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exploitation scheme
for Europe’s REE deposits

Over 20 partners, Europe-wide, research & industry
5-year EC-funded project from 1 January 2013

Characterising European REE resources and developing new ore
beneficiation technologies

Aims to safeguard EU supply of REE raw materials
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Work package 1:

Assessment of European REE resources

and REE demand

Task 1.1

Task 1.2

Task 1.3

Compiling current knowledge on REE resources and REE demand
within Europe

Developing a knowledge base of potential deposits and
occurrences, including new research on poorly-known occurrences

Development of an integrated knowledge management system

O

GEUS

@ hGenscience for a sustainable Earth

()

NGU

Norges geologiske undersakels

SGU

Sveriges geologiska undersdkning
Geological Survey of Sweden

Greenland resources

WP1 lead; Denmark & ‘ \' Finland resources

IKMS lead; France 7\ British UK & non-partner
resources KT warmas emmosmr sssanc coomen country resources

Market survey

Norway resources

Sweden resources




Task 1.1

* Table produced showing all known REE deposits and significant occurrences in
Europe. > 100 individual deposits/occurrences

» Based on geological experts critically assessing all knowledge on REE in their
country — specifically done for EURARE

* Range in size from large economic deposits (e.g. Kvanefjeld, Norra Kéarr) to small
and currently of academic interest only. Few formal resource/reserve estimates

* Information about key countries and deposits is disseminated via the website
www.eurare.eu (over 20,000 visitors in 2014)

 REE market survey in progress (d’Appolonia)

sustainable exploitation

ADOUt EURARE Events News Pamners Usefulinks Contact us

| REE mineralisation in Sweden
Rare Earth Element deposits

in Europe Sweden has been called the "home of the rare earth elements”, due to the
0p fact that both the first ight and the first heavy rare earth elements (LREE
and HREE, respectively) were discovered here during the iate 16th and
early 19th centuries. Yttnum (Y), ytterbium (YD), terbium (Tb) and erblum
(Er) were discovered in gadolnite from the Yiterby mine north of
Stockhoim. and named for their original locality. Additional HREE (such as
holmium (Ho), named after Stockholm) were aiso subsequently discovered
at Ytterby. In the Bastnas mines near Ridgarhyttan in the Bergsiagen
province, cenum (Ce) was discovered and described in 1804, followed by
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BEA mevershantron types
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REE mineraisaton in Norway several other LREE. Sweden is now known to host a large number of REE
I REE mmneralisaton in Span & occurrences of different genetic types, and numerous REE-bearing

vivaralie wasess navwiesalh s e e rvaatareat s Ve 27 7 slhen s

Pamib -

R
[ R —


http://www.eurare.eu/

Map of European REE occurrences
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Key

v - alkaline igneous rocks
. : carbonatite

- hydrothermal

~iron ore

- laterite/bauxite

- marine

: pegmatite/granite
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Types of European REE resources

Secondary Alkaline igneous

deposits provinces
\ ® Carbonatite

® Alkaline igneous

» Hydrothermal
® Pegmatite/Granite

« Iron REE deposit
/ ® Phosphorite
Laterite/bauxite
Placer

Range of tectonic settings

* c. 100 total occurrences assessed: includes <10 deposits with formal
resource estimates, many smaller occurrences
« Europe here = EU countries & candidate countries, Norway, Greenla

57-71
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European alkaline igneous provinces

g - =S

;- West
] Greenland
7%z  Carbonatite > P s~ KoOla Alkaline Province
g Province e\ -2 o t 80-360 Ma
& S% c. 600 Ma > =) el
and c.150 Ma / 5, 7 O _,
1873 - 2 .
2B Oslo Rift 4 Southern
7 310-240 Ma Sweden
‘ Midland RS 1450-
3 4 North Atlantic ~  Valley X 3 1350 Ma %
S BE) ) Igneous Province *350-290 Ma
e e Gardar Province 60-50 Ma { ; 4 y ﬁ
1280-1140 Ma \ - Z 4 7z o
Rhenish
& Massif and

Rhine Graben
65-0 Ma

Bc;hemian

” /Massif
8

3 5 0-0 Ma Pannonian
Massif ~ ) 3
Central ¥
65-0 Ma Y J

Iberian i
Province ‘
—TT - _ 80-70 Ma |
L': Geological Survey s f te
Nt5s/  NATURAL ENVIRONMENT RESEARCH COUNCIL « Province T
5-0 Ma

Important REE deposits/ occurrences - 1. Sarfartoq; 2: Qegertaasaq;
3: Kvanefjeld, Kringlerne and Motzfeldt; 4. Fen; 5: Norra Karr; 6: AlnG;

7. Sokli; 8: Aksu Diamas
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Anatomy of a magmatic rift system

Volcanics of
alkaline composition

Carbonatitic and alkaline volcanii/

N /
=
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= ykes and sills Ao shgets
S N N Nl L carbonatite i
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S I‘I;I\l R A RN RN NN Ay
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................................... , Chmulate a er|n Level of erosion of .
""""""""""""""""""""""""" Hydrothermal - it yenng cart e Precambrian rifts in Europe
Basement rocks SyStemS n Syenl eS ar Onat| e SloC

Primary deposits in southern Europe are likely at
depth below surface

© NERC All rights reserved



Task 1.2: European REE research

Within the context of the EURARE project, the surveys are
engaged in research at a number of localities:

 Finland — Sokli carbonatite, livaara alkaline complex

» Greece — bauxites and placers

« Greenland — llimaussag and Motzfeldt syenite complexes

* Norway — Gloserheia pegmatite and Biggejavri albitites
 Romania — Ditrau alkaline complex

« Sweden — Bergslagen district, AIn6 carbonatite, pegmatites
» Turkey — Aksu diamas placer and bauxites

Review paper in preparation — collaboration with ASTER

Every deposit is different! Type, mineralogy, size, REE ratios:. &%

sustainable exploitation
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Best practice « production/diffusion »
architecture schema '

Web Services
(Scarch engine)

INSPIRE compliant
Mineral Resource code lists agreed
EURARE database structure prepared
National databases being loaded

EuroGeoSource
Harvesting mechanism

—

ol

Information factory

‘ Web 7 Web |
Services Services

National DB National DB National DB
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Major challenges for European REE industry

« Work in WP1 shows that Europe has many REE resources

* However, every REE deposit is different in mineralogy, grain
size, texture, U and Th content....

* Beneficiation and extraction of REE is a major challenge

« Has to be environmentally friendly and economically
worthwhile

» Addressed in EURARE by WPs 2-5

REE included
in lattice Gangue

Zoned crystals,
mixed REE mineral

Coarse grain size, simple texture: Finer grain size, complex texture:
Rare Benefication relatively easy Beneficiation more difficult

sustainable exploitation




WP2 — Ore beneficiation

- . . epresentatlve Ee amp e
beneficiation &
producion o

concentrates for:
« Kvanefjeld (Greenland)
* Kringlerne (Greenland)

Norta Kar (Sweden)

 Olserum (Sweden)
- Fen (Nonway)

Pilot plant stage now reached:
Kvanefjeld ore

il “:“ ,”‘ 4 Fen MINERALS AS
! &

Outotec
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WP3: REE extraction technologies

» Successful leaching of low
grade concentrate with low

mineral acid consumption, RWTHAACHEN § |
under atmospheric conditions UNIVERSITY

» Leaching REEs in water-free
lonic Liquid (IL) systems -
successful first results

Leaching
process

» Selective leaching of REE from
red mud using lonic Liquids-
successful first results

Dissolved
REEs in IL

system

sustainable exploitation




WP3: Innovative REE separation
technologies

» Innovative water-free IL liquid-
liguid REE separation systems —
successful first results

» Innovative separation through the
use of suface modified Magnetic
Nano Particles -successful first
results

» Investigation of state-of-the-art
solvent extraction (S-X) systems -
successful first results

sustainable exploitation




WP4: Innovative / optimized REE
metal production technologies

o - RWTHAACHEN
» Investigation for optimization of UNIVERSITY

state-of-the-art molten salt -
electrolysis cell (Chinese
technology)

» Successful La electrodeposition
at atmospheric conditions in K
water-free lonic Liquid system g%
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Summary

 The EURARE project aims to set the basis for an European
REE industry, and is half-way through 5 years of funding

* The project has assessed European REE resources and is
carrying out research on those resources

« Beneficiation, extraction, and separation techniques are all
under development

* Regulation and environmental aspects are also studied

« WWW.eurare.eu



http://www.eurare.eu/

