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Space and seabed mining: targets
in sight?
The race is on to seek iron, cobalt, platinum and other minerals from asteroids
and the moon: mining the seabed, where rare earths and copper abound, may
take longer amid heightened environmental concerns
Space mining may be closer than we think,
with private companies scrambling to
embark in a race to be the first to dominate
space and the riches that come along with it.
Mining in space will grant access to a
variety of metals abundant on the moon and
some asteroids in high grades, in contrast
to Earth, where high-grade resources of
some minerals are finite. For example, rich
deposits of platinum group metals have
been found on some asteroids as opposed
to being relatively rare in occurrence on
Earth, where platinum has an abundance of
just one millionth of a percent in the Earth’s
crust with only a few hundred tons of the
metal produced annually.
Platinum and other metals including
cobalt have also been in the spotlight due
to unethical mining practices, such as child

labor and pollutant or environmentally
destructive extraction processes. Mining in
space could potentially create a safer haven,
with metals sourced from space cancelling
out the need to mine terrestrially.
Martin Elvis, Senior Astrophysicist at
the US’ Harvard-Smithsonian Center for
Astrophysics, believes that the moon will likely
be the initial destination of the space mining
industry as it has fewer physical constraints
for early mining missions. However, he notes
that the future is in the asteroids due to their
abundance of resources. When looking to
Mars, in terms of mining it would be last due
to its distance away from Earth: it will be more
for settlement purposes.
The technology is there, but it is very
expensive at the moment Elvis said.
(continued on page 2)
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in The Area. Solwara 1 is the only confirmed mining contract so far, for seafloor massive sulfides (SMS).
Source: James R. Hein & Kira Mizell (USGS) et al. / Ore Geology Reviews 51, Elsevier
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Editorial comment
Declining ore qualities at existing mines are an
increasing challenge for major miners. Until
now the options have been to invest more to
dig deeper, boost concentration levels, or seek
new prospects in remote locations which may
pose geopolitical problems or infrastructure
deficiencies. Within the next 5-15 years however,
there could be additional options: mining the moon
or asteroids or mining the seabed. The premise is
that the earth’s growing population will demand
more ores and metals than terrestrial mines can
provide. For both space and seabed mining, moves
are underway to establish a regulatory framework
that will permit commercial activity.
While space mining sounds fabulous, even pie
in the sky, chances are that it could become
commercially viable sooner than seabed mining.
Space mining is being pushed by a handful
of eager entrepreneurs including Elon Musk,
the kind of people who may be able to attract
funds for projects that could win international
recognition. Space seems sexier than the seabed.
But it’s also a question of knowledge: according
to Greenpeace we have more detailed maps of
Mars than we have of the seafloor. Moreover,
concerns have heightened over the health of the
oceans, and the possibility that damage to the
marine ecosystem could bring enormous liabilities
may have put some investors off. Research into
biodiversity continues and the undersea world
may store genetic resources beneficial to our
medical advancement. It would be a shame to
disrupt that or to be seen contributing to the
destruction of an ecosystem that is useful,
even essential, to the planet’s wellbeing. Anglo
American earlier this year pulled out of Nautilus
Minerals, with an advanced mining project in
the territorial waters of Papua New Guinea. “No
one wants to take the first risk when it’s such a
big risk,” said David Santillo, senior scientist at
Greenpeace’s research laboratories.
With these new risks and costs, it is high time the
mining industry looks more seriously at yet another
option: recycling. Reprocessing iron ore tailings,
traditionally not considered cost-effective, has
become commonplace now that mines’ grades
are falling, China is seeking higher-grade ore and,
especially, since a major tailings dam accident
at Brazilian iron ore miner Samarco led to tighter
controls. In the battery metals and electronic scrap
areas, analysts say that recycling will be one of the
major growth areas in coming years. A certain level
of metals recycling may become obligatory, saving
in part our seas and our skies. — Diana Kinch
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3D printing applications foreseen

...from page 1

Metal sourced from asteroids could be used
to 3D print equipment for use in space,
cutting costs and increasing efficiency in
expanding space mining projects, both
Elvis and Hunter-Scullion noted, with NASA
reported to have successfully tested 3D
printing in zero-gravity in 2016 aboard the
International Space Station using plastic.
“Taking iron to a high orbit is expensive,
but then you can take it essentially for free
from an asteroid and deliver it in space,”
Elvis said, envisaging that this might make
large scale production of space stations a
reality while noting this would be many years
after the first mining expeditions.
“There are so many novel applications,
and potentially new minerals we haven’t
yet discovered on asteroids, which is very
exciting,” Hunter Scullion said.
For example, with the supply constraints
of platinum on Earth, there are a lot of
technological applications that we thought
were not possible before that could become
a reality with an abundant supply readily
from space, he said.
AMC is aiming to launch a prospecting
satellite in late 2020, using spectral
analysis to analyze composition of nearEarth asteroids. Investors will want to

“The economics are getting better,” for
example “Elon Musk has taken the cost of
getting to orbit down by a factor of 3, he is
claiming now that it will be a factor of 10 in
a few years.”
Entrepreneur Elon Musk’s California-based
rocket and spacecraft company SpaceX in
February launched the Falcon Heavy, the
most powerful operational rocket in the world
to date by a factor of two, with the capability
to lift nearly 64 metric tons into a low Earth
orbit. SpaceX demonstrated following the
launch that it can reuse spacecraft parts as
two boosters out of three returned safely to
Earth, thus bringing costs down.

Legal framework yet to be developed
This new frontier will nevertheless only
be reached via overcoming some major
technology hurdles, and development
of legal frameworks to manage the
appropriation of resources in space.
"We need to set limitations as to
what constitutes appropriation and
what constitutes legitimate ownership
of space resources," said Mitch HunterScullion, CEO of Asteroid Mining

Corporation (AMC), the first UK-based
space mining start-up.
Hunter-Scullion maintains that space
mining is relatively close to becoming a
reality, “I wouldn’t say in terms of 50-100
years, I would say around 5-15 years.”
AMC is currently working together
with the UK government to develop laws
and a legal framework for operating in
space. “There are various ways of going
around this, but we need solutions for
any potential investors, we need to give
them insurance of what they are buying
in to, to give a tangible agreement and
objective, the last thing people want is
to be held back by legislation,” HunterScullion said.
“You want to be careful,” Martin Elvis
mirrored, “you do not want to define too
ahead of time what the law will be as it
might be too restrictive, but need enough to
encourage movement.”
For industrial sized projects delivering
hundreds of tons of metals “we are
looking more at 20-40 years for that to
happen, it will take decades to build up the
capabilities,” Hunter-Scullion noted.
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have legitimate evidence of what they are
investing in, so identifying asteroids ahead
of time will be key.
Hunter-Scullion noted he will “use this
along with ground spectral analysis to compare
findings, to calculate the composition of the
asteroid and determine their worth.”
By 2024 he hopes to have initial
prospecting completed to select target
asteroids to structure a mining mission,
initiating a small scale sampling mission to
start off with.
AMC is not alone, with companies
including Deep Space Industry and Planetary
Resources also joining the space race.
“Already in the last five years the
number [of identified asteroids] has
doubled because people are finding them
at a much greater rate thanks to new
technologies,” Harvard-Smithsonian Center
for Astrophysics’ Elvis said. “We know of
some asteroids that are accessible and the
methods of extracting are known, but this
needs to be tested in zero gravity and the
tricky conditions of space.”
Elvis has worked closely on identifying
asteroids in the main asteroid belt and
the elements that can be found there that
may be of use. Iron comes essentially
free, being a byproduct of mining
platinum, he noted. He has worked out an
approximation for the volume of iron in the
main asteroid belt, which he calculates
may total ten million times the proven
reserves on Earth. Due to the nature of
the formation of asteroids - fragments of
material left over from the formation of
our solar system – the metal will be more
readily available on the surface, which in
hindsight would make extraction easier,
once we get there.
“Space is truly undergoing its revolution
that has been due for decades,” Martin
Elvis said.
Elvis and Hunter-Scullion are confident
that space mining will open a new industrial
era for the human race, with the new
abundance of rare earth metals allowing
scarce, expensive technologies to thrive and
allowing us to progress technology further
than ever before.
“The asteroid mining industry will be
one of the defining industries of the 21st
century, one of the things that will advance

DIVIDING THE OCEANS UP: EXCLUSIVE ECONOMIC ZONES EEZ AND THE AREA

Regulations to govern seabed mining are now being drafted for The Area (maritime areas beyond national jurisdiction),
shown here in white. The areas in orange denote the EEZs where the seabed is under the control of national governments.
Source: PLOS Biology

Types of Seabed Mineral Deposits
UK-based Seascape Consultants, which offers advice to industry, policymakers and regulatory bodies,
describes the three main sources of deep-sea minerals as follows:
1. Seafloor Massive Sulfides (SMS) are found along oceanic plate boundaries and are formed when
fluids moving through the crust dissolve metals and expel them at the seafloor, where they may form
chimneys known as "black smokers". The metals precipitating from these may form three-dimensional
ore deposits and it is considered they may have more potential for species recolonization after mining
activity than other marine areas. These deposits can be tens of meters thick and equivalent types of
ore deposit are found on land. So far the known deep-sea deposits of this type are quite small and
include Nautilus Minerals’ Solwara 1.
2. Polymetallic nodules are potato-sized nodules that lie strewn across the seabed in remote areas of the
oceans where other sediments accumulate very slowly giving the nodules time to grow - it takes tens
of millions of years for nodules to reach economic size. The main locations are in the deep abyssal
plains (circa 5,000 meters water depth) particularly in the central Pacific and Indian Oceans where the
ecosystems are poorly known and contain many unique species.
3. Cobalt crusts are formed on bare rock surfaces in the ocean. Again they accumulate very slowly and
reach thicknesses up to circa 25 cm. Most commercial crusts are located in the west and northwest
Pacific. Ecosystems in these areas are also complex and poorly known, with species of long-lived
marine animals (100 + years). Because crusts and nodules form thin layers at the seabed the areal
impact of their exploitation will be orders of magnitude greater than that for mines for similar metals
on land. However the extent of the ecosystems in the deep sea may also be on larger scales (research
on this is still being done). For nodules and crusts recovery of habitats is likely to be extremely slow maybe hundreds of years.

the next industrial revolution,” HunterScullion concluded.

Planetary Resources – focus on water
Planetary Resources, located in
Washington, is focusing on sourcing water
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in space; it estimates there are two trillion
tons of water situated on near-Earth
asteroids. The company’s vision is that
water will be able to sustain human life in
space and that it may be used as rocket
propellant for spacecraft. It is embarking
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on an exploration program involving
a series of extensive data-gathering
missions in deep space and visits to nearEarth asteroids. The company successfully
launched the Arkyd-6 (A6), a small satellite

in January, and subsequently completed
missions to “validate and inform the
design and engineering philosophies [of
the company],” to identify water on nearEarth asteroids. The long term goal of

Seabed mining: a brave new world beset by regulatory uncertainties
Despite buoyant demand prospects for highgrade metallic minerals, and the depletion of
high-grade mineral reserves in land-based
deposits, seabed mining maybe further
off than it looked a few years ago. Some
mineral extraction testing has taken place in
Japanese and Papua New Guinea territorial
waters and permits for extraction have been
granted in the territorial waters of Sudan and
Saudi Arabia. But there has been virtually
no commercial mining, even though nations
have the right to grant licenses for mining

in their territorial waters, except for some
shallow-water diamond mining off Namibia.
In international waters, the vast majority
of the oceans’ expanse, known as “The
Area”, a regulatory framework exists so
far only for mineral exploration, but not
yet for mineral exploitation. The United
Nations’ International Seabed Authority is
not expected to develop regulations for
mining on the seabed in international waters
until 2020 at the very earliest, amid growing
environmental concerns over the world’s

Planetary Resources will be to mine for
metals, but first the company aims to
make space exploration easier with local
access to water for rocket fuel and to
support life. — Sarah-Jane Flaws

oceans and the potential impact of seabed
mining. TSX-listed Nautilus Minerals –
expected to be a pioneer in seabed mining –
has postponed the production startup of its
first commercial project, Solwara 1 located in
the territorial waters of Papua New Guinea,
amid financial shortcomings, after one of its
partners, miner Anglo American, pulled out
and various ecological organizations raised
alarm bells.
“Seabed mining is unlikely to occur
within five years,” said Prof. Phil Weaver,
managing director of UK-based Seascape
Consultants, a specialist in environmental

PROCESSES INVOLVED IN DEEPSEA MINING FOR THE THREE MAIN TYPES OF MINERAL DEPOSIT
Seafloor massive sulphides on active
and inactive hydrothermal vents

Polymetallic nodules on abyssal plains

Cobalt-rich crusts on slopes and
summits of seamounts
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Note: Schematic not to scale.
Source: Frontiers in Marine Science (https://www.frontiersin.org/articles/10.3389/fmars.2017.00418/full)
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Depth: 800-2,500 meters
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assessment and ocean governance. “It’s
very difficult for contractors to come
up with plans if they don’t know what
the regulations will be. There are many
unknowns which make it difficult to know
how much it will cost, but we’re talking of
billions of dollars to set up a project. It’s a
completely new venture.”
One industry source estimated that
support vessels required by deepsea mining
projects could cost as much as EUR10,000
an hour to keep in place.
Weaver notes that risers are used in
the oil industry to 2,000 metres depth, but
mining could be much deeper: while mining
sulphide deposits could be done at the
depth of a few hundred meters to 4,000
meters, the richer modules would need to be
mined at around 5,000 meters. Still, various
sources consider that it’s unlikely that space
mining would work out any cheaper, given
the distances that heavy minerals might
need to be transported.

At the starting block
Oceanographer Rachel Mills, Professor in
Ocean and Earth Science at the University
of Southampton, UK, stressed in a June 19
interview with BBC Radio 4 that “we are
at the starting block in oceanography,” in
terms of mapping and of understanding
biodiversity. This includes the relationship
between plankton and metals (it is
known that plankton depend on certain
concentrations of minerals dissolved
in seawater). It is unknown what the
movement of slurry and sediments could
mean for the biology of the oceans and
the extent to which they could impact
the foodchain: however, it is thought that
deepsea organisms could have difficultly
recovering from the impact of mining
practices in any foreseeable time frame,
she said. It’s not a question of whether we
can mine the ocean floor, “but whether we
should do this”, she said.
Investors may indeed be getting cold
feet amid the growing controversy. The
European Union Parliament has recently
agreed on a resolution on international
oceans governance, which calls for a
moratorium on seabed mining. An alliance of
NGOs comprising more than 20 communities
in the Bismarck and Solomon Seas is

MARINE MINERAL DEPOSITS: STUDIED AREAS
Pacific Prime Crust Zone
Clarion-Clipperton Zone Nodules
California Margin Crusts

Peru Basin Nodules
Central Indian Basin Nodules
Terrestrial Mine
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South Pacific Crusts
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Atlantic Crusts
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Map of all well-studied areas for marine mineral deposits, Pacific Prime Crust Zone (PCZ) and Clarion-Clipperton Zone
Nodules (CCZ) and the largest land-based rare earth element mines, Bayan Obo in China and Mountain Pass in California, USA.
Source: James R. Hein and Kira Mizell (US Geological Survey) et al. / Ore Geology Reviews 51, Elsevier
6

Contained metal tonnages (×10 tonnes)*
Clarion-Clipperton	Global Terrestrial	Global Terrestrial
Zone Nodules**
Reserve Base***
Reserves***
5992.0000
5200.0000
630.0000
226.0000
1,000+
690.0000
67.0000
899.0000
414.0000
15.0000
150.0000
110.0000
274.0000
150.0000
80.0000
9.4000
38.0000
14.0000
12.0000
19.0000
10.0000
2.8000
14.0000
13.0000
44.0000
13.0000
7.5000
1.3000
6.3000
3.1000
0.4600
3.0000
3.0000
1.4000
1.6000
1.0000
0.3200
1.2000
1.2000
0.1800
0.7000
0.3000
2.0000
0.5000
0.5000
0.0030
0.0800
0.0700
0.0800
0.0500
0.0200
4.2000
0.0007
0.0004

Manganese
Copper
Titanium
TREO****
Nickel
Vanadium
Molybdenum
Lithium
Cobalt
Tungsten
Niobium
Arsenic
Thorium
Bismuth
Yttrium
PGM*****
Tellurium
Thallium

Prime Crust
Zone**
1714.0000
7.4000
88.0000
16.0000
32.0000
4.8000
3.5000
0.0200
50.0000
0.6700
0.4000
2.9000
0.0900
0.3200
1.7000
0.0040
0.4500
1.2000

*Metals highlighted are those with greater seabed tonnages than terrestrial reserves or terrestrial reserve bases.
**Nodule tonnage used is 21,100 million dry tonnes and crust tonnage used is 7533 million dry tonnes (from Hein and
Koschinsky, 2013).
***USGS 2009 reserve base & 2012 reserves (reserve base includes those resources that are currently economic (reserves),
marginally economic, and subeconomic).
****Total Rare Earth Elements as Oxides.
*****Total Platinum Group Metals.
Source: James R.Hein & Kira Mizell USGS, et al: Ore Geology Reviews 51, Elsevier

reportedly fighting to stop Nautilus’ Solwara
1 project, arguing a lack of consultation, and
drawing attention to the grave impacts that
could be derived from the project.
Greenpeace demands that no seabed
mining applications are granted, and that
no exploration or exploitation takes place,
unless and until the full range of marine
habitats, biodiversity and ecosystem
functions are adequately protected,
including by:
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a

high seas biodiversity agreement
adopted under the United Nations
Convention on the Law of the Sea
(UNCLOS) that provides the global
framework for the conservation and
sustainable use of marine biodiversity in
areas beyond national jurisdiction;
establishment of a global network of
marine reserves, covering 40% of the
world’s oceans, where all extractive
activities are prohibited; and
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rules

to ensure that the environmental
and cumulative impacts of seabed
mining, as well as potential impacts on
alternative uses and livelihoods, have
been thoroughly assessed and properly
addressed in advance. According to
Greenpeace, currently only a tiny fraction
– 3% of the oceans and less than 1%
of the high seas - is protected, despite
political commitments to protect 10% of
the world’s ocean by 2020 and scientists
recommending 20-50% protection.
Still, movements do continue, albeit
slowly, to pave the way for commercial
mining. Seascape Consultants’ Phil Weaver
reports that discussions on a “Biodiversity
Beyond Jurisdictions” document are taking
place in the UN.

given area of up to 75,000 km2, which are
renewable. “The next contractor will not be
eligible to apply for a mining permit until
2021, i.e. after its 15 years of exploration,”
Brager said. “Until then the Mining Code
(with its future exploitation regulations)
is anticipated to be adopted. In the past
three years, the previous seven contractors
eligible, all applied for an extension of their
exploration phase.”
The areas are in the Pacific, Indian, and
Atlantic oceans – covering more than 1.4
million square kilometers, roughly four times
the size of Germany.
In other developments, entities including
Blue Nodules , a Netherlands-based
consortium of companies, are progressing
with the development of harvesting
machinery for nodules mining.

ISA strategic plan: leading to regulation
ISA is expected to adopt at its assembly next
month its draft strategic plan for the period
2019–2023, a conjunction of conditions
to pave the way for a later introduction of
a regulatory framework for exploitation.
“Regulations governing exploration have
been adopted, and the challenge now is
to make the transition to exploitation,” the
Jamaica-based organization said.
ISA has to date granted 29 permits in
The Area for mineral exploration involving
nodules and ledges, to companies including
the UK’s Seabed Resources, part of security
and aerospace company Lockheed Martins
UK, and from China, India, Brazil, Belgium,
Germany, France, Japan and South Korea,
including some government entities. These
licenses allow companies and governments
to explore or sit on minerals blocks: ISA
marine biologist Stefan Brager points out
that the contracts typically provide for a
mandatory 15-year exploration permit for a

Eyes on Nautilus
Nautilus Minerals, which made a major
splash in seabed mining circles two to three
years ago after an enormous initial marketing
push, continues to strive to raise financial
resources: the company said recently that it
requires $350 million to progress its Solwara
1 project, planned to extract mineral-rich
sulfides, containing copper, zinc and gold,
at depths between 1,500 meters and 2,000
meters. Production start-up has been
postponed to late 2019, from the previouslyplanned early 2018, subject to final funding
and completion of its Production Support
Vessel, being built in China, described as 75%
complete in March and which is due for final
delivery March 31, 2019. Nautilus’ experience
with wavering investor confidence is viewed
much as a test case, and the general view is
that this is not an easy route to obtain highquality minerals including copper, gold, zinc,
iron and rare earths.
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Aim must be to benefit mankind
The language in which ISA’s new draft
strategic plan for the period 2019–2023, is
couched gives some ideas of the tremendous
commitments that will need to be adopted by
companies focusing on seabed mining.
The document points to the UN
mandates to ensure that activities in the
Area are carried out for the benefit of
mankind as a whole (Convention, art. 140 (1));
ensuring effective protection for the marine
environment and contributing to agreed
international objectives and principles,
including the Sustainable Development
Goals, established in 1994.
But how indeed to ensure that
commercial seabed mining can be carried
out for the benefit of mankind as a whole
and the eradication of poverty in all its
forms as required by the mandates in the
ISA strategic plan? Market sources note
that a proposal that ISA should set up
“The Enterprise”, a UN-led company for
mineral exploitation, in which different
nations could participate, provide funding
and be obliged to share their mining gains
in state-run social development projects
has not prospered.
On the comparision between
space and seabed mining, ISA’s Brager
adds: “I do not want to speculate
about extraterrestrial mining, but the
technological advances still needed may
appear to be similarly daunting. The
special care required to safeguard the
Common Heritage of Mankind for future
generations, however, may be special to
deep-sea mining in the Area (i.e., in areas
beyond national jurisdiction). Article 136
of UNCLOS reads in its entirety: “The
Area and its resources are the common
heritage of mankind.” — Diana Kinch

