of deep seabed metal-bearing minerals, explaining the
formation and global distribution of polymetallic nodules on abyssal plains, polymetallic
crusts on tops and flanks of seamounts and sulphide deposits in active and inactive
hydrothermal vent fields. It next describes the ecosystems associated with these areas,
revealing that in spite of harsh conditions, the deep sea hosts an astonishing variety of
specially adapted life forms.

To better understand the challenges faced by deep-sea mining companies, the report
reviews some of the mining technologies. Deep seabed mineral extraction will take place
with equipment operated remotely under extreme physical conditions. Technical challenges
include designing machinery to excavate, collect, grind and lift to the surface minerals
from 1,000-6,000 m depths, while withstanding considerable differences in pressure,
temperature, density, salinity and acidity.

The laws that govern deep seabed mining are briefly reviewed as well. The 1982 United
Nations Convention on the Law of the Sea (UNCLOS) sets forth specific rules, rights and
responsibilities regarding the use of the deep sea and its natural resources. A key component
stipulates that the deep seabed beyond national jurisdiction is the common heritage of
mankind, requiring its development to benefit mankind as a whole. UNCLOS thus details
responsibilities to share the benefits of deep seabed exploration and exploitation, including
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monetary benefits, access to technology and capacity building; a task it delegated to the
International Seabed Authority (ISA). At the same time, UNCLOS calls for high environmental
safeguards to ensure the effective protection of the marine environment from the harmful
effects of any mining operations.

As the economics of mining will determine its appeal to investors and its potential for
delivering financial benefits to mankind, the report summarizes the costs of deep-sea
mining operations. These comprise the financial costs associated with the mining process,
including innovation costs and upfront capital expenditures on design, construction,
testing, maintenance and processing; intangible costs such as the potential long-term
impacts resulting from the degradation of marine ecosystems; and costs associated with
developing and enforcing regulations as well as environmental mitigation. Current deep-
sea mining activities both within and beyond national jurisdiction are reviewed, using
information provided by industry and regulatory agencies.

Although at present there is little, if any, empirical information on the impacts of deep
seabed mining, the report identifies potential adverse environmental effects. These include
the actual removal of minerals, some of which have formed over millions of years and host
a diverse array of species; physical disturbances that can alter or destroy deep-sea habitats;
and the disturbance of seafloor sediment, which could create plumes of suspended particles
that will take time to settle and affect the marine environment beyond the mining area. The
report asserts that effective environmental management will need to be based on a far
better understanding of the deep sea than currently exists. Improving this understanding
requires comprehensive baseline studies that cover ecosystem functioning, the nature of
ecosystem regeneration within mined areas, the life history of local species, connectivity
between these species and communities outside the mined areas, and how these various
parameters change over clearly defined spatial and temporal parameters and in response
to other stressors.

The report concludes with a number of recommendations designed to safeguard the health
of the deep-sea and to ensure that its development will be carried out for the benefit of
mankind.

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE




Long thought to be sparsely
inhabited, the deep sea‘actually
harbors an astonishing-diversity

of life. Here large bathymodiolin
mussels and tiny brittlestars
coexist near a cold seep more
than 8000 m beneath the Gulf of
Mexico. Courtesy Expedition to the
Deep Slope 2007, NOAA-OE.




1. INTRODUCTION

1. INTRODUCTION

Comprising the seabed and water column below 200 m depths, the deep-sea is often
referred to as Earth’s final frontier. It is a proper description because more than any other
part of the planet, the deep-sea remains largely unexplored. But the little we know reveals
a variety of habitats with a rich and unigue biodiversity, as well as ecosystems we had not
even imagined until they were discovered some 40 years ago. It also reveals an abundance
of mineral resources, some of which are rare on land (or, if not rare, located in politically
sensitive regions); others of which are considered essential to high-tech applications and
the switch to a greener economy.

Final frontiers are not destined to remain final forever. The desire to know what it is there
and how it affects the planet, coupled with the notion that some of it may be valuable
to the economy, has stimulated the development of the technology to access the deep-
sea. As long as science and industry explore, they can cooperate and help expand our
knowledge and understanding of the deep-sea. Yet once industry shifts from exploration to
exploitation, their objectives diverge. Ensuring that these diverging paths will not harm the
health of the ocean will require a regulatory framework that accurately anticipates, mitigates
and monitors the entire impact of industrial deep-sea mining operations.

A brief history

During the 19™ century there was a strong interest in determining what forms of life existed in
the ocean’s deepest reaches. To find out, nets and dredges were lowered several kilometres,
some of which returned not only with interesting organisms but also with seafloor
deposits. Dark, potato-sized nodules, for instance,
regularly showed up in deep-sea samples aboard HMS
Challenger, the first ship to complete a circumnavigation
for oceanographic research during the 1870s. Like other
deep-sea mineral deposits, the nodules were measured,
analysed and properly described as manganese nodules
by the scientists aboard, before being stored away as a
mineralogical curiosity.

The International Geophysical Year (IGY) made clear
that the deep-sea held more than strange life-forms
and mineralogical curiosities. Implemented to gain a
better understanding of the planet, the IGY stimulated
interest in the deep ocean floor, the assumption
being that it held clues to the planet’s geophysical
characteristics. To confirm their theories, scientists not
only systematically dredged the deep seafloor, but
also photographed it. What they saw was astonishing.
Immense areas of the deep-sea were found to be
covered with manganese nodules. American geologists
found them throughout the entire eastern Pacific basin.
Other teams discovered and photographed massive
deposits in the deep reaches of the western Pacific, the
Indian Ocean and the Atlantic.

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE
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One hundred years after
HMS Challenger discovered
manganese nodules in the
Pacific, mining companies
returned to explore their
extent. Courtesy Ocean
Mining Associates (OMA).
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By the early 1960s, manganese nodules had been studied in more detail, revealing that,
aside from manganese, they contained high concentrations of nickel, copper and cobalt:
essential ingredients of high-performance alloys. Although not exactly scarce on land,
the principal land-based reserves of these metals were located in developing countries
and what was then still the Soviet Union. If the estimates of the quantities of nodules in
the deep sea were correct, it seemed that the ocean could provide an alternative, and
perhaps more reliable, source of these vital metals. That, in turn, caught the attention of
the mining industry.

In response, several companies began exploring the potential of deep-sea mining. To share
risk, capital and know-how, they formed consortia. By the mid-1970s, several of these were
operating. They included all of the world's leading mining companies: Kennecott Copper,
U.S. Steel, Standard Oil, Sun Company, SEDCO, Lockheed, and Tenneco from the U.S.; the
International Nickel Corporation (INCO) and Noranda Mines from Canada, Preussag and
Metallgesellschaft from Germany; Shell and Boskalis from the Netherlands; Union Miniére
from Belgium; Rio Tinto Zinc, British Petroleum (BP) and Consolidated Goldfields from
the United Kingdom; and Mitsubishi and Sumitomo from Japan.

The consortia spent millions of dollars in developing prototype mining systems. They were
tested at sea, and during the late 1970s a few hundred tons of nodules were brought up.
That was a far cry from the millions of tons needed to make mining operations commercially
feasible, but it proved that the system worked and that, with the right incentives, the
technology to mine the deep seafloor could be developed. But by that time, the glowing
projections of a few years earlier were no longer valid. For one thing, metal prices had
collapsed. Starting a deep-sea mining operation required an estimated investment of as
much as a billion dollars and to make such a venture profitable the prices of cobalt, nickel,
copper and manganese had to rise, not drop.

The industry was also concerned about the legal status of the deep ocean floor. When
the mining consortia began looking into nodule mining, it was argued that the deep sea
did not belong to anyone, making its resources available to whoever made the effort to
recover them. By the end of the 1960s that was no longer the case. Assuming that nodules
represented a potential fortune, there were calls for a determination of ownership - a
demand that would lead to a revision of the law of the sea and a legal regime that, from a
commercial point of view, raised all kinds of uncertainties. The would-be miners pulled out
their ships and equipment. Aside from a few tracks left by their dredges, the deep sea and
its resources would be left undisturbed, at least for the time being.

Deep-sea mining plans were shelved, but not necessarily abandoned. Some companies
pulled out of the industry altogether; others waited for more favourable conditions before
taking further steps. By the beginning of the current millennium, the time seemed ripe
to give deep-sea mining another chance. Metal prices, though never entirely predictable,
had stabilized, in no small part as a result of strong growth in emerging economies.
The legal situation had also been clarified, with a newly established intergovernmental
organization empowered to grant licenses for deep-sea mining in international waters.
Deep-sea technology had advanced rapidly as well, driven in no small part by the needs
of the offshore oil and gas industry, which was breaking one offshore drilling record after
another. And perhaps most important, in the intervening years, other interesting deep-sea
hard mineral deposits had been discovered, some of them located nearer to shore and at
lower depths than nodules.

And so, deep-sea mining is about to enter its second phase. The first small-scale recovery of
deep-sea deposits took place in nationally controlled waters in 2017, and more are scheduled
in the next few years. Mining in international waters is not expected until several years from
now, but already 29 exploration contracts, covering more than a million km? of deep ocean,
have been issued. To help ensure that these operations indeed benefit mankind as a whole,
the costs of deep-sea mining - financial as well as environmental - need to be weighed fairly
and objectively against its potential benefits.
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Challenges

Deep-sea mineral extraction may have some economic and environmental advantages
over its land-based counterpart (Hoagland, et al., 2010). There is, for instance, no need
to construct permanent physical mine and transport infrastructures. The overburden is
limited and, unlike terrestrial mining, does not include communities and rainforests. Assets
like surface vessels and platforms are reusable. There is no use or pollution of fresh water
sources; limited or no effect on local communities (depending on the distance from shore);
and metal grades and quantities are often higher than terrestrial ores (Hein et al.,, 2013).
On the other hand, developing the extraction technology to mine several kilometres below
the surface will require major investments, as will mitigation strategies to ensure effective
protection and avoid serious harm of the marine environment (MIDAS, 2017).

Table 1.1

Knowledge of
Ecosystems, Habitats and
Their Value. Cell colours
indicate the state of
natural science knowledge
on the contribution of
these ecosystems and
habitats to the provision
of goods and services.
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]
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'g, Primary production ? ? ? ? + )
£
‘g Biodiversity + + + + + o ?
Q
a
& Water circulation and exchange [o] + + E (o] + [o]
Carbon capture and storage (artificial) o o (o] (o] (o] + €
w
o
g Finfish, shellfish, marine mammals + + + + + -I
@
‘g Energy: Oil, gas, minerals ? ? o ? ? (o} €
f=}
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‘@ pharmaceutical
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2
3 Existence / Bequest + ? B 2 ? + 2
As illustrated by Armstrong et al., (2012), the contribution of the various deep-sea habitats  Key:

to goods and services remains poorly mapped (Table 1.1). Precisely assessing the value
of the potential damage to deep-sea ecosystems and biodiversity is one of the major
challenges associated with deep-sea mining (Glover, 2003; MIDAS, 2017). “The benefit
of mankind as a whole” can arguably no longer merely be seen from a purely financial
perspective with proceeds that are to be partly redistributed, as it did when the phrase
was coined half a century ago. There are also benefits associated with safeguarding one
of the few untouched places on the planet, especially to those generations that are yet
to follow and thus have no say in what is being decided now (Halfar & Fujita, 2007;
Hoagland et al., 2010; Van Dover et al., 2018).
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Green = some knowledge;
Yellow = little knowledge;
Grey - no knowledge;
White = not applicable.
Value is defined as

being: present (+); not
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al. (2012) - Services from
the deep: Steps towards
valuation of deep sea
goods and services.
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2. THE GEOLOGY OF
DEEP-SEA MINERALS

Geological, geophysical and geochemical factors affect the formation

and distribution of the principal types of deep seabed mineral deposits of
commercial interest. Polymetallic nodules, which caught the attention of
mining companies already half a century ago, take millions of years to grow to
recoverable size, and hence require stable environments for their formation.
Polymetallic (or ferromanganese) crusts occur as pavements on seamounts,
ridges and plateau, and., like nodules, take millions of years to form. The third
deep seabed mineral eyed by mining interests goes by a variety of names:
polymetallic sulphides, seafloor massive sulphides or hydrothermal sulphides.
Unlike nodules and crusts, polymetallic sulphides form in tectonically active
areas associated with hydrothermalism. Some can accumulate rapidly;
others may take thousands of years to develop significant deposits.

The deep sea contains five major physiographic zones: continental slopes, abyssal
plains, mid-ocean ridges, seamounts, and deep ocean trenches (Fig. 21). Along the
continental slope the seafloor rapidly descends to depths of between 4,000 and 6,000
m, to level off into immense, sediment-covered areas known as abyssal plains. These,
in turn, are interrupted by mid-oceanic ridges, which encircle the entire globe, and
seamounts, undersea extinct volcanoes that rise high above the seafloor. Trenches, in
contrast, are deep ocean depressions generally reaching depths beyond 6,000 m. The
Challenger Deep in the Marianas Trench, named after H.M.S. Challenger, extends to a
depth just shy of 11,000 m in the western North Pacific - the greatest depth registered
anywhere in the ocean.

Understanding the formation of these zones and its effect on the distribution of their
mineral deposits requires an understanding of the process of plate tectonics.

Continental Shelf Mid-ocean Ridge

Continental Slope
Trench

Seamounts

Islands Arc

Abyssal Plain

Lithosphere

Oceanic Crust

Astenosphere
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Figure 2.1

A simplified
representation of the
seafloor’s topography.
Abyssal plains are by far
the predominant feature,
covering some 70 percent
of the seafloor. The area
from the abyssal plain

to the coast, including
the continental shelf and
slope, totals about 27
percent, leaving only a
small portion of seafloor
for ridges and trenches.
Source: Global Marine
and Polar Programme,
IUCN.
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Figure 2.2

Major occurrences of deep-
sea metal-bearing minerals
within a plate tectonic
context.

Data: polymetallic nodules
and crusts Hein & Petersen
(2013); Fouquet (2012);
Major Hydrothermal

Vents - Sulphides deposits
(Fouquet 2012; and
International Seabed
Authority (ISA).
Coordinate System: World
Robinson centred on

200 degree meridian;
Bathymetric data GEBCO
2014; Plate tectonic
boundaries: simplified from
the Neftex Geodynamic
Earth Model (© Neftex
Petroleum Consultants Ltd)
Map created by Caroline
Wilhem; updated and
re-coloured by Michael
Vollmar.
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Principles of plate tectonics

The theory of plate tectonics confirms that the Earth’s rigid outer layer (the lithosphere)
is divided into several plates that move across the partially molten upper layer of the
planet’s mantle (the asthenosphere). There are three major ways in which the plates
interact with one another: they can move away from each other - a process known as
spreading; they can collide - a process which, in the ocean, usually entails one plate being
forced under the other - a process known as subduction; or they can grind against one
another, creating fault lines.

Spreading occurs when hot magma, fuelled by upwelling in the mantle, rises and cools to
form new oceanic crust. As it continues to move away from the spreading axis, it sinks
deeper into the asthenosphere (Figure 2.1) leaving the ridge axis as an elongated deep-
sea mountain range. Actively spreading ridges can be located in the middle of
the ocean, as is the case in the Atlantic, or away from its centre, as seen in the
eastern Pacific (Fig. 2.2). On either side of the ridge axis abyssal plains usually
form. Spreading zones create divergent boundaries and are generally characterized by
active volcanism. The intensity of volcanic activity and the topography of ridges varies
according to the spreading rate.

When oceanic plates collide, the denser plate will be forced under the lighter one to create a
convergent plate boundary. In the process, deep-sea trenches are formed, descending
anywhere from 7,000 to more than 10,000 m below the surface. Subduction zones
are geologically complex because tectonic, sedimentary and magmatic processes vary
from one zone to another, greatly influencing the composition of the associated rocks and
minerals. Subduction zones are generally characterized by high amounts of volcanism
with a wide variety of geochemical and geological components.

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE

Bathymetric data: GEBCO 2014
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Another geological feature associated with subduction zones can be found in the Western
Pacific Ocean, where the subducting plate can create geological rifting features known
as back-arc basins. The spreading ridges of these basins can be dormant, as in the Japan
Sea, or active, as in the Lau Basin and North Fiji Basin (Fig. 2.2). Due to their magmatic
activity, geochemical composition and accessibility (i.e. their proximity to land and their
relatively shallow depth), back-arc basins may offer attractive commercial prospects for
deep-sea mining.

A third type of oceanic plate boundary is the transform fault, which is caused by differences
in plate motion at divergent boundaries, thereby offsetting the mid-oceanic ridge and
creating fractures in the ocean floor that can continue for hundreds of kilometres. The
Clarion-Clipperton Fracture Zone (Fig. 2.2) is one of several Pacific fracture zones,
extending more than 7000 km across the northern portion of the East Pacific Rise. It
is characterized by major canyons and vast abyssal plains with high concentrations of
polymetallic nodules. The Atlantic Ocean contains many fracture zones as well, all of
which are associated with the Mid-Atlantic Ridge, while the seafloor of Indian Ocean is
characterized by relatively few fracture zones.

Polymetallic nodules

Polymetallic nodules, also called manganese or ferromanganese nodules (Fig. 2.3), consist
of spherical mineral concretions typically ranging from 5 to 10 cm in diameter. Although
composed principally of manganese and iron hydroxides, they also contain nickel, copper
and cobalt, along with traces of lithium, molybdenum and various rare-earth elements
(Table 21). Manganese nodules were discovered throughout the deep sea by scientists
aboard HMS Challenger, which undertook the first full-scale investigation of the ocean
during the 1870s. In the 150 years since, polymetallic nodules have been found by various
expeditions in all of the world’s oceans.

Figure 2.3
Half-buried
polymetallic nodules
on the seafloor in

the Eastern Pacific’s
Clarion-Clipperton
Zone (CCZ) at a depth
of some 4,500 m.
Nodule concentrations
of this nature are found
over extensive areas in
the CCZ, making it one
of the most interesting
targets for deep-sea
mining operations.
Photo ROV Kiel600O0,
Courtesy GEOMAR.

The formation of polymetallic nodules

Polymetallic nodules originate from specific sedimentary and chemical processes that
typically take place in abyssal environments. This environment is characterized by slow
sedimentation rates, caused in part by distance from land and low primary productivity,
which reduces the quantity of material available for settlement to the seafloor. Under
productive waters, skeletons of calcareous and siliceous plankton provide much of the
sediment supply, but in waters below 4,000 meters calcareous material usually dissolves,
reducing sedimentation rates.

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE 7
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Figure 2.4

The formation of
polymetallic nodules.
Adapted from Hein &
Petersen (2013a) and
World Ocean Review
(2014).
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The nodules are formed when dissolved metal compounds precipitate around a small
nucleus, typically some debris or a fossilized bone, shark tooth or shell fragment. Growth
is concentric and extremely slow, ranging from 1 to a few hundred mm per million
years, depending on location and the precipitation process (Hein et al., 2013). There are
two types of growth process: hydrogenetic and diagenetic. The hydrogenetic process
involves precipitation of metallic compounds from the surrounding water and can occur
at any latitude and depth, but the nodules require the specific environmental conditions
of abyssal plains for their formation (Fig. 2.4). Diagenetic nodules, in contrast, form
within the sediments and use metal-enriched water in pores within the sediments as a
source of metallic compounds. Most nodule growth occurs from a combination of the
two processes, with the relative influence from each process depending on location.

Manganese dissolved in seawater

4.000M _

Diagenetic nodules

-

Migration of MN?* and other cations
from seawater into pore water for
diagenetic formation of nodules

High-grade nodules generally form below the Calcium Carbonate Compensation Depth
(CCD), i.e, the depth at which carbonates dissolve as a result of low temperatures
and high pressure, resulting in lower sedimentation rates. They also tend to be more
abundant in areas with oxygenated bottom waters that favour bacterial activity (Hein et
al,, 2013). Because the growth rate of nodules is much lower than the accumulation of
sediments, it is not entirely clear how the nodules remain at or near the seabed surface.
Aside from very slow sedimentation rates, active bioturbation and bottom current
processes have been suggested as possible contributions to this process.

Distribution

Nodule composition, growth, distribution and abundance are influenced by various factors,
including topography, local and regional hydrodynamic conditions, bioturbation, primary
productivity of the overlying surface water, sedimentation rates, and bacterial activity
(Fouguet, 2012; Morgan, 2012; Hein & Petersen, 2013a). The most extensive field of nodules
is located in the Clarion-Clipperton Fracture Zone (CCZ) in the central Pacific (Fig. 2.2),
a region that has been of interest to mining companies since the first nodule recovery
efforts in the 1970s. Other major nodule fields occur in the Peru and Penrhyn Basins, in
the Central Indian Basin (Hein et al., 2013), and on both sides of the Mid-Atlantic Ridge.

Additional nodule fields may yet be discovered, but the above regions currently attract
most commercial interest. In the CCZ alone, for instance, manganese, nickel and cobalt
deposits are estimated to amount to more than the total known land-based reserves (Hein
& Petersen, 2013a). Nodules found within the CCZ also contain promising concentrations
of rare earth elements (REEs) used in high-tech applications.

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE
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Polymetallic crusts

Polymetallic (or ferromanganese) crusts occur as pavements and coatings on sediment-
free rocks at the surface of geologically stable seamounts, ridges and plateaus (Fig.
2.5). They are found throughout the entire ocean at depths ranging from 400 to 7000
m, and can reach a thickness of 25 cm. Like polymetallic nodules, they contain high
concentrations of iron and manganese hydroxides, cobalt, copper and nickel, along with
trace concentrations of other metals and rare earth elements (Table 2.1). These metals are
used in high-tech and green-technology applications, making polymetallic crusts, and
especially those located in depths above 2,500 m, a potential candidate for deep-sea
mining operations (Hein et al., 2010).

The formation of polymetallic crusts

Seamount reliefs create conditions that favour the hydrogenous processes needed for
the formation of ferromanganese crusts. Ocean currents create upwelling and turbulent
mixing along the flanks and over the summits of seamounts, preventing and reducing
the deposition of sediments. Upwelling also fosters hydro- and geochemical conditions
that favour the precipitation of metals and other elements (Hein et al,, 2013). Growth is
hydrogenetic and very slow: no more than 1to 5 mm per million years (Hein & Petersen,
2013b).

Distribution

Although seamounts occur throughout the oceans, they are most abundant in the Western
Pacific. Ferromanganese crust thickness increases with time and is thus directly related
to the age of the ocean floor. The oldest Pacific oceanic crust is around 160 million years
old and is found in the northwest Pacific, where many seamounts are located. High metal
concentrations have been detected in polymetallic crusts in this region, causing it to be

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE

Figure 2.5

Though most
polymetallic crusts are
located on seamounts

at depths between 1,500
and 2,500 m, they can be
found much deeper as
well. These crusts were
discovered at a depth of
4,500 m on the southern
slope of the Takuyo
Daigo seamount, located
1,800 km southeast of
Japan. Courtesy Japan
Agency for Marine-Earth
Science and Technology
(JAMSTEQ).
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Figure 2.6

Clouds of hot vent fluid
pour out of the 45m-tall
Godzilla hydrothermal
vent in the Endeavour
Ridge rift valley, near

the northern end of the
Juan de Fuca Ridge.

The site, located off

the Pacific Northwest
coast, lies at a depth of
more than 2000m and
features several high-
temperature hydrothermal
vent systems. The
superheated fluid, which
can reach temperatures
of several hundred
degrees C, contains

high concentrations of
minerals, some of which
precipitate below or above
the surface to form the
vent structures (aka black
smokers). Courtesy Ocean
Networks Canada.
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designated the Prime Zone for Crust exploration (PCZ) (Hein et al, 2013) (Fig 2.2). A
mine-site model based on geological and geomorphological criteria indicated potential
deposits at depths from 1,500 to 2,500 m as a result of the distribution of the crusts and
the characteristics of the seamounts in the region (Hein et al,, 2009).

Ferromanganese crusts on seamounts in the central Pacific are estimated to contain
about four times the cobalt, three and a half times more yttrium, and nine times more
tellurium than the entire known land-based reserves of these metals (see a review of
metal concentration and tonnages in Hein & Petersen, 2013b). Although fewer seamounts
occur in the Atlantic, deep-sea ferromanganese crusts with potential commercial appeal
have been identified on the Rio Grande Rise in the South Atlantic (Fig. 2.2).

Seafloor massive sulphide deposits

Seafloor massive sulphides are the only metal-bearing deposits of (current) commercial
significance that form at active plate boundaries. Though they are mostly located in
association with oceanic ridges, massive sulphide deposits can also be found near volcanic
island sites and in island arc systems (Figure 21), at depths ranging from 800 to 5000
m. More than 300 high-temperature hydrothermal venting sites have been identified; 165
of these present significant massive sulphide accumulation. The deposits contain high
concentrations of copper, zinc, lead, arsenic, cobalt, silver, gold and other metals (Table
2.1), depending on their tectonic context, but not all are of economic interest (Petersen et
al,, 2016). Additional field and laboratory studies on grades and tonnages of specific sites
are required to test their economic viability.

The formation of sea-floor massive sulphides

Massive sulphide deposits are the result of seawater circulation within the oceanic
crust. High pressure forces cold seawater deep into the seafloor, causing the water to
superheat and accumulate metal sulphides from the surrounding rock. The resulting hot
fluid decreases in density and is pushed upwards to the seafloor where it is expelled from

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE
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hydrothermal vents (Fig. 2.7). A portion of the minerals may precipitate to form chimneys
and mounds; the majority is transported as a plume and deposited as particulate debris.

Hydrothermal fields have been observed to group around as many as fifty chimneys and
can remain active for tens of thousands of years. For commercially significant deposits to
form, specific geological conditions are required, including sediment input to trap metallic
compounds and to stimulate metal precipitation. An example of this process can be
seen at the Middle Valley Site of the Juan de Fuca Ridge, where an estimated 15 million
tons of ore deposits can be found, making it one of the largest sulphide deposits known
(Fouquet, 2012).

Figure 2.7

The formation of
polymetallic chimneys
Dissolved metals ? (smokers) and seafloor
massive sulphide
deposits. Adapted
from Hein & Petersen
(2013¢).

Particle fallout

Warm
diffuse flow 60°C

Oxygen and potassium removed

Calcium, sulphate and magnesium removed

A4
Evolved seaw3® HT reaction Sodium, calcium and potassium added

OCEANIC CRUST Copper, zinc, iron and sulphur added

1 200°C

MANTLE Magma

Hydrothermal vents that occur in ridge-spreading settings are classified into three distinct
geological environments: slow (<4cm/year), medium (4-10cm/year) and fast or even
ultra-fast (> 10cm/year) spreading ridges. Slow-spreading ridges like the Mid-Atlantic
Ridge generate extensive hydrothermal vent fields that can remain active for thousands
of years, creating conditions that are favourable for the formation of massive sulphide
deposits. The intensive tectonic activity associated with rapid-spreading settings along
the East Pacific Rise and some back-arc basins, in contrast, creates unstable hydrothermal
fields. Some of these may be active for no more than a few decades, their fluid flow having
been altered or shut down because of seismic activity. The process can be reversed, with
inactive sites reactivating within similarly short time spans as a result of nearby volcanic
or earthquake activity. Short cycles of activity generally preclude the accumulation of
vast mineral deposits, though their proximity to land and relatively shallow depths can
still generate commercial interest.

Aside from the type of plate boundary, the composition of hydrothermal sulphides varies
in accordance with the physicochemical conditions of the water and the nature of the
underlying rocks from which the metals are leached. Deposits generally contain around
8% zinc, with a noted increase in concentrations at ridge axes and back-arc basins.
Silver and gold are also found within seafloor massive sulphides. Back-arc settings
favour the inclusion of silver and gold; proximity to land and the associated supply of
sediments increase lead and arsenic concentrations (Fouquet, 2012). Deposits with high
concentrations of copper, gold and cobalt have also been identified at the Northern
Equatorial Mid-Atlantic Ridge (Cherkashov et al., 2010).

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE 1
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Type Description Volume Metals Principal deposits
Seafloor Massive Concentrated deposits of Up to several Pb, Zn, Cu, Co Red Sea, back-arc
Sulphides (SMS) sulphidic minerals (>50- km?; up to tens +/- basins, mid-oceanic
60%) resulting from hydro- | of metres thick | Au, Ag, As, Al ridges and other plate
thermal activity on the Si, REEs boundaries, oceanic
seabed hotspots (intra-plate
volcanoes)
Polymetallic nodules | Concretions of layered iron | Nodules: Mn, Ni, Cu, Co Clarion-Clipperton
and manganese oxides with | average 5-10cm; +/- Zone, Peru Basin,
associated metals from the | deposits: up to Mo, Zn, Zr, Li, Central Indian Ocean
water column or sediment thousands of Pt, Ti, Ge, VY, and Penrhyn Basin
km? REEs
Ferromanganese Layered manganese and Up to several Mn, Co, Ni, Cu, Equatorial Pacific
crusts iron oxides with associated | km? <0.3m Te, Mo, Zr, Ti, Ocean and Central
metals on hard substrate thick Bi, Ni, Pt, W, Atlantic Ocean
rock of subsea mountains REEs
and ridges
Table 21 Distribution

Types of metal deposits
in the deep sea. Adapted
from Analysis of the
EconomicBenefits of
Developing Commercial
Deep-sea Mining
Operations in Regions
where Germany has
Exploration Licenses of
the International Seabed
Authority. Adapted
from Study on Behalf of
the Federal Ministry for
Economic Affairs and
Energy Division | C 4,
Project No. 59/15
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According to our current understanding of the development of seafloor massive sulphides,
two major regions have been identified as being favourable for the development of
commercially attractive deposits. They include the western Pacific, with its numerous
back-arc basins, and the slow-spreading Mid-Atlantic Ridge. Both regions have been
explored intensively for their mining potential.

The mid-ocean ridges in the Indian Ocean are characterized by slow and ultra-slow
spreading, which makes them a third potential site for commercially significant quantities
of seafloor massive sulphide deposits. The Red Sea is considered an area of particular
interest due to a slow-spreading tectonic setting in which metal-bearing muds are
deposited directly on the seafloor. It is one of the most important hydrothermal deposit
sites known and contains millions of tons of ores with commercially significant quantities
of zinc, copper and silver.

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE
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Much of the deep-sea floor cansist of relatively flat, sediment-
covered areas, but there are sediment-free outcrops which support
uniquely adapted life-forms, including an astonishing variety of
deep-sea corals. Unlike their shallow-water counterparts, the corals
manage to build large reefs without the help of photosynthetic
organismsysurviving by trapping small organisms from passing
currents. So do the brittle stars that perched themselves on this
Hemicorallium coral, deep beneath the Phoenix Islands Protected
Area, one of the largest Marine Protected Areas (MPA) in the
world. Courtesy ofithe NOAA Office of Ocean Exploration and
Research.
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The deep sea, usually defined as that area of the ocean below a depth

of 200 m, covers about 65 percent of the planet’s surface. Its seafloor
exhibits an extensive array of geological features, from immense abyssal
plains to towering mountain chains and deep trenches. Life here faces
harsh conditions: no sunlight (and hence no photosynthesis), immense
pressures, low but generally consistent temperatures and varying oxygen
levels. Food is often scarce and, with few exceptions, limited to organic
material that slowly trickles down from more productive regions near
the surface or to other deep-sea organisms. In spite of these challenging
conditions, the deep sea supports a rich and often unique biodiversity.

Deep-sea mining will affect the communities of living organisms near

the mining sites; ecosystems which, because of their remoteness, remain
poorly studied and understood. The habitats most likely to be affected are
those near polymetallic nodule fields on the abyssal plains, on polymetallic
crust-covered seamounts, and near hydrothermal vents and seeps.

Abyssal plain ecosystems

Abyssal plain ecosystems are influenced by depth, hydrodynamic regimes, latitude,
surface productivity, and changes in climate (Smith, 2013; Galéron, 2012). They are
predominantly covered by fine-grained sediments, consisting of silt, clay and the remains
of microorganisms. Although abyssal plains appear to be a relatively simple habitat,
with large expanses of relatively smooth “mud” supporting a low level of biomass, they
are now known to host high levels of species diversity. The Census of Diversity of Abyssal
Marine Life (CeDAMar), a field project of the Census of Marine Life, revealed a variety
of species of protozoans, bacteria and invertebrates - many of them new to science - in
deep abyssal plain ecosystems. The invertebrates include worms, crustaceans, sponges,
mollusks and echinoderms like sea cucumbers, starfish, brittle stars and sea urchins.
Vertebrates include various species of deep-sea pelagic and demersal fish, including
gulper eels, anglerfish, viperfish, and rattails.

By far the largest share of the biomass in and on abyssal plains consists of bacteria,
which play an essential role in recycling organic matter (Galéron, 2012). This can be
seen when the carcass of a large animal settles on the seafloor, after drifting down from
above. Bacteria and scavengers quickly populate the site and will feed on it for months,
even years. Apart from these “pop-up” feeding communities, our current understanding
of abyssal plains ecosystems suggests no particular pattern of distribution. Some fish,
echinoderms, crustaceans and micro-organisms appear to be widely distributed, but
other species appear to remain restricted to certain zones (Smith, 2013).

The occurrence on abyssal plains of hard substrates like polymetallic nodules influences
life - and the associated ecosystems - on and in abyssal plains as well. The variability in
both nodule size and abundance produces heterogeneous habitats that host diverse
communities (Smith, 2013). Video transects of the seafloor in the Clarion-Clipperton Zone
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Figure 3.1

A small sponge clings on
to life by attaching itself to
a polymetallic nodule. As
they attract animals that
need a hard substrate to
settle onto, nodule fields
exhibit a larger biodiversity
than those parts of the
abyssal plains that contain
few or no nodules. Photo:
ROV Kiel600O0, Courtesy
GEOMAR.

Figure 3.2

A designation of abyssal
provinces, based on the
deep basin(s) in which
they occur. Depth range
800 to 6500 m. From
Courtesy of Watling et al.,
2013.
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(CC2Z) nodule fields, which have long been of interest to the deep-sea mining community,
reveals species not usually found in sediment-covered areas, including octopuses, fish,
crinoids and corals (Vanreusel et al., 2016). This suggests that the fauna associated with
polymetallic nodules is more abundant and diverse than that of areas without or low nodule
concentrations.

N
GEOMAR

ROVKIELB000 2D15:

In spite of these sporadic insights, the inaccessibility of abyssal plains in combination with
a lack of funding has constrained scientific exploration, resulting in a poor understanding
of their ecosystems. That lack of knowledge, along with the fact that many organisms
collected from these depths were previously unknown, invites a precautionary approach
to polymetallic nodule mining.

ABG6: Antarctica East
AB7: Antarctica West
ABS8: Indian

AB4: Angola, Guinea, Sierra Leone Basins AB9: Chile, Peru, Guatemala Basins AB14: West Pacific Basins

AB1: Arctic Basin
AB2:North Atlantic
AB3: Brazil Basin

AB11: Equatorial Pacific
AB12: North Central Pacific
AB13: North Pacific

ABS5: Argentine Basin AB10: South Pacific
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Seamount ecosystems

Seamounts exhibit a wide variety of features and characteristics, including size, shape,
location, hydrodynamics and climatic setting, creating conditions that often favour an
abundance of deep marine fauna. There is evidence that seamounts are biodiversity
hotspots, with roughly 800 species of fish identified as specifically associated with
seamounts, alongside frequent pelagic visitors like tuna, sharks, cetaceans and sea
turtles (Morato et al., 2010).

The seamount surface is typically dominated by filter feeders like corals and sponges fixed
onto hard substrates (Fig. 3.3). These organisms influence the existing ecosystem structure
by forming reefs and “gardens” that attract more organisms, including crustaceans,
mollusks and echinoderms (Rogers, 2012). Cavities and craters may accumulate fine
sediment and accommodate fauna similar to that found on abyssal plains.

This rich biodiversity appears to be made possible by hydrodynamic conditions:
seamounts are often subject to strong ocean currents resulting from their steep and
exposed profiles, generating residual currents and internal waves. This, in turn, enhances
vertical mixing and upwelling of nutrient-rich deep water to the surface, leading to an
increasein primary productivity above the seamounts (Rogers, 2012). Thereis considerable
uncertainty about to what extent seamount fauna is endemic. Some studies suggest that
as much as 80 percent of sedentary species can be endemic to specific sites, even with
short distances separating them from nearby seamounts; others propose a level of long-
distance transoceanic dispersal for some species, strongly influencing the evolution of
global marine fauna (Rogers, 2012)

Like much of the deep sea, seamount environments remain underexplored and
inadequately studied, leaving many questions unanswered. It would make sense to obtain
as many answers as possible prior to any mining operations because polymetallic crust
removal would unguestionably have a very severe impact on anything living on or within
its vicinity.

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE

Figure 3.3

A crab defends its
territory on a seamount
in the North Atlantic.
Seamounts host a very
rich biodiversity, with
corals, crustaceans,
sponges and echinoderms
among the most
frequently found
organisms. Courtesy
Mountains in the Sea
Research Team, NOAA.
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Figure 3.4

Giant tube worms (Riftia
pachyptila) are frequently
found at hydrothermal
vent sites along the East
Pacific Rise, but not in the
Atlantic or Indian Ocean.
The worms can grow to
alength of 1.5 min less
than two years. Courtesy
NOAA Okeanos Explorer
Program, Galapagos Rift
Expedition 2011
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Hydrothermal vent ecosystems

First observed in 1977 by scientists exploring the Galdpagos Rift, deep-sea hydrothermal
vents have since been found all along the mid-ocean ridge and island arcs, ancient plate
boundaries, and in association with volcanoes. The deep-sea equivalent of geysers on
land, hydrothermal vents form when water is forced into seafloor fissures near seismically
active sites and is subsequently heated by the underlying magma (Fig. 2.7). In the process
the water becomes acidic, enabling it to leach minerals from the surrounding rock on its
way back to the seafloor surface. When the mineral-rich superheated fluid is ejected there,
it reacts with the cold and oxygenated seawater, causing some of the dissolved material
to precipitate, forming hydrothermal vent chimneys and mineral deposits on the seafloor.

Despite the extreme temperatures (up to 400° C) of the superheated water ejected
from the vents, the immense pressure near the seafloor, and near total darkness, many
hydrothermal vents are home to unique ecosystems with a rich array of life. As there is
no light for conventional chlorophyll-based photosynthesis, its primary producers rely on
chemosynthesis to create organic matter on which other organisms can feed (Galéron,
2012). Over 500 species, virtually all of them new to science, have been identified in
deep-sea hydrothermal vent ecosystems, including bacteria, polychaetes, gastropods,
crustaceans and fish.

Because there can be major differences in temperature, chemicals and plume flow from
one hydrothermal vent system to another, the biodiversity they support usually differs
as well. Hydrothermal vent systems in the Eastern Pacific (Fig. 3.4), for instance, support
very different ecosystems from those of the Atlantic (Fig. 3.5) and from those in back-
arc basins of the Western Pacific (Fig. 3.6). There can even be major differences in
species composition in systems located near one another, suggesting very high levels of
endemism (Galéron, 2012).
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Events like submarine earthquakes or shifts in volcanic activity can also have a major
impact on the development of these ecosystems. Fundamental differences exist between
hydrothermal vent habitats that are found in slow-spreading seafloor zones and those
found in fast-spreading settings, including their spacing and longevity, which are
determined by tectonic or volcanic activity (Van Dover et al., 2018).
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Inactive hydrothermal vent fields and inactive chimneys in active sites have lost their  Figure 3.5
chemosynthetically-based communities but provide large surfaces of hard substrate on  Deepsea shrimp (Rimicaris
which benthic suspension-feeding animals like corals and sea urchins can be found. These  exoculata) crawl atop a
species are often slow-growing and long-lived (Fisher et al., 2013) and would obviously be ~ 9eeP-sea ventin the Mid-

£ difth . ined dl lled . inf di Atlantic Ridge to feed
affected if the site were mined and levelled. Inactive vent systems in fast-spreading zones | croorganisms that

like the East Pacific Rise and some back-arc basins can reactivate as a result of seismic or  grow along the sides of
volcanic disturbance, dramatically changing biodiversity over short time spans. Like their  the chimney. This unique
counterparts on active sites, ecosystems found at inactive hydrothermal vent sites need  shrimp thrives in warm

much additional research to be fully understood (Levin et al., 2009; Van Dover, 201). sulfide-rich water at
depths up to 3600 m.

Courtesy NOAA.

Figure 3.6

Shrimp and crabs cover
a hydrothermal vent
releasing extremely hot
fluid (up to 365°C) at a
depth of 3,500 m in the
Mariana back-arc basin.
Others fauna nearby
includes mussels,
limpets, anemones and
bristle worms, some of
which unique to back-
arc basins. Courtesy
Schmidt Ocean Institute.
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Back-arc basin ecosystems

As mentioned in Section 2, the western rim of the Pacific Ocean is fringed by a complex
arrangement of relatively young basins formed by back-arc extensions (Fig. 2.2). The
basins favour the development of unique fauna and, in part as a result of their relative
accessibility (i.e., their proximity to land and relatively shallow depth), have proved to
be a superb natural laboratory for the study of hydrothermal vent ecosystems. That
accessibility also appeals to mining companies, with some the deposits likely to be
developed before other deep-sea minerals. For this reason, it is important that industry
and the scientific community cooperate to conduct a thorough investigation of back-arc
hydrothermal vent systems prior to the onset of large-scale mining operations.

Recovery rates of deep-sea fauna

Vent fauna

There are major differences in the fauna observed at active and inactive vent sites. Active vent
fauna that is associated with volcanic activity appears able to recover relatively rapidly from
major disturbances like volcanic eruptions, as has been noticed on the Juan de Fuca Ridge, the
East Pacific Rise and in the Mariana Arc. There also is evidence that active vent fauna can adapt
to higher concentrations of heavy metals; conditions that would probably be toxic for organisms
located at inactive sites (Boschen et al., 2013, Van Dover, 2011). However, recovery time for slower
growing and long-established vent communities on mid-ocean ridges, where large ore deposits
may be located and where major disturbances are infrequent, remains largely unknown. Though
long-lasting active vent sites may be recolonized after mining, there is no certainty about which
species would be involved, how species interactions might change or how long recovery might
take (Van Dover et al., 2018).

Abyssal fauna

Many abyssal animals are surface-deposit feeders, relying upon recently-settled particulate
matter from the water column, or suspension feeders that trap particles before they settle on
the sea-floor. Sea-floor habitats in abyssal nodule regions are believed to be physically stable.
Organisms living in nodule fields hence are unlikely to be able to cope with disturbance (Baker
& Beaudoin, 2013b); an observation confirmed by studies analyzing life within the test mining
tracks created in the 1970s in the Clarion-Clipperton Zone (Miljutin et al., 2011, Vanreusel et al.,
2016).

Seamount fauna

The dominant benthic fauna on seamounts consist of sessile organisms like corals and sponges.
These may include species that are widely distributed as well as organisms that are endemic
or specific to a small region. Their slow growth rates and high longevity make recovery from
disturbance either unlikely or very long-term, especially on isolated seamounts (Clark et al., 2010).
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Deep-sea mining will affect
different species differently. The
octopus, seen here at a depth of
2422 m on a seamount, would

be able to move in time; sessile
organisms like the orange stalked
crinoid next to it will not. Courtesy
NOAA/Monterey Bay Aquarium
Research Institute.
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4. DEEP-SEA MINERAL
EXTRACTION

Whether at sea or on land, there are four basic ways to mine for a mineral deposit:
scraping it from the surface; excavating it by digging a hole, tunneling to a deposit
beneath the surface; or directly drilling into it. Once the resource is obtained
through one of these methods, it must then be transported, processed, and refined
into a marketable product. As refinement usually calls for the raw material to

be reduced in size multiple times, the remaining unneeded materials need to be
disposed of or, if possible, used for other purposes.

Deep-sea mining poses new challenges as it must be conducted deep beneath the
ocean’s surface in extreme environmental conditions using remote technology. To
meet these challenges, modern deep-sea mining methods are being designed in
consultation and cooperation with other sectors involved in deep ocean activities,
including ocean cable-laying, offshore diamond mining, dredging, and offshore oil
and gas extraction. All are contributing, directly and indirectly, to developing the
technology needed to extract the deposits of most interest: polymetallic nodules
and polymetallic sulphides and, possibly at a later stage, polymetallic crusts.

Polymetallic nodule recovery

When mining companies first sought to extract nodules from the Clarion-Clipperton
Fracture Zone in the 1970s, they relied on two different types of recovery systems.
The Continuous Line Bucket (or CLB) method adapted the principle of the traditional
bucket ladder dredge, which was widely used at the time for channel dredging and for
the recovery of marine aggregates like sand and gravel. When the CLB system proved
impractical in greater depths, the mining consortia focused on hydraulic systems instead,
using either pumps or compressed air injected into a pipe string to draw the nodules
to the surface. Though hindered by technical constraints and, in comparison to today,
relatively primitive positioning technology, three consortia managed to bring up several
hundred tons of nodules from the seafloor far below, proving that the hydraulic system
worked in a test setting, though not necessarily for the far greater amounts that would
need to be recovered in a commercial context.

Since those pioneering efforts, mining companies have made massive progress in terms
of mapping the resource and refining the hydraulic mining system, at least on paper.
Although their specific plans are proprietary, they all include a (horizontal) seafloor
component that moves along the seafloor to collect the nodules; a vertical transport
component that lifts the nodules to the surface, and a surface (ship-based) component
to handle the continuous flow of nodules and separate them from the transport slurry.

The seafloor component consists of a remotely operated collector that is steered along
the seafloor to collect nodules and funnel them towards the vertical transport component,
consisting of the pipe string or riser. The equipment needs to be designed to minimize
the disturbance of very fine bottom sediments that have settled on the abyssal plains
for millions of years. It also will need to be able to contend with the potential clogging
capacity of these sediments, and with the immense pressure and increased acidity found
at depths between 4 and 6 km. The system will have to remain on site for long periods of
time since retrieval and redeployment are time-consuming and costly.
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Figure 4.1

Artist impression of a
scaled-down seafloor
nodule collector (or
crawler). In a commercial
setting, a collector

would need to lift several
thousand tons of nodules
per day. A full-scale
collector would have a
width of some 16 m (50
feet). Courtesy IHC Mining.
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The vertical transport component consists of a pipe string (riser), which extends for sev-
eral kilometres from the surface vessel or platform to the collector on the seafloor. A pipe
string of that length was deployed successfully on several occasions during test mining
operations in the late 1970s, creating confidence that this can be done on a larger scale.
Deploying a pipe that long is a costly and time-consuming procedure; hence here too it
is essential that the equipment can stay in place and without any malfunctions for long
periods of time. Although breakdowns cannot be ruled out when deploying new technol-
ogy, especially in harsh environmental conditions, the industry anticipates and addresses
potential problems by testing and deploying scaled-down versions of the equipment that
will be used in commercial operations.

The surface component needs sufficient space to store the nodules and a mechanism
to transfer them to storage vessels. It also needs to generate considerable power to pull
up the slurry containing nodules, sediment and water from several kilometres below. In
addition, there is a need for equipment to separate and clean the nodules, along with
space to store and, as appropriate, properly dispose of the fluid portion of the slurry. Unlike
offshore platforms, which remain stationary much of the time, the surface component will
be mobile, slowly following the track made by the collector(s) below. This requires state-
of-the art dynamic positioning equipment to reduce the strain on the pipe string and the
seafloor component.

Not including the potential costs added by environmental compliance, polymetallic
nodule mining will require major investments, explaining in part why no recovery has
taken place since the first mining tests more than 40 years ago. This will require long-term
commitments, not only by the operators and their investors, but also by the agencies and
organizations that monitor and regulate their operations.

Polymetallic crust recovery from
seamounts

Although the concentrations of metals in polymetallic crusts are of economic interest,
removing crusts that are cemented to hard substrates is technologically complex,
currently very expensive and most likely environmentally destructive (Hein et al,, 2009).
In comparison to other deep-sea deposits, only a limited amount of research has been
devoted to the development of extraction technologies. One possible method of crust
mining consists of a bottom-crawling vehicle to remove and fragment the crust and
send the pieces to a surface vessel by a hydraulic-pipe lift system. Other systems propose
sonic separation of the crust from its substrate followed by in-situ water-jet stripping and
chemical leaching (ISA, 2010). Most of the engineering data related to crust mining are
proprietary and therefore not publicly accessible (Smith & Heydon, 2013¢).
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Polymetallic sulphide recovery

In late Summer 2017, the Japan Qil, Gas and Metals National Corporation (JOGMEC) and
the Japanese Ministry of Economy, Trade and Industry (METI) reported the successful
retrieval of a small quantity of polymetallic sulphides from a depth of 1,600 m in waters
off Okinawa. Though both organizations have long shown an interest in deep-sea depos-
its, the announcement came as somewhat of a surprise, because the first mining opera-
tions were expected to be conducted further south, in waters off Papua New Guinea
(PNG). But unlike commer-
cial companies that must
seek funding, investors, and
licenses, JOGMEC was able
to plan and develop the op-
eration without comparable
restrictions, enabling Japan
to become the first country
to successfully recover mas-
sive sulphide deposits using
continuous ore lifting tech-
nology.

The announcement brought
more information about
the technology used in the
pilot operation, including an : > e
excavator to disaggregate : PO TION SUpRORT
the deposits on the seafloor

(Fig. 4.2), a lifting system to
bring the ore to the surface,
and a surface vessel to store
the material and provide
support and power to the
equipment on the seafloor.
The excavator crushed the
deposits to the proper size
to prevent malfunctioning
of the pumps needed to
lift the slurry to the surface
vessel. No information was
provided on the quantity of
material that was obtained,
although METI reported the
amount of zinc in the tar-
geted deposit to be equiv-
alent to Japan’s annual con-
sumption, suggesting the
area may see more mining . = e | RS RELIFT
in the years to come. . A :

1,600 metres

In contrast to Japan’s ef-
forts, plans to mine poly-
metallic sulphides in the
Bismarck Sea off Papua
New Guinea (PNG) are
much more in the limelight,

- SEAFLOOR PRODUCTION
partly due to the cost of the : I 10015 (57T

operation and growing local
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Figure 4.2
JOGMEC's experimental
ore collector is launched
from the deck of the
organization’s research
vessel Hakurei. The
equipment collected
crushed polymetallic
sulphides at a depth of
1,600 m. These were
subsequently lifted to

a support vessel using
submersible pumps and
a riser pipe. Courtesy
METI/JOGMEC.

Figure 4.3

Artist impression of
the Nautilus Minerals
mining system in
operation. Unlike
polymetallic nodules,
which can be gathered
by a single seafloor
collector, polymetallic
sulphide mining

will involve several
components to
excavate and crush the
material to the proper
size before it can be
lifted to the surface.
Courtesy Nautilus
Minerals, Inc.
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Figure 4.4

A line-up of nautilus
minerals seafloor
production tools
(SPTs). From left to
right the Auxiliary
Cutter, the Bulk Cutter
and the Collecting
Machine. Courtesy
Nautilus Minerals, Inc.
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opposition. At the centre of the controversy is Canadian company Nautilus Minerals Inc.,
which was granted several licenses by the PNG government (see section 7). The company
has focused most of its efforts on the development of the Solwara 1 site, located some 30
km from the coast at a depth of 1,600 m. Solwara 1is one of several hydrothermal sites
in PNG waters holding high-grade massive sulphide deposits containing copper, zinc,
gold and silver. Though its production schedule has encountered considerable delays, the
company hopes to deploy its mining system (Fig. 4.3) by late 2019 or or early 2020. A
comprehensive overview of other deep-sea technologies for the recovery of polymetallic
sulphides is presented in Egorov et al., 2012.

The Nautilus mining system

The current mining approach for the Solwara site is based on remotely operated
equipment to crush and excavate the targeted deposits using a continuous cutting
process, not unlike bulk mining equipment used on land. Because of the topography
of the site, with relatively steep slopes and numerous chimney-like structures, three
different excavating machines will be used: the auxiliary cutter, a bulk cutter and a
collector (Fig. 4.4).

The Auxiliary Cutter (AC) consists of a boom-mounted cutting head designed to
disaggregate the rocks on rough terrain. Once it has done so, the material is further
disaggregated by the Bulk Cutter (BC), which has a much higher cutting capacity
but is restricted to areas which have been levelled by the AC. The crushed deposits
are then gathered by the Collecting Machine (CM), which mixes the ore fragments
with seawater and sends the slurry to the Riser and Lifting System.
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The Riser and Lifting system is designed to transport the slurry to the surface
using a subsea lift pump attached to its base and a vertical riser system linked to
the surface vessel. Once the slurry reaches the ship it passes through a dewatering
process, with the solids subsequently transferred to a transport barge for shipment
to shore and the remainder pumped back to the subsea lift pump for discharge
near the seafloor, the assumption being that this would mitigate the environmental
impact.

None of this equipment was tested in a scaled-down version or otherwise derisked
at operating depth, which will make for interesting times if and when it finally
reaches the mining site. Whether Nautilus’ gamble paid off will not be known until
2020 at the earliest.
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A squat lobster settled itself inside
a glass sponge at a depth of 845 m
off the Sangihe Talaud archipelago,
North Sulawesi, Indonesia. A yellow
feather star crinoid attached itself
to the sponge as well. Courtesy
NOAA Okeanos Explorer Program,
INDEX-SATAL 2010
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5. THE LEGAL
FRAMEWORK

Law can be defined as a body of rules, so the legal framework for deep-
sea mining covers the rules that relate to the exploitation of the deep sea.
The rules for mineral resource recovery are usually drafted and enacted by
whomever holds ownership or title over them, and in the case of the deep
sea this is simple: it is either a national government entity or the International
Seabed Authority (ISA) that does so, depending on whether the deposits
are located under national or international jurisdiction. What complicates
this seemingly simple setting is that national and international entities

are accountable to a wide variety of stakeholders, from environmental
organizations which may oppose development to mining companies that
seek to unlock the deep sea’s mineral wealth. Rule-making thus turns into a
balancing act and. like any such act, requires time and caution to succeed.

A brief history

The legal framework for the regulation of deep-sea mining depends on whether the
deposits are located within national or international jurisdiction. The boundary between
the two is established in the 1982 United Nations Convention on the Law of the Sea
(UNCLOS) - a major international treaty that provides rules, principles and guidelines for
virtually every ocean use. The long negotiations preceding UNCLOS were triggered by
the need to determine to whom the deep sea and its resources belonged.

The issue was first officially raised on 1 November 1967. On the agenda of the 1515"" meeting
of the First Committee of the General Assembly that morning was Item 92, described as
an “Examination of the question of the reservation exclusively for peaceful purposes of
the sea-bed and the ocean floor, and the subsoil thereof, underlying the high seas beyond
the limits of present national jurisdiction, and the use of their resources in the interests of
mankind.” As its title indicated, the debate would focus on the ocean floor beyond the
limits of national jurisdiction or, to put it simply, that part of it not owned or controlled by
nations (and hence unclaimed). By 1967 it had become clear that there were vast mineral
resources there, so it made sense to start discussing their legal status and how they
should or could be used.

Before the question could be addressed in earnest, there was a need to determine the
boundary between the sea under “national jurisdiction” and whatever lay “beyond.” That
was a problem: a precise division between the two no longer existed. It had until 25 years
earlier, when the sea was essentially divided into two major legal zones, both covering
the sea from its surface all the way to the bottom and subsoil. On one hand, there was
the territorial sea - a narrow belt of ocean adjacent to the coast that was regarded as
part of a nation’s territory. Beyond that were high seas - a region of ocean not owned
nor claimed by any nation and thus free and open to all. The legal picture was relatively
simple in those days: just two major zones and all that was needed to separate them was
a boundary. Nations didn’t necessarily use the same distance to mark that boundary, but
it was easily drawn on a map.
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Figure 5.1

By the early 20"
century, American

oil companies had
already moved
offshore, drilling first
from piers, later from
platforms. As they
moved further out to
sea, legal questions
arose about ownership
of the seabed (and

its oil) beyond

the territorial sea.
Courtesy Standard Oil
Co (California)
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Shortly after the Second World War, that clear division became blurred by a new concept
of ocean jurisdiction. In a 1945 proclamation, President Truman asserted U.S. jurisdiction
over the seafloor not just under its territorial sea, but much further out, all the way to the
edge of the continental shelf. To clarify what was meant by that, a press release explained
that the continental shelf was “generally” considered to consist of “submerged land
contiguous to the coast and covered by no more than 100 fathoms (600 feet or about
183 m) of water,” a description largely in line with the geological definition. The motivation
behind the claim was clear: securing offshore oil. There was no doubt that the U.S. owned
the oil under its three-mile territorial sea, but beyond that the question of ownership had
not been addressed. To pre-empt others from suggesting answers, Washington simply
informed the rest of the world that, in its view, nothing in international law prevented a
state from claiming the mineral resources of its continental shelf.

p——— g
Looking back, the Truman Proclamation was the first major national claim over large
tracts of ocean in modern history. Though it ran counter to the way nations treated the
ocean at the time, it could be argued that it made sense. Geologically speaking, the
continental shelf did form part of the continent, so it was not entirely unreasonable to
propose that its resources belonged to the coastal state. But it soon became clear that
the American claim created complex problems. A month after the Truman Proclamation,
Mexico also decided to claim its continental shelf, but it added “superjacent” resources,
a legal term meant to include the fish that swam above it. Other Latin American nations
went even further, extending not only their jurisdiction but their sovereignty over the sea
and the seafloor. Before long there was so much confusion over who supposedly owned
what at sea that the US State Department’s geographer was forced to admit in his 1949
Report to Congress that “never have national claims in adjacent seas been so numerous,
SO varied, or so inconsistent.”

To prevent that inconsistency from leading to conflict, the United Nations appointed a
body of lawyers and set them to work on drafting a set of uniform rules. Their preparations
resulted in four 1958 conventions; two of them dealing with the zones that had existed
since times immemorial: the territorial sea and the high seas; a third addressing the legal
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status of the continental shelf, and a final one dealing with conservation and fisheries.
The conventions entered into force during the early 1960s, giving the world its first
internationally accepted set of rules for the oceans.

Unfortunately, a few important provisions were not clear. To arrive at consensus,
compromises were made, some of which ruled out agreement on the boundaries the
conventions were supposed to establish. The Convention on the Territorial Sea, for
instance, failed to come up with a width that everyone could accept, but the treaty was
approved anyway. And the important Convention on the Continental Shelf codified
coastal state jurisdiction over the shelf into international law but rather than stopping
its extent at 100 fathoms or some other reasonable depth, it included a phrase so vague
one still wonders how it ever got included. According to the assembled lawyers and
diplomats, the continental shelf was the seabed adjacent to the coast to a depth of 200
meters or “beyond that limit, to where the depth of the superjacent waters admits of the
exploitation” of its natural resources.

That sentence, more than anything else, was central to the debate facing the General
Assembly on 1 November 1967. The agenda proposed a discussion on peaceful uses
and potential resources of the ocean floor beyond national jurisdiction, but then-
existing international law failed to define where that area began. When a definition of
the continental shelf was negotiated in 1958, some nations possibly did not anticipate
mining or exploiting the sea beyond the 200-meter depth but by 1967 they knew better.
Including exploitability in the legal definition of the continental shelf was a clear invitation
for technologically advanced countries to claim as much of the ocean floor as their
industry (or military) managed to reach.

Some of those technologically advanced nations, the U.S. among them, preferred to keep
it that way, but others started questioning its inclusion. Not only that, by 1967 the United
Nations numbered far more members than in 1958, including a group of African countries
that had become independent in the intervening years. Gradually a desire grew among
them and other member states to review some aspects of the law of the sea, or at least
figure out where national jurisdiction was supposed to end. Working tirelessly behind the
scenes was Arvid Pardo, the Ambassador of Malta, a small Mediterranean island nation
that had become a U.N member just three years earlier. It was the 53-year-old diplomat
who had requested the topic to be placed on the morning’s agenda and it was he who
had now been scheduled to open the debate.

As it turned out, there would be no debate, at least not that day. Pardo spoke for more
than three hours, not only taking up all of the 1515" meeting but continuing straight on
into the 1516™. By the time he finished, there was no time left for a debate, or much energy
from those who attended the entire session. Pardo indeed delivered not a speech but
a full-blown lecture, covering the scientific, military, technological, economic and legal
aspects of the oceans in considerable detail, prior to coming up with a plea to declare
the seafloor beyond the continental shelf the “common heritage of mankind”; to ensure
that the immense resources of the deep sea would be exploited with “harm to none and
benefit to all.”

Reaction to the speech was mixed. Developing nations were intrigued by the reference
Pardo made to what had happened to Africa in the 19™ century, when the Great Powers
carved up much of the continent to mine and exploit it for their own benefit. The implication
was clear: do nothing and the deep sea would befall the same fate. Pardo’s calculations
of the billions of dollars that were up for grabs also intrigued them. No wonder they
supported a mechanism that would entitle them to a share of it. Pardo also found support
among some Eastern Bloc countries, which were averse to any capitalist claims on the
seafloor, and even managed to get backing from some West European nations.

The technologically advanced and military powers Pardo had indirectly rallied against
were less enamored. Even before Pardo’s speech the topic was described as premature;
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a sentiment that was repeated in even stronger terms upon its completion. But Pardo
had played this very intelligently. Unlike the ocean and the seafloor, where the rich and
powerful might dictate some rules, the General Assembly was a level playing field where
strength in numbers counted. And with developing nations in favour of a mechanism
that designated the seafloor under more than half of the planet as belonging to all of
humankind, the votes stacked up in his favour. Whether the great powers liked it or not,
they had been outmanoeuvred. Jurisdiction over all of the seafloor had now been firmly
placed on the U.N. agenda. Next up was a discussion to determine to what extent Pardo’s
proposals ought to be implemented.

Figure 5.2

It took nearly 10 years
of negotiations, but
in 1982 the UN finally
reached consensus on
a new Law of the Sea
Convention, including
a first set of rules and
regulations for the
deep sea. Courtesy
United Nations.
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As it turned out, that discussion wouldn’t be concluded until 15 years later, when the U.N.
adopted its 1982 Convention on the Law of the Sea (UNCLOS). The agreement replaced
the four conventions that had been adopted in 1958 and remains the backbone of
international ocean law to this day. Like its predecessors, UNCLOS divides the ocean into
different jurisdictional zones (Fig. 5.3), three of which relevant to mineral development:
the Exclusive Economic Zone (EEZ) and the Continental Shelf, both of which fall under
jurisdiction of the coastal state, and the seafloor beyond these zones, which is known as
the International Seabed Area (or simply” the Area”). That part, still covering nearly half of
the surface of the planet, is designated as the common heritage of mankind (CHM), just
as Arvid Pardo proposed more than 50 years ago.

The Exclusive Economic Zone (EEZ)

UNCLOS precisely defines the EEZ: it extends 200 nautical miles (nm) from the baseline
from which the breadth of the territorial sea is measured (PART V, Article 57). The EEZs of
opposite countries can overlap, in which case the EEZ’s extent will be less than 200 nm,
depending on the location and configuration of the coast. The countries involved need to
figure out a boundary in this instance, preferably by mutual agreement, much the same
way adjacent countries should delineate their maritime zones as well.

UNCLOS assigns sovereign rights over all mineral deposits found in the EEZ to the coastal
state. In most EEZs this relates to marine aggregates like sand and gravel, or offshore
oil and gas deposits, but if an EEZ extends past the continental margin into the deep
sea, its resources, whether polymetallic nodules, ferromanganese crusts or massive
sulphide deposits, also belong to the coastal state. Ownership and jurisdiction implies

DEEP SEABED MINING: A RISING ENVIRONMENTAL CHALLENGE



5. THE LEGAL FRAMEWORK

the right to grant licenses and exploit these resources. National regulations are subject

to the requirement that they shall be no less effective than international rules, standards

and recommended practices and procedures, though these have yet to be set. In the Figure 5.3
interim, applicable requirements include the general obligation to “protect and preserve UNCLOS dw'ides the
the marine environment” (Article 192) and a more detailed requirement to minimize oz into several zones.
“pollution from installations and devices used in exploration or exploitation of the natural  Coastal states own
resources of the seabed and subsoil” (Article 194.3.c). UNCLOS further calls on states to  the mineral resources
take measures to “protect and preserve rare or fragile ecosystems as well as the habitat of of th_e EEZ and
depleted, threated or endangered species and other forms of marine life” (Article 194.5). if;;gi;gidsgel;;he
This obligation is reinforced by other international agreements, including the Climate  common Heritage of
Change and Biodiversity Conventions and the 1992 Rio Declaration on Environment and  Mankind (CHM)
Development.
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The continental shelf

The Continental Shelf as defined by UNCLOS is a legal construct, which broadens the
geological definition of the continental shelf to include the outer edge of the continental
margin (including the shelf, the slope and the rise - see section 2) and extends it 200
nautical miles regardless of whether there is a (geological) continental shelf of that length
adjacent to the coast. As in the case of the EEZ, the coastal state possesses sovereign
rights over its continental shelf “for the purpose of exploring it and exploiting its natural
resources”.

Unlike the EEZ with its clearly defined maximum extent, the continental shelf as defined
by UNCLOS can extend beyond 200 nm. To accommodate legitimate extensions, the
convention enables nations with wide (geological) continental shelves to claim a portion
beyond 200 nm using a number of criteria that limit its extent to 350 nm or a line drawn
100 nm from the 2,500 m depth contour. This so-called extended continental shelf
requires approval by a specialized Commission on the Limits of the Continental Shelf
(CLCS). As the “deep ocean floor with its oceanic ridges” is specifically excluded from the
definition of the continental margin, extended continental shelf claims should not affect
deep seabed resources. However, the many applications submitted to the CLCS, each one
of which with a specific set of approved or yet-to-be approved outer limits, still create
uncertainty about the precise boundary between the seabed under national jurisdiction
and that part of it considered Common Heritage of Mankind, a full 50 years after the issue
was raised.
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National regulation of deep-sea mining

In contrast to nations with wide (geological) continental shelves, there are nations
with no or very narrow shelf areas, including volcanic islands or countries located near
subduction zones (see section 2). These countries are likely to have extensive areas of
deep sea within their EEZ, giving them the exclusive right to explore and exploit deep-
sea deposits. Examples include several Pacific island nations, New Zealand and Japan,
but also archipelagos like the Azores (belonging to Portugal) and countries that include
sections of the mid-oceanic ridge like Iceland.

National legislation regarding the potential development of deep-sea resources within
the EEZ is currently under development in a number of countries. The Cook Islands
government, for instance, has enacted a national regulatory framework to regulate EEZ
mining activities. The principal legislation is the Seabed Minerals Act 2009, which came
into force 1 March 2013, as amended by the Seabed Minerals Amendment Act (2015).
Environmental considerations are currently covered by the Environment Act 2003, with
further regulations planned in order to align it with deep seabed mining. (Lynch, 20T17;
Pacific Islands Report, 2016). Papua New Guinea’s deep-sea mining leases, on the other
hand, are based on the Mining Act 1992, as amended to include offshore activities, and
the Environment Act of 2000, to be amended by an Environmental Policy on Offshore
Mining. Environmental groups have voiced concerns that amendments to existing
terrestrial mining legislation may not provide sufficient safeguards for deep-sea mining,
given the differences between terrestrial and seabed environments.

To assist Pacific countries with the regulatory process, the Deep-sea Minerals Project of the
European Union and the Secretariat of the Pacific Community Applied Geosciences and
Technology Division (SPC-SOPAC) produced guidance on regulating deep-sea mining
activities in accordance with international law. The project, now completed, supplements
an earlier report covering principles for the development of national offshore mineral
policies, known as the Madang Guidelines (SOPAC, 1999).

UNCLOS requires national regulations to demonstrate a commitment to marine
protection, although the lack of knowledge and expertise about deep-sea environments
at government levels in some countries may delay the development and implementation
of suitable management and mitigation strategies (Boschen et al,, 2013). As emphasized
by marine scientists, lawyers and decision-makers, a global approach paired with inter-
disciplinary collaboration will be essential to resolving deep-sea mining issues in national
as well as international waters.

International regulation of deep-sea mining

UNCLOS designates the sea-bed and ocean floor and subsoil thereof, beyond the limits
of national jurisdiction (i.e., beyond the EEZ and the (extended) continental shelf), as “the
Area”, and states that the Area and its resources are the common heritage of mankind.
UNCLOS and the 1994 Agreement relating to the Implementation of Part XI of the United
Nations Convention on the Law of the Sea (the 1994 Implementation Agreement), are the
fundamental governing instruments for the Area and activities related to its resources

UNCLOS established the International Seabed Authority (ISA) to organize and control
activities in the Area. Financial and other economic benefits derived from activities in
the Area must be equitably shared, taking into particular consideration the interests and
needs of developing countries. Entities that are interested in carrying out activities in
the Area must apply to the ISA, following the detailed procedures set out in UNCLOS
and the 1994 Implementation Agreement. States Parties (and relevant international
organizations) must ensure that activities in the Area are carried in accordance with
UNCLOS Part XI. (Article 139).
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ISA: REGULATOR AND PROMOTER?

UNCLOS saddled the ISA with a dual mandate: /

to develop the resources of the Area (for the y \ONA(
benefit of humankind) AND to make sure

that this development proceeds without

harming the environment. It is a somewhat

uncomfortable mix of tasks because one V v
mandate implies promoting development to “,y y
generate revenue whilst the other calls on the %09\
organization to draft regulations that could

stifle that development.
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As long as commercial deep-sea mining remained no more than a remote
possibility, this dual mandate wasn't heavily questioned. The organization
operated in relative obscurity from Kingston, Jamaica and seldom made the
news, except to point out, more for curiosity’s sake than anything else, that an
entity “controlling” half of the planet’s physical surface was staffed by no more
than a handful of people.

Now that deep-sea mining is approaching the transition from exploration to
exploitation, the ISA will need to get adjusted to considerably more scrutiny.
More people and more governments are questioning whether it is a good idea to
have an organization that promotes deep-sea development also write the rules
that are meant to protect its environment. At the centre of the debate is the
mining code which mirrors the ISA’s dual mandate to develop and to protect,
along with determining how any benefits are to be shared. It can be done, but it
is forcing the ISA to contemplate environmental considerations more seriously
than it did in the past, when commercial mining remained a distant (and even
unrealistic) prospect.

The main driver behind this shift in focus are national delegations, which insist that
the ISA strengthens the mining code’s environmental requirements. European and
other nations, many of which actually interested in the deep sea as a potential
source of metals, are driven by environmental concerns; other countries may be
motivated by a desire to protect land-based mining. Some Asian nations, on the
other hand, are calling for a balance between environmental and commercial
considerations that does not unduly delay the publication of the mining code
(and along with it the plans of their mining companies).

Aside from environmental considerations, the ISA will also need to draft and
implement operational requirements, including safety and inspection standards.
As mining in the Area is still years away, there is time to do so but it may make sense
to consider transferring some authority to an autonomous or semi-autonomous
entity. Promotion and regulation seldom make good bedfellows, especially when
something goes wrong. Though a malfunction of deep-sea mining equipment is
unlikely to cause the havoc caused by deep water oil drilling or even shipping
accidents, it is important to avoid conflicts of interest by ensuring that the
promoter is not in charge of enforcement.

Deep-sea mining’s (re)appearance on the public radar screen is thus forcing the
ISA to live up to its logo and balance its dual mandate - a step that is necessary
to ensure that the benefits of any deep-sea mining will also accrue to future
generations.
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5. THE LEGAL FRAMEWORK

In addition to entering into contracts, the ISA must establish rules, regulations and
procedures to ensure effective protection of the marine environment from harmful effects
that may arise from activities in the Area (Article 145); this task UNCLOS assigns to the
ISA’s Legal and Technical Commission. The Commission, which consists of 30 experts
nominated by ISA Member States, has a broad list of responsibilities, including reviewing
applications for exploration contracts, evaluating annual reports from contractors, setting
guidelines for reporting on environmental baseline studies, preparing assessments of the
environmental implications of activities in the Area, and drafting rules, regulations and
procedures for adoption by the ISA Council.

To date, the Authority has issued Regulations on Prospecting and Exploration for
Polymetallic Nodules in the Area (the “Nodules Regulations” - adopted 13 July 2000
and updated 25 July 2013); and similar sets of regulations for Polymetallic Sulphides
(the “Sulphides Regulations” - adopted 7 May 2010) and Cobalt-Rich Crusts (adopted
27 July 2012). In conjunction with Commission recommendations for the guidance of
contractors, including guidelines for the assessment of possible environmental impacts,
these regulations form the so-called ‘Mining Code’. The next phase in the development of
the regulatory framework is the introduction of regulations governing exploitation. This
phase is ongoing and provides an opportunity for public comment and input.

To effectively protect the marine environment from potentially harmful effects associated
with deep-sea mining, the Mining Code will need to take into account a variety of factors.
This will require regulations and procedures for the protection and conservation of deep-
sea biodiversity; the prevention, reduction and control of pollution and other hazards
to the marine environment; and the prevention of interference with the ecological
balance of the marine environment. Reaching these objectives will require well-defined
environmental goals and measurable indicators, along with a high level of transparency
with regard to all activities, commercial as well as regulatory (Jaeckel, 2017).
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A close-up of barnacles with tentacles
(or cirri) extended to catch micro-
organism from the passing vent water
on Kawio Barat volcano, Indonesia.
Deep-sea mining could affect
organisms like these. That impact
needs to be included in cost estimates.
Courtesy NOAA Okeanos Explorer
Program, INDEX-SATAL 2010.
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6. THE ECONOMICS OF
DEEP-SEA MINING

Advances in technology may permit deep-sea mineral resource extraction, but the
high level of required investments raises questions about its economic viability.
When all costs - financial, social, economic and environmental - are taken

into account, does deep-sea mining still make sense?

This is not a recent question - it was raised nearly half a century ago, when
governments and mining companies began eyeing the deep sea as a
potential source of strategic minerals and revenue. Since then, financial and
economic evaluations have been completed to address the profitability of
the sector, identifying the direct financial costs associated with the mining
process. There are indirect costs as well, including the potential impact on
society and the environment. Although often more difficult to assess, these
too need to be included in any economic assessment of deep-sea mining.

The financial cost of deep-sea mining

Estimating the total cost of deep-sea mining involves a range of assumptions and
estimates. Terrestrial mining can provide no more than limited guidance, as the
technologies and operations required for deep-sea excavation differ in many ways from
land-based operations. Successful mining in the deep sea necessitates technologies that
must be able to withstand immense pressures, low temperatures and function flawlessly
in seawater. In addition, a solid understanding of affected ecosystems is needed to assess
the environmental impact of the operations.

Before deep-sea minerals can be lifted from the international deep seabed to the surface,
potential operators face considerable costs. First there are expenses associated with
applying to the International Seabed Authority (ISA) for an exploration and 