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IBimitedisourcesioVianyicrntucalivietals

eading Global Metal Producers, with China highlighted
C h i na iS Element Leading Producer 2nd Producer
Aluminum Australia (31%) China (18%)
r)2) Eexzleflgle] Arsenic China (47%) Chile (21%)
P d f Cadmium China (23%) Korea (12%)
HOUUCETEOT IS South Africa (42%)  India (17%)

3rd Producer
Brazil (14%)
Morocco (13%)
Kazakhstan (11%)
Kazakhstan (16%)

0 Sigzlidef]g  Cobalt

AndiCritical
WVietals

(Data from J.G. Price, SEG Newsletter, 82, July 2010; as presented by Hein et al., 2013)
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25% of a Mobile Phone is Metal

60 kg Tantalum
510 kg Platinum

~1.5 Billion Cell Phones 3 | 22.5 tons Palladium

sold in 2010 51.0 tons Gold
= i 525 tons Silver
24,000 tons Copper

Plus many others e.g.
REEs

There will be only 20 years supply of tantalum if the global per
capita use rises to 50% of the current U.S. per capita use; 40
years for copper

Modified from Hein et al. (2013)
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Ferromanganese crusts
Form on 100,000 seamounts
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EerromanganeserCrusts
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Glohal e miISSIVEIATeaSHoRECHomanganeseleriists
(ErompH eimretialip20ds)

Occur mostly.in EEZs

Ferromanganese Crusts Orange = Prime Crust Zone (PC2)
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AVeragerseamount
(SURaCENATEarSTAlISHCSHOIN SIS Eamounts)

urface Area urface Area

Total Surface Area above -2500m above -1500m

(km * ) water depth water depth

Mean 3,389 1,039 117

Median 1,983 355 71
SD' 5,354 1,943 252

Minimum 233 0 0
Maximum 35,519 13,443 1,211

'Standard Deviation

Zokmzyrminingianea
500 KM 20 rsiminingsite
S000kmArorexploration




CoOmMmMonIShiphoardiOpPerations

Samplingrockisediment Imagery

conngiboxagravityapistonyspade)
rockadriiing

Vehicles

sedimentiporerivids
Water column

Hybrid (e.g. Nereus)

Eh sensor
Shipbhoardisamplenaibs

hydrothermal fluids
tow-yo surveys

Geophysics

gravity and magnetics
and multichannel seismic stratigraphy
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Results In:

= Turbulent Mixing and
upwelling

= Erosion and sediment -
movement

Controlled by:
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SEAMOUNRBICIoYY.

= Different communities occur on adjacent seamounts at
the same water depth '

ediment versus rock comm
Q i -[6:-

B faunas
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Ee=NnfCrust

Columnar Texture




ImportantiPropertiestoiEe=VInfCrusts
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FesNimGrustiStracenexturesranainternalextures

Fe-Mn Crust Surface Textures EeslinmCrustinternaliextures
Viassive

Microbotryoeidal ROrous
Vugay

SImooth
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Caulifiower: _
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Pendrtic
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CEA=lledWigS/pores
CEAWEInIets
EestilledWigS/pores
EeroxidenveIiniets

CEA = carbonate fluorapatite
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ScanningiElectroniViiCroCrographSIoRpPolIShHeEd
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Ee=MnrCrustiviineralogy.

-VnQ,
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7550 of:'samplesthave
growth rates o 1=5"mm
Mar'srates more than about
10imm Magiindicatera
hydrothermalicomponent
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Greatest economichnterest
TorRconaltnIcke!;
Manganese

PPCZ
Atlantic Ocean
Indian Ocean

Crustsunithe
Globhall®cean
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2REE +Y

PPCz

Atlantic Ocean

Indian Ocean




diracevietalfiviaxima

ErompEeinretialNz0410)




RareyVietaiSuniEeHomanganeselCrists
ASIPoteEntialiByproducts

RarerEanthirEiements
NIGRIUM ~ i
Vielyhdenum

Platnum

Jelivnum

horum

atamum

ingsten

Zirconmum

EromiEeinretialNzo4s)




Crusts\vs
Nejelt]ls

PPZ Crusts CCZ Nodules

YREE+Y  Pb
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To verify:

XANES: X-ray absorption near edge
structure spectroscopy

EXAFS: Extended X-ray absorption
fine structure spectroscopy
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GontainedimetalitonnagesSiXs M eI CHonnes)

Prime Clarion-
Pacific Clipperton
Crust Zone Zone Nodules
Manganese 1714 5,992
Copper 7.4 226

Titanium 88 67
16 15

32 274
4.8 9.4

Molybdenum 3.5 12
0.02 2.8
50 44

0.67 1.3
0.4 0.46
2.9 1.4
0.09 0.32
0.32 0.18

1.7 2 :
0.004 0.003 From Hein &

0.45 0.08 Koschinsky
1.2 4.2 (2013)
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SCrustitonnagenswasssimilliondrytonnesiNodulertonnagensizZd s V0 imillionidr/Atonnes
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SlAlESICACOMIPANIESAVIIICEEPEOCEANNNINEZISICONIEELS

Companies

States/State Agencies ChathamiRoCHId: g:OSPEate

China Nodules, Sulfides,  amipianMarine osphate
Phosphates Ltd. ¢

France Nodules, Sulfides Diamond Flelds : Metalliferous
Germany  Nodules, Sulfides InternationaliLtd. Mud
India Nodules G-TEC Sea Minerals NV Nodules
Japan Nodules, Nauru Ocean Resources Nodules

Korea
Russia Nodules, Sulfides,

Nodules, Sulfides Tonga Offshore Mining ¢ Nodules

UK Seabed Resources Nodules
Ltd. (2 contracts) °

Inter-Ocean Nodules Mara_wa (K'_”bat') NOd_U|eS

Metals € Nautilus Minerals Sulfides

Neptune Minerals Sulfides
SBUlganapcCubanCzechiiRepuls]ics
BolandRRUSSIENSIoVakiRepublic S EIAVERUENWI thE GINRESOURCESHECRVIINEMaKkErS

Liel, & Tunlejeinl Invesilents ¢.¢.
CNeIVERtUrEMIthNVZniaNntEmationeal
< Wilelly ewsigel suosieiziey af Neiutdlts Winerels

. d g .
EromtHeinetall (2013) Wr};cg:ﬁi(r)]\g:i?dSUbSIdlary of Loeinisael Vlzirtn Ul
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Other rare-earth elements include:
Dysprosium
. Two ton Nd-Fe-B magnets Praseodymium
@include 255 - 320 kg of / Samarium

— ontain significant
anese

neodymium

Nickel

Copper.

Cobalt .
Molybdenum
Rhenium (veryrare)
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$5.2 million per tonne

_Llight REE

Heavy REE
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EXtacuyveENVIETAlI UG YNOINSEES

Land-based ores require extensive processing, e.g., 1000 steps to
isolate ytterbium metal

VarnesEeO(OH)RANCANVIROCANENdISSOIVEdMWIthISTMPpIENH CGINeach
pUttingRalil SO URIEIESIaN rJ phEAmetalSuntoseiuton

€he New Pork Times December 15, 2010

David Gray/Reuters
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