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Economic importance

Why graphite
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Supply risk

Others; 10%

Lubricants; 14% Steel , Foundries &

Graphite is one of
EU’s “critical
minerals” meaning
that it is of large
economical
importance and at
the same time has
a supply risk since
world production
IS dominated by
few producing
countries

Graphite will have an important

Batteries ; 10% '

N

Automotive parts;

14%

refractories, 1% role in green technology, batteries
electrical cars energy storage etc.
and will be one raw material for
production of graphene (mono
layer graphite)

Carbon brushes;
11% o
Source EU commision 2014



Industrial Mineral Deposit Map
of the Fennoscandian Shield
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Industrial Mineral Deposit Map
of the Fennoscandian Shield
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Past producer/
prospect

Active
exploration

The Fennoscandian
graphite and Russian
shungite occurences
are all ~2.0-2.5 billion
years old (Proterozoic)



Flake graphite in Finland
. Graphite quarries from 1760s to 1947
. Flake graphite from GTK field observations

A Flake graphite from GTK drill holes
Digital bedrock map of Finland 5M
Caledonian tectonic units
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Finland:

About 30 graphite deposits have been exploited
during the period 1760 to 1947. 20 deposits are
located with the present borders of Finland. The tot
total output of these mines is about 14.000 tons.

Graphite is a common mineral in the schist belts of
Finland. The potential for new deposits is regarded
as good in areas with carbonaceous gneisses with
high a metamorphic grade.

Some deposits currently of special
interest:

sViistola,
Grade 28.3 %Cg/4.2 Mt Indicated
*Piipumaki,
Historical graphite mining site with
grade 5-10% Cg
eHapamaki

Historical mining of graphite, grades up

to 46% Cg found
*Kolari
8.9% Cgq, Drilled by GTK in 1978

Reference: various GTK reports




Current graphite investigations in Finland

FENNO FLAKE Project 2015-20109:

«1076000 euro from Academy of Finland

*Exploration

*Mineralogy

*Geophysics

*Technology

Project leader: Olav Eklund, Abo Akademi University

Industrial partner: Beowulf Mining, London

GTK activity:

*Mapping

*Geophysics

*Re-logging and analysis of drillcore of known
graphite prospects and showings




FENNO FLAKE ACTIVITIES IN DETAIL

Fennoscandian resources
Geologist Rasmus Blomqvist

* Drilling campaign

* Estimation of the ore tonnage
* Petrological, mineralogical and
\ geochemical research

-

University of Turku (LMC)
Prof Carita Kvarnstrom

» Exfoliation of Flake-graphite to
graphene

& 4

Budapest University of
Technology (Hungary)
Prof Robert E. Gyurcsanyi

* High-tech applications on flake-

Geological Survey of

Finland (GTK)
Dr. Jukka Marmo

* Fragmentation tests
* Material characterization

Abo Akademi University
Prof Olav Eklund (Geology)

Prof Jouko Peltonen (LFC)
Docent, Dr Tom Lindfors (LAC)

* Field work and sampling

* Material characterization

* Determination of ore quality

* High-tech applications on
flake-graphite and graphene

graphite and graphene

4

* FennoFlake database

International Advisory
Board

Prof Par Weihed (CAMM)
Dr Jukka Marmo (GTK)

Dr Di Wei (NRC, Cambridge)
Prof Robert Gyurcsanyi (BU)

-

4

S

p

SELFRAG AG (Switzerlancm
Dr. Alexander Weh

* SELFRAG pilot fragmentation
of graphite ores

>

\

Haarla group
Dr Liisa Kotanen

* ZRI homogenizer
* Flotation tests

J

WP1: Identification of
flake graphite ores

|l

WP2: Fragmentation
and flotation

WP3: Solution processing
of graphene

WP4: Proof-of-concept
applications

Researcher mobility



SGU

Sveriges geologiska undersokning
Geological Survey of Sweden

Sweden:

54 known occurrences

Almost all of Svecokarelian age 2.0-2.4 Ga
The majority of these in the Norbotten craton

Geological setting: Metamorphic volcano-
sedimentary seguences.
Both flake and amorphous graphite types.

Few detailed studies.

\Woxna graphite mine, central Sweden,
9.3% Cg /7.7 Mt proven and indicated, 4 ore bodies

www.flindersresources.com
eNunasvarra: northern Sweden close to Kiruna
24%Cq, 7.7 Mt proven and indicated, flake and

amorphous.
www.talgaresources.com



http://www.flindersresources.com/
http://www.talgaresources.com/

Geology of Norway
and graphite provinces Senja OR . S

Lofoten - Vesteralen

Skaland

Holandsfjord Jennestad
Norway: Rendalsvik
75 registered
occurrences/showings

2 former and 1 active
producer

Geological map of Norway
LEGEND
I Igneous rocks of the Oslo province (Permian-Carboniferous)
Sedimentary rocks of the Oslo province (Cambrian-Silurian)
Sedimentary rocks (Devonian)
[ Thrust nappes of Precambrian age
I Metamorphic and igneous rocks
Sandstone and schists
| Basement rocks within the Caledonides
Basement rocks outside the Caledonides

Rendalsvik mine
*Jennestad mine
«Skaland mine (active)

Caledonian
nappes

Bamble [
P v @ GEOLOGICAL SURVEY OF NORWAY
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Bamble area

WL, i T

partly covered with airborne EM
data, collected by, Canadian
Blackstone Ventures 2006. (Ni-
exploration)




~ *| graphite bearing rocks,

Large areas of “low grade”

1.5- 6% Cg with some few
localities where grade is up to
40% Cg in small lenses.
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(Open at depth)

(abandoned 1948)
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ﬂRendalsvik mine

dy drilled (1982
300m, length 30m wi
Depth 100m
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Modified from Rodionov A. et al (2013)
NGU report 2013.043
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Lofoten- Vesteralen Islands
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Island of Senja
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Skaland graphite
Treelen mine

1.8 Mt & 31% Cg
World’s richest |
flake graphite o
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operation | }." P oY

\TEVE

T~
oy
ﬂ_/ﬁ*f“\

Tomakon % (

Torsken

srzstkananadvgEat

T2 NEELLED

Most important
prospects in addition
to Skaland ©
(minor showings)
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NGU report 2014.039



Vardfjellet — Hesten- Bukkemoen prospects
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“Graphite scenery”
abandoned mines &
showings
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The graphite ore is located under
thin cover using Geonics EM 31




EM helicopter survey
of the Skaland- Treelen

area
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Skaland graphite, operations
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Underground mining (overhead
stoping)

Flotation

Big bags/shipping



Tons
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Norwegian graphite production

Skaland graphite

Mine moved
Skaland closed/Treelen opens
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For more details check Norwegian mining statistics at
www.dirmin.no




Thank you for your attention
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