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ÅMankind dependson raw materials

ïIf you ŘƻƴΩǘgrowit, you haveto extractit

ÅEnergy transition& computingneed large amountsof mineral resources

ÅMany of these mineral resources are locatedin a few countries(CRM)

ÅEurope needsCRM for its industry

ÅOre deposits are controlled by geology: no bordershere

ÅNo self-sufficient countries: Ore deposits are the paradigmof globalization

ÅMines are not foreverΧ ǿŜ ƴŜŜŘ ǘƻ find new resources!!

Some basicconcepts(ad taedium)
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ÅEnd of XX c: Globalization

ïFirst economies: no more mines (we can buy RM everywhere)

ïNo more european companies, universities shut down, geological surveys not interested in ore deposits

ÅXXI c.

ïChina takes advantage

ïMining countries want to process ores -> export final products

ïMajor competitionfor resources and /wa ōŜŎƻƳŜ ǇŀǊǘ ƻŦ ǘƘŜ άōƛƎ ƎŀƳŜέ

ïWestern societies are not aware of the problem

ÅWe are running out of mineral resources

ÅRecycling/ secondaryresources / exoticsourcesare the solution

ÅChina controls(and will control) the market

Marketǿŀǎ άeasyέΧ ǘƛƭƭ ǘƘŜ ŎƘŀƻǎ arrivedΧ
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ÅEuropecan produce enough Sr, W, fluorspar, bariteand feldspar

ÅNot really criticalin Europe, just increaseproduction

ïA matter of prices& processing

ÅSb (22,000 t), As, Bi (1,985 t) Ga (7 t), Ge (9 t), Sc, Ta (395 t)?

ÅSubproductsor smallmines

ïJust a problem of being economicor modifyprocessingplants

ÅIŜ ƛǎ ŀ ƎŀǎΧ 

ÅHf is byproductof nuclear powerplants

ÅSi, Mg are not geologicallyconstrained

Are all of them so critical?... perhaps not
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ÅAl/bauxite(Australia, China)

ÅBoron/borate(Turkey)

ÅCobalt(RDC)

ÅREE (China)

ÅLi (Australia, Chile, Argentina, China)

ÅMn (Australia)

ÅNi (China ςdiversified)

ÅNb (Brazil)

ÅPGM (RSA, Russia)

ÅTi (RSA)

ÅV (RSA)

The really critical CRM
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ÅWe need(very) abundantcopperfor the greentransition: 300%

ÅAitik: world consumptionone day

Copper, copperand copper

Kaldor et al. (2020)
Advances in Science and TechnologyResearch Journal

40 Mt/y @ 0.18%Cu

Aitik (Sweden)
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ÅBudgetfor explorationx4 (2030) (BDPL Min. Rep.)

ÅNo shortageat a global escale: far from exhaustion

ïAll pesimisticpredictionshavefailed

ïNo majorstress in the markets

ÅMines do not need reservesfor more than 10-12 years

ÅMost of the earth has not had modern exploration

ÅMajor issuesare geopolitics, administrative & fund raising

Å24% companiesthink that advancesin exploration techniqueswill be the major effect in mineral 

supply(KPMG 2023)

Is there a global shortage?
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ÅDecreasegrowth?

ÅSecondaryMining

ïDifficult to evaluateςno grade control

ïLimitedresources

ïOxidation

ÅSubstitution

ïSome metals(Cu) are difficult to replace

ïByother metals?

ÅSeafloorMining

ïLarge environmentalimpact

ïVMS Solwara(2.17 Mt @ 7%Cu, 0.4%Zn, 7 g/t Au & 28 g/t Ag)

ïUnknownresources in other settings(Atlantis II, CCZ)

ïCrusts& nodules: smallthickness, large areas, difficult to evaluate

ÅAsteroids& planets

Other alternatives

Majestic VentςPhoto: Petersen

Riotinto
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ÅDominates technology and processing

ÅNo giant ore deposits: only Au

ÅDue to country size, many commodities (subeconomic?)

ÅNo major environmental concerns nor working conditions

ÅExpands to Africa and South America: neocolonialism

ÅREE: China dominates the market

ïBayan Obo: 80% resources (easy REE, P-F-CO3)

ïProduces oxides but highly contaminant (U, Th)

ïDominates technology (95% products)

ÅBut there are abundant resources worldwide

ÅSilicates, clays & phosphates

ÅClean technologies?

What about China?

van den Hurk& Estela  (2025)
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Explorationis the base

SEA

Geometallurgical m.

Geotechnical model

Mine design

Construction and development

Operation and minerallurgy

Closure

Resource estimation

Funding

1
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5- 70 years (>6,000 y)

EXPLORATION

The basics
No mines, no CRM
No exploration , no mines

Exploration needs
Ground
Data
Decrease of social/environmental stress
Less bureaucracy



Expl    ring 
Together

From Deep Exploration to Responsible 
Exploitation of Critical Raw Materials

Explorationand mining

Time

E
ff

o
rt

Panic Point

Go No Go

Discovery

Non ferrous metals (2023)
Operating expenses: 621 bUSD
Invest in exploration : 13 bUSD(2%)
2,235 companies
53,582 DDH

GFE BFE

exploration

mining

End?

Grassroot: 2.99 bUSD
Juniors: 45%

Mine site: 4.88 bUSD

Late stage: 4.89 bUSD

Toxicprojects
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Modelingand exploration

Conceptual modelling

Where to explore: 
best traps

Discriminate
fertile /barren units

Age and conditions of ore 
forming events

Grassroot

Define areas

Increasein: chances of findinga orebody

Decreasein: social and environmentalstress

Advanced

Define targets
Predictive modelling

Selection of
geochemical/geophysical

anomalies

3D- 4D modeling

Pathfinders and vector
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What are we looking for?

ÅTwo majorglobal models for CRM controlledby (geo)chemistry

ÅawC9 όάchalcophileέύ

ïDominatedby sulfides

ïBetterexplorationmodels (porphyries, VMS [skarns, IOCG]

ïWell-developedgreenfieldsexploration

ïGood geophysicalresponse (EM + gravimetricҌΧύ

ïSeparationby flotation

ïSecondarymineralization: gossan/cementation

ÅHFSE (+REE)

ïDominatedbyάƴƻƴ-ǎǳƭŦƛŘŜǎέ

ïLessknownexplorationmodels (pegmatite, carbonatite, greisen, [skarn, 
IOCG])

ïDominatedby brownfieldsexploration

ïWorsegeophysyicalresponse

ïSeparationby gravimetry

ïSecondarymineralization: detrital

REE

Chalcophiles
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https://www.lneg.pt/en/product/geophysical-maps-2/

Different anomaliesΧ ǎŀƳŜ concepts

ÅFirst, looking for hidden anomalies

o Reliable methods

o Not too many, not too few 

ÅSecond, interpretation of anomalies

o Superposition of layers

o Filtering by independent data

o Geology, geochemistry, geochronology structucture & conceptual 
models

o Biased by know-how (IA?)

ÅThird, testing of anomalies

o Drilling

VWhere is located?

VHow deepit is? 

VHow large? How rich?

VNearlydeposits?
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ÅEurope is >95% dependent on mineral imports

ïCan it be decreased by increasing exploration?

ÅMined from >6,000 y - no cropping out deposits

ÅмффлΩǎΥ 9/ thinksthat selfsupplycan work by finding
deepdeposits (PROMINE)

Å5ƛŦŦŜǊŜƴǘ ǎǘȅƭŜǎ ƳƛƴŜǊŀƭƛȊŀǘƛƻƴ ōǳǘ ƴƻ ƳŀƧƻǊ άŎƭŀǎǎƛŎŀƭέ 

porphyries, skarns, IOCG

ÅVMS, Kupferschiefer, granite-ǊŜƭŀǘŜŘΧ

ÅWhy exploration is reluctant to Europe and EU projects?

ÅDespite clear rules & legal certainty

What about Europe?

18.827.1

1.8

11.6

1.7

10.2

56.8
59.5

4.1

6.6

5.3
10.9

2.9
1.9

4.6

- 31% (2000- 2021)
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ÅAlternatives?

ïIncreaseself-production?

ÅDeep deposits (exceptfor Au, REE, W?)

ïEurope dependson third countries(look outside!!)

ïOnlyFinlandand Sweden(35 top) are really atractive 
from the ƛƴǾŜǎǘƻǊΩǎpoint of view

ÅMajor problems

ïExtensivelymined

ïFew free areas

ïWidelyoverpopulated

ïNIMBY syndrom& politicallycorrect

ïLegislation/bureaucracy

ïAre Europeaninitiativesreally orientedto 

exploration?

What about Europe?
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Present day issues
ÅDecrease of field-based studies

ÅSimplistic and erroneous models give wrong information

ÅάwŜŀŘȅ ǘƻ ǳǎŜέ ƳƻŘŜƭǎ ŀƴŘ ŘƛŀƎǊŀƳǎ

ÅUncritical use of geochemical and geochronological data and models (snake oil 
salesman)

ÅRecycling of databases (resultsare not better than data)

ÅBe skepticto easycomputer-basedsolutions: multiple interpretations

Soesso et al. (2021)

Humphris et al. (1995)

El Laco (Chile) Cerro Lindo (Peru)
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Some conclusions
ÅExcellent timing for ore deposit geology: lets enjoy it! 

ÅFocus on the important issues: we need to find the mines for 2040!!

ïbŜǿ ƎǊŜŜƴŦƛŜƭŘ ŘƛǎǘǊƛŎǘǎΧ ōǳǘ ŎƻƴǘƛƴǳŜ ǿƛǘƘ ƳŀǘǳǊŜ ƻƴŜǎ

ïNew styles, new byproducts

Å/ǊƛǘƛŎŀƭ ƳŀǘŜǊƛŀƭǎ Ŏŀƴ ŎƘŀƴƎŜ ǿƛǘƘ ǘƛƳŜΗ hƴƭȅ ǎƻƳŜ ŀǊŜ ǊŜŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ό/ǳΣ /ƻΣ w99ΣΧύ

ÅExploration is low TRL: sometimes is more a problem of know- how than patents

ÅLearning from other successful initiatives 

ïAMIRA, NSERC/MINTACS

ïEngage mining companies: is relevant all what academia does?

ÅPromote an exploration industry

ïEuropean junior companies (lack of culture?)

ÅTraining people (here & overseas)

ïKeep talent in Europe

ïTeach what is really important

Å!ƴŘΧ look outside home

San Finx


