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Site 1.: Northern Finland

— Eastern Fennoscandian Shield

2.45 Ga dike swarms
- connected with layered intrusions; two magma

types
U]

@)
3)

(4)
()

boninite—norite dikes (high MgO, SiO,, Cr, Ni,
and LREE, low TiO, and Zr), NE-trend
gabbronorite dikes (low TiO,, Cr,and Zr), NW-
wend

low-Ti tholeiitic (NW-trend) and

Fe-tholeiitic dikes (E-trend), continental type
orthopyroxene-plagioclase-phyric dikes (high

SiO,. LREE: calc-alkaline aff.), E-trend

2.32 Ga Fe-tholelitic dike swarm and intrusions
- few dikes and intrusions identified
- E-trend?

2.2 Ga low-Al tholeiitic (karjalitic) layered sills

- layered intrusions/sills (max. length 150 km) and minor
dikes

- wehrlite—clinopyroxenite—gabbro—granophyre

- widespread in eastern and northern Finland

~2.1 Ga Fe-tholeiitic dike swarm L/

- includes several pulses between 2.13 Ga to 2.05 Ga

- continental tholeiitic type
- mainly E-trend (Kuhmo block) and minor NW-trend

~1.98 Ga Fe-tholeiitic—tholeiitic dike swarm

- predates 1.95 Ga ophiolites
- NW.-trend (Kuhmo block). continental tholeiitic to IAT

type
- mainly unaltered (plagioclase and pyroxenes)

Dpwmmmmry
and volcanic rocks

Mainly Archean rocks
[ 206-2 15 Ga mafic-utramafic intrusions
. Layered mafic intrusions

(

| 2a25%006a)

\ Svecokarelian granitoids

‘- AT | - [ cal
5

Vuollo and Huhma, 2005



Ap Fe-Ti 0x gabbro

Anorthosite (leuco)gabbro

Pinto etal., 2020

Main & Upper Z /

Critical Zone

Maier and Groves, 2011

Harzburgite

Lower Zone
Dunite



Mineral systems model for Ni-Cu conduit deposits - /. % ./
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Thicker crust, corresponding to high velocity zone at lower

Magma reservoirs
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Silvennoinen et al., 2016

Probably magma underplating, and deep magma

Moho map of northern Finland
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Silvennoinen et al., 2016

Deep crust
indicative of
intermittent
magma chambers



Craton
boundaries Processed data

Distance to craton boundary
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Craton boundary may provide channel to concentrate magma at greater depth



Geochemical outliers
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External sulphur...

S-rich lithological units such as black
shales, gypsum anhydrite, may provide
external sulphur to form magmatic
sulphide deposits

Mapped sulphur-rich geology and
black shales from geophysical data
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Layering for PGEs....

Main & Upper Z
Crtical Zone

Lower Zone

Maier and Groves, 2011

Dunite
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Targeting the
conduits...

» Targeting the physical and magnetic
properties of the ultramafic-mafic

intrusions
» Derivative maps of RTP magnetics and

——

gra
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Artificial Intelligence:
Mimicking the intelligenc:
Sources Prospect ool
FIS Map
Pathways Prospe
FIS e
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Integration of predictor maps using Fuzzy Inference
Systems, structured on the mineral systems model
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[ study area
Lapland granulite
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Central Lapland
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v . uy . i : vl . i ad
Boreholes Suwalki B e e s e |

S Uncertain prospectivity 0 10 20 40 Kilometers
+ Deposit -

Most known deposits are marked with high
prospectivity

Would require camp-scale analysis to further refine
targets

Low prospectivity at the interpreted occurrence in the
south

Deeper Ketrzyn occurrence has medium
prospectivity, owing to its depth making it less viable.

L
-

Modern data survey can be planned to address short-
comings

Projects such as DeepBEAT and DEXPLORE working ‘
on potential solutions for depth penetration J

O
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Ma) in a syn- to post-collisional
extensional setting

<,

*’é/////

//// ////-
////////;///,/%

77, SNNNSN
PR

it

+ + i Seurces B TomTem Garmm, FAQ NOAA USGS, © Openditresthlap contrutil




38°15'

38°5'

38°

37955

38°10'

-80

B study Area extent
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Spatial Reference
Name: WGS 1984 UTM Zone 29N
Datum: WGS 1984

Sources: Esri, TomTom, Garmin, FAO, NOAA, USGS, ©
OpenStreetMap contributors, and the GIS User Community
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Changes!




-8° -7°ISS' -7°150' -7°l45'

-7°l40' -7°l35'

3?" 38°5' 38"110‘

37‘155'

Beja Prospectivity
Value

P 0.122588

1 L. 0.000612308

Portel
0 25 & 10 Kilometers N

Alvito

Vidigueira

Spatial Reference
Name: WGS 1984 UTM Zone 29N
Datum: WGS 1984

Sources: Esri, TomTom, Garmin, FAO, NOAA, USGS, ©

OpenStreetMap contributors, and the GIS User Community
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Recognising European Potential for hosting deep-land primary
CRM by combining new mineral models and advanced exploration
and visualisation techniques.

EIS Final Event: Shaping the Future of Sustainable Mineral Exploration.

e . EIS
. Brussels, 7th October 2025
e @
o L
Tony Hand, PhD.
Sustainable Mining Project Manager,
Division of Mining and Mineral Technology,
Funded by the European Union. Views and opinions expressed are however those of the
Department Of GeOIOgy’ ] * Funded by author(s) only and do not necessarily reflect those of the European Union or European
Tallinn University of Technology - TalTech Xk the European Union Health and Digital Executive Agency (HADEA). Neither the European Union nor the

granting authority can be held responsible for them.



Overview

Recognising EU potential for
hosting deep-land primary
CRM by combining new
mineral models and advanced
exploration and visualisation
techniques

HORIZON-CL4-2024-RESILIENCE-01

A N

Focus on deep-seated deposits

Increasing the acceptability of mining

projects from the exploration stage

Targeting CRM and SRM at least up to 600 m
depth; geophysic developement

CRM: F-Cu-Ni-C
SRM: Mn - Mo - Zn - Pb

A



D
DEXPLORE KEY DATA

CALL
HE - PILLAR 2 HORIZON. CLA-2024. TYPE OF ACTION
CLooTER & RESILIENCE-01 RIA
DIGITAL,

INDUSTRY TOPIC TRL 3-5

AND SPACE HORIZON-CL4-2024-RESILIENCE Sy e
-01-0124-RESILIENCE-01-01 o i [ralE:
M1 M36

WP1 Project management

Project number: 101178897

WP2 Dissemination, exploitation, communication & clustering

e Granting authority: European Health and Digital Executive Agency
: WP r‘m - Duration: 36 months,
Mineral systems SEEACTIRET 25 G e Total Budget: 4,669,428.75; 100% EU contribution

WP5 DEXPLORE GIS and XR platform

WP Final technology validation < Estonian 8 WPs, 642.3 PM, 34 tasks, 17 KPlIs, 29 Deliverables, 14

Final Pilot

Milestones




CONSORTIUM D P

11 Partners + 2 Affiliated Entities o Mineral Models and Final Pilot

REPUBLIC OF ESTOMIA TAI-
GEOLOGICAL SURVEY TECH

|
IBERIAN SUSTAINABLE
MINING CLUSTER

ICAMCYL .

MINERSA  X- Xcalibur

1 SMART MAPPING

(L

" COsNSENSUS e )',Ek"‘

Corc¢

MNLT P

ATALAYA

RIOTINTO

EO + Visualization Platform + LCA

>

Geophysics Optical techniques
Calibration pilots (LIBS, RAMAN)




ala
Pilot areas PEXPIsRE

Spain Estonia

Tests pilots for new geophysics Final pilot

-+

'

Iberian Pyrite Belt (VSHMS deposits) N.E Estonia
Asturias (Fluorite mineralisation, 200m)

F

Deep land Exploration

Development of remote sensing-based approaches Overburden 100-780m
Compact Remote Raman+LIBS+Fluo

Aerial vehicle airborne gravimetry :
300 200 100 Okm




ASTURIAS L

TWO CALIBRATION PILOTS - SPAIN \

SPAIN

ANDALUCIA DIRECT METHODS ASTURIAS INDIRECT METHODS
Cu (SRM), Zn, Pb Fluorite (Fluorspar - CRM)
ATALAYA Massive/stockwork sulphides % Mineralization along planar structures ANDALUCIA
RISKiNTS Depths up to 200 m ‘ Depths >500 m

Valverde Project MAR  CANTAsg,. %
; . o
= —1L
3 ] e

MINERSA Paiedgeno
Geology and oot Fssoisidn |:I Cretacico
>  TARGET AREAS B s
32 A. Villabona-Arlés [ Pormories
*—~ B. LaCollada BEEIE] csctanense

R pluténicas acidas a intermedias_|Batolito de la Sierra Precambrico
[ R plutonicas basicas y ulrabasicas| Norte de Sevilla ",

Grupo Culm N ES - Sxaiioies
= Complefo ucano-Gedmentaric |FAf2 ZEHIC za0L ZONA CANTABRICA

Grupo PQ

D bl [REUER unicaaceinavia  [NITY] Region de Piegues y Mantos Manto del Ponga  [JlJJ}JJ/] Cuenca Carbonifera Central Picos de Europa

[_] Anfiboitas

P72 zona de 0ssa-Morena Distancia (m)

™ Campanario-Descamisada Trend
= Cropping out
= 4km by 300m alteration trend
= 650m long, 200m wide and 20m thick
= >500 soil samples (33 elements analysed),

100x100m grid
Masa Valverde Deposit Majadales Deposit
= 400 - >800m deep, under Culm = 300 - 450m deep, under Culm
= 1350m long, 300m wide, >100m thick = 650m long, 200m wide, 20m thick Source. Luque Cabal, C. et al., 2010.

Source: Modified from Donaire, T. et al., 2008; and Simancas, J. F. et al., 2003.




ONE FINAL VALIDATION PILOT - ESTONIA

Bergslagen Mining District Central Finland Arc Comnlex

Base metal
occurences
B Fre

@® Other

@ Cu-Pb-zZn
®cC
-

Y

7 l '
i /'\ ESTONIA
- =
W
\ v’

"..~f:f"" b2 b
A
/
E REPUBLIC OF ESTONIA Tellam |, o SR S
6 S )
m EOLOGICAL SURVEY A JVI
yevy S T AR S Precambrian
TECH West Estona - \ o S ° °
% WP - ° basement

Metamorphic basement
Mostly meta-volcanic,
sedimentary rocks in the
amphibolite to granulite
facies and plutons covered
by up to 700 m thick
sedimentary sequence.

020 40 Alutaguse.
Metamorphic rocks Plutonic rocks Base metal occurences Cu - Pb - Zn
I Amphibolite gneiss Migmatitic gneiss B8 Gabbro B Fe e 0.05-0.09%

I Biotite gneiss I Pyroxene gneiss Quartz diorite | monzonite @ Cu @ 0.09-0.30% J.- h .
B Quartz-Feldspar gneiss W Quartz-Plg prophyry ® zn @ >09% onvi:
Mica gneiss [ Rapakivi granite ®

Fe, Ti-V



https://www.researchgate.net/publication/390660461_DEXPLORE_Unravelling_CRM_potential_of_Estonian_Precambrian_basement
https://www.researchgate.net/publication/391064063_Is_the_Estonian_Alutaguse_Section_of_Eastern_Fennoscandia_a_continuation_of_the_Southern_Svecofennian_Finnish_Terranes_or_is_it_akin_to_the_Swedish_Bergslagen_region
https://www.researchgate.net/publication/391064063_Is_the_Estonian_Alutaguse_Section_of_Eastern_Fennoscandia_a_continuation_of_the_Southern_Svecofennian_Finnish_Terranes_or_is_it_akin_to_the_Swedish_Bergslagen_region
https://www.researchgate.net/publication/391064063_Is_the_Estonian_Alutaguse_Section_of_Eastern_Fennoscandia_a_continuation_of_the_Southern_Svecofennian_Finnish_Terranes_or_is_it_akin_to_the_Swedish_Bergslagen_region
https://www.researchgate.net/publication/391064063_Is_the_Estonian_Alutaguse_Section_of_Eastern_Fennoscandia_a_continuation_of_the_Southern_Svecofennian_Finnish_Terranes_or_is_it_akin_to_the_Swedish_Bergslagen_region
https://www.researchgate.net/publication/391064063_Is_the_Estonian_Alutaguse_Section_of_Eastern_Fennoscandia_a_continuation_of_the_Southern_Svecofennian_Finnish_Terranes_or_is_it_akin_to_the_Swedish_Bergslagen_region
https://www.researchgate.net/publication/391064063_Is_the_Estonian_Alutaguse_Section_of_Eastern_Fennoscandia_a_continuation_of_the_Southern_Svecofennian_Finnish_Terranes_or_is_it_akin_to_the_Swedish_Bergslagen_region

Geological settings
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Estonian basement

= Palaeoproterozoic
Svecofennian orogen in
the Fennoscandian Shield

= Relations to the Berslagen-
Livonia microcontinent
and Central Finland
Granitoid Complex.

= |n Estonia, mostly meta-
sedimentary rocks in the
amphibolite to granulite
facies and Rapakivi plutons
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Geological settings

Estonian basement lithology and mmerahsatlon o 3
I Zone

Metamorphic rocks . N R gnet'C anomaly
Mica gneiss ' e NREC SRS )
s e @ z _ g

Biotite gneiss

Amphibolite gneiss

Two main facies

Pyroxene gneiss

Quartz feldspar gneiss

=  Amphibolite facies

Igneous rocks

- Gabbro y
Granite “ 54

N _ 5r e -3 k MR- = \“Seuth Estanlan
Rapakivi granite R,gaplma{ = N a Zone \

P~ b e

Quartz diorite "% f

rocks of northern
Estonia (£S. Finland),
mica and amp. gneisses

Quartz monzonite =  Granulite facies rocks

-Quartz and plagioclase porphyry of southern Estonia

Base metals occurence Faults

Sum % (@ Cu @Pb @2Zn) —— Phanerozoic fault
@ >0.90 - = = Phanerozoic fault supposed
® 0.30-0.90 -+ =+ Proterozoic fault
® 0.09-0.30
e 0.05-0.09
- <0.05

M Iron ore Nirgi and Soesoo, 2021




Projects aims in Estonia

Exploration

Increase the knowledge about the occurrence of
primary CRM by identifying anomalies and target
promising mineralisation by using advanced laboratory
methods and data analytics to examine large, multi-
element datasets.

= Assessing current data, historical drillcore XRF and
hyperspectral scanning

= Geochemical and textural analyses campaigns

= Preparing for upcoming geophysical surveys

Metallogeny

Define mineral systems for the targeted phases
(Sulphides, magnetite, graphite and Mn-garnet) and
geological/geophysical models

Broader picture

Compare the characteristics and CRM potential of the
Estonian Precambrian basement with the Swedish
(Berslagen) and Finland (Uusimaa) related provinces.

R\3e e~ g foni ~
Shigaphtad - i/ M, o e} o
- ™ S Agone s B %

Base metals occurence

Sum % (@ Cu ®@Pb ®2n)
@ >0.90

@ 0.30-0.90

® 0.09-0.30

» (0.05-0.09

- <0.05

B Ironore

Nirgi and Soesoo, 2021



DEXPLORE EXPLORATION PACKAGE D P

TAL
TECH
REPUWBLIC OF ESTOMIA
GEOLOGICAL SURVEY

, B COGNISENSUS

fi\' SMART MAPPING

T TERRA [=F\g
down 10 sanh geophyiio

Updated Ore Models: Preexisting data (geochemistry,

geophysics, petrophysics) + new geochemical data acquired
with modern techniques (XRF, XRD, ICPMS, SEMEDS/EPMA,
LA-ICP-MS) + multiscanning of drill cores.

Multispectral and Hyperspectral: Imaging analysis
(Copernicus).

Optical Techniques: Novel remote (UAV) field mineral

detector (RAMAN, LIBS). ML/DL for detection of target
minerals with remote sensing data.

Novel UAV-based airborne gravimetry: capable of
measuring 1mGal accuracy at wavelengths of 500m.

Seismic Land-based survey: Based on an avant-garde
Passive seismic methodology (wireless seismic nodes) applied
to complex geological settings (potential up to 1,500 m
depth).

———c—— -

LEVEL1 - Mineral system approach
for deep-land exploration of primary CRM

LEVEL3 ! Sub-surface exploration (deepl-land)
- Geoph)Jlsical exploration |

doap w 009

I
LEVEL 4 + GIS/VR platform Visualization :and Explojtation
N

Non-invasive, cost-effective, and sustainable exploration

technologies
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LEVEL 4 + GIS/VR platform Visualization :and Explojtation
N

SOCIAL AWARENESS Y .

Engagement with the general public and stakeholders:

The importance of RM for a successful green transition

The need for a secure, sustainable, and responsibly-sourced supply of RM
to strengthen autonomy and reduce over-dependence on third countries.

L
& '
fon i '
LEVEL 4 - GIS/VR platform Visualization and Exploitation Gcro?pr L S 5&?1'&%[
JE{\‘:'

Databases integration and 3D geological
modeling combined with + Extended reality
visualization advanced technologies

.

om
IBERIAN SUSTAINABLE
MINING CLUSTER

ICAMCYL 7

General public Technicians
O Technicaldiscussions about next m:“ e

. . . . EOLSEICAL SURVEY
steps for exploitation and exploitation b

U Decision-making process

O Education aboutthe need of a secure
and sustainable CRM supply
O Socialization of exploration

advancements o ATALAYA
and promising geological terrains Stakeholders RITIHW
s v,
O Exploitation of results @:
O Next steps of development !
O Clustering activities
TAL

TECH




SOCIAL LICENSE TO OPERATE (SLO)

The use of extended reality (XR) for social engagement:

Enhanced Public Understanding: Intuitive & immersive experiences help non-experts grasp complex concepts by

making abstract or technical content visually and spatially accessible.

Stakeholder Engagement: Virtual spaces where citizens, policymakers, and experts can interact with data and

simulations in real time.

Trust Building Through Transparency: By visualizing underground processes or environmental impacts, XR tools

promote transparency and can help build trust in industries traditionally viewed with skepticism.

Education and Awareness: Enable informed discussion and participation.




In the DEXPLORE XR experience, users navigate a digital map
SOC IAL LI CE N S E TO O P E RAT E of Estonia that highlights six real-world mineral exploration

sites. Tapping on each site reveals detailed information about

the minerals found there. Through this interactive journey,

The use of XR in DEXPLORE users gain insight into why responsible mineral exploration is

crucial for a sustainable future.

Immersive Public Consultations: Local communities virtually

“walk through” subsurface models of exploration sites, grasping e
the scope and impact of DEXPLORE and fostering informed
dialogue.

Participatory Site Design: Users propose or comment on

exploration or restoration plans, enabling a co-creative process
with stakeholders and supporting SLO efforts.

Narrative-Driven XR Experiences: Storytelling elements within

the XR platform can engage citizens emotionally, contextualizing
technical data.

Mobile XR Outreach in Rural Areas: Lightweight or mobile XR

units can be deployed at schools, libraries, or festivals, making

advanced geoscientific knowledge accessible and stimulating

early-stage community involvement.



SOCIAL LICENSE TO OPERATE

= Location-based AR content € &0
that activates when users are near exploration sites &
. . Welcome to D
= Interactive 3D geological models CirculAR " ’
—

footprint

overlaid on the physical environment =
= Virtual drill cores and subsurface layers ways mm.nim.z.your - '
Visualized in AR Tools, games and quizzes -

= Data pop-ups
showing geophysical measurements a

Recent activity

DEXPLORE

= Scan-to-unlock interactions,
prompting users to point their device at specific markers

= Quiz and knowledge checks
integrated into the AR experience

= Points and leaderboard system
rewarding exploration and correct answers

= Photo capture and annotation tools
for documenting field observations in-app




SOCIAL LICENSE TO OPERATE

K Evaluation >

Empowering users to share their views in diverse formats

Upload photos, videos, or text
Text and voice narration options to accommodate different communication

preferences

Multi-language support for broader community participation

Geo-referenced feedback tied to specific AR content or locations

DEXPLORE

User-friendly prompts encouraging reflection, opinion-sharing, and Qs (o

storytelling




Expected outcomes

Developement of advanced visualisation and interaction platform (3D & XR)
New approaches and models; Resources estimates for Estonian basement

Training and knowledge-transfer programs, e-learning activities including MOQOCs

LEVEL 1 - Mineral system approach
for deep land explorat|on of primary CRM

DATA ACQUISITION AND TREATMENT PHASES SEPARATION REE ENRICHMENT INVESTIGATION

x1-95mrﬁ”‘ o AT

Selected area
Sr vs U plot

| LEVEL 3 | Sub-surface exploration (deep-land)
| - Geoph){smal exploration

1

LA-ICP-MS Post treatment

|
LEVEL 4 ]- GIS/VR platform Vlsuallzatlop and Explpitation

Carbonates

3D visualisation

Linear distribution ECDF

i
©

Sr U

The method allows the isolation of phases, the Two REE enrichment stages were determined. A
extraction of individual chemical signals, and the first and main stage according to Sr, as the ‘early
obtention of a stepwise distribution, emphasising diagenetic' and a second according to U with higher
compositional variations of an element or isotope. REE contents and Ti-rich edges, as the “alteration’.

Acquisition and stepwise distribution
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Clustering session: Advancing mineral
exploration through innovative technologies

11:00-12:15
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Project Overview
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DEEPBEAT

Deep exploration boosted by advanced exploration technologies

Duration: 10/2024 — 09/2027

Coordinator: Partners & associated partpers:
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DEEPBEAT

* Near-surface deposits are
increasingly depleted

* Deep-seated deposits present
significant challenges in
detection and extraction

1. Aim: Develop geochemical
methods for deep exploration

2. Aim: Accelerate geochemical
data acquisition and reduce
exploration costs

EIS Final Event
October 7th, 2025

Funded by the
European Union



Motivation %

DEEPBEAT

different
ecological

. ] )
Near-surface deposits are SHITBAIEHS

increasingly depleted

* Deep-seated deposits present
significant challenges in
detection and extraction

different
geological
structures

1. Aim: Develop geochemical
methods for deep exploration

2. Aim: Accelerate geochemical
data acquisition and reduce
exploration costs

- EIS Final Event
Funded by the October 7th, 2025

European Union
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DEEPBEAT

different
ecological

. ] )
Near-surface deposits are SHITBAIEHS

increasingly depleted

* Deep-seated deposits present
significant challenges in
detection and extraction

different
geological
structures

1. Aim: Develop geochemical
methods for deep exploration

2. Aim: Accelerate geochemical
data acquisition and reduce
exploration costs

. EIS Final Event
Funded by the October 7th, 2025

European Union




Innovative approach

test sites

Effective spatial
sampling strategies

o Finland
=T (0-700m)

Granite
- hosted Li-
Sn-W -
Germany
(0-800m)

REE -
Czechia
(0-400m)

Funded by the
European Union

Metasomat.

sample media

Defining source &
testing (new)
biogeochemical media

legacy
drill cores

stream
sediments

28 o

3 lant (UAV-
#’ ‘ & paiZis(ted)
' Y

25
1.3 /N mushroom

analytical tools

Multi-sensor scanning
technology and data fusion

onsite/
field
methods
LIBS/
XRF
| ,ﬁ __\' | High-
—= resolution/
s isotopy
(LA)TQ-ICP-MS

i

DEEPBEAT

statistical tools and
modelling

Sampling strategy, data
handling & interpretation

Color key

. Sample and
station
selection

D D ! oy
@) = s 303 log Compositional
! i calibration

<

% Al-assisted
3D

Q% prospectivity

S5 ¢ modelling

EIS Final Event

October 7th, 2025 | ©4



Ore

Host rock

Commodities

Depth

Funded by the
European Union

Saramaki (FIN)

Volcanic massive sulphide

. Serpentinite and its
alteration products within
predominantly mica shists

. Cu*, Co, Zn, Ni*

. 0-700 m

* Target commodities

Erzgebirge (DEU)

Granite hosted Li, Sn, W

. Calcitic and silicitic
metamorphic units

. Sn, Li*, W*, Cu

. 0-800 m

Harky (CZE)

. Alkaline Metasomatite
Rare Earth Elements
(REE)

. Shear-zone related
alkaline metasomatites
in granite. Pluton is
buried beneath younger
sediments

. REE*, Zr, Mo

. 0-400 m in the central
part, deepening towards

the North EIS Final Event

October 7th, 2025



Exploration model %—

DEEPBEAT

sampling strategy, sample types: K- MT6 MT5 MT3 MT8 .
| on-site
[ tree top > | different ecological settings measurements

T2.4 other plant material, MT17
T3.4 < lower tree canopy »

T4.4 | mushroom —— =/ =5

v

| soil

MT1 MT2

T2.2 | host rock:
T3.2 < tracing footprint
T4.2 | todistal part

”~
o~

T2.1 .
T3.1 J mineral system

characterization

T4.1
| | | |
Vv V
- e mineralization e granitic intrusion with aureole
e ore bodies e metasomatic zones
e concealed deposits e alteration halos around mineralization

EIS Final Event
October 7th, 2025

Funded by the
European Union



Exploration model %—

Dilatancy Pumping along BEEPBE‘“

faults through cover

Plant Uptake from deeper
regolith or water source

Bioturbation

Cold

Barometric i
Pumping if cover <>>
is fractured i : 15
pillary Fringe 'J:!
g Convection driven
Capillary rise = gaseous flow from
_______________ __g cold at surface to
Redox gradient 'g hotter near oxidizing
induced electrical sulfide ore

migration

Bubble attached
migration

Self potential induced
electrical migration

Anand etal (2016)

Y . EIS Final Event
. October 7th, 2025
Funded by the

European Union




Innovative approach

test sites

Effective spatial
sampling strategies

o Finland
=T (0-700m)

Granite
- hosted Li-
Sn-W -
Germany
(0-800m)

REE -
Czechia
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Funded by the
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DEEPBEAT

Expected Outcomes & Impact

» Content:
* Enhance deep exploration by a workflow (“cook-book”)

* Provide decision points for where to integrate the novel methods
* Environmentally friendly geochemical exploration with regard to the mineral system(s)

» Test site specific adaptions:
* Mineral exploration for VMS-style deposits in (vegetation/till) covered terrains
* |dentification of concealed granites and porphyries, tré%ir mineral type and mineral potential
* Metallogenetic model for “Hurky”- type of mineral system/deposit

> Specialties
* Community events in all three test sites:
* Raise awareness for the need of exploration activities in Europe
* Understand stakeholder positions
* Integrates geological and geophysical 2D Data to deploy geochemical results
* Should lead to potential perspective of deposit occurrences mainly in Pre-Variscan and Variscan fold belts in Europe

EIS Final Event
October 7th, 2025

Funded by the
European Union
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DEEPBEAT

THANK YOU FOR YOUR ATTENTION!

Contact Info:

Dr. Solveig Pospiech — Scientific Lead
Nicole Kortge — Project Coordinator — deepbeat@hzdr.de
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UNDERCOVER

Clustering session: Advancing mineral
exploration through innovative technologies

11:00-12:15
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=/ Redefining deep-earth exploration

UNDERCOVER — REDEFINING THE
DEEP MINERAL EXPLORATION

EIS Final Event, Brussels, 7 January 2025

Juha Kaijal, Jochen Kamm?, Tuija Luhta?, Tero Niiranen?,
Kathryn Cutts!, Graham Hill?, Mathieu Darnet3, Sam
Whittlesey?, Michael Becken>, Capucine Pineau*

1 Geological Survey of Finland, E-mail: juha.kaija@gtk.fi

2 Institute of Geophysics of the Czech Academy of Sciences, Czech Republic
3 Bureau de Recherches Géologiques et Minieres, France

4 LGl Sustainable Innovation, France

5 University of Miinster, Germany

x* oy

The UNDERCOVER project has received funding from the European Union’s Horizon Europe
Research and Innovation Programme under Grant Agreement N.101177528.c
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Redefining deep-earth exploration

Agenda

Relevant ongoing Horizon Europe projects
UNDERCOVER - basics

Other projects funded under the deep exploration call
UNDERCOVER - Consortium

Motivation behind UNDERCOVER

Main objectives

Work packages

Case study areas

Juha Kaija, M.Sc. (Geol.)

Senior Specialist

Energy and Construction Solutions
Geological Survey of Finland GTK
P.O. Box 96 (Vuorimiehentie 5), Fl-
02151 Espoo, Finland

Tel. +358 29 503 2572, Mobile +358
40 588 3080
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Relevant Horizon Europe projects 2025 — GTK's participation

GTK coordinates:

UNDERCOVER - Unified Novel Deep ExploRation for
Critical Ore discovery

MultiMiner - Multi-source and multi-scale earth

observation and novel machine learning methods for

mineral exploration and mine site monitoring

ISLANDR - Information-based Strategies for LAND
Remediation

EIS - Exploration Information System

Coordination, Support Action, Networking

SCRREENS3 - Solutions for CRitical Raw materials - a
European Expert Network 3

CIRAN - Crltical RAw materials extraction in
enviroNmentally protected areas
BlueMissionBANOS - Supporting the mission ocean
lighthouse in the baltic and north sea basins
EGT-TWINN - Enhancing research capacity at the
Geological Survey of Estonia

CSA GSEU - Geological service for Europe

Research and Innovation Action

DeepBEAT - Deep exploration BoostEd by Advanced exploration
Technologies

GOLDEN RAM - Earth Observation Platform Supporting Critical
Raw Materials Industry in Europe

EXCEED - Cost-effective, sustainable and responsible extraction
routes for recovering distinct critical metals and industrial
minerals as by-products from key European hard-rock lithium
projects

MaDiTraCe - Material and digital traceability for the certification
of critical raw materials

AVANTIS - International Innovation Network for the
Development of Sustainable, decarbonised vanadium, titanium
and iron extraction from Europe’s low-grade vanadiumbearing
titanomagnetite deposits

S34l - Secure and sustainable supply of raw materials for EU
industry

RAWCLIK - Future RAW materials demand, supply and
sustainability in the face of CLImate Change

REMHub - Rare earth and magnets hub for a resilient Europe
MAGELLAN - Magnets in resilient supply chains

FutuRaM - Future Availability of Secondary Raw Materials
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Other projects funded under the deep exploration call

Total EU funding of four deep exploration projects is 19 332 149€ (~30% to industrial partners)

* DeepBEAT - Deep exploration BoostEd by Advanced exploration Technologies w
e Coordinator: HELMHOLTZ-ZENTRUM DRESDEN-ROSSENDORF, Germany

* EU funding: 4 886 982 € mn

* LinkedIn: DeepBEAT: About | LinkedIn IIEEPBEM

* DEXPLORE - Recognizing European potential for hosting deep land primary CRM by
combining new mineral models and advanced exploration and visualization

techniques EXFPLa

e Coordinator: IBERIAN SUSTAINABLE MINING CLUSTER, Spain
* EU funding: 4 669 429 €
* Website: Dexplore

 MINOTAUR - Miniaturized Robotic Systems for Autonomous In-Situ Exploration of
Critical Raw Materials In Deep Land Deposits
* Coordinator: LULEA UNIVERSITY OF TECHNOLOGY - LTU ‘ ;
e EU funding: 4 993 303 €
* Website: Minotaur



https://www.linkedin.com/company/deepbeat/about/
https://www.linkedin.com/company/deepbeat/about/
https://dexplore.eu/
https://www.minotaur-mining.eu/

l - UNDERCOVER

UNDERCOVER - Basics o
* Funding programme: Horizon Europe : 69
e Call & topic: HORIZON-CL4-2024-
RESILIENCE-01: Resilient Value Chains o
2024; HORIZON-CL4-2024-RESILIENCE-01-
01: Exploration of critical raw materials in st
deep land deposits cr,'u:ts::'i
* Type of action: HORIZON-RIA, Research & |
Innovation Action Geological
survey, 3
e Duration: 1.1.2025-31.12.2027 Exploration/
mining, 3
* Total budget: 4999 987.50 € Research
» Total person-months: 452 InsHtute, S I
SME, 3

e Consortium: Fourteen partners from five
EU countries + Namibia and Canada University, 3
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UNDERCOVER - Consortium
INDUSTRY & SME’s (7 partners, 26% of the budget)

ASSOCIACAO CLUSTER PORTUGAL MINERAL RESOURCES (ACPMR), PT
SUPRACON AG (SUPRA), DE

LGl SUSTAINABLE INNOVATION (LGl), FR

ONGWE MINERALS (PTY) LTD (ONGWE), NA

LATITUDE 66 COBALT OY (LAT66), FI

SMART SEISMIC SOLUTIONS (S3), FR

REDCORP, LDA (REDCORP), PT

RESEARCH (6 partners, 58%)

GEOLOGIAN TUTKIMUSKESKUS (GTK), FI

BUREAU DE RECHERCHES GEOLOGIQUES ET MINIERES (BRGM), FR
GEOFYZIKALNI USTAV AV CR, V.V.I. (IG CAS), CZ

LEIBNIZ-INSTITUT FUER PHOTONISCHE TECHNOLOGIEN E.V. (IPHT), DE
LABORATORIO NACIONAL DE ENERGIA E GEOLOGIA I.P., (LNEG), PT
INSTITUT NATIONAL DE LA RECHERCHE SCIENTIFIQUE (INRS), CA

UNIVERSITIES (3 partners, 16%)

UNIVERSITAT MUNSTER (UM), DE
UNIVERSIDADE DE EVORA (UDE) (Affiliated Entity), PT

TECHNISCHE UNIVERSITAT BERLIN (TUB), DE

=~ GTK

@ hﬁensmm for a sustinable Earth
1

=" = Universitiit
Miinster

0 INSTITUTE OF GEOPHYSICS
OF THE CZECH ACADEMY OF SCIENCES

LGi

PORTUGAL
MINERAL
_ RESOURCES

'. UNIVERSIDADE
DE EVORA

Ongwe 7

MINERALS i«

ng supracon

Le|bn|z}|pht:iO

LATITUDE
COBALT

5:LNEG

TECHNISCHE
' UNIVERSITAT
BERLIN

smart
seismic
solutions
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Motivation behind UNDERCOVER

Declining discoveries

* Fewer new mineral deposits discoveries despite rising
exploration expenditures

* Most recent finds are deeper underground

Rising demand

e Global mineral demand is expected to drastically increase

Exploration shift

e Exploration must evolve to meet future needs

* Focus moving to deeper levels, especially in brownfield

Main Mineral Deposits

areas
Europe’s potential

e Systematic exploration is limited to top 0—100 m e e E T —— R—

* Significant mineral resources remain undiscovered oo i R

* Large deposits likely hidden beneath deep cover - . [

Carrapateena

Data & technology gaps

 Little organized base data collection across Europe

e Europe leads in many exploration-relevant technologies

Call to action

* New, cost-effective, and efficient exploration strategies are s
urgently needed

(600)

(800) A

Depth to mineralisation (m)
-

(1,000)

Resolution

(1,400)
1900 1920 1940 1960 1980 2000 2020 2040

Discovery year
Source: MinEx Consulting; BHP analysis.
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Work packages

* WP1. Mineral Systems under Cover: Kathryn
Cutts, GTK

* WP2. Innovative Geophysics: Graham Hill,
|G CAS

 WP3. Innovative Data Integration: Mathieu
Darnet, BRGM

 WPA4. Environmental, Social and
Governance: Sam Whittlesey, LGI

.

< = o
\\ - B‘Emm‘“on' COﬂ\mum"a“o ":
~~2"d Exploitation (W9‘f? _—

* WP5. Integrated Exploration Strategy: P
Michael Becken, UM s ot

e WP6. Communication, Dissemination &
Exploitation: Capucine Pineau, LGI

 WP7. Project Management: Juha Kaija, GTK




Main objectives

* Transform deep CRM exploration, introducing a paradigm shift by extending the mineral
systems concept, currently underutilized in quantitative exploration, to deep exploration
relevant spatial scales

* Integrate novel, cost-effective, and low-impact technologies and methods for data
collection and integration, including Al-based geological mapping and geophysical joint
inversion.

* Address and mitigate environmental, social, and governance (ESG) aspects of mineral
exploration at all stages.

* Map primary raw materials potential in EU and non-EU countries across three major
mineral belts

 Promote the use of UNFC for innovative and effective exploration strategies.

* Advance deep mineral exploration technologies, stimulate R&D, and ensure exploitation by
EU stakeholders, inspiring confidence among policy makers and stakeholders.

The development of a comprehensive CRM exploration workflow suitable for
exploration in both developed and remote areas.
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Case study areas

FINLAND: Kuusamo Schist Belt

* Orogenic Au-Co + Cu, REE mineral syste

PORTUGAL: Iberian PyriteBelt =™

FFFFFF

* VMS Cu-Zn-Pb £ Sn, Ag, Au, In, Ga, Ge, VandSe =

SSSSS

mineral system — S

NAMIBIA: Kalahari CopperBelt e

nnnnn

LLLLLLLLLLLLLLL

nnnnnn

* Sediment hosted Cu mineral system

NNNNNNNNNN

750

Adobe Stock | N

EUROPEAN
UNION
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% " Redefining deep-earth exploration

UNDERCOVER in Kuusamo Schist Belt

* Geophysical measurements
*  AFMAG - audio-frequency magnetic /Semi-
airborne EM
* Belt-scale magnetotellurics
* Passive seismic in core area
* Active source ground EM
* Compilation of relevant existing data sets, geological
field mapping and drill core sampling
* Generation of initial & subsequently refined mineral
system model (based on the results)
 Development of geochemical exploration
methodology (MinExTarget BoT)
e Petrophysical modelling of mineral systems
* Geochronology (Lu-Hf + conventional U-Pb)
* Data integration
* 3D modeling (Geophysics-Geology)
* GIS based prospectivity modeling — application of Al
based prediction algorithms in data preprocessing
* ESG-SLO work

Gold-cobalt deposits in the Kuusamo belt, Northern Finland

S basement\ S

> S
———Karelian Archean \E\

= 4 3
o Au’Co\
Central Lapland i \
Granltold CW AL -3
: 7
RV o<° e
‘7 06 g ds «W
= — - )
Iy = —— ~- 2 /l\.\ ',’/
£ ‘\‘»\)—v,»?—-“\
S </ \55?N-

T
30°E

o OOO

Size of deposit
(based on contained Au)

Commodities

Medium sized deposit (O  Gold, cobalt
Small deposit @ Gold
Occurrence

Unknown size

Structures

—_—

Fault zone

Thrust fault

70°N

Lithological associations
Paleoproterozoic
—— Diabase
I Diorite, gabbro, peridotite
Granite
Volcanic rocks
Carbonate rock
Quartzite
Volcanic rocks
! Layered mafic intrusions

Archean
Granite and related rocks
Paraschist and -gneiss
TTG gneiss and migmatite

The Kuusamo Schist Belt and its gold-cobalt deposits, including the Juomasuo
deposit. Guzik et al. 2021 modified after © Geological Survey of Finland 2020.
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@ Redefining deep-earth exploration

UNDERCOVER in Iberian Pyrite Belt

e \Volcanogenic massive sulphide (VMS) deposit - an
early-stage, potentially high-grade, polymetallic
zinc-lead-copper exploration

e The exploration permit covering an area of
approximately 10,700 hectares

e Zinc, Lead, Silver, Copper, Gold, Tin

UNDERCOVER:

e Compilation of relevant existing data sets,
geological field mapping

e |nitial mineral system model

e Multicopter semi-airborne EM

e Passive-source seismics

e Active-source seismics

e Geochronology

e Deposit and regional scale 3D modelling integrating
lithology and alteration models, structural data,
structural interpretation of 3D seismic and airborne
EM data. - A refined mineral system model

e Aquifer studies close to Lagoa Salgada

e ESG studies
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Fig. 1. Geological Map of South Portuguese Zone with emphasis on the Iberian Pyrite Belt (b). adapted from Diez-Montes et al., 2020a, 2020b



Figure 3
I U ND ERCOVER Location of the Ghanzi Ridge Within the Kalahari Copper Belt
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UNDERCOVER in Kalahari Copper Belt

Francigtown

e Ongwe Minerals, holds ~963 000 ha of exploration
licenses on the Kalahari Copper Belt

e Limited historical exploration proved the potential of

the Copper Belt in Namibia »rhd.Lt.rm ' —
* Ongwe has identified multiple targets that require A& |
follow-up geophysics & drill testing F
UNDERCOVER: B
e Initial mineral system model E—355:‘-':
e Multicopter semi-airborne EM N
e 3D inversion of semi-airborne EM data
e ESG studies Eufgmm
égf;&;:wsﬂmm
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Satellite event at the Raw Materials Week, 19 November 2025, Brussels

EXPLZRING | AdvancingInnovation in Deep-Land
T o G E T H E R Cntical Raw Matenals Exploration

19 NOVEMBER | HOTEL MARIVAUX | BRUSSELS
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— UNDERCOVER

Redefining deep-earth exploration

Thank you.

Connect with us to stay up to date!

[\

contact@ undercover-project.eu

www.undercover-project.eu
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@UNDERCOVER project

The UNDERCOVER project has received funding from the European Union’s Horizon Europe
Research and Innovation Programme under Grant Agreement N.101177528.c
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Advancing mineral exploration bponion
Q&A through innovative technologies System
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Malcolm Aranha Tony Hand Lucija Dujmovic Juha Kaija
(HZDR-HIF) (TalTech) (HZDR-HIF) (GTK)
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