2TPATNYIKEC Blropnyovikec AAUGLOEC
Aélac kot Kpiowpec Opuktec MpwTec
YAec tn¢ Eupwrnnc

Nikoc ApBavitidnc, OKovouLKoC MEwAOyoC
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H mapouoiaon pou onuepa adpopd KUPLWE OTLC TPEXOUOEC TACELG KOLL ALVOYKEC OE
KPLOLLEC OPUKTEC TIPWTEC UAeC (KOMY), Touc SUVOULKOUC KOLTOLOUATOAOYLKOUC OTOXOUG
KOLL TLC OXETIKEC €€EALEELC TTOU TIPOKUTITOUV OTLC BlropnXavikec aAvoidec aglac tnc EE

e Tlati kot ylo toto Adyo n evpwraikn
Alota KOMY ;

e [lowa elval n TpExovoa KATAOTAON KL Tl
MPEMEL VAL YIvEL oTa BEpata
Owovoptkng MewAoyiog twv KOMY kot
TWV OXETIKWV aAucidwv aglag;

* [lolec oL SuoAettoupyieg mou kaBLotouV
onuepa SUoKoAn kat afeBon tnv
npoBAedn yia to peAAov twv KOMY- to
nopadelypa Twv Zraviwv Mowwv (2)

* [lowotl eivat oL kivbuvol, oL ETIUITTWOELC
KOLL Ol CUVETIELEC TIOU UTTOPEL vaL
npokuPouv Kkal moLeg Ba pmopovcav va
glval ol AUOELC;

Auvéavopevn katavaiwon OMY
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* TL €Elvall OLUTO TTOU
BéAoupe

* MMWC TO KAVOUE
TIPOKTLKA EPLKTO

* Tl eivot
atapaitnIn n
Buwowun dwaxeipon
KoL XpRioNn Twv
OPUKTWV ITPWTWYV
VAWV
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Ol OPUKTEC TIPWTEC VAEC XpeLAloVTOL TTAVTOU

Windturbine Structures Airplanes Wires Mast Truck Concrete
Iron Bricks (clay) Aluminum Copper I Iron Iron Cement (limestone)
Copper Concrete (sand,gravel, Iron Iron Zinc Aluminum Sand & gravel
Aluminum cement) Magnesium Aluminum Lead Iron
Zinc Iron Zinc Copper Copper
Graphite Painting (limestone, titanium) Titanium Feldspar Zinc
Rare Earth Electricity (copper, iron) Copper Quartz Magnesium
Rare Earth Quartz
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H amaoxoAnon otn Baon tTng KOWWVLIKNC GUVOXNCG

Figure 19: Value added and number of jobs associated with metals (mining, basic manufacture and downstream sectors) in the
EU (2012)%

MANUFACTURING
METALS DOWNSTREAM
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MNaykoouta mAvOnoulakn avénon

—— Estimates L e
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. ----80% CI Rt
n e
c | - 90% CI s
S 10-
3
c Source: United Nations,
-8 8- Department of Economic
© and Social Affairs.
8_ Population Di\{ision (2015).
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2 6 Prospects: The 2015
S Revision, New York, United
Q Stated.
4

| | | | | |
1930 1980 2010 2040 2070 2100

SGU

Sveri! logisk dersokni . .
Beokitical Bacreyiof Sumen' Geology for a sustainable society



OL 17 otoxot twv HE mpoc tnv Buiwoiun Avarmtuén

) SUSTAINABLE /S &',
@) oeveLorvent GLIALS o

Mining generates significant revenue streams through taxes, royalties and
dividends for governments to invest in socioeconomic development.

SDG 6 Clean water and sanitation & SDG 15 Life on land
Mining requires access to land and water, which gnves rise 1o significant
and wide-ranging landscape impacts that must be managed responsibly.

NO 2 ZERD GOOD HEALTH QUALITY GENDER CLEANWATER
POVERTY AND WELL-BEING EDUCATION EQUALITY AND SANITATION

hitt | - 4«/' L[]

DG 7 Aff 1 clean y & SDG 13 Chmate action
Mining uchvme: are alsn energy- und emissions-intensive in terms of the
production and downstream uses of mining products

The extractive sector,
if well managed, can play a positive
role in promoting broad-based

SDG 8 Dacent work and economic growth

Mining can alter the lives of local communities, offering opportunities for
jobs and training, while contributing to economic and social mequities if
not appropriately managed.

DECENT WORK AND INDUSTRY, INNOVATION 10 REDUCED 1 SUSTABABLE TS 12 RESPONSIBLE davelopmertan sl
ECONOMIC GROWTH ANDINFRASTRUCTURE INEQUALITEES COMMUNITIES CONSUMPTION X 7
ANDPRODUCTION transformation of economies. SDG 9 Industry, innovation, and infrastructure
Mnmg can hnlp dnvo INON and di 1 through
direct and indirect benefits, the d P of new
technologies and by spurring the ¢ of naw infr ture for

transport, communications, water and energy.

i = cO

o SDG 16 Peace, justice, and strong institutions
“ Mining can contribute 1o peaceful societies by avoiding and remedying
L inity conflict, human rights (including those of
indigenous poopbs) and by wppoﬂmg the mprosommm decision-

1 CLIMATE 1 LIFE 1 LIFE 1 6 PEACE, JUSTICE 1 PARTNERSHIPS making of citizens and
ACTION BELOW WATER ON LAND AND STRONG FOR THE GOALS
IHSTITUH‘E!.!IS SUSTAINABLE
2 Y, conis IS

SGU

e Geology for a sustainable society

Geological Survey of Sweden



H evepyelokn petafaon kat n nAeKTpokivnon otnpilovtol Kat

£€QPTWVTOL ATIO TNV TTAPOYWYN KOL XPON OPUKTWYV TIPWTWV UAWV

Brown Economy Green Economy

Fossil Fuels for combustion engines,
generators and power stations: oil. gas,
coal

Fundamental shift in the resource basis of society

SGU
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Exploration
‘ores, construction &
industrial minerals

‘and tailings

ATtoteAeopATIKA aflomoinon

YnieuOuvn e€6puén

Buwoiun ekpetaAAevon

SGU

: : sz Modified from: http://www.europarl.europa.eu/resources/library/images/20150703PHT73954/20150703PHT73954 _original.jpg . .
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Evupwraikeg MPOKANOCELC OXETIKA ME TIc ONY
O petalAeuTtikog khadog Staodaliletl tnv Buwopdtnta alvcidwyv atiag tng uPnAng
texvoloyiag

H aAvoida agiag twv ONY avantuoostal amno tn
YEWAOYLKN £peuva, TNV £€0PUEN KL TNV
eneepyacio PEXPL TNV AVAKUKAWON LETAAAWV

H woxupn neptBaAloviikn) SEo0HeEVON TOCO KATA
TN Aeltoupyia, 000 KoL yla TNV AIOKOTACTOOoN
NG meploxne e€0puéng, ouvodelel TNV aAuoida
aélac ekpetdMevong twv ONMY

H petafoon os pia Buwolun Evpwrnn pe XanA£g
EKTIOUTTEG AVOpOKA, KOl OTOXO TNV MPAGCLVN
olKkovouia

H nAektpokivnon Kot n YEVIKOTEPN
nAektponoinon tng Blopnxaviag, kabwc Kal ta
OUOTHUOTO KOL EYKATOOTAOELG ArtoBOKeVong Kot
TIOPAYWYNC EVEPYELAC ATIO OVOVEWOLEG TINYEC

H mapaywyn adpovwv UALKWY yLa TNV KATAOKEU)
VEWV UTIOSOUWV peTadOopwY KaBWC KoL VEWV
OLKOAOYLKWV KTLpiwv

Almost every industrial branch needs products from the minerals industry

Infra-
Space Electronics structure Food

bl aircraft and ICT construction & Drink

Manufacturing Construction Chemicals/Pharma

h h

Machinery Agriculture

Non-
ferrous
metals

Ferrous
metals

Industrial 8 Ornamental .
oil

Aggregates Gas Coal

minerals stones

Mineral resources, material science and technology
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MetaAlevuTikec tepLloxec (1850 pexpL twpa)
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OlKOVOULKN onpacia Kot

5 Legend @ LREEs /4
. [ | et 83 OPY atloAoynbnkav , ,
Red dots @ : Critical raw materials
Blue dotse :Non-critical raw materials 8 “ lKUV6 I.V otnta 8 “ ap Ks lag
" 14
xopaktnp{ouv tic KONy
[ J
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° Magnesium Al
: . H Atota touv 2017
[ ]
2017 CRMs (27)
Antimony | Fluorspar LREEs Phosphorus
— o Baryte Gallium Magnesium Scandium
L ] . T
’ P o Beryllium | Germanium | Natural graphite | Silicon metal
. : Bismuth Hafnium Natural rubber | Tantalum
] PGMs
g ngiom Baryfikom ° Borate Helium Niobium Tungsten
g ° e Cobalt HREEs PGMs Vanadium
0 - .
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- Why not Lithium?
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s Sapele wood RS L POHUga' 0% USA / 3% Vet 8%
< A @ Gallium | 2% o \2% /
- Fluorspar X e %, { 4
E fiturai:coric 'Hafnium C:;za‘,_
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Main Main
Material Stage11 global Share | Material Stage | global Share
supplier supplier

1 | Antimony China 87% MNatural graphite China 69%

2 | Baryte China 44% 24 | Natural Rubber Thailand | 32%

3 | Beryllium USA 90% 25 | Neodymium China 95%

’ ’ ’ 4 | Bismuth China 82% 26 | Niobium Brazil 90%
navKoou‘la “pood)opa ava 5 | Borate Turkey 38% 27 Russia 46%
Kdes KOI‘IY gsxwpl()'td (%) 6  Cerium China 95% 28 | Phosphate rock Ch?na 44%
7 | Cobalt DRC 64% 29 | Phosphorus China 58%

8 China 95% 30 S. Africa 70%

China 95% 31  Praseodymium China 95%

V=]

Tom m 9|/ 9m Y 9O 9O 9O mmmmimmimim@mm2

10 China 95% 32 S. Africa 83%

11 | Fluorspar China 64% 33
. 12 Gadolinium China 95% | 34  Samarium China 95%
navKoo“la 13 | Gallium* China 73% 35 | Scandium China 66%
'r[poo'd)opd KonY 14 | Germanium China 67% 36 | Silicon metal China 61%
Y 15 | Hafnium France 43% 37 | Tantalum Rwanda 31%
[18 GUVKEKp[pEVI] 16 | Helium USA 73% | 38 China 95%
’ 17 |Holmium China 95% | 39 China 95%
OlVOKbOpOl OTLC 18 | Indium China 56% | 40 | Tungsten China 84%

China 53%
China 95%

S. Africa 85% 41 | Vanadium
China 95% 42

19
20  Lanthanum

ITtavieg Mateg Kot

E
E
E
P
P
E
P
P
E
P
P S. Africa | 93%
E
P
P
E
E
E
E
P
E
E

T nAaTlVOSLGI'] 21 China 95% | 43 China 95%
y ’ = 22 | Magnesium China 87%
(néoog 6pog %) Legend
Stage E = Extraction stage P = Processing stage

Dysprosium, erbium, europium, gadolinium, holmium, lutetium, terbium,
thulium, ytterbium, yttrium
LREEs Cerium, lanthanum, neodymium, praseodymium and samarium

_ Iridium, palladium, platinum, rhodium, ruthenium

*Glohal supply calculation based on production capacity.

Share

Material Main global supplier
HREEs E China 95%
LREEs E China 95%
PGMs (iridium, platinum, rhodium, ruthenium) P South Africa 83%
P Russia 46%

SGU PGMs (palladium)
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Global Supﬁly of EU Critical Minerals and Metals Sources: USGS,
The pie charts show the percent distribution of the production of critical metals and minerals. European Comission,
In total, it is 100% for each raw material. The area of the pies are proportional. SGU 2017. SGU

Kyrgyzstan

Mongolia, 5%

594 28% 66% ¢ .
7/5 Kazakhstan A ! _North Korea
4 ’ 13% 5% 95% LREE " South Korea |Ga i
g Ve HREE T, T
95% p

58% PR
A4%4FA 81%

Western Sahara

Nigeria Niobium

6% 8%

Ethiopia

Phosphates
Scandium

Australia

South Africa

Xaptng mov SeiyveL To MOCOCTO HE TO OMoio dLAaPopPEC XWPEG CUUUETEXOUV GTNV

France
SR Hafnium 43% "
Berylium 90% 1
Heum  73%
Turkey

Natural Graphite

Heavy Rare Earth Elem.
Rwanda 2\ (l Light Rare Earth Elem.

Y Platinum Group Metals
Phosfate Rocks

Silicon Metal*

_ France
USA Hafnium 43% “ . o
Erbium 40% ; 2 o N8
Helium 51% Morocco Baryte
Samarium 40% S Phosphate rock 27%’ ¥ Bah
{ Cerium

[ ]* From refined production

Countries accounting for largest share of global supply of CRMs

Russia -~
Palladium 46 % =
P i

#

Borate 38% t 73%

b 4 Germanium  67%

lndlum 57%

Thailal Sium 87%

Natural rubber 32% Namral graphite 69%

DRC ———Rwanda hosphate rock 44%

Cobalt 643 Tantalum 31% Phosphorus  58%

Scandium 66%

Brazil Silicon metal  61%

Niobium 90% ;unqsdten g;::
i anadium

g 5% wees ok

Platinum 70% HREES 95%

Ruthenium  93%

Countries accounting for largest share of EU supply of CRMs

Finland
Cobalt 66%

Norway -
Silicon mietal 23%’1

ey f
Borate 58% 5 Dysprosium

Europium
Gadolinum

Mexico
Fluorspar 27% " 4

Nigeria Phosphorus 77%
Tantalum 43% \ ‘
indones
Brazil Natural rubher 32% t;’:{:;’;‘m
Niobium 71% Magnesium

Natural graphite 69%

Neodymium 40°

Praseodymium 40%
Terbium 40%
Thulium 40%
Ytterbium 40%
Vetrium 40%

https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical en

naykoopa npoodpopa KONY (Arvanitidis N. & Lars Norlin, 2017, SGU)
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https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical_en

H EE ko mpodavwe o UTtOAOUTOC KOOUOG
avtleTwriel tnv avavopevn Intnon ywo ONY movu

OUVOEETAL KUPLWG LLE TNV OVOSIKA EEEALOOOMEVN Strategic value chains
YnoLakn enavdaotaon, Tig teXvoloyieg Target sectors / technologies
KOLLVOTOLOLG 0TNV NAEKTPOKIVNON KOl TV TEXVNTH
vonuooUvn, TNV HETABOON OE EVEPYELOKEC XPNOELG (

Wind & PV

European
Commission

XOHNAwWV ekmounwv dtofetdiov tou avOpaka. AuTth
n €€€ALEN kaBlota amapaitntn tnv dtadopormoinon
UPLOTAUEVWY 1] TN SnULoUPYLD VEWV BLOKNXOVLKWV ( m —*(
aAvoidwv agiag movu otnpifovran otic ONY, amno 1o
QPXLKO 0TAOLO TNG EPELVAC , KOL LECW TNG ( i (
KaBeTominuévNg aglomoinong oto TEALKO 0TAdLOo TNG
TEALKNG XpNoNnG Ko Blopnxavikng mapaywync. H
£VTOON OTNV OLKOVOULOL KOlL 0TNV KOVWVLa, yLoL TNV —»(
StaopaAiion amoBepaTIKOU KOLTUOUATOAOYLKOU
Suvapkov OMMY tkavou va KaAUPEL TIC SLaPKWE
QUEAVOUEVEG AVAYKEC, Ba cuVEXIOEL va TTOPOEVEL
o) LOLi'EEpOL ULIJHN'L lﬁlaitepa otnv nspintwon Twv Source: JRC’s Institute for Energy and Transport presented a report on the use
KOMY, oL omoie¢ katd 60% mepinou oxeti{ovral pe of critical raw materials -CRM in six key strategic value chains for the EU
TNV ETUXELPNUATIKOTNTA OTLC VEEC TEXVOAOYLEG KoLl
TNV KOLVOTOMLAL.

gig}%“:ﬁsﬁ‘:;:ﬁ““ Geology for a sustainable society



YTpatnykeC aluoidec aiac otn Baon Twv Kplolwyv Kot aAAwv OIY

g =

Defence
e AlE- Avepoyevvitplec & QwtoBoAtaikd: Al, Cu, Pb, Nd, W Ba Rl Be
Pr’ Dy’ B’ Mn’ N|' Cr’ Fe’ |V|0’ Nb, Ag, Zn, Ga, Se, Te, Cd, Ge Ta Hf S Pt @ E-vehicles

In, SI, Sn | Mg
@ Nd Pr Dy’ Yt /

s

o HAektpikd kal dA\a Siktua: Cu, Al, Ni, Fe, Si *’o\B Nd Pr Dy
e Mratapiec AlBiou: Ni, Co, Cu, Li, Al, Mn, V, C-graphite / RRE (si)
'~. : Nd Pr Dy
, , . . ' Robotics ' @
e HAsktpwka avtokivnta: Ni, Co, Cu, Li, Al, Mn, \
c-graphitel Fe[ Cr’ MOI VI Si[ Mgl BI Ndl Prl Dy T — Wind & PV n Europtfan' |

* H Kiva mapdyet maykoopla to 50% mepimouv OAwvV twv
ONY mou amattouvtal ywa TG £EL oTPATNYIKEC aAuaideC
atlog

* H Kiva katéxel tnv mpwtn B€on oe OAEC TIC ETLUEPOUC

e Apvuvtikn Bopnyavia: Al, Cu, Pb, Nb, W, Ba, Ga, Li, Rh, dpaotnplotnteg (e€0puén, EUMAOUTIONOC, HETOAAOLPYI)
V, Be, Ge, Mg, Ta, Zn, Cd, Hf, Mn, Zr, Cr, In, Mo, Sn, Co, miou ouvBEtouv TIc alucibec afioc twv KOMY

e Teyvikn vonuoouvn: Fe, Al, Cr, Co, Mo, Si, C-graphite, Ti,
Ni, Mg, V, Cu, Pb, Ag, Sn, Sb, Bi, Au, Mn, Zn, REE, Li

Fe, Ni, Ti, Dy, Nd, Pr, Sm, Yb, Au, Pt, Ag, B, Se * H petamowntkn Bropnyavia Eupwmng oto telog tng
aAvoibac atiog, Alyotepo €€aptnUEVN KoL TIEPLOCOTEPO
OVTOYWVLOTLKA

Source: JRC’s Institute for Energy and Transport presented a report on the use of critical raw materials -CRM in six key strategic value chains for the EU
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<4 1! Operational battery plant SWeden

AANUcida aioc prnatapiwyv ABiou: To mapaywykd Suvaptko otnv EE
avapevetal va avénBel. Tt yivetal opwc pe tig ONY pnataplogc;

H aAvoida aiag pataplwv AtBlou ival texvoloylka n
TIIO €VAAWTN ME amoAutn e€aptnon o€ OAn tTng TNV

Legend: ' ’ r
ProdllJc)tlon in tonnes (percent of total EU e€eAEn, HE TNV mpooPBacn KoL TNV METAAAEUTIKN
LPPlY r 1 ’

napaywyn ONY pmataplag va  omoteAouv  Tov

Battery plant planned or unﬁ
nstruction It

) HeyaAUTepO KALVOUVO yla TNV Blopnyovia tng Eupwnng

Natural graphite 179 ural Graphite
nganese s il

Potential producti - [ -
otential pro Ei@on@ " %‘ﬁ: Battery minerals @w,‘
- 1 — 0%

[ & : ; -

g

426 006 (8.4%)
740 (0.3%)

000 (3.4%)
Portugal

Lithium 472 ( Fe 11 851 (0.8%)

N8,
Austria Lithium
Natural graphite 382 (0.4%)

Nickel 1 000 (0.3%)
6 (3.2%) reece
ickel

)

Source: EU Criticality assessment 2017

Source: SGU
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European battery raw
materials

Mining production

Mobility package
Action Plan on Batteries
Battery raw materials

Europe Europe Enmrmssnon
2% 20% 4% [
@ Cobalt
@ fatwal grapnite Cobalt: 9,698 t (7.7%)
:._‘.o ; ¢ e Lithium: 322 t (0.9%)
refine 5,900 Natural graphite: 12,650t (1.1%)
500t : Nickel: 270,126 t (13.8%)
Global §
98% @ Nickel f
[Finfand] [Finland, Belgium, [Finland, Greece, oSN =5 100 +
Norway, France] Turkey, Kosm1 r 40,000 t <
Europe 20,000t
. Euzr:;pe 3% 10,000 t

Graphite
mine

Global Global

98%

[Finland, Norway,
, Greece]

[Austria, No

[Portugal]

9 UKRI Al rights. reser\t/JeJ(

: 604 mWorld
% v y 80 - # Europe
y R 70
| "{ o, VS } \ 50
Mt
JAD y e SN 40
VE “:P < A » P 30
R 23 . s ]
‘ BNy 20 T 13.8 %
—9 y \/ ,f( 10 ~ 0.9% 1.1% i

o 04

Cobalt Lithium Natural Nickel

Graphite

Demand Surge

Figure 1 — Mining production in Europe: cobalt, lithium, natural
graphite, nickel; metallic content, tonnes (2016) (Source: Survey on

Figure 2 — World share of European production (2016)
(Source: Survey Member States- RMSG, 2018)

Global metals and materials demand from EV lithium-ion batteries
B Graphite [ Nickel Aluminum [ Copper [ Lithium [ Cobalt B Manganese

2500K Tons
. I 1500K
E— - - 500K

2005 16 17 18 "9 20 21 '22 23 '24 '25 '26
S( Source: Bloomberg New Energy Finance

27 28

'29 2030

Bloomberg

Sveriges geologiska unaersokning
Geological Survey of Sweden

battery raw materials RMSG, 2018)
Raw
1 2

H cuppetoxn twv
gupwrnaikwv ONY pratapiog
OTNV NMAYKOOHLA TTapaywyn
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Meplocotepa OpUKTA Kot LETAAAOQ OTA NAEKTPLKA AUTOKiVNTO

Paris Declaration

Limiting the global temperature increase to
below 2 degrees Celsius

=110 million electric cars in 2030

An electric vehicle contains
70 kg copper
46 kg nickel
17 kg zinc
14 kg cobalt
12 kg lead

Kalla: World Bank

A traditional vehicle contains
20 kg copper
4 kg nickel
10 kg zinc
0 kg cobalt
10 kg lead

0,5-1 KIAO veodUpLOL KL 6uonpoctou

Source: Worldbank

Faster and more available
charging infrastructure

R
Deep é‘c;/ 07,/
IEA B2DS Decarbonisation @Sky Og
(o)

Targeting the achievement of net zero
emissions from the energy sector shortly after %,
2060 Q

=200 million electric cars in 2030

% % % % will be increasingly used

An exponential growth in the demand for
battery raw materials is anticipated

69 x
EV i : 2017 >> 2030
S are pecoming 50% 50% 49 5.5
beyond 2025 decreasing battery 31 x
costs will push EVs to price parity
with ICE 18 x
EVs are becoming v Al  Cu Graph. Li "0 m

RMs demand growth driven by batteries to be deployed in passenger EVs between
today and 2030 (JRC based on Bloomberg, 2018)
m European |
Commission

Source: Alves Dias P., Blagoeva D., Pavel C., Arvanitidis N., 2018: Cobalt: demand-supply balances in
the transition to electric mobility. JRC Science for Policy Report, European Commission
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AAANnAocuvdeoneVEG aAUGLOEC aioc NAEKTPOKOVNONG
Kol pantoplwv Atbiov-To napadeilypa tov KopaAtiov

Large scale deployment of EVs strongly influenced by raw
materials availability and stable supply

' A limiting factor in the |
| deployment of LIB? |

cobalt

'Bottlenecks to the adoption of EVs? ..

Alves Dias P.. Blagoeva D.. Pavel C.. Arvanitidis N.. Cobalt: d d-supply bal in the transition to
electric mobility, EUR 29381 EN, Publications Office of the European Union. Luxembourg, 2018,

d0i:10.2760/97710.

JRC SCIENCE FOR POLICY REPORT

Cobalt: demand-supply balances
in the transition to electric
mobility

Oa UMOPECEL N TIOPAYWYLKN
g€eALEN koBaAtiou va KaAU el
NV naykoopta {ntnon 64.000
ToVWwV pEXpL 2030;

Abves Dias P, Blagoava D, Pavel €.,

Arvannaun

Under average conditions around
64 000 tonnes of additional cobalt will be
needed to cover global demand in 2030

Balances between supply and demand do
not point to a relaxed situation

™ Surplus M Deficit

°
(&)
Y
- 60000 ©
[V}
c
B___ml_ =
= ---. ‘ Q
- 220000 §
®
o
)
- -60000 ¥
s
— -100000

in the future!

500000 ..

400000 .:,:

. 300000 ':ZAA

But fof‘*“s-'-fmg - 200000 @";A °
uncerta 100000

e.g. Codemand

Source: Alves Dias P., Blagoeva D., Pavel C., Arvanitidis N., 2018: Cobalt: demand-supply balances in
the transition to electric mobility. JRC Science for Policy Report, European Commission
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Ndéco ano to INTtoUupeVo KOBAATLO MTTOPEL VA TTPOEADEL ATTO EVPWTIAIKEG TINYEG;
To 2030, 8.700 tovol koPaAtiov pEow €€O0PUENC Kol avaKUKAWGONG otnv Eupwrn, ToooTNTa OV UTTOPEL va
KAV EL pOvo T0 15% Twv avaykwyv TnG EVpWAiKNG Blopnxoviag NAEKTPLKWY QUTOKLVATWY

Future mobility will have to rely on cobalt extracted within the EU
by opening of new mines and recovering it through recycling!

|EU demand in EVs (incl the effect of In 2030, 8 700 tonnes of cobalt can
substitution) proceed from mining and EV batteries

recycling activities in the EU
- = Supply within the EU (mine production and

60000 - ' .
BV batierics recycling) | ... by then, internal EU supply can
~— 50000 - meet around 15 % of European
“g’ 40000 - ‘ demand in the EVs sector
]
£ 30000
=
m »
20000 : .
§ _ But there is a growing gap
10000 - i between internal supply and
0 | =sonEEcmamm s Ros ’ demand!
. S W S P S G 3
EV Batteries G % R TR, R TR %

Source: Alves Dias P., Blagoeva D., Pavel C., Arvanitidis N., 2018: Cobalt: demand-supply balances in
the transition to electric mobility. JRC Science for Policy Report, European Commission
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To Kupapxo otolynua yLa
TNV vAomoilnon tNng
nAekTpokivnonc eiva n
npoofaocn oTLC
arattovpevec ONMY

ALQTILOTWVETAL OTL O
XPOVOC TTANPOUC
LETAAAEUTIKNC amodoong
EVOC KOLTOLOULOTOAOYLKOU
gpyou (mepimovu 15
Xpovia) Eemepva Kol Oev
oupBadilel pe to oxedlo
Kol xpovodLaypappo
KOTOLOKEU NG KoLl
Blopnxavikng mapaywyng
NAEKTPLKWVY QLUTOKLVATWV.

Automotive: decisions to 2030
the Full picture

Geoscience >10 years to develop underpinning research, deposit
CEEIulh I models, maps, baseline data to identify prospective terrane:

8 to15 plus years from concept to discovery to
2000 Exploration feasibility
2011 n 4 to12 years for mine development
this is happening now;

Now normally up to 4 years

EV ~ 10 years for
2030 Sreeledeuy? production to con

to start

2 UKRI All nghts reserved

Source: Battery Raw Materials-A Global and European Perspective.Evi Petavratzi, BGS

SGU
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AvepoyevvNTPLEC Kol GWTOBOATAIKA, OTNV KATOLOKEVOQLOTLKN
KoL AELTOUpYLKN «opnpla» twv Zraviwv Mowwv

TP 2 / /
f‘*”l Ve H Kiva moapayel to
N 79% oTOV KOOHO

Permanent magnet
in generator

Ot HOVLUOL payVATEG
OTLG OVEUOYEVVNTPLEG
xpnotuornotovv to 10%
vEOSUULOU Kot
duompoolou Tou
TTOPAYOVTaL OTOV KOGUO

MOoVLIUOC payvATG '
oTn yevvntpLa Tower

To 23% Twv aveUOYEVWNTPLWY Aev UTLAPXOUV OAMEPO AVUOELC
XPNOLUOTIOLOUV HOVIOUG UTTOKOTAOTAONC EVW N poodopa aro

i 7 - 89 190 (91 (92 |93 |94 |95 |96 |97 (98 |99 (100 {101 |102 |103
HayVATEG TOCOC0OTO Tou Ba TNV avakUKAwon €lval pkpotepn tou 1% T jac [ [Pa U |Np [Pu lam |cm Bk \cf |Es |Fm Md N0 |Lr
avénBeL oto 72% pexpL to 2030

MNna duvapkotnta 3 MW: 335 tovol atodaAt, 1200 tévol okupodeua, 4,7 tovol XaAkov, 3
tovol aAovpviovu, 500 kha Ppevdapyupou, 550 kKIAd veodupLo Kot 90 KA Suonpooto

SGU Source: Wind Europe; Future Mine and Mineral, 2019
EIIT TN e B Geology for a sustainable society
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AvaKUKAWON NAEKTPLKWV KoLl

30000 16%
’ ! r S5 REO Demand: from Recycling Potential Neodymium -
NAEKTPOVIKWYV aTtoBANTWVY o bommns o Vo ety w g
, , , - [ -~ Potential recycling supply ratio Neodymium 12% ‘%
« 2TNV €MOMEVN OeKaeTia Oev TpoPAEMETAL S 20000 1 o
4 ’ 7 ’ ’ &, N o 3
ONMAVTLIKA TTApAywYH OTIOViwV yowyv oo tnv o) A . 3
; 2 : -
avokUKAWON 5| | 1., 2
& 10000 ’ Z E
* [EVLKA N ATTOTEAECUATIKOTNTO TOU 3 | % o 2
HETOAAOUPYLKOU SLOXWPLOMOU TIAPAUEVEL N 1T é -
] ’ A 3
KUpPLOL TEXVOAOYLKN o 1 | How &
S S
* YrioAoyietal otL amattouvtat 10 xpovia yla Year
va OAOKANPWOEL Lo TPAKTLKA oVAKUKAWONC. @)
, , , 7000 T 10%
* H avakUukAwon 6ev propet va ouuBaiAet [ RE Demands from Racyeing Poketiel Dysposhn | &
ONUOVTIKA OTNV QVTLMETWTILON TWV OVOYKWV 1 i o 2
omaviwyv yowv pexpL to 2050. YrtoAoyiletol Ba g o0t |
apynoet pExpL to 2100 yia v cURBAAAEL N g 4000 © -
avakAUKAwon oto 50% tng oulAtnong 5 sl ! g
OTIOVIWV YolLWwV g ] 8
g 2000 + ] -'n:
r j- 2% %
H avakUKkAwon T =
glval onuavtkn 0 11 o
oAAa bev pOBaAvel
SGU Yongxiang Yang et.al. REE Recovery from End-of-Life NdFeB Permanent Magnet Scrap: A Critical Review, J. Sustain. Metall. (2017) 3:122-149
e Geology for a sustainable society



2UUPWVA UE OXETIKA
npoPBAedn, amno 1o
2017-2026 6a
XPELOOTOUV VEQ
HeTaAAeia yia tnv
nopaywyn 160.000
TOVWV o&eldlwv
OTIOVIWV yalwVv yLo
Va OVTLUETWTILOTOUV
oL AUEAVOEVEC
avaykec twv 40.500
Tovwv NeobdUuLou
Kol AuoTtpOcLou

Source: euRare project” Rare
Earth Market Outlook”

Nd + Pr Oxide Demand Growth (tonnes)

45,000

40,000

35,000

30,000

25,000

20,000

15,000

10,000

5,000

Multiple new mines needed by 2026

> 40,500
l 7,500

From 2017 through 2026, global TREO

production must increase by 6,600
approximately 160,000 tonnes to keep
up with growing demand for Nd + Pr
oxides. 5,200
- Equal to the full
- annual production of
- Mt. Weld mine.
]

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 Total

SGU
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H rmaykooua
oyopa OTIaViwY
yalwv (oéeidla)-
TIOU QVEPYETOLL
nepinov og 170
XIALASEC TOVOUC
kot 8,10 6o SoA
10 2018 -
OVOLULEVETOLL
TOUAQLOTOV VOl
SuthaolaoTtel TV
ETIOLLEVN
dekaetia.

H Kiva
dpopoAoyet
oxedlo
amoBnkevong
100.000 tov
OTIOVIWV YOLLWV

SGU

Sveriges geologiska undersokning
Geological Survey of Sweden

Rare-earth oxide mine production, in metric tons

140,000

120,000

100,000

80,000

60,000

40,000

20,000

Y UVTPUTTLKN uTtepoxn tn¢ Kivag otnv
LETAAAEVUTIKN TTOLpAYWYN CTIAVIWY YOLLWV

1995

2010

1980 1985 1990

Year

1965 1970 1975
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ProMine district / province mineral potential maps

TUTtoL EUPpWTIATKWVY KOLTAOMATWY HE TLC avTioToLXoL
OUVUTIAPXOVUOEC, «EV SUVAMEL» aloTtoloLpeg, KONY ey

ST e

Deposit types Commodity Association ¥ = = e
1 Alkaline & Peralkaline intrusions Nb, REE, P, (Ta, Zr, Sc, F, U, Fe) R ey
2 Epithermal Au, Ag, Sb, Hg, Te, Cu, In et p TR Ve
3 Igneous Felsic Sn, W, Ta, Nb, (Mo, Li, Be, B, In, F) e s SN ".j‘l'-‘-’)g;{,-,,,. :
4 Igneous Intermediate Cu, Mo, Au, (Re) -
5 Igneous Replacement Fe, W, Pb, Zn, Cu, Au
6 IOCG Fe’ CU, AU, (P' REE’ U’ CO) e Alkaline Peralkaline: Commeodity association: Nb, REE, P, (Ta, Zr, 5S¢, F, U, Fe)
7 Mafic intrusion Fe, Ij, V e Epithermal: Commodity association: Au, Ag, Sb, Hg, Te, Cu, In
8 |Maﬁc or Ultramafic Ni, Cr, Cu, PGE, (Co, Bi, U, Ag) @) e Igneous Felsic: Commodity association: Sn, W, Ta, Nb, (Mo, Li, Be, B, In, F)
9 Orogenic GOld AU (Ag AS W CU Sb BI) ¢ Igneous Intermediate: Commodity association: Cu, Mo, Au, (Re)
) 1 ) 1 ) )
10 Pegmatites Nb. Ta. Sn. Li. Be (U REE) * Igneous Replacement: Commodity association: Fe, W, Pb, Zn, Cu, Au
= : - : g 2 : e [0CG: Commodity association: Fe, Cu, Au, (P, REE, U, Co)
1 Carbonate-hosted deposits Zn, Pb, Ag, Ba , : , s ;
e Mafic Intrusion: Commodity association: Fe, Ti, V
12 Sandstone- and shale-hosted deposits  Cu, U, Pb, (Ni, Co, Zn, V, PGE, Re) * Mafic Ultramafic: Commodity association: Ni, Cr, Cu, PGE, (Co. Bi, U, Ag)
® Orogenic Gold: Commodity association: Au, (Ag. As, W, Cu, Sb, Bi)
13 Sedlmentary d&pOSItS Fes Mn: B&KM * Pegmatites: Commodity association: Nb, Ta, Sn, Li, Be, (U, REE)
14 VMS CLI, Zn, Pb, (Ag, AU, Te, Sn, In) e Carbonate-Hosted: Commodity association: Zn, Pb, Ag, Ba
15 Residual deposits Fe’ AL N|, CU, (Mn’ AU, P, REE) ¢ Sandstone-and-shale-hosted: Commodity association: Cu, U, Pb, {Ni, Co, Zn, V, PGE, Re)
16 Base metals veins Pb. Zn. Cu. U (Ba F) ¢ Sedimentary Deposits: Commeodity association: Fe, Mn, Ba, K, Na, Sr
O O : ’ ; ; ’ O e VMS: Commodity association: Cu, Zn, Pb, (Ag, Au, Te, Sn, In)

S( ; l l » Residual Deposits: Commodity association: Fe, Al, Ni, Cu, (Mn, Au, P, REE)

: : o * Base Metals Veins: Commeodity asseciation: Pb, Zn, Cu, U, (Ba, F)
Sveriges geologiska undersdkning
Geological Survey of Sweden



To yewTteKTOVIKO TtepLBaAAov tnG EvpwTinG EVVOEL TN

Tapoucio LETAANOYEVETIKWV {WVWV HE SUVALLKO Lithium - Cobalt - Graphite

evOLaPEPOV KOLTAOHATOAOYLKAG EPEUVAC YL TOV occurrences in Europe Legend

EVTOTILGUO Kpiolpwv kat ONY pratapiog Occurrences
Commodity

Cobalt
Graphite
Lithium
Graphite active
Cobalt active
Lithium active

Legend

CRITICAL RAW MATERIAL
DEPOSITS OF EUROPE

ot 3

Commodity
Berylium (Be0)

Bismuth (metal)
Borates (8209)
Baryte (BaSO4)
Cobat (meta)

(based on the 2017 CRM list
of the European Commission)

G. Bertrand*, D. Cassard* and the Coking coal

Mineral Resources Expert Group** Fluorie (CaF2)

* BRGM, Orléans, France Galium (metal)

vey,

¥ 0 o~ 7
D r 4 o 44
Beovcimece for s autainably Earlh & g S
brgm . p : ; e

Germanium (meta)
Graphite

Hafrium (metal)
Indium (metal)

Magnesite, magnesium (MgCO3)

Nicbium - columbium (Nb205)
Phosphate (P205)

Rare earths elements (RE203)
Platioum platinoids group metals
Antirony (metal)

2 Scandium (metal)
Tantalum (Ta205)
Vanadium (metal)

HOGEH>ER+OPSOHSOS 00O [

Woltram (WO3)

Deposit size

I F—
D Class8 (large)

Giass G (medium)

{

e« 2 Pl o
" .. ".‘l A N R i‘ b 1
~ .
. 0 108210 420 630 840
? e @ FRAME S ——— Kilometers
() e s iR anTEs :
S & TR P NTES ESRI2016; EPSG Projection 3035 - ETRS89/ ETRS-LAEA

=i [INyH: Havard Gautneb et al, EGU2020

© BRGM, EuroGeoSurvey, 2017
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OMY koBaAtiou, AtBiou kat ypaditn pe avadopd 0ToUC
KOLTALOUOTOAOYLIKOUC TUTIOUC TTOU QLVTLOTOLYOUV KOl OV )KOUV

Cobalt = Lithium = Graphite R
M T S
occurrences in Euro ® i occurences in Europe occurrences in Europe

%. oo ' * Legend

5 & ! Graphite
4 we Genetic types
4+ Amorphous

= Flake

*  Unclassified

¥ \\.‘."::

SR

g
Ore deposits with > 100 ppm Co P T T t e h
is regarcied as a potential resource for Cobalt ——— T o 23 G555 Bpchn D - BRI BTRS-UEA

SGU lnyn: Havard Gautneb et al, EGU2020
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KowtaopatoAoyika
arnofepata
koBaAtiov otnv
Evpwnn

Source: Battery Raw
Materials-A Global and
European Perspective,
Evi Petavratzi, BGS

Primary cobalt deposits and

resources Iin Europe

Deposit type

Magmatic Ni-Cu (-Co-PGE)
sulphide deposits

Stratiform sediment-hosted
Cu-Co deposits

Ni-Co Laterite deposits L

> B

Other deposit types

Status

Operating Mine with Co-
production

Operating Mine with no Co-
production { )
Abandoned Mine é‘f’, ﬁn;?-

4 e )

Under exploration

Cobalt content [t]

No data

< 100 r»-—E_M_j
100-1000 ‘L.ﬂ/ g

1000-10 000 ‘
10 000-100 000 -
> 100 000

® O 00 ¢ 0

Russia

SGU

Sveriges geologiska undersdkning
Geological Survey of Sweden

With thanks to Stefan Horn [shorn@bgs.ac.uk]

© UKRI All rights reserved
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YIAPXEL KOLTOLGUOTOAOYLKO SuVALKO otnv Evpwnn;

H petaAlevutikn aélomoinon koBaAtiov otnv
Eupwrn MopapéEVEL OTAOLUN TTAPA TNV SUVAULKA
napouacia kottaopatoAoykou evoladpEPOVToC

H kolttaopatoloylkn €peuva kofaAtiov Bpiloketal
o€ €€EALEN O APKETEC YWPEC TNGS Evpwrng

—~ -

Development stage
O Mine stage
[0 Late-stage expl
O Early-stage expl

|Development stage
O Mine stage
] Late-stage expl.
{ Early-stage expl.
| Activity status of projects
® Active
® Inactive
@® On Hold
7' Rehabilitation

i
JRC based on S&P Global Market Intelligence data JRC based on Promine and S&P Global Market Intelligence data

S ( ; l l Source: Alves Dias P., Blagoeva D., Pavel C., Arvanitidis N., 2018: Cobalt: demand-supply balances in the transition to electric mobility. JRC Science for Policy Report, European Commission

Sveriges geologiska undersdkning . .
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XAPTNC TWV KUPLWV KOLTOLGLOTOAOYLKWYV TUTIWV OTIAVLWV YOILWV Kot
OXETIKA e€eAlooOMEVWV £pYwV otnV EE kot tnv FpowvAavdia

9Sa rfartoq of v

Q Kvanefjeld . A

*

Alkaline ignous rock
Carbonatite
Hydrothermal

Iron REE deposit

Laterite/Bauxite
Advanced-stage # e

exploration projects e *
Phosphorite L ) ol

9 Processing plant

Fegmatite/Granite

¢ % o 4 )

Placer

SGU

Sveriges geologiska undersokning
Geological Survey of Sweden
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Xdaptn¢ petaAodpopwv epdavicswv
oTtaviwv yolwv otnv EvpwTrn
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-
*6
®
‘8
9@ 12
107911

1. Niagomakavsak, Greenland
2. Attu, Greenland
3. Nassuttooq, Greenland
4. Nassuttutata tasia, Greenland
5. Nordre Isortoq, Greenland
6. Sarfartoq, Greenland
7. Qagarssuk, Greenland
8. Tikiusaaq, Greenland
9. Gronnedal-lka, Greenland
10. Kvanefjeld, Greenland
11. Kringlerne, Greenland
12. Motzfeldt, Greenland

15@

31. Bastnas, Sweden

32. Ytterby, Sweden

33. Norra Karr, Sweden
34. Olserum, Sweden

35. Sokli, Finland

36. livaara, Finland

37. Katajakangas, Finland
38. Korsnas, Finland

39. Loch Loyal, UK

40. Mourne Mtns., UK
41. Central Wales, UK
42. Beara-Allinies, Ireland

13. Gardiner Complex, Greenland 43.Stavelot & Rocroi, Belgium

14. Kangerdlugssuaq, Greenland
15. Milne Land, Greenland
16. Biggejavri, Norway

17. Misveerdal, Norway
18. Hegtuva, Norway

19. Saeterasen, Norway
20. Fen, Norway

21. Kodal, Norway

22. Gloserheia, Norway
23. Kiruna, Sweden

24. Kalix area, Sweden
25, Tasjo, Sweden

26. Naveran, Sweden

27. Soraker, Sweden

28. AlInd, Sweden

29. Sarna, Sweden

30. Grangesberg, Sweden

44, Storkwitz, Germany

45. Kaiserstuhl, Germany

46. Tajno, Poland

47. Chateauneuf-du-Faou, France
48. Corlay, France

49. Le Grand Fougeray, France
50. Galifieiro, Spain

§1. Mulas, Spain

52. Rambla de las Granatillas, Spain
53. Vale de Cavalos, Portugal

54. Olmedo, Italy

55. Nettuno, Italy

56. San Giovanni Rotondo, Italy
57. Trebic, Czech Republic

59. Bacuch, Slovakia
60. Sopron Hills, Hungary

%

k!

41
o2 »
48
4768 49
@50
53
e’ 51
@
L)

61. Urkdt, Hungary

62. Nagyharsany, Hungary

63. Ditrau, Romania

64. Glogova-Clesnesti, Romania

65. Vlasenica, Bosnia & Herzegovina 73. Kizilcadren, Turkey
58. Rejdova/Cuéma/Slovinky, Slovakia 66. Plavna, Serbia

67. Grebnik, Kosovo
68. Niksi¢, Montenegro

3 %@
% e
C

33
2 FeAt
46@
44
>
& ® Bgs0
60g 61
%
620 63.
65 g @64
b, Q¢
s 3
54. 6%9@ 73
ot 14 760
72 75
69. Nea Peramos, Greece ﬁ*-ﬂ ® 2 @ Carbonatite-associated
70. Parnassos-Giona, Greece g*g. & @ Alkaline igneous rock-associated
71. Evia Island, Greece & 0@3e Hydrothermal (veins and skam)
72. Marmara, Greece W @ S @ ironoxide-apate
> @ Granite and pegmatite
74. Aksu Diamas, Turkey @® o B
75. Mortag & Dogankuzu, Turkey| 9 @ @ Placer
76. Sofular, Turkey @ o o
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H Baon dsdopévwv EURARE IKMS* tepthapfavet Kat
avadEpetal o 156 petaAlodpopeg epdavioelg
oTaviwv yalwv otnv EvpwTtn 36 TPOXWPNHEVO £PYQL OTIOVIWV YOLWV OTOV KOOUO

57-71
sustainable exploitation

Movo 7 otnv Eupwrnn

*  AUVOULKA EKPETAANEVCLUA KOl UTTOOXOMEVA
Koltdopata omoviwyv yatwv otnv Evpwnn:

* Kvanefjeld (Greenland)

* Norra Karr (Sweden)

e Kringlerne (Greenland)

* Fen (Norway)

e Aksu Diamas (Turkey)

» Sarfartoq (Greenland)

* Motzfeldt (Greenland)

* Olserum (Sweden)

e Storkwitz (Germany)

e Atgutepoyevr) anobgpata:
* Bauxite Residue (AoG, Greece)
* Apatite Tailings (LKAB, Sweden)
* Phospogyspum (...) .

—— > -
# - -"’

Q("T T* Integrated Knowledge Manage‘&gt System -J,.!

*“i

EURARE 2016

%
2
b,
%
©°

Advanced Deposi e Prospect

REE project

Carbonatite

Primary
deposits

Hydrothermal

Alkaline igneous rock .
Granite and pegmatite

Iron-oxide-apatite

°

g
b o 3 E
> »

ceoceoe B
g
%% %% %[ §
3

Ta afloTtoltoLlpa aTtofEpata oTtaviwy
yowwv ota kottacpata Kvanefjeld,

Kringlerne kat Norra Karr umopot0v amno
Hova Toug val KAAUYPOUV TG VAYKEG TNG
EupwTING OTLC ETIOUEVEC OEKOLETLEC
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Critical Raw Materials in Greece

Source: IGME project reports / Promine database

Zove ovE Hove wovE

Tove

sorN
L

Greek Institute of Geological and Mineral Exploration
Senwial Dicsctor Ass. Prof. K. Papavasileiou

Coordinated by: . critcs, Or. Economic Geologlst

Compiled by economic geologists of IGME: ; Michast
|- Marantos

Contribution by economic geologists, A Rassios
geologists & minerologists of IGME : . Dabizias

G.1.S. processing: C Chrstidis
M. Xefteris

T
200 20ve

e e ze o-'e E ='c e e

Critical raw materials
. Ge [:1 REE Smiaite - A) depealt Gepdit
19{Skouries dor Cu-Au it 35| Petralona Bauxite - Al it
st post g Fe-Ni deposit
lsrimond T
B oo 0o =i s
|Voidolakkas
(e A
A Mg % Sb Cu-w oo e
0P38) —
HS 32jAmorgos

JUNE - JULY 2011

1 1 1 1 1 1 1 1
/ 10wt% Sb ™

25wt% Sb in antmonite veins.

in antimonite ins

240 gt TPGE

04 gt ZPGEin __in chromite

A o 3
W8 23 gn sPGE i L
> in chromite o
r o
o
% 5278 ppm ZREE in
bauxitic laterite

@ . ; 7
L > _ ‘560 ppm ZREE in |
‘ # bauxitic laterite oy

Critical raw matesials in Greece

ium & Indi

& llium, Ger in mixed sulphides and RS
™ pauxites * Rhenium in porphyry molybdenum systems
) PGE (Platinum Group Elements) in porphyry copper systems,

4 ) B | * Sb in antmonite veins
Fe-Ni-Latentes and chromite deposits

* REE (Rare Earth Elements) in bauxites and bauxitic laterites A Tungsten in skarns & veins

@ Specialty and other industrial rocks and minerals (Graphite, Magnesite)

ble society



AAvoida agioc
kofBaAtiov

Ta Bepata
urteLBuvVNC Kol
nOwKnAg

pnetaldeiac Oa

EXOUV
ETUMTWOELS OTO
TIOPOYWYLKO
Suvapkd Ko
npoodopad

oplopévwy ONY
ta Co, Nb, Ta.
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DRC To Dominate Output
Global Cobalt Production By Country (LHC, %) & Select Countries Cobalt Production (RHC, kt), 2015

Other.
cng 13%
South Africa -

2%
Brazil \ "
2%

f = BMI forecast. Source: BMI, USGS

@ Adisanal mine

© Trading centre

€5 Smelting / refining centre
E‘) Component producer

@D sattery manufacturer
3 Consumer brand

@ Export of cobalt from DRC artisanal mines to China for processing. Over half the world's cobalt comes from the DRC, 20% of which
is from artisanal mines.

6 Supply of processed cobalt to factories in Asia to make rechargeable batteries.
© Supply of batteries to global technology and car companies.

Epyatikni ekpetaAAevon 40 000 tadiwv oto Kovyko
Geology for a sustainable society



H éAAewpn ONY poatapliog
OTtw¢ AtBiou kot koBaAtiov
UTTOPEL va dnLoupynoeL
EUTIOOLA KOl KABUOTEPHOELG
OTNV KOTAOKEUT] UTTOTOPLWV
ABlou

O xaptng deixvel e KOKKLVO
TLC XWPEC Ttou €€0pUCOOUV
ONnyY pratapiog Kot pe
TIPACLVO QUTEC TIOU TLC
ELOAYOUV KOlL EAEYXOUV TN
OXETIKA Blopnxoavia
HeTaTIolnoNng.

http:/news mit.edu/2017/will-m

Oa eriBwwoel n Tesla amod tnv EAeWdn

kKoBaAtiou?
The Wall Street Journal, 2017/11/30

Carbon

Cobalt

etal-supplies-limit-battery-expansion-1011
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http://news.mit.edu/2017/will-metal-supplies-limit-battery-expansion-1011

FewmoAttkry OMNY: H Kiva 6eopevel tnv HeTAAAEUTIKA Ttapaywyr ABlou o€ OAo ToV KOO0 YL Vol
KAAUWPEL TG avaykeg Kal va SltaodpaAicel Tnv opaAn AELToupyia TN LETATIOLNTIKAG TNG Blopnxaviag

QOverseas assets of Chinese lithium companies

% stakes, where not wholly owned

B Ganfeng Lithium

@ Tlangl Lithium

B Planned Bacanora Minerals

lithiarm mine 30%
MEXICO

Planned
Caucharl-Olaroz
lithium brine

; et S0

Atacama salt =
flats, SOM 24% ® @
© Marana lithium
CHILE  brineproject
- B3x

AEGENTIHA

Source: FT resaanch
LRET
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[

IRELAND

Avalonia lithium

B project 55%

Pilbara Minerals AUSTRALIA
Pllgangoora lithiom- —g Mount
tantalum project 8% - Ir'rhlumm 50%

Panned Kwinana
lithium hydroxide plant Greenbushes
lithium mine 51%

Geology for a sustainable society



Nwc avtpeTwrilov e TNV €EEALEN auTn; TL KAVOUE;

2000-2010 Lisbon strategy - ERA EU2020 strategy/Juncker priorities
FP5 FP6 2002-2006 FP7 2006-2013 Horizon 2020 FP9
2000 2010 2020
FP4 - EURQOTHEN
FP5 - NESMI
European Technology Platform on Sustainable Mineral Resources
EU Raw materials initiative
ERA-MIN I+l
EIP on Raw materials
SC5 Raw materials
EIT RawMaterials KIC
CE Package
Horizon 2020: EUR 600 million secured for raw materials (2014-2020) Battery Alliance
EIT RawMaterials: EUR 400 million (2015-2021) GeoERA

SGU
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NMepimtouv 600 ek EUR artod to mtpoypapua mAaioo «Opilovrag 2020»
og épya OMY- Xapaktnpiotika mapadeiyparo

RN Prafll s ppe < e
\v' WA M=EU SECGOQII{ ‘ = lxi=l=l

g . inerals Tntelligence Network
ProSUM - Prospecting Secondary ¢qr Eyrope European Geological Data
Nano-particle products from new mineral raw materials in the Urban Mine and Infrastructure
resources from Europe MIRIAg waste. AV Mineral Intelligence
'Av“ M I CA Capacity Analysis

MINATURA

2 O G a “ G SCANDIL®M RLUMINIUM EURCPE

SUSTAINABLE
FRJTFH: SENF
MIN S¥STEMS

T © f MIN

EU Raw Materials Statistics

Oil - Gas - Minerals

Application of weh GIS
technologies for the sustainable

supply of Europe with Energy and

Mineral Resources E n tra w
=T Intemctional Row tolerials Sbsery, E.RAM
1y Rare Tonag s wegss rop

Development of a sustainable
explojtation scheme for Europe's

REE ore depesits
IZON 2020 FUNDED PROJECT
5@ Q‘\‘“‘_“f ; P j MINING AKO METALLURGY REGIONS OF £U

ERA-M 1T N2

RESEARCH & INNOVATION PROGRAMME ON RAW MATERIALS
= 1O FOSTER CIRCULAR ECONOMY

NEW WAYS TO EXPLORE THE SUBSURFACE

: Geology for a sustainable society
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http://www.bluemining.eu/

AANvoida aiac twv ONY kat KukAky Owkovouta
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5 Ppovossenng Tioammios
IX 1. 1. Amhomroumpéos Mewhoyixos x8pTc e B.A. XaAxiSixd

T ND
] Cass==) Vs,
EXPLORATION MINING PROCESSING RAW MATERIALS

PRIMARY
RESOURCES

&

. DESIGN
@ RawMaterials

Connecting matters

668 Drill holes v | Q@

@ PRODUCTION

West Fault : ) y N i y

USE, REUSE

=~ ore body
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XpNUotodOTNOoN KOLTALOUATOAOYLKNC EPEVVOLC

Global drill activity

' ’ [ Copper Gold B Lead-Zinc B Silver I Nickel
[ J

Eud)ao-r,l OTNV OLKOVOULKN Il PGM Minor base metals [ Specialty metals

veEwAoyia twv KOMY
e KoltaopoatoAoyLkn 600

avadopd o€ cuoTApATA B I

OnyY (mineral systems)

e [ewAoylkn £peuva
TPOCOVATOAOCEV OE
BaBeLec petaAlodopieg

* Edappoyn vEwv peBodwv

Number of distinct projects drilled
)
=]
o
|
|
|
|

|
ni
| B |
||
T
N .
LI
-
|
|
|

KOLL TEXVOAOYLWYV, OTIWCG Source: S&P
TPLOSLACTATN ATTELKOVLON N i IS IS SE IS S EEEEEEEEEEEERERS Global Market
* EvapuOVIOPEVN EKTLUNON Intelligence

amoBepdTwy, OTWCE TO
ocvotnua UNFC

Data as of January 31, 2018.
Source: S&P Global Market Intelligence
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Taoelg kat tpoBAEPELC yLa TLG Ol'lY

World Economic Forum (2015) Mining
and Metals in a Sustainable World 2050

*Y0pudwva pe mpoBAePn tou OOZA n maykoopta {Atnon

H IAtnon koL ot ovaykeg vy OMY
avéavovtal o€ peyaio Babuo*

H epappoyn tng KUKALKAC OLKOVOULOG Kol
NG avakUKAwonG akoAouBel avodikn
nopeila

H koltaopatoAoylkn €psuva Kol €€0puUén
TIOLPOALLEVOUV OTO EMEVOUTLKO ETILKEVTPO

Ot TEXVOAOVYLKEC gtelielc elval
KOBOPLOTIKEC Kol Ba €xouv oOAOeva Kot
LeyaAutepn ocnuocia

H katoavonon Kot o EAeyxoc Twv aAuoidwv
aéloc oupBarAouv otnv Buwotpn avarmtuén

® Gold
Iron ore

S

=

Q ® Molybdenum

'-3 ® Helium

o

oy

Q

£05

=

>

2

£

O

=

o}

o

i
EXPLANATION
Trade exposure (TE)

Cadmium e ® . ‘ ‘
0.0 ) 002505075 1
0.0 0.5 Supply risk (SR) 1.0
Disruption potential (DP) | 0 Il .

Nea ueBodoloyia tou USGS npoodlopilel 23 ONY twv
orolwv n aBeBalotnta npocBaonc Kol npounBeLac

OnyY Ba vnepbutAaciaoctel amo 79 dloekaTopUPLO TOVOUC anoteAel LEYLOTO KivOuvo yla TV PetamownTiky Blopnyavia
onuepa o€ 167 dtoekatoppupla tovouc to 2060.

https://advances.sciencemag.org/content/advances/6/8/eaay8647.full.pdf

SGU
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https://www.greencarcongress.com/2020/02/20200223-usgs.html
https://advances.sciencemag.org/content/advances/6/8/eaay8647.full.pdf

H avéavopevn {ntnon kot kotavadwaon OMNY pe aptBpouc

e Metaéu 2015 kot 2050 o aplBuocg
NAEKTPLKWY aUToKLVNTWY Ba avénBel
aro 1,2 o€ 965 ek. AuTO onualveL oTL
Ba amattnBouv unoataplec pe
Suva ko amobnkevonc armo 0,5 GWh
o€ 12.380 GWh, kat dwTtoBoAtaika
e SUVALLKO NALOKNC EVEPYELAC ATIO
223 GW og napanavw amno 7.100 GW

* JYETLKEC LEAETEC TTOpoUCLAlOUV OTL N
(ntnon OMY amno to 2015-2060 Ba
avénBet kata 87.000% yLa TLG
urotoplec, 1.000% yLa T
avepoyevvnTpLec kot 3.000% yla Ta
dwTtoPoATaika.

SGU
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(Lol voL UTTAPEEL AVTATIOKPLON TIPOTELVOVTAL,

Ol ONY va evtaxBbouv oto oxedLo ou
adopa OTo KAl KoL TNV EVEPYELDL

Na eAeyxetal n mpoghevon Twv ONMY

Na rmeploploBel n povomwALaKkr oxeon
Twv Ol1Y

Na uTtapEeL ETILXELPNLATIKOTNTA UE
TOTUKQ. KOLL TTIEPLPEPELAKAL
XQPOKTNPLOTLKA

Na urtapéouv mMpaKTikeC umevBuvnc
EKUETAANELONC

Anpoupyla evvoikoTEpWY oUVBNKWV
oTn PAcn KUBEPVNTIKWY LETPWV

Geology for a sustainable society



Yriapyouv ONY, onwc o XaAKog, To
VIKEALO, o pevdapyupoc, TO
aAoupivio, ta TOAUTIHO METAAAQ,
nmou elvatl eéloou 1N akopn Ko
TMIEPLOOOTEPO  KPLOLUEC OO TG
OTIAVIEC  YOLEC VYlOL TIC VEEC
TEXVOAOVYLEC LLTTOLTOLP LWV KoL
EVEPYELOKNG METAPAONG, OAAQ Kall
v Blounyavio NAEKTPLKWV
QLUTOKLVNTWV. OAeg ol
ouykekplpevee ONMY eéopuooovtal
non, N amoteAolv umoPndLa mPog

EKUETAAAELON KOLTAOMOTO OTNV
EANaSQL.

Copper supply/demand (million tonnes)

24
22
20
18
16
14
12

2014

Oversupply / lower Supply gap opening up
and volatile prices B e
S f - - “;—"\ 4-6Mt of additional I

y capacity required
by 2025

2016 2018 2020 2022 2024

s Highly probable projects mmmm Base Case Production === Primary demand

4000

3500

3000

2000

1500

1000 *

>2 Mt Ni needed

= Existing supply by 2040

mm Highly probable projects

825 kt new NI supply needed
by 2030 (incl. projects)
le, 14 Ambatovys

== Probable projects

—Consumption

Inventory overhang worked off
by 2023 - new supply needed

2000
2005
2010
2015
2020
2025
2030
2035

040
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4 Tt PIORGEE ? - ST ETEY e

METAAAIKEE OPYKTEE IPQTEE YAEE (MOMTY) | e
I | oePMEE

4

MAKEAONIAZ OPAKHXZ A
Niwdroog ApPaviziong, Ap. Owovorukdg I'ewhdyos, I'ME.JIMKM

MAYPO AENAPO "

[ e

¥

@\' -I'HABITZA

BAPBAPA

TEQAOTTKO YITOBAGPO METAAAIKEY OPYKTEX ITPQTEX YAEYX (MOILY)
I:I IgnpaToyevi TeTpGMaTa Moy HaTIKéC Y5po0epuIKEG YTTEPYEVETIKEG AR Evepyd petahheio
- AoBecToNBo-Mdpuapa A\ Xpwwio (Cr) Mik1 Bei00xa Baoikiv HerdMwy (Pb,ZnAg) 4 mwg‘e"g/ggfg‘ﬁgg " @ BeBawpéva experahrevoa
O 5180 povikéNo (Fe,Ni) @ NMohuperarAika pikTa Beiouxa (Pb,Zn Au,Ag) ! ' R - ammoBEaTa
- ) © AeukohBog (Mg) L] Xpuooc-xakkog (Au,Cu,t Mo} PGE) ® Xpuooghepwvimg (Au, Fe,t Zn) == Auvopid expETaMeUOIa
- Bdilge il B Xakkég-oid Cu,Fe,TAs amoBépara
B Xahkég-0idnpog (Cu Fe) sl S :
HoaoTeiakd- d ¢ EmBeppikoc xpuoos (Au,Ag, +Cu) Mpooxwolyeveig
Mupiyevi Trerpapara @® Bohgpduio (W) /A Xpuooc (Au)
Baoikd - B Avrigévio (Sb)
YTePBaCIKG TTETRWHATA @ Mayvnrimg (Fe)
SG' I MIXAAEQY €. 2010
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Geoammmﬂbemmhnmmgsomy\shmemumbem
throwugh the United Nations. Goals, the Paris Ag:
to avoid dangerous climate change, or through other important policies to
protect the environment and ensure the availability of vital resources for all.

Geoscientists will be critical in:

» Ensuring access to clean and sustainable water supplies

* Sourcing and extracting critical minerals needed for green technologies like
solar and wind power

WMWmemMmmwm

“"“f’ﬂ'”mw g
l' - « Mitigating climate change and influencing governmental poticy through
understanding past climates, modelling potential future outcomes and

understanding climate impacts on ervironment, livelihoods and natural hazards.
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Main Mineral Deposits
of Europe

Sclentific coordination

Daniel CASSARD' & Guillaume BERTRAND'

Srgphy hitp Hvrwew:bram frf

Piutonism

XAaptng Twv
Boolkwyv TUTIWV
KOLTOLOLLATWV
LETAAALKWV
OPUKTWV TIPWTWV

Dutabases, applications and lexicons developmeat

Jan-icel ANGEL', S0k AATOS?, il CASSARD',
‘Pasi ELL, Ewan PELLETER & Femando TORNOS

Nbolics ARVANITIONS", Diritios BALLAS® RERTRAND', Mio LA
CHRISTIONS!, DIMITROVA®, Augusto
Eric GLOAGUEN'. Jirome GOUIN', Ememy GAZEAY, imitios ILIOPOULOS.
Cartos . Tuoma d
omans MARANTOS® Jodo MATOS!. Cons MICHAELY
Vesslia MLADENOWAY Jevir RAARD, ARDSALS, Bven PELLETER'.
7 7 7 Structural features Gerge PERANTONIS?, JoanClassio PICOT'. Jucek PYRA'S Helana SANTANAT
Unacnetard ot 1", Mechal STRZELECKI ¢, Goran TASEV™
- vt ety TORNOS? & George TUDOR'S
Sk srbe gt
ki Aothopogenic Concesrston () detibase eading
Soe AGGELATOL Nikcinos.
!, Mara Jodo BATISTA', Culaume | o',
Crrstos CHRISTIDIS®, 'DEMETRIADIS', Dimtrna DIMITROVAY,
GENTILHOMVE', Crsian 3
A, mmﬁvn,u-nmau:,
Main commodity ‘SERAFIMOVSKI'", Gorsn TASEVY & Gaorga TUDOR'
A,
eavmees Pro¥ine pestid deve opumeat
pesind devel
Bt
ot Ean KAUNISKANGAS, Maal VELIANI',
Chvomium Joar-Jacques SERRANO' & Juha STRENGELLE
Obrmerst
S, OIS management
Carsatium Gtk
z Frédéric MALOAN'

s n-au-;-m-—uw——mw Fronce;
"Gecoon Tukamsesn (GTKL Fognd.

e oy e b o 1, Soun
m.q_.,_....ln...... e

Nicknl ¥
’
P Latorr Nocons 3 Ene o Geoogo (AEG) st
PGE Platram G Bemeet i O Flad:
e et ey B
.: Gaoe Destes Unwersty.
Trmm - -nuow-mm

SONOOONOOLE+# 0 P OMO I OO0 OLI@E

90" 2y 5 A 33 ey LSRN, o
5 g = g , o B g & ' » - Isesiom it 5 by o
i o . i o e e e ]
T — ~ : - & B e s e T
©Probine, 2012420

Sveriges geologiska undersokning

Geological Survey of Sweden GeO|Ogy for a sustainable SOCiety



— =
o Geological

: 2§: %‘Emm Survey
’ = 2 = of Sweden

r 1 FAVOURABILITY MAP FOR
P ’ TANTALUM MINERALISATION
XaptNnG ImEPLOXWV IN EUROPE
LE OUVOULKO ~ -

e | R ov

s [ ] Medium
ot [ Hign
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Martiya Sadeghi(1), Guillaume Bertrand(2,3),

Helge Regini (1), Erik J (1.4)

Daniel de Oliveira(s)

1: SGU (Geological Survey of Sweden), Uppsala, Swed
2: BRGM (Geological Survey of France), Orléans, France
3: ISTO UMRT7327 (Univ. of Orléans, CNRS, BRGM), Orléans,France
4: UU (Department of Earth Sciences, Uppsala University),
Uppsala, Sweden

5: LNEG {Geological Survey of Portugal), Alfragide, Portugal

evoLadepoV yLa TNV
KOLTOLOLOTOAOYLKN
epeuva ONY
TOVTAALOU OTNV
Evpwrn

Data sources are:
-the FRAME project database on deposits of energy critical elements
| -the 1/5 00O 000 International Geological Map

of Europe and Adjacent Areas { Asch, k (2005)

1| The method of hybride Fuzzy-WofE is used for the favourability map
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5: LNEG (Geological Survey of Portugal), Alfragide, Portugal
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Xaptng
KOLTOLOLOTOAOY LKWV
Tunwyv ONyY
TOVTAALOU Kol
vioBLou otnv
Evupwrn

Helge Reginiussen et al, EGU2020

Nb-Ta occurrences
and deposits

¥ HMb
& Ta

® Nb+Ta

oF

-0

Preliminary map showing the
distribution of significant Nb-Ta
cocumences and deposits in
Europe.

Mote that Mb and Ta are often not
the primary commedity at the
shown locality.

The map was compiled from data in
MA4EU and national databases.

[Ciata is still lacking for some
counfries.

DLy PSRy
FORECASTING AND ASSESSING EUROPE'S
STRATEGIC RAW MATERIALS NEEDS

oo )
This project has received funding from the European Union’s e
Horizon 2020 research and innovation programme under grant
agreement No 731166 Gcoenn
RAL MATERIALS W
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pan-European research approach for seabed mineral deposits
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MINDeSEA Preliminary Results
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Main Metallic Commeodities of Greece

Source: IGME project reports / Promine database
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e Au 3402 5,401 L LE0O Phihr;w*w
@ Nickel @ Iron i - S [ 3607 56406 LEOS 26405 it
=~ Minable deposit D B Cu LEA07 LEAO LEOS LE+04 E Grvas
o Fe 1609 LE8 LEO7 160 by economic geologists, A Rassio
8 cok @ Antimony = = 1607 L6406, LEVE geologists & minerologists of IGME : K Angelopouios
\  Chromi H oz %  Exploitable deposit [ | € Mo 205 o S Ev8 Livs $iputame
a e 8 111 06 2640 26408 240 N Ep
0 b 106 10 104 50 iads
@ Copper (Gold) A Molybdenum @  Showing L DENA 106 0 o1 £ ety
Isb 404 40 40 E4C . Ploums
Manganese ¥ Tungsten . w 404 40 6402 40 ke
A Manganes 9 ¥  Abandoned deposit 20 406 10 04 £ Eoa
5 = Lead Unit: tonnes (1.000Kg) GS. processing: C Chistds
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Main commodity

L] A L] cu
O Au A Fe
A o A

A Yo
A N
PbZa

* @
AW

H =

e i; ae ‘ »'e !‘ Q'q. !"QQQ b

Deposit size
Class A

Class 8
Clazz C
Class O, E & NA

il

Genetic Types of Main Metallic Mineral Deposits of Greece

A

VMS ( SEDEX J BIF Pb.Zn.Cu ceposits

Epigenetic (mante / vein / shear ! skam),
carbonate hosted. hydrothermal Pb-Zre
CuthstALsAgeN4Sh deposits

Porphyry Cu = Mo = AuzPGEzRe depasits

Epithermal Au £ Ag £ Cu & Ta 2 Se deposits

A
A
A

Supergene Fe-MntAutAg deposits

Baunite - Al daposas

Latarite Fe-Ni daposits

Ophioita - hosted chromte deposits
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0,4 gt SPGE in
Ni-laterite

3,0 gt ZPGE

4.2 gt ZPGE (it
in chromite

3275 ppm ZREE in bauxites

W we

Gallivn, Gennanium & Indium
in mixed sulphides and bauxites

PGE (Plat Group Ek ts)
in porphyry copper systems, Fe-Ni-
Laterites and chromite deposits

REE (Rare Earth Elements) in
bauxites and bauxitic |aterites

Speclalty and other industrial rocks
and minerals (Graphite, Magnesite)

o oo
D iy I
i'n chromite in uxites
e 8-

Critical raw materials in Greece
Source: IGME project reports / Promine database

24,9 git SPGE
in romite :

i e

25W% Sb
in antimonite veins

%

S0

g we

* Rlreniun in puiphyry mulybs-

denum systems

Sb in antimonite veins

Tungsten in skams & veins

we e -4 "

1.0 wt% Sb
£ in antimonite veins:
b1

. * X

x

1,17% ZREE
in placer deposits

e *e EQ
Grook Institute of Geclogical and Mineral Exploration
General Director: Amx Prof K Pagasisiecu
Coordinated by: N Arvanids. Dv. Econome Geclogst
Compiled by econcmic geologists of IGME: K Michasd

" v 0. Chopoukos

Contribution by . Lonlsd
& of IGME :

Potential (re) sources of critical
minerals/commodities in Greece

CRITICAL MINERALS/ NUMBER OF DEPOSITS TYPES
COMMODITIES 285 DEPOSITS
REE (Main commodity) 3 Placers, Pegmatite dykes
REE (Minor commodity) 13 Bauxites, Lateritic Bauxites and Fe-Ni Laterites

Sb (Main commodity) 5 Stibnite veins
Sh (Minor commodity) 1 Stibnite stockwork veins
W (Main commodity) 2 Scheelite veins

W (Minor commodity) 2 Cu-{Mo) skarn mineralisation

Ge (Minor commodity) Au-Cu epithermal/porphyry mineralisation
C - Graphite (Main commodity) Rhodope biotite schists/gneisses

Vi (ain commoty

PGE (Minor commodity) 18

Fe-Ni Laterites, Chromites. Cu-Au porphyry systems

Institute of Geology and Mineral Exploration, Athena, Hellas www.igme.gr ik s oy

G..S. processing: C Clvstads
M Xehurs
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High potential areas for
Au discoveries

High potential areas

et
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5‘ 0 50 100 200
*
G B3 B
Legend (Greek Institute of Geology and Mineral Exploration
Ore Genetic Types Conets Yot General Director: Ass Prot K Papavasteios
intrusions Pb, Nb, REE P, [Ts Fu Fe) NM’_&:D’E(MW
) tprthermal A, Ag, 55, W Te, G, 1
. Epithermal ® Pegmatites i W, Ta. Nb, (Mo, U, 8e_B.in FI e L oy v v
a Mo, Au, (Re) | Mo, On Ecorome Oecknt
A Dermetrades, MSc EurGeot
c hosted Fe. W, 7o, 20, Cu, Aw
4 Igneous felsic L deposits (e ) € Grivas, Ecanamic Geologet
Mt it e | o iFe, TV by A Rassios,
¢ Igneous intermediate Sedimentary deposits Mot o d warm fiem Cr, Cu, PGE. (Co, 8, U Ag) X Aupalapaitas. Eroasnic Onstogt
(Orogenic goid IAu, [Ag, As, W, Cu, Sb, 81 ym.,...\..,. D Fecmomic Geoloomt
¢ Igneous replacement A VMS fegmenes ;’,:":: Ak L o e e
. Sandstone- 1Ca, U, P (Wi, €0, 21, V, PGE, Re) u Nwmﬁs O Econnic Googat
@ Mafic or ultramafic B Residual deposits Fe, M F* Ploumes, Meer
v (Cu, 20, P5, (Ag Au, Te, 50 1) Verans, Econame Gecogs
= fesidusi deposity e, Al N, Cu, (M, Au, 7, RCT) " M———
~  Orogenic gold B Base metals veins Ease metals veins b 20, Cu, U, (80, F)

GLLS. processing: C Chistidis, MS< G 1S, Geologsst
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for Cu discoveries

Pb, Zn, Ag discoveries

High potential areas
for REE discoveries

High potential areas //////

for Sb discoveries

£
] L & ’
High potential areas H

for Ni discoveries

) Mineral Resounces & Metallogenic Districts im Greece n ..

Source: IGME project internal reports / Promine mineral database

o
Greek Institute of Geologyl and Mineral Exploration L L LT
General Director: Ass Prof K Papavasiacu S
Coordinated & Edited by: N. Avanitdis, Or. Economic Geclogist T
Michael, Dr Eeonamic Geologat and
GIS: :C.C Geologist 3
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Non Energy Metallic Minerals Districts Geology Tectonic
©  Auminium @ Moybdenum @ Tungsien [7//] High potential of discoveries Neogene sedwments and Quaterary Ceposits aa  Overmrust
O God ® Nokel @ znc [] so0d exporaton potentais I Paieozoic to Tertary carbonate rocks. == o
O Chromium 0 Lesd [ Precambrian to Mesozoic metamarphic rocks e =
o ic s
~ 4= Owverthvust prodable
© Copper ® Lead-Zinc " Tertary sedimentary rocks (Flysch, molasse) ——  Geological boundery
® ion @ Rere Eaths Mesozoic basic - llrabasic racks 4—s— Tecloric contact (mainly thrust)
©® Mangaress @ Antimony I Mesozoic to Tertiary ploutonic / volcanic / sub-volcanic rocks: S R e
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] REE - good exploration potentials

[ Mo - good exploration potentials

Al - high potential of discoveries

|| Al-good exploration potentials
Au - high potential of discoveries
Au - good exploration potentials

[” ] cr-nigh potential of discoveries

Cr - good exploration potentials

Cu - high potential of discoveries
(L] cu- good exploration potentiais
Fe - high potential of discoveries
[ ] Fe - good exploration potentials
[ J M- good exploration potentals

Mo - high potential of discoveries

22 ni - hign potential of discoveries
[ | Pb- good exploration potentials
W77 Pvzn - high potential o discoveries

| PbZn - good exploration potentials

Sb - high potential of discoveries
[ sb- good exploration potentials
7777 W - high potential of discoveries
[ W - good exploration potentials

777} zn - high potential of discoveries
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Sveriges geologiska undersokning
Geological Survey of Sweden

Geology for a sustainable society



YmepyevenkG Au Metaocwparikég Au

- Maupa AiBépia (Au: 3,28 yp/T) X

- SreveAakkog (Au: 11,08 ypiv) Ymrepyevetikég Au - Papaaivo (Au: 12,0 yp/T)
- Karaguro (Au: 2,0 yp/T) e e =

- Nérokag (Au: 2,0 yp/t)
- Opeivi (Au: 3,02 yp/T)

o
Mop@upikd Cu-Au o ©
- Mepakapié (Au: 1,4 yp/T)
Mepioxn MoAukaoTpou - Zkpd / KiAKig - Baén (Au: 0,84 yp/r) 2
- BéBaia amoBEuaTa 4,7 K. TOVOI - Movrokepacid (Au: 0,3 vpir) = @
- péon mepiekTikéTNTA 7,7% Pb+Zn
- mMBava amoBéparta 12 k. TOVOI

[ >

9

Mepioxn Baeng - MNepakapiot / KiAkig
- BéBaia amoBépara 28 ek. TOvol

- péon mepiekTikéTNTa o€ 0,5% Cu kai 0,9 yp/T Au
- mBava amobépara 180 ek. TOVOL

\/“"L‘I_l S
b

MeTaowpaTiKOG/YTTEPYEVETIKOG Au
- Aonuortputreg (Au: 7,0 yp/T)
- MegopéTm (Au: 5,59 yp/T)

- XoprokoT (Au: 0,39 yp/T)

Meraowparikég Au
- Ohupmada (Au: 8,0 yp/T)
- Maupeg MNérpeg/Miapiroa (Au: 0,82 yp/T)

7/ )

/'" Mop@upikég Au

SE - STpatiovi (Au: 3,61 ypir)
~
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Moppupiké Mo (Cu - Au)
- KaAdtuxo, Zaven
- MeAiteva, =aven

Mepioxn KaAAuvtnpiou / Podémn

- mMBavog aTOX0G KOITAoHATOAOYIKAG £PEUVAG

yia Sb, Au, Pb, Zn ka1 Ag

- péon mepiekTIkOTNTA 1% Sb

- TpooTIBEpEVN agia 6aov agopd aTnv
TTAPOUTia KPICIHWY OPUKTWYV

8

g

Emi@eppikd Au/ Mop@upikd Mo (Cu-Au)

- Népapa, ERpog (Au: 3,8 yp/T)

- Kigapi, EBpog

- Kipkn, ‘EBpog (Au: 0,5 yp/)

- Meuka, ‘ERpog (Au: 3,42 yp/T)

- OdovTwTd, Poddtn

- Ay. AnpATpiog, PoddTm (Au: 3,5 yp/T)
- Ox1d, Poddtrn (Au: 18,4 yp/T)

N
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