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Sulfuretos Macicos Submarinos

at divergentplate
boundaries

depth: 300 — 5000m

growth rate: 100’s to
1000’s tonnes/ year

surface samples may
be enriched in

regional and local
chemical variability

active deposits are
young and small

Inactive deposits may
contain substantial
wiresaurce potential
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_ Inactivos = 24%
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Sulfuretos Macicos Submarinos
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@ High-temperature hydrothermal
vents and related polymetallic
sulfide deposits
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TAG nﬁig?np

€

Sedimentos metaliferos sedi

Cu+2n 4 Sup. ODP

: (n=120) (n=95)
Cuwt%) 74 21
Zn 12.1 0.6

Au (ppm) 3.1 0.5
Ag 173 8
Pb 316 72

Estratigrafia simplificada
do campo hidrotermal
ativo TAG, com base nas
sondagens ODP 1994

(modificado de Humphris et al.
Nature, 1995)

profundidade 3670m
diametro 200m

altura 50m

4Mt @ 2.1% Cu, 0.6% Zn

Basalto nao alterado

Hannington et al, 1998
Alteracdo para paragonite+clorite
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Aumentar os niveis de prontidao

tecnologica
(TRL - Tech Readiness Levels)

System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research

a

TRL 9
TRL 8
TRL 7
TRL 6

TRL 5

blue
minino

¢

Commercialization

Extended operation of
production hardware

Demonstration of
pre-production hardware

Prototype demonstration
("looks like” hardware)

Breadboard demonstration
("acts like” hardware)

Proof of concept validation
(integrating components)

Proof of concept research
(bench scale)

Academic Research
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Nodulos manganesiferos

form on sedimented deep sea plains (3000 — 6500m)

nodules grow on the sediment and get metals from
sedimentpore water and seawater

growth rate: <6 — 20 mm / mio years

concentric growth around a nucleus

contain Mn and Fe; plus 6&1*5¥
T gizm.

-v, b s, ﬁt
w, Py wte M T A
o

2D resource.

Petersen (2018; Royal Society / ISA workshop)
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*  Metallic compounds in sea water
are deposited on nodules

NodulosMn

Sea water enriched in metal compounds

World Ocean Review 3, 2014
U (Eds. Lange, Petersen, Rupke, Soding and Wallmann)
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6du|os Mn

" typical composition of -
manganese nodules (CCZ) &
Mn 28.4% 4P IR S g A

| plus Li, Mo, REEs, Y, and Zr

from Hein et al.. Atlantic Indic PaCifiC

212
. 2013

| Mn (wt.%)

| Fe (wt.%)

| Ni (wt.%)
Cu (wt.%)
.| Co (wt.%)
| Ni+Cu+Co
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Nodulos Mn
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Nodulos Mn
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Google Earth

Potential mineiro da CCZ

entire CCZ mineable

9 million km#
| Mn
[Ni 340 miott
| cu 265 mio t
| Co 78 mio t

total contract area:
1,165,400 km?2

[

"'ni:.‘.st;i “ W _‘u ’i—

300.000 km?
1,310 mio t
66 mio t
53 mio t
10 mio t

production

on land (2016)
16.0 mio t
2.3 mio t
19.4 mio t
0.12 mio t

%
8200 |
2900 |
270 |

8300 |




Areas potenciais para nodulos Mn

deep-sea basins where manganese nodule could form
(based on morphology, age of the crust, sedimentation rate)

Petersen (2018; Royal Society / ISA workshop)
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Crostas ferro-manganesiferas ricas em cobalto

» grow on flanks of old seamounts

» growth rate: 1-5 mm / mio years
from dissolved seawater

. 1 « highest metal contents of
between 800 — 2500 m
2 N U
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Crostas polimetalicas

Crusts on the California continental margin
— Manganese nodules in the Peru Basin

World Ocean Review 3, 2014

(Eds. Lange, Petersen, Rupke, Soding and Wallmann)
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rostas polimetalicas

4% 1.8wt% Co

FE

e~ "‘\ "
plus Bi, Mo, Nb, Pt,

Petersen (2018; Royal Society / ISA workshop)

REEs, Te, Th, Ti, W, Y, and Zr

areas with highest ferromanganese crust potential
(based on morphology, age of the crust, metal input; source Hein et al., 2013)
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Areas potenciais para crostas polimetalicas

7.5 billion tons of crusts in the PCZ

seamounts important for manganese crust formation
(based on morphology, age of the crust, sedimentation rate)

lJ Petersen (2018; Royal Society / ISA workshop)
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Necessidade urgente de
regulacao




Marine Mineral Resources \\

from the Deep Sea GEOMAR

The regulatory requirements: There are very different regulatory needs for different
resources. Thereis no “one size fits all” solution.

»
S J C
f'S. Korea (C) : ?pa\n( )

-~ _ Russia(C)
Z r \’

2

China (C) .
V4
3 2 B I/ \
Atlantis I > 1 s
Deep :
'f
Soi\évara! ? France (S)
4 5’ \ 3
; i Russia (S)
:\\ \“\ S. Korea (S) ‘ E . . :
B ) © India (N)

India (S) * Germany (S)

/»-'.China (S)

Exploration largely in areas where we already have information !



Marine Mineral Resource

M the Deep Sea

The regulatory requirements: There are very different regulatory needs for
different resources. Thereis no “one size fits all” solution.

More than 80% of the known Mn nodule fields are located in the “Area”

Only 30% of the high-grade crusts are in the “Area”; most are in EEZs.

Only 37% of the known seafloor massive sulfide deposits are in the “Area”.

Less than 5% of the resources are in applications for extensions ofthe shelf.

M ABNJ WEEZ " ECS W ABNJ WEEZ T/ECS W ABNJ WEEZ "ECS

SMS Nodules

Crusts

Petersen (2018; Royal Society / ISA workshop)



Uma indistria mineira
global offshore espera pelo
momento certo para emergir




Seafloor Production System

A tecnologia é s6 um
custo; nao um real
obstaculo

4000 - 6000 m




4000 - 6000 m
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Eastern Manus Basin, PNG — Concessoes Nautilus

Location size/tonnage N Cu Zn Au Ag depth (m)
wt.% ppm
Western Manus Basin
Solwara 11 - 26 16 169 1.2 180 1390 - 1450
Solwara 18 - 2 03 196 0.2 110 1310
Central Manus Basin
Vienna Woods, Solwara 2 - 215 1.2 210 10.0 355 2470 -2500
Solwara 03 - 31 11 213 15.2 642 2560 - 2590
Solwara 10 - 12 f.r7 15.2 25 165 2240
Solwara 14 - 14 14 192 3.3 97 2240
Solwara 16 - 6 2.1 18.6 28 105 2160
Eastern Manus Basin
Suzette (Solwara 01) 90 000 m? 250 9.7 5.4 15.0 174 1460
Suzette (Solwara 01)* 1030000t indicated 7.2 0.4 50 23 1460
Suzette (Solwara 01)* 1540000t inferred 8.1 0.9 6.4 34 1460
North Su - 4 7.1 1.6 4.8 39 1183
South Su - 4 74 9.2 6.8 191 1309
Solwara 05 (N of North Su) 30 000 m? 12 6.0 8.3 14.6 282 1635 - 1680
Solwara 09 (west of North Su) 15 000 m? 17 63 106 19.9 296 1680
PACMANUS 45 000 m? 336 74 225 13.7 267 1650 -1815
Solwara 12 (near Desmos) - 10 70 226 13.7 425 1870
Solwara 12 (near Desmos)* 230000t  inferred 7.3 3.6 36 56 1870
Solwara 13 (Yuam Ridge) 30 000 m? 7 9.1 307 4.7 546 2000

(Petersen and Hein, 2013, after Hannington et al., 2010; 2011; Lipton, 2012)




Projeto Nautilus

A Nautilus espera que os seus lucros
provenientes da mina de Solwara 1 excedam
1 bilido de dodlares/ano. A Nautilus afirma
que planeia produzir cerca de 80,000
toneladas de cobre metalico e 150,000-
200,000 oncas de ouro por ano (USS$275
milhdes para o ouro e USS783 milhdes para o
cobre — USS1.058 bilides no total).
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ﬁ! Rainbow

Geological Map - Rainbow hydrothermal field
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A Black smoker group and marker Flores 1
ultramafic rocks with pelaglc sediment cover
Massive Sulfldes and inactive chlmneys
Altered ultramaflc rocks + sulfldes Stockwork

Hydrothermal Fe Mn dep05|ts

Hydrothermal Sediments Sastas, Fouquet et al; Flores Mission
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Rainbow

8.35 wt Cu
5.1 wt% Zn
0.57 wt % Co

5.7 ppm Au
n.d. Ni

Fotos F Barriga/ F M
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27.98 wt% Cu
0.63 wt % Co
672 ppm Zn
6.3 ppm Au

IR-DR-01-C-01

Fotos F Barriga / F Marques
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Recursos Minerais Marinhos na I_?Iataforma Continental Expandida de Portugal

o o
20°0w 10°0w

. Nédulos Mn

40° gr w 30°orw

-
Crostas Polimetalicas ™

Sulfuretos Macicos Submarinos

OCEANO o |
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.-6500m

250 500 km

B




Mineracao Zero Nao é Opcao

Se nao é plantado, tem de ser minerado.

A mineracao é tao necessaria como a agricultura ou as
pescas —sim, € problematica, mas nao mais problematica!

Industria e ambiente: queremos (e precisamos) ambos

Mais de 7 bilides de pessoas para servir; muitos mais no
futuro

Mineracao moderna ja nao merece ma reputacao




‘Dirty Mining’ € passado



'Green Mining’ é o presente

Fotos J Relvas
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'Green Mining’ é o presente

Pilot 2006 Environmental Performance Index

_ : " Robineon Plopcion
Overall EP| Score by Country Quintile

76.3-861 696-787 603-695 S51.7-602 256-516 no data

Figure 1: Map of Overall EPI Country Scores by Quingile
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Ecosistemas marinhos e questoes ambientais

SEABED MINING MAY HAVE
DETRIMENTAL EFFECTS ON
FISH RESOURCES VITAL TO
COASTAL COMMUNITIES

PRODUCTION
SUPPORT
VESSEL

LARGE ROBOTS WILL
CUT AND COLLECT

MATERIALS REMOVING
SWATHES OF HABITAT

LISBOA




Greenpeace

An urgent wake-up call to
protect our oceans

- uly2013 o
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Nautilus Minerals Inc.

POte ntial Im @ aCtS (note: cartoon only)

“Local” Focus

Ore Transfer

To temporary storage
Sl L S rsj Potential Impacts:
at the Port of Rabaul - lighting
omp - noise
aQ < - routine discharges (MARPOL)
o - P Similar to shipping and exploration surveys
Ore
S
@ Return Water Pipes Current Direction
% (may vary with depth)
2
=
— Riser Pipe
International focus
_.’.[:_‘.JL_)E,;. S e e L —— . | R R R RO
Potential Impacts: Naturally Occurring Plume
- Material and habitat removal ¥ Deposition
< - Plumes Subsurface plumes from return water
- Light bsurface plumes from cutting Subsea Volcano
700 - Noise ¥ Deposition ¥ i
Sediment

Sediment
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Queremos oceanos limpos:
temos de fazer bem!

* A definicao da regulacao mineira pela
International Seabed Authority € ainda um
Processo em curso.

* Esta janela de tempo constitui uma oportunidade
para que as ONGs e os cientistas contribuam para
modelar uma boa regulamentacao antes que a
mineracao efetivamente comece.

* Avaliacao detalhada de impacto ambiental,
estratégias de mitigacao, definicao de baselines,
monitorizacao de longo-termo.




Queremos oceanos limpos:
temos de fazer bem!

Estudar (quais os impactos? Necessidade critica de
instalacoes-piloto submarinas)

Exequibilidade (custos e beneficios?)
Avaliacao de risco (valera a pena o risco?)

Pensar “ecofriendly” (ndo ha planeta B; em caso de duvida
assumir pior cenario)

Se existir um beneficio real para a sociedade, nao houver
impactos negativos irreversiveis e nenhuma melhor
U alternativa, vamos comecar com muita precaucao.
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Obrigado pela vossa atencao



