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Projected global mineral demand

30
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Scenario 1l

Scenario 2

25

20

2X

15

10

2010

¢ SolarPV @ Wind

2020

Other low-carbon power generation

| |
2030 - Stated

2040 - Stated 2030 - 2040 -
Policies Policies Sustainable Sustainable
Scenario Scenario Development Development
Scenario Scenario
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IEA, Total mineral demand
for clean energy
technologies by scenario,
2010-2040, IEA, Paris
https://www.iea.org/data-
and-statistics/charts/total-
mineral-demand-for-clean-
energy-technologies-by-
scenario-2010-2040-2, IEA.
Licence: CCBY 4.0
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Personnel, data was transferred to Outokumpu Oy. At the
same time Outokumpu Oy starts to heavily decrease
domestic exploration (Haapala & Papunen, 2015).

30 I,

In 1985 Rautaruukki Oy abandoned mineral exploration.
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Why Deep Mineral exploration?

Discovery Year
1950 1960 1970 1980 1 990 2000 2010
0 - o—o—Pos = S Pgt:¢ a9 L3400, ’\ oA +0A4~v¢.‘l0|—
w ]t T s
4 o + 00 o ~
‘Tt % [ . + i J_: hd A .. % [
200 + + to 2 -
E 300 - Teoo 8 e L e+ + e
o
S 400 L RO -
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< 500 -
+ +
<= 600 .
8 700 - ® Greenfields Camps + A
+ Brownfields Camps
800 + i
<+ Satellite Deposits (Brownfield)
900 -
1000 - Data for Australia

Nickless et al., 2014
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Future large discoveries
will be under cover

Finland’s exploration
efforts concentrated on the
top 50 m below surface.

Exploring 500 m below
surface increases the
mineral potential tenfold.
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Development focus of Deep exploration geophysics at GTK

* Study the deep mineral potential
* Increasingly expensive geophysics
» Targeted
» beyond currently explored depth levels
e >200 m, >500 m, >1000 m

* Study of mineral systems
* “Llow-cost” geophysical methods
* Regional-scale
 Lithospheric depths
» Understand the crust to know where to look



Key Methods and Data

Electromagnetics
Seismics

Gravity
Magnetics
Petrophysics

Any other data available (geophysical,
geological, geochemical...)

The combination of those!

Seismic source in action
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Regional geophysics and mineral
systems research



Mineral deposits worldwide correlate with deep conductors = GTK
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Mineral systems concept =< GTK

Fluid outflow

Depositional
mechanism

Source region for
metals

Fluid source Fluid pathways

Energy source




MINERAL SYSTEMS CONCEPT

Example Olympic dam, Australia

* Mineral deposits are only small parts of a
mineral system.

* Many deposits can be in the same mineral
system.

« Mapping the large-scale features of
mineral systems can guide targeted
exploration
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Olympic dam, Australia
Heinson et al., 2018
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DEPOSIT-TO-REGIONAL B
SCALE EXPLORATION

w1, BOLIDEN
e LKAB

UN[VEI{SITET

»
0 INSTITUTE OF GEOPHYSICS 18)58

OF THE CZECH ACADEMY OF SCIENCES

GEOLOGICAL
SURVEY OF

NORWAY
W‘ -NGU -

EARTH SCIENCE INSTITUTE

* Mineral systems research in:
* Northern Sweden (Malmberget, Gallivare)

e Central Norway (Roros) PR T—
* Finland (Pyhdsalmi): 324 MT sites at ca 6 km
13

separation, over a 100 km x 100 km area
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DEPOSIT-TO-REGIONAL
SCALE EXPLORATION

w1, BOLIDEN
e LKAB

* Co-funded by the
o * Horizon 2020 programme
A of the European Union

UNIVERSITET

-l
18\ 58
0 INSTITUTE OF GEOPHYSICS /
OF THE CZECH ACADEMY OF SCIENCES

GEOLOGICAL
‘ SURVEY OF

IMV" NORWAY
-NGU -
EARTH SCIENCE INSTITUTE i
|oopandline,

* Deep and large-scale conductors help to map
tectonic make-up of the crust
* Correlations with existing deposits exist

u

[image not shared — work in progress]

14



@ (- _/ =GTK

DEPOSIT-TO-REGIONAL e .
SCALE EXPLORATION ISl

w1, BOLIDEN
e LKAB

UNIVERSITET

= GTK
4
18\)58
@ INSTITUTE OF GEOPHYSICS /

OF THE CZECH ACADEMY OF SCIENCES

[image not shared — work in progress]

GEOLOGICAL
SURVEY OF

" NORWAY
' - NGU -

EARTH SCIENCE INSTITUTE

JoopandLine

From 2D to 3D!

* Deep and large-scale conductors help to map
tectonic make-up of the crust
* Correlations with existing deposits exist

15
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BATCIrcle2.0

......

* Deep study of the Kuusamo belt
* Origin of Au-Co deposits?

* Magnetotellurics and gravity

* Deep underlying structures are revealed that
are connected to the mineralization history of
the belt

[Coordination by Aalto University. This slide [image not shared — work in progress]
concerns task 1.2.1, therefore, no full list of

B U SI N ESS partners shown]
FINLAND “COear =GTK =GTK
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MSc projects to bring existing data together and extend to 3D

v \ 4§
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Developing New Geophysical Methods
for Targeted Deep Mineral Exploration
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2D seismic profile

ca. 7.5 km long
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1 s time = ca. 3 km depth

2D Shot-gather example
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Distributed Acoustic Sensing (DAS)

First test: Experiment in the Koillismaa Deep Hole

Distributed Acoustic Sensor (DAS)

‘ l
) i Optical fiber
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First CSEM test (Koillismaa 2022) [ ..

® Power source
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Second CSEM test (Aijala 2023)

Southern Finland:

Challenging conditions,
noise from power lines,
cultural activity

The method still performs
well

Modelling in 3D is being
developed: results
expected end of 2023
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% DroneSOM

* Development of new drone
systems:
e Gravity (DTU)
* Electromagnetics (RADAI) S Gon s
* Development of data interpretation
software
« 2D&3D SOM (BEAK & GTK)
* 3D geophysical inversion (GTK)

Supported by

elt ) RawMaterials r ada

Connecting matters N CONSULTANTS
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Summary and Outlook
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Summary and Outlook

* Future targets are deep (100s of m)
* Finding deep targets needs highly developed geophysics

* For deeper mineral exploration
e Suitable new geophysical methods must further developed
* These are typically expensive and logistically more intense

* For targeting such intensive studies we need
* Transition from anomaly-hunting to understanding geological systems
* Deep data sets (Magnetotellurics, Seismics, Gravity) to build extensive regional and mineral systems
models for targeting exploration

* Interpretations become complex
* Petrophysics supported multi-method approaches
* Integration of many data types (Geophysics, Geochemistry, Geology)
* Developing computational interpretation/modelling techniques: joint inversion, machine learning, ...

28.4.2023 28
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