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What are the critical metals?

The EU is highly dependent on
imports of mineral raw

materials Most

critical

The critical metals are those
which have the greatest supply
risk and are of the most
economic importance

Supply risk

>

Critical metals have low Economic importance to EU
recycling rates and are not
readily substituted



EU Raw Materials Initiative

EU Raw Materials Initiative 2008
> Securing sustainable supplies
from within the EU

> Securing access to raw materials
overseas

> Reduce consumption through
recycling and improved resource
efficiency

41 materials assessed on:

> Economic importance
> Supply risk

Critical raw materials for the EU

Report of the Ad-hoc Working Group on
defining critical raw materials

The ad-hoc Working Group is a sub-group of
the Raw Materials Supply Group and is
chaired by the European Commission
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Mote: The full report will be available on the @
Enterprise and Industry Directorate Ceneral website =
o hitp:ilec.europa.ewenterprisefpoliciesiraw-
Eurapean Commission materials/documents/index_en.htm g
Enterprise and Industry >




Results of analysis

Antimony * Indium

Beryllium * Magnesium

Cobalt * Niobium

Fluorspar * Platinum group metals (6 PGM)
Gallium * Rare earths (17 REE)
Germanium * Tantalum

Graphite ®* Tungsten




Results of analysis
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ncreasing demand for critical metals

storically production of the critical metals has been low

emand is growing steadily due mainly to their use in emerging
chnologies, such as those required for clean energy
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concentrates



cal metal occurrences
In Scotland

Important to evaluate the
2ntial for indigenous resources

re has been little investigation
asources in Scotland

ne metals are known to occur
number of geological settings

Se occurrences are highly
able in amount of information
llable and work done

Cobalt . Lithium © 25 50 100 Km
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Rare earth elements

oup of 17 elements with similar properties
/erse range of uses, specifically in green technologies

Ina dominates global production (~97% in 2010) and
bal reserves (~37%)

reased global exploration to enhance security of supply




REE in NW Scotland

Caledonian igneous
Intrusions - Loch Ailsh, Loch
Borralan and Loch Loyal

Previous limited
Investigations by BGS in
1980s identified elevated
REE contents

Ongoing metallogenic
studies by BGS in these
areas




:h Loyal Syenlte | g Detailed geological map of the

Loch Loyal Syenite Complex

Complex

S programme of mapping
d surface rock sampling
10-2011

ntrusions: Ben Loyal, Beinn
Jimanadh and Cnhoc nan
ilean, poorly exposed

oc nan Cuilean intrusion
3km?) is made up of 2 main
neS a Mlxed Syenlte Zone Cnoc nan Cuilean - Massive leucosyenite 7one [JJlll Beinn Stumanadh syenite
d a MaSS|Ve Leucosyenlte Cnoc nan Cuilean - Mixed syenite zone B Lewisian

Ben Loyal core syenite Il Moine
ne BE¥ Ben Loyal marginal syenite

1. . a N P~N Y T YT L g,



Cnoc nan Cuilean

EO contents:

20 000 ppm (2%) in hydrothermal
veins (maximum)

3800 ppm in mafic syenites

(average) e, e pw
1400 ppm in leucosyenites BSEM image of allanite
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> dominant REE-bearing phase
sent is allanite

tallogenic model is under
/elopment and may be a basis for
her exploration in NW Scotland




och Borralan Complex: potential for

hosphate
> million

onnes of
patite at
2% P,0O¢

se metals

ire earths
p to 5000
m TREO

several commodities

In trusion

i ml L“M

Loch Ailsh
Intrusion

Vanadium and
titanium
Up t010%
titaniferous
magnetite at
0.3% V

PGMs
Up to 878 ppb
Pt + Pd




Platinum group metals

st ophiolite, Shetland

Very high PGM
concentrations identified at
several stratigraphic levels

Small, high grade deposits

ledonian mafic-ultramafic
usions of north-east
tland

Values of up to 500 ppb Pt +

Pd in magmatic copper-
nickel sulphide deposits in
the Knock intrusion and at
Arthrath, near Ellon
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Granites

Mafic and Ultramafic rocks
Devonian rocks

Southern Highland Group
Argyll Group

Grampian/Appin Groups
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Knock Arthrath



balt and antimony

10r occurrences — no modern
estigation for cobalt

/er Glen Mine in Alva,
rthshire

Fracture-controlled mineralisation
in Lower Devonian volcanics

ille-Braghad Mine near Inverary

Stratabound mineralisation within
Dalradian metasediments

Jerston Mine near Linlithgow
Polymetallic hydrothermal veins

Glendinning

O

n antimony mineralisation in
Irian arevwackes at S




lolybdenum (rhenium)

ossible rhenium enrichment
ssociated with molybdenum?

lolybdenum occurrences
vestigated by BGS in the 1970s |8 ,
nd 1980s : Chapel of

Garioch 4

> Kilmelford, Argyllshire

> Ballachulish Igneous Complex, > A
Western Highlands ;

> Lairg, Sutherland

> Etive plutonic complex, Western
nghlands 1] 25 50 1QOKm
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lurium, lithium, tungsten and tantalu
—

lurium

High values at Scotgold’s
Cononish gold and silver deposit

eWw minor occurrences of lithium,
gsten and tantalum but no
tematic study

lium
Lithium-mica granite in the Glen
Gairn Complex

1gsten
Chapel of Garioch, Etive pluton ™
itihum-mica granite

qtal um Zinnwaldite granite
' i : Biotite-bearing diorite t it
Chiapaval peamatite. South Harris |i==tttatnsi




Conclusions

Our knowledge of resources of critical metals in Scotland is
limited

They have been of little global economic interest in the past
and so have not been subject to any systematic UK survey

Improving our understanding of the distribution and quality
of indigenous resources will require additional investment

The House of Commons Select Committee (2011) has



Tellus project, N Ireland

Ih resolution geochemical and geophysical surveying of
rthern Ireland 2004-2006

newed interest in mineral exploration
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Nicbium (Nb) and tatalum (T2} ars ransiion matals with

vary similar physical and chermical praparties, and are

s commonty qroupad togethes (Tabe 1), Nibium was

discoverad n 1801 by Cheres Hatchett, and was ariginally
. :

‘nisad by 3 Garman chemist, Heirrich Ross, who namad
it niobium, The namas were used isrchangeably for
‘30ma e, bsfora ‘oo’ was Sty aocaptad i 1345,
Tantahun was discovaradin 1802 by 3 Swalsh sciatis,
Anters Eiabery,

Nicbium is 3 shiny, ductile metal with a whits lustre, Nat-

Niobium (Nb) | Tantalum Ta)
Atomic nmber a 7
Adomic weight 928008 1808478
Dunsity 21233 K 951 16877
/em’
Welting point °C 2408 £
Boiling poist - 4530 s
120 S
Mra
Elscyical 152310°0 ST
Tusistty (ana
thimetes)
Crystal st | Bodyconted | Body cented
oubic autic
Tatie 1

et "N naural tantaium i rnky T3, with 1.012
per cant™Ta. A umber ofofvr raioacive isoopas of
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‘continental crust was formed at cenvergent margins shove
‘SUbtn 2cnes, and that magmas fomad in tis etting
‘ara typcall daplatin bt siobiem an tantalum

Nicbium ard antalum do notoccss narurallyas frag
mtals, but ari o3 senitial compenents in a ranga of
mineral spacas Tabls 21, The maforny of thase re oxid
mineras;silicates ofniobium and tantakum do aist, but
ararolaivelyrare Niobium and tastaiom also subsiituia
former ons n a number ofotherminerais, in which they
‘picall have low concentabons: The vast mejoriy of the
‘econamically important spacies are nides.
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Il Mineral Reconnaissance Programme reports and
Ineral Commodity Profiles can be freely downloaded

from www.bas.ac.uk/mineralsuk/




