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Somebasicconcepts(ad taedium)

A Mankind dependson raw materials
i If youR 2 yOWit, youhaveto extractit

A Energytransition & computingneed largeamountsof mineral resources
A Many of these mineral resources atecatedin a fewcountries(CRM)
A EuropeneedsCRMfor its industry

A Ore deposits areontrolled by geology: nobordershere
A No self-sufficient countries Ore deposits are th@aradigmof globalization
A Mines are notforeverX ¢ S vy h&riew résdurces!!
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Marketg | &asy X UG Af f arvéd® OKI 2 &

A End of XX c: Globalization

I First economies: no more mines (we can buy RM everywhere)
I No moreeuropeancompanies, universities shut down, geological surveys not interested in ore deposits

A XXl c.

I China takes advantage

I Mining countries want to process ores export final products

i Major competitionfor resourcesand wa ©0S02YS LI NI 2F GKS aoA3I 3l YS
I Western societies are not aware of the problem

A We are runningut of mineral resources
A Recycling secondaryresources fexoticsourcesare the solution
A Chinacontrols(andwill control) themarket
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Are all of them socritical?... perhaps not

A Europecan produce enougBr, Wfluorspar barite andfeldspar

A Not reallycriticalin Europejustincreaseproduction
I Amatter of prices& processing

A Sb (22,000 t), As, Bi (1,985t) Ga (7 t), Ge (91), Sc, Ta (395 1)?
A Subproductsor smallmines
I Just a problenof beingeconomicor modify processinglants

2023 Critical Raw Materials (new CRMs in italics)

2 v v aluminium/bauxite coking coal lithium phosphorus
A I S 7\ a I 3 I a X antimony feldspar LREE scandium
A Hf - b d f I I arsenic fluorspar magnesium silicon metal
1S yprO UCtO nucC earpower p ants baryte gallium manganese strontium
A . I . ” . d beryllium germanium natural graphite tantalum
SI; Mg are nOgeo Og|Ca )COnStraJne bismuth hafnium niobium titanium metal
boron/borate helium PGM tungsten
cobalt HREE phosphate rock vanadium

copper* nickel*




(#: EXMODe

Raw Materials Research

EXPLLZRING | From Deep Exploration to Responsible
TO GETHER | Exploitation of Criical Raw Materials

The reallycritical CRM

A Al/bauxite(Australia, China)
A Boron borate (Turkey)

A Cobalt(RDC)

A REE (China)

A Li (Australia, Chile, Argentina, China)
A Mn (Australia)

A Ni (Ching; diversified

A Nb (Brazil)

APGM (RSRuSSI

ATi (RSA)

AV (RSA)

Global production of critical and strategic

Critical and strategic raw
materials included in
the EU list

- Antimony @ Lithium b
Arsenic m Magnesium ll
- Bauxite IEI Manganese
Bal saryte INi| wickel
Beryllium Niobium
- Bismuth m Heavy Rare Earth Elements
Borate m Light Rare Earth Elements
Natural grnm Platinum Group Metals
Cobalt m Phosphate rock

m Flourspar n Phosphorus

IEl Feldspar E Scandium

Ga| Gallium LTl Strontium

. Germanium @ Silicon metal

IEl Hafnium A0 Tantalum

H_E| Helium Iil Titanium
m Coking coal Tungsten

m Copper Vanadium italic = strategic E.dn:giul s;:m

Sources: SCREEM3SEL

S 2024, Carcling Liljerstolpe and Fredik Karbsson
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Is there a globashortage?
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Budgets and active explorers peak in 2022 well below the highs of 2011 & 2012
Aggregate nonferrous exploration budget ~ ==Qm==Number of companies

A Budgetfor explorationx4 (2030) (BDPL Min. Rep.)

A Noshortageat a global escaldar from exhaustion

i All pesimisticpredictionshavefailed E

I Nomajor stress in themarkets 3
A Mines do not needeservesfor more than 1012 years NNNNNNNNNNNNNNNNNNN

A Most of the earth has not had modern exploration
A Major issuesare geopolitics administrative &fund raising

A 24%companieghink that advancesn exploration techniqueswill be the major effect in mineral
supply (KPMG 2023)
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Other alternatives

A Decreasgrowth?

A SecondanMining
I Difficult toevaluatec no grade control
I Limitedresources
I Oxidation
A Substitution
I Somemetals(Cu) are difficult taeplace

Riotinto

I Byother metals?
A SeaflooMining

I Largeenvironmentalmpact
I VMSSolwara2.17 Mt @ 7%Cu, 0.4%Zn, 7 g/t Au & 28 g/t AQ)
I Unknownresources in othesettings(Atlantis Il, CCZ)

SRR P .
"y p ‘
(3

I Crusts& nodules smallthickness largeareas difficult to evaluate

A Asteroids& planets

o g .
Lo

; b o2 NN
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What about China?

A Dominates technology and processing
A No giant ore deposits: only Au

A Due to country size, many commodities (subeconomic2

@ United States @ China B Chile, Peri and México [ Rest of World

A No major environmental concerns nor working conditit

RESERVAS PRODUCCION MINERA PRODUCCION REFINO

A Expands to Africa and South America: neocolonialism

A REE: China dominates the market
I Bayan Obo: 80% resources (easy REEK.B3)
I Produces oxides but highly contaminant (U, Th)

I Dominates technology (95% products)
A But there are abundant resources worldwide

A Silicates, clays & phosphates

van denHurk& Estela (2025)

A Clean technologies?
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Explorationis the base

5-70 years (>6,000 y)

Funding

The basics
No mines, no CRM

Mine desidn & No exploration, no mines

(O

o)

>

L0

o

o Exploration needs
Ground
Data

Decrease of social/environmental stress
Less bureaucracy

EXPLORATION
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Effort

Raw Materials Research TO G ET H E R EXplOitaﬂon Oanﬂcal RaW I\/Iatel‘lals

Explorationand mining
GFE BFE

Non ferrous metals (2023)
Operating expenses: 621 bUSD
Invest in exploration: 13 bUSD (2%)
2,235 companies

53,582 DDH

mining
Grassroot: 2.99 bUSD
Juniors.: 457%

Go No G

Late stage: 4.89 bUSD

exploration

e

> I [ —

Toxiq projects Mine site: 488 bUSD P i Poil

Discovery , J

Time
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Modelingand exploration
Predictive modelling

DEfiNe areas Conceptual modelling

\ Selection of
Where to explore: geochemical/geophysical
best traps anomalies

Discriminate
fertile/barren units

3D-4D modeling ]

Age and conditions of ore

forming events Pathfinders and vector

g

*

| Decreasan: soclal angnvironmentalstress
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What are we lookingor?

A Twomajor global modeldor CRMcontrolledby (geokhemistry
A a w C haléophilé 0

54 @ so Ta
P HFSE Nb i Dominatedby sulfides
Pb Th I Betterexplorationmodels porphyries VMS [skarns, IOCG]

;' Si "T'i Zrﬁf‘ = 8 I Welldevelopedgreenfieldsexploration
E 6 I Goodgeophysicatesponse (EM gravimetricb X 0
g 3" g cr $ S 4 I Separatiorby flotation
‘% MRFE 5 I Secondarynineralization gossancementation

21 & Mg%ﬁ%? » A HFSE (+REE)

Chalcophiles LILE i Dominatedbyd y 2zt FA RS A ¢
1- Lie ® Na 5 Iib C‘is I Lesknownexplorationmodels pegmatite carbonatite greisen, [skarn,

100
ionic radius (pm)

I0OCQG])

Dominatedby brownfieldsexploration
Worsegeophysyicalesponse
Separatioroy gravimetry

Secondarynineralization detrital
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DifferentanomalieX & lcoh&epts

A First, looking for hidden anomalies h QN

smEa
[TTIN
0w

o0 Reliable methods

[T T TR L]

o Not too many, not too few

6 Where idocated? \ :

V Howdeepit is? ' A Second, interpretation of anomalies

V How Iarge’? How rich? 0 Superposition of layers

o Filtering by independent data
wNearIydepOS”:S? / o Geology, geochemistry, geochronologiyuctucture& conceptual

models

0 Biased by knovinow (1A?)

A Third, testing of anomalies
o Drilling
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What about Europe?

A Europe is >95% dependent on mineral imports

I Can it be decreased by increasing exploration? | _
="

A Mined from >6,000 y no cropping out deposit 56.8

A M b dpn Ghanksthat self supplycan workby finding
deepdeposits (PROMINE)

g 8

ASATTSNByYG atetsSa YAYSNI £ ALY
porphyries, skarns, IOCG 10.
A VMS KupferschiefergraniteNB f I G S R X

A Why exploration is reluctant to Europe and EU projects? 27 1
A Despite clear rules & legal certainty 18.8°"



A Alternatives?

I Increaseseltproduction?

I Europedependson third countries(look outside!)
I OnlyFinlandand Sweden35 top) are really atractive

Raw Materials Research
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What about Europe?

ADeep depositsgxceptfor Au, REE, W?)

fromthe A Yy @ S @ainfoNIRd

A Major problems

Extensivelymined

Few freeareas
Widelyoverpopulated
NIMBYsyndromé& politicallycorrect

@Protane, 212120

Legislationbureaucracy -

Are Europeannitiativesreallyorientedto
exploratiorf

Plutonism

et

Structural foaturos

Maln commodty

Main Mineral Deposits
of Europe

Sclentific coordination

Daniel CASSARD' & Guillaume BERTRAND!

Stratigraphy

Fennoscandian zhield only

e

Databazes, spplcations and lexicons deselpment

A ANGFI! Syl AKTOS? Dol CASSARIY,
PRsIEILLE, bwn PELLETER' & Fornands [ ORNOS!

MinerslDepost MO} dtabase fecding

PYRA" ko SANTANA',

CKI €, Goran TASEN',
Tatriewo TORNGE§ Gaorgs TUDOR

At oposanle Conantition (AC) dstabace eeding

TeemIKARLSSON,
RS RS, Fraect R A1 s B PRTFR s SANTANAY
“Tdar SCRAT MOVSKI, Goran TASCV” & Gerga TUDOR'

Praltine portl desslopment

Fan KANISKANGAS?, Mod MEL A,
Jsan Jonques SEXHARG' & e STRENGELL

oI5 mansaement
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Presentday issues

A Decrease of fielbased studies ssck Smoker Compe
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A Beskepticto easycomputerbasedsolutions multiple interpretations
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Someconclusions

A Excellent timing for ore deposit geology: lets enjoy it!

A Focus on the important issuese need to find the mines for 2040
i bSg IANBSYFASIR RAAUNAOUAX 0dzi O2YyiUAYydzS gAUOUK YIFOdzZNE 2y Sa
I New styles, new byproducts
A/ NAGAOIET YFOSNARIfA OFy OKIFIy3IS 6A0K UOAYSH hyteé &az2ys
A Exploration is low TRLsometimes is more a problem of knelaow than patents
A Learning from other successful initiatives
I AMIRA, NSERC/MINTACS
I Engage mining companies: is relevant all what academia does?
A Promote an exploration industry
I European junior companies (lack of culture?)
A Training people (here & overseas)
I Keep talent in Europe
I Teach what is really important
A ! v Rook outside home




