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‘ Introduction — the context
Where Mining is Thriving
R The demand for CRMs is surging Extraction of mining products in 2017 (in million metric tons) and increase, by continent
(combined effects of energy and Increase 2000-2017
digital transitions, world population
increase and economic growth); =
Sid
« Extractive/refining  activities in North America EiT +97.5%
pe
Europe have been transfered to +8.6%

lower-cost countries;

« Europe is highly dependent on
importations > increased
vulnerability of its value chains;

=]

 Recycling is necessary but not m Oceania
sufficient (increasing demand, time OO Africa i
i imitati i +26.2%
of reslldency, Ilmltathns in waste T
collection and separation, etc.); +24.3%
We need CRM mines in Europe ! @@@ Source: World Mining Data 2019 by the International i
@StatistaCharts Or;anizmg Ccmms’lttee for th; World Mining Congresses StﬂtISta E
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Introduction — the challenge

Despite being an “old mining continent”,
Europe still has a significant potential:

« Many CRM were not explored and
extracted decades ago (e.g. Li);

» Deep/undercover potential is poorly
known;

* Despite large amounts of data, much is
missing;

Relocating production of CRMs requires:

« large investments (long and hazardous
returns);

* A pan-European approach (geology does
not care for political boundaries!)

* Production of large amount of (non-
competitive) data (GSOs);

* An incentive legal framework (CRM Act);
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CRITICAL RAW MATERIALS
HARD ROCK DEPOSITS OF EUROPE

Based on the 2023 CRM list
of the European Commission

Capucine Albert*, Guillaume Bertrand*,
GSEU Mineral Resource team &
EuroGeoSurveys Mineral Resources Expert Group™

* BRGM, Orléans, France
** EuroGeoSurvey, Brussels, Belgium
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. GSEU at the crossroad of Green Deal Policy & Earth Systems

GSEU is a 5 years Eu-funded project
coordinated by EuroGeoSurveys. It
provides pan-European geoscientific
data
European Policy and Society at large.

and expertise to support

For Raw Materials:

Compilation and harmonization of
CRM data at European scale;

Assessment of primary and
secondary, onshore and offshore
CRM potential;

4

UNFC for mineral resources and
promotion of UNRMS;

ICE-SRM for promotion
capacity building on UNFC;

and

... to support the CRM Act.

building

a high quality database,

standardised vocabulary,
shared principles and
- openframework -

for everyone

GSEU
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Critical Raw Materials
The Critical Raw
Materials Act

Renewable Energy Directive
Coastal vulnerability &
Windfarm siting

Marine Strategy

Water Framework Directive
Groundwater Resources

Groundwater Directive

Floods Directive

REPower EU

GeoEnergy Resources
Industrial Carbon Management Strategy
Net Zero Industry Act



“ Onshore CRM potential assessment
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Pan-European map of

CRM deposits: gg
. Based on the 2023

CRM list; g
- Covers geographic -
Europe;
« All known medium to =
world-class deposits; —
« 30 commodities (all P2
except helium and
silicon);

« Complete check and :
update by all data ==
providers; Fe

Wersion 5.0 — January 2024
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CRITICAL RAW MATERIALS
HARD ROCK DEPOSITS OF EUROPE

Based on the 2023 CRM list of the European Commission
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Onshore CRM potential assessment

81 Ed 81 51 41 31 21 Bl
1

COBALT DEPOSITS OF EUROPE

L 77
Capucine Albert*, Guillaume Bertrand*,
Pan-European GO0 R Matarsi Tamm &
o] - EuroGeoSurveys Mineral Resources Expert Group™

*BRGM, Orléans, France
** EuroGeoSurveys, Brussels, Belgium
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commodity maps: i

 Derived from the Pan- “
European map of CRM —
deposits; '

Deposit Status

- 30 maps for 30 oo

Active extraction

commodities; o

The Geological Surveys of Europe

* Display a” medium to |:| Badt exiraciion nea L d ‘ / i 3 Bl ,\;;; Fre p ' E:;g:rces
world-class deposits; T — ) et

] New Copper f:
5 [Pistrict

EGDI
« Symbology based on @ e =

size and status of E“"S‘“‘
. Class A (Super Large)
depOSIt’ |:| Class B (Large)

[0 ciass € (Medium)

* Remaining + extracted amount
of the commodity

0 500 © BRGM, EuroGeoSurveys, 2024
[ ]

km The designation of Kesovo is without prejudice to positiens on status,

and is in line with UNSCR 1244/1999 and the ICJ Opinion on the Kosovo declaration of independence.
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Onshore CRM potential assessment

. Commodities X . Reserves Total
Name Country Class Deposit status Eentiyimined Confidential Resources (t) ® Extracted (t) endowment (1)
. Jadar Serbia A Under development no 2697003 2697003
Pan-Euro pean com mod Ity Zinnwald Germany A Feasibility no 1078443 1078443
Beauvoir (Echassiéres) France A Under development no 1053000 1053000
assessments . Cinovec Czechia A yes 1000000™
Dobra Ukraine A Not operating yes 1000000™
° Resou rce assessme nt fo r San Jose Spain B Under development no 678930 234360* 913290
v St Austell Granite UK B no 869613 869613
30 CommOdItIeS’ Las Navas Spain B Under development no 811370 811370
Kvanefjeld/Kuannersuit  Greenland B Not exploited no 505885 505885
« Resources aggregated at
L Sepeda (Romano) Portugal B Under development no 300000 300000
cou ntry |eve| and CIaSS |ff|ed Barroso Portugal B Under development no 293400 293400
on the| r |eve| Of cO nfidence . Weinebene Austria B Not exploited no 128500 128500
H
Sadisdorf Germany B Closed no 127284 127284
Trelavour UK B no 124080 124080
Shevchenkivske Ukraine B Not operating yes 100000™
Polokhivske Ukraine B Operating Li yes 100000™
Remaining resources — Rapasaaret Finland C Not exploited no 94877 94877
Country lithium contained Category Alberta | Spain C no 90340 90340
(tons of Li,0) Altenberg Germany C Closed no 71039 71039
A_ustrla 128500 2- m!neral IESOUICES) Tréguennec-Prat-ar-Hastel France Cc Not exploited no 68680 68680
Finland 94877 2 — mineral resources
France 1121680 4 — historical or non-compliant ™ minimum estimate
1078443 2 — mineral resources * reserves not included in
Germany L .
198323 4 — historical or non-compliant ~ resources
Greenland 505885 2 — mineral resources
Portugal 593400 2 — mineral resources
Serbia 2697003 2 — mineral resources GSEU assessment of Li potential in Europe; above: list of known European
Spain 234360 1 — mineral reserves deposits; left: potential per country and level of confidence.
. 1580640 2 — mineral resources .
UK 993693 2 — mineral resources
FOR
EUROPE




@ hGusciencl fora sustainable Earth

Onshore CRM potential assessment

FAVOURABILITY MAPFOR /'
ANTIMONY MINERALIZATION //
Pan-European mineral IN EUROPE 1l

DBA (Disc Based Association) and

p ros pECtiVity maps . Random Forest regression.

@hrgm EGDI B9y

Legend

Guillaume Bertrand (1,2), Capucine Albert (1),

. D|Sp|ay the Spatial Alex Vella (1) and the GSEU - Geological

Service for Europe Raw Materials team.

d iStri bUtion Of geOIOgicaI 1 - BRGM (Geological Survey of France),

Orléans, France

favo ura bl I |ty, 2 — EuroGeoSurveys, Mineral Resources

Expert Group, Brussels, Belgium

Favourability scores for antimony

:l Very low (0 to 0.4)
[:l Low (>0.4t0 0.6)
I:l Medium (>0.6 to 0.75)
I:I High (>0.75 to 0.85)

\ _ Very high (over 0.85)

¢ Sbh deposits (107 deposits)

« Use the latest data and e
methodology (DBA+RF);

This favourability map is a result \ Cell size of 5 km x 5 km. DBA

i 1 1 CRM processed SO fmm_ the GSEU - _Geologlcal \ data aggregation with search
Service for Europe project (https: \ radius of 7.5 km (associations

\‘ of lithologies) and 5 km (faults

. . Jhwww.geologicalserice .eu/)
far. CO’ Cu y LI y Mg y Mn y GSEU has received funding from

the European Union's Horizon

Nb, Ni’ Sb, Ta, V, W; g;r;gem:?amh and innovation
* More to come ...

and known deposits). Logd
scale weighting based on
deposit class.

Manual classification for the
display of favourability scores.
Data sources are:

- the GSEU WP2 dataset of
medium to super large deposits
(version August 2024);

- the EGDI (MIN4EU) and Pro-
Mine databases for small and
very small deposits;

- the 1/1 500 000 geological
synthesis of Europe (Billa etal.,
2008); lithologies of Quaternary
ages have been excluded.

The use of this map remains
\ the sole responsibility of the
users. The authors assume
iy no responsibility for the use
\ of this map and the conse-
/)J\ quences that may result.

7~ A

0 500

CCBY 4.0

Esii, Garmin, GEBCO, NOAANGDC, and other contributors



Offshore CRM potential

Global map of CRM
occurrences in European and

neighbouring seas:

« Based on the compilation and
harmonization of 595 mineral
occurrences and 1961
samples from 13 marine
regions;

« Display areas of high potential
for future research and
exploration;

CRITICAL RAW MATERIALS
OFFSHORE OCCURRENCES OF EUROPE

Based on the 2023 CRM list of the European Commission
. GSEU Funded by

RSl the European Union

SERVICE EUROPE

Bathymetry
om -8000 m
.
Commodity
4 Barite (BaSO,)
®  Cobalt (metal)
®  Copper (metal)
4 Manganese (metal)
®  Phosphorous
B Rare Earth Elements (REE,05)
®  Titanium (metal)
B Tungsten (WOs)
Size
Occurrence
D (The deposit size, potentially medium to large,

depend on the size of the associated
favorable morphostructure (e.g.,
seamounts, banks, plateaus,
abyssal plains))

Marine Mineral Deposits Critical Raw Materials Strategic Raw Materials
Co, Cu, HREE, Li, LREE, Mn, Nb, Ni, |Bi, Co, HREE, LREE, Mn, Ni, PGE,
Ferromanganese Crusts PGE, Ti, V, W Ti, W
Bi, Co, Cu, HREE, Li LREE, Mn, Ni | Co, Cu, HREE, Li LREE, Mn, Ni
As, Bi, Cu, Ga, Ge, Sb Bi, Cu, Ga, Ge
F, HREE, LREE, P HREE, LREE
Placers HREE, LREE, PGE, Ta, Ti, W HREE, LREE, PGE, Ti, W

Scale 1:50.000.000
0 480 960 1.440 1.920
I N W 000 W <iometres

Polyconic Projection, Centra | Meridia n : 16° E, FE = 0, L a titude of Origin : 0, DAT U MWGS84

Version 3 - January 2024

10.
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Scientific Coordination
Egidio Marino* & Francisco Javier Gonzalez Sanz*

Authors

GSEU Mineral Resource team,
EuroGeoSurveys Mineral Resources Expert Group** &
EuroGeoSurveys Marine Geology Expert Group**

*IGME-CSIC, Madrid, Spain
** EuroGeoSurveys, Brussels, Belgium

Cartographic Layout
Egidio Marino & Ana Lobato
Source of Data (Mineral Occurrences)

GeoERA-MINDeSEA, EMODnet Geology &
GSEU WP2T2.2

CsIC

MREG MGEG
EGDI 5%y

2IGME

WARNING:

The bathymetric data

used for this Mineral Occurrences

map of Europe was obtained by the GEBCO

Compilation Group (2023) GEBCO 2023 Grid doi:
Och

6c23-e053. ).Given the

polymetallic nature of marine minerals deposits only is represented in the map the
main commodity, having the potential to contain various Strategic and Critical Raw Materials.
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. Offshore CRM potential assessment

Legend

Hydrothermal Mineralization Occurrences | ; AN | A= B peiotygobema
: s @ @ EGDI i" :\modallrF;Is\caydmlhermal

in pan-European Seas e - ] Mmoo otesancos
; Pt CSIC 2IGME v

Maps of offshore CRM e B So = g

OCCURRENCES: N=116

 Galdel Ridge 75 E

’ Gakkel Ridge Site 3
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,‘L\umms
Knlpuvlch Ridge 77 40N
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Lot
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. Knipovich Ridge 7

. Loki's Castle

. MohnsTreasure M2

. Fav

! Gnitanei
" Copper Hil

’ Ac
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 Troll Wall

. Soria Mo
Seven Slslers Vent Field
. Perle & Bru

" Squid Forest.

* Kolbeinsey Ridge

. Squid For

Kolheln@e Fleld

! Grim:
e host West of Grimsey
\safardardéup bay

jafiordur
e S atorour

" Tangahrygaur Stengrimsiiorour
! Reykjane

ykia
SRS Vot Field
" Reykjanes Ridge Area A
! ReyKjanes Ridge
:Moyira
MARGIN
. Capo Nisel
! schia \s\and-caske\iu o pragonese
. lberan abyssal li
uth Kurchatoy
! Capo Palinuro- Crota Sulfurea
. Palinuro Seamount
" Marsili Basin
! Lamitin' Seamount
Mld»Al]anﬁc Ridge_01
. Stomboi volcano

occurrences per deposit

types:

5 maps: marine placers,
phosphorites, FeMn
crusts, hydrothermal
mineralization,
polymetallic nodules;

! Panarea: La Caloara
Enavete

salma Jolcaane Bl

. Eolo Seamount

" Espalamaca

Vu lcano-Baia di Levante
on Joao De Castro Bank

Joao de Castro seamount

" North Men

Menez Siven Vent Field

« Additional focuses on
selected European
marine regions (regional
maps);

yion
R\belra Quente
Me thana-Thiafi Bay

lonaco Bank
chy S(nke Vent field
Tmlr EINEI
» ere:
K e sggment; southern end
i Soul Licky Stike

5 amons Therma

AMOUS Ave:
7, Kos- Kephales Bay
8, Parac dise Bubble Beach
9. Kos south
. Yali-Yali Bay

. Milos
' South FAMOUS Area
C7

. Nisiros- Lefkos Bay

. Saldanha vent field

. Kolumbo crater floor
 Santorini- Santorini Caldera
Mid-Atlantic Ridge_

* Include also summaries
of genetic processes,
lists of occurrences and

T m 1 . g o Vic-Al 2
. f . 00, Mid-Atlantic Ridge_13
. : 2 101! Lost cg
I . B,
J ibli i F.J.", Marino, E.", Brekke H.2, Schlellerup, H.3, Lobato,A."and  Authors Source of Data (Mineral Occurrences) 13; $as| Lagxzrme Seamount
G?(ESU ‘|NP‘2-T22 Gmu'p.SZO}'A(.IGR/| e Seas. GSEU Mineral Resource team, GSEU WP2 T2 2, GeoERA-MINDeSEA & EMODnet Geology; Update September 2024 }35 ﬁ,;:;%"ﬂme aia
eological Survey of Spain , Madrid, Spain; www.igme.es EuroGeoSurveys Mineral Resources Expert Group** & 108, TAG
2 - g ur Datum: WGS_1984; Projection: ETRS_1989_LAEA § ’
5 g°“‘;’eg'a’: g"s""'e 'Db"’ec“"a“:.é”uo”% N‘;’r‘:"ay' ‘N‘“'“““'s°°_'"'"° EuroGeoSurveys Marine Geology Expert Group The bathymefric data used for this Mingral Ogcurrences map of Europe was obtaine by the GEBCO O AR 25 20N ik
10 aclogical:Survey of Norwey;(NGU), Trondheim; Norwey; www.ngu:no Compilation Group (2023) GEBCO 2023 Grid doi:10 b). 11, VAR 2¢ 501
Scientific Coordination Cartographic Layout “,I(émg&i?&x:d"déris:gs — Copyright © GSEU. This Project has received funding from the European Union’s Horizon Europe H Jroplo Sesmounk
Francisco Javier Gonzélez Sanz* & Egidio Marino*  Egidio Marino* & Ana Lobato* ¥s, - Belgl programme  under grant agreement No. 101075609. 12 Snakslion




‘ Obrgm
. Conclusion

Takeaway points

« GSEU « Raw Materials » team is developping
added-value products to assess European CRM
potential, both onshore and offshore;

« These products support decision making at
national to European scale, for policy-makers,
exploration/mining companies, academic
research, etc.;

- e ————_: - iiiii ¥

« All maps presented here (and many more) are
provided in 2 reports currently under review;

« They will be available soon on the GSEU web
page: https://www.geologicalservice.eu/

&
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 More products on European CRM potential are

being developped: additional mineral N : "\\ \\ ~
prospectivity maps, metallogenic potential maps, | | N \ N

i
. . . ", | . < ~¢ RS \‘3\
secondary resource potential (in collaboration , 8 MDA N Q\\ N
with Futu RaM), etc. Cu-cathods productlon at the Skourlotlssa mine, Cyprus (phot G. Beﬂrand BRGM)
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