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Multi-scale in-situ non-destructive micro-XRF

scanning analysis: Bwn
Implications for ore mineralogy, petrogenesis and |
micro-metallurgical assessments ~GTK

» The exploration process and metallurgical understanding
occurs on scales that vary by numerous orders of
magnitude.

» An important link in this chain is the transition from samples
collected in the field to analysis in the laboratory.

» Detailed characterisation of samples that employs geo-
analytical techniques to achieve multi-scale, multi-modal,
and multi-dimensional information (involving the integration
of 2D, 3D and 4D imaging and analysis of rock samples).
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. L BRUKER
Multi-scale Characterisation Workflow

=~ GTK

1 Mega 100’s km 2 Macro km-metre
Space- & Airborne analysis Field analysis
Land and sea Natural outcrop or man-made surfaces

Rock, soil, vegetation, water Rock, sediment, soil, glacially-polished, joints, fractures, faults, drilled & blasted

optical & multi-spectral

X

XRF, XRD, Raman

b BN

Downhole

§ A
visible light infra-red xX-ray visible light é-beam x-ray laser-beam ‘ ion beam & é-beam
Optical NIR cT Micro-XRF  Mig Optical SEM EPMA XPS  SEM-EDS LA-ICP-MS FIB-SEM TEM
/ X A é X é \ / ion i
\/ \/ \/ .
e s — - - - - . - y - e A — ——
. LA | el el I msr—.
drill cuttings drill core petrographic thin-section  polished thin-section polished block ion milling & SEM im-aglng manufactured foil
-
3 Meso metre-cm-mi 4 Micro mm-micron 5 N ANQ  micron-nanometre
Laboratory analysis Laboratory analysis Laboratory analysis
2D surfaces; 3D volumes 2D surface analysis 3D volume reconstruction & ultra
thin foil analysis

Butcher AR (2020) Upscaling of 2D mineralogical information to 3D volumes for geoscience applications using a multi-scale, multi-
modal and multi-dimensional approach. EMAS 2019, Conference Proceedings Volume, Trondheim, 19-23 May 2019.

)
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Whole Drill Core

New Characterization Workflow
{ )

3D 3D 2D 2D 3D

Hyperspectral X-CT p-XRF

Structural analysis

Optical Microscopy & SEM-EDS

Dating of
monazite
by ICP-MS [

-

Au-Co Discovery!

Drill into fold hinge region

9 10

metres cm microns metres km
Butcher AR (2020) Upscaling of 2D mineralogical information to 3D volumes for geoscience applications using a multi-scale, multi-

modal and multi-dimensional approach. EMAS 2019, Conference Proceedings Volume, Trondheim, 19-23 May 2019.
20.05.2020
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Micro-XRF analysis: BRUKER
Introduction
=~ GTK

Little to no sample preparation
Non-destructive

Elemental information

Small spot analysis

Information from within the
sample

Meso-scale samples : Micro-scale
information

Quantification

Mineralogy

20.05.2020



Spatial Resolution and Analyzed Volume: BRUKER
Transmission and Attenuation (O

The transmission of X-rays is important for excitation

(2
of samples as well as for the fluorescence radiation. @ﬁ’
4
Penetration depth: the depth that can still be \ R

(4]
excited \ i
Information depth: the depth from which

fluorescence X-rays can still reach the detector

10 keV 20 keV 30 keV

30 kV Electrons Se K Mo K Te K Information depths of selected element fluorescence lines in different matrices
— b =
Rd = 2.5 Hm ' -: . I Lem Winsteel Minglass orstone  Win plastics or wood 2em
o
3 = z
3 3 2mm
(=] 1 mm
Electron Photon in o
. . p=
trajectory absorption e 3 ao so0um
dependence dependence - 5 =8
w0
3 o -
;“ E 10 um
o 3
= a1}
5 x
] 1um
o =4
g. V1]
3 g}
2 100nm -
> Si-K Ti-K Au-L Br-K sn-K
B 1,74 keV 4.5kev 9.7keV 11.9keV 25.3keV
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Micro-XRF: Comparison

Analytical Parameters and Conditions

R )
BRUKER
{5 )
o~ GTK

Parameter EDS: E-beam WDS: E-beam EDS: Micro-XRF
(SEM-EDS) (SEM-WDS)
@: few um @: few um @: 15-30 um
Analyzed Information depth: pm; Information depth: pm; Information depth: pmto mm;
Volume (depending primarily on electron (depending primarily on electron (depending on analysed
energy) energy) element and matrix)
Detectable
Atomic number Z > 4 (beryllium) Atomic number Z > 4 (beryllium) Atomic number Z > 6 (carbon)
Elements

[ Energy range

K- L -M - Lines ( up to 20 keV)

70 eV - 3.6 keV (L- M- Lines)

K- L -M - Lines ( up to 40 keV)]

Concentration

Down to 1000 ppm Down to 100 ppm Down to 10 ppm
Range
Quantification Standardless and Standard based Standard based SRR I%sassggd el
Data . . :
- Simultaneousl Sequentiall Simultaneousl
[ collection Y q Y Y ]
Sample Sample needs to be electrically Sample needs to be electrically Electrical Conductivity not
. conductive (commonly carbon- conductive (commonly carbon- required, samples don "t need to
Preparation coated), polishing required coated), polishing required be polished
Sample
P Heating due to absorbed electrons Heating due to absorbed electrons Minimal
Stress
Typical SEM _ Variable
beam current VEmElalE > 10 nA VA

20.05.2020 9



Micro-XRF analysis:
Sample Types

20.05.2020



Micro-XRF analysis:
Hyperspectral Datasets

Mineralogical

[+ Taenite
Troilite
Kamacite
Chromite

20.05.2020 11



AMICS: Automated Mineralogy BRUKER
How does AMICS work?

X-ray Analysis

56@6450 ev
L i T —
[“Main | B
P © seament KW | M@ ruer
- T o e | o e | 050 :s! | ST
ave Open Close | Copy Undo Redo e e
i, 4 @ Porticle] | Underiny Adjuster~ Boundary Points | [ Distance
178@1760 ev File Edit Layer Show/Hide
' 4 sampleimages | Paiticle Grid | Calculation Tables | Calculation Charts
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Glhockn 5000 Muscovite #X-ray:1/ 20077 (6.61%) [Muscovite <<]
luscovie, (I
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Othoclase_1 & As
Guatz-Spodur... | D
Chiorite #X-ray:1/ 139 (0.04%) [Chlorite <=]
2000
WP
1000
0
A
@“Oo @

Name Fomula a | Apatite. #X-ray1/ 59 (0.02%) [Apatite <<]

Bassante (Ca)2(504)27(H20)

Mackinawite (Fe0.75Ni0.25)50.9 Spodumene #X-ray:
Bravote (Fe0.7N0.2C20.1)52

Hycroastrophylite (HIO)1,5K05CaFede3 5Mn2+1.3Mn3+0.5T1 4,
Galkhaite {Hg0 801200, 14As0.9560.1)52

Philpate 1KD.4NaD 4Ca0 BASII0B2H20)6
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Lah o A
Muscovite_1 #X-ray.1/ 6345 (2.00%) [Spodumene =]
L

+ Identifies minerals based on spectral information

3874 (1.22%)[Spodumene <<]

sty N Pt
1 4

» Acquires spectrum for each segment
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Finland — Kuohenmaa BRUKER
Orbicular Monzonite: Rock Sample 5 kg

paveN

New | Ex\Bruker . M4 MicroXRFIGTK - Finland - Alan Butcher\Orbicular Granite - Finlandlorbicular granite Més.bef

Mossc 10x 100 Overview

QMep. T Quantity,

AutoPhase

i,

P

s

" ARAMSErE
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Finland — Rapakivi
Granite: Drill Core — 20 cm in Length

o gy

EARFENES % AR . L e W Rl
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Finland — Kylmé&akoski
Rock Sample: 3 kg and 20 cm

Orbicular Peridotite
Kylmakoski nickel-copper deposit
Optical Images

20.05.2020



Finland — Kylmé&akoski
Elemental Mapping

Orbicular Peridotite
Kylmakoski nickel-copper deposit
Elemental Images

20.05.2020



Finland - Outokumpu
Rock Sample: 5 micron mapping

L o)
BRUKER
(>

Interpretation
Select Areas of
Interest for detailed

Mineralogy and mapping
Element Distribution

Map Entire Sample

20.05.2020



Geometallurgy: BRUKER
Traceability Workflow (Ao

Integrated approach to improve value chain and responsible sourcing

Q

£ Geometallurgy

o

o [Geoscience @lnerals Engmeerm@ < Material Science

a C @ining Engineerin@ < Metallurgy > C

Deposit Mining Mineral Processi Refining Manufacturing  Product

e _ ' /}/W G NGRS

11N 1) 5

= Wk U &

g ) T s

= %, A s

8 4 Metal/element grades /» Metal grade Purity/Metal grade [ ;Performce A

'.E . Geochemistry Mineralogy : Metal recovery Impurities f‘ 7 Specific energy/power

-4 * Mineralogy ==X Grindability d Trace elements Specifications Sy Life span

2 * Mineral textures " \\v Acid consumption 43> Mineral grade Price/Cost B > Price/Cost

o ¢ Hardness 7 \ Liberation o Recoveries Energy consumptio § Recycling efficiency
&= Potential fingerprints Floatability j » Energy consumption \Composmon Y,

— Influencing property

Q. Dehaine, S. Michaux, J. Pokki, M. Kivinen and A.R. Butcher, Battery minerals from Finland: Improving the
supply chain for the EU battery industry using a geometallurgical approach, European Geologist 49 (In Press).

20.05.2020 18



Multi-scale in-situ non-destructive micro-XRF

scanning analysis: Bwn
Implications for ore mineralogy, petrogenesis and -
micro-metallurgical assessments ~GTK

> This includes characterization of:

« Mineralogy and Distribution of Element(s) of Interest(s)
and associated metals/elements,

- Key mineralogical/geometallurgical ore properties,
« Mineral associations
* Micro-structural relationships

» The end result is an enhanced perspective on the
commercial process mineralogy, incorporating details about
liberation of both ore and gangue minerals at the early
stages of any given project.

20.05.2020
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Finland — Raja Prospect an
Context and Objectives L)

=~ GTK

Finland — Raja Prospect, Rajapalot Project
Exploration Project: Au-Co (Mawson Oy)

Context

The work forms part of the BATCircle Project currently underway at GTK, with
Mawson Oy as a Partner, as well as other geometallurgical research at GTK in
collaboration with Mawson Resources.

Objectives, Scientificand Analytical Question(s)

« Identify Co distribution )

- Identify Co mineralogy BATCircle
« Determine Co mineral associations —

« Determine Co mineralogy size distribution
MALUSON

20.05.2020



Finland — Raja Prospect an
Context and Objectives (<O
o GTK

Minerals of economic interest at Rajapalot Project

Precious Metal Battery Minerals

Minerals
Cobalt
Cobaltite: CoAsS

Native gold - electrum
Linnaeite: (Co*2Co*3,S,)
Cobaltian pentlandite: (Co, Ni, Fe),Sg
Co-Pyrite

Co-Pyrrhotite

Chalcopyrite

20.05.2020



Finland - Rompas-Rajapalot Project

Sample Location and Geology

U
BATTERY COMMODITY . &g Keyiisa

@ Nickel

@ Copper
@ Cobalt
@ Lithium
@ Graphite

STATUS
A Active mine

¢ Mine project

&% Advanced
exploration
project

iﬁa ¢ akatti

- [
Rompa&-Rajapalot Juomasuo
o _
!u* Suhanl-m"
Gogn B
ok &
..--"\}
B, sotkamd®®
S )
R » ‘
4.7 % .
;; Lant % o Rylylant
@ .
k, a
4 o & -‘i < ?,.OHautaIamm
k- itolampi
. s 3 gfe g

PROJECTS & MINES
6{‘ Active mine

& Mine project
& Advanced exploration project

(<)
BRUKER
-
=~ GTK

BOLIDEN
PROCESSING & REFINING ., i
Ni-Cu-Co-PGE
¢4 Cobalt (chemicals) 5%
@l Copper and nickel smelter &
) ANGLO AMERICAN
Nickel plant
el P Sakatti
Plant under construction u-Ni-PGE-Co LATITUDE 66
0 Ni-Co sulphate MAWSON ROV/; =] j:OBALT
B uomasuo
Plant in feasibility stage Rajapalot & &eo-Au
o Co-Au & 9
/\ Lithium hydroxide
RCTIC PLATINUM
TECHNOLOGY & kil
MANUFACTURING SESLCoCy
ooy
m Copper products (Y
% Mining technology
Battery pack plant
8 nypackp : sy TERRAFAME
Freeport Cobalt/ * Sotkamo
_ Umicore Ni-Co-Zn-Cu
keliber /1 & Terrafame
Normet BOLIDEN
+ KELIBER * Kylylahti
VAASA Lantta FINNCOBALT Cu-Co-Ni
Li Hautalampi~. /S Outotec
Co-Ni-Cu Q( +
% JOENSUU
JYVASKYLA + |
Outotec .. Boliden _ BEOWULF MINING
G iandwk Aitolampi
Aurubis ‘;’AMFERE Graphite
Norilsk BASF

Nickel

*
Outotec

Turky  Sandvik

2k
50 100km

8Valmet Automotive
Metso

Qutotec ok
B HELSINKI
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Raja Prospect Cross Section — view towards 330

Finland — Rajapalot Project
Sample Location and Geology

palqign  PALOL PALO171
PALO159
PALO163 .

20.05.2020

L

o
o

W=05 <1

EGEND

Assays reported
Assays pending

Mafic instrusive
Pillow lava
Albitised rock
Biotite calc-silicate
Mineralized units
Muscovite Quartzite

Assay results g/t Au
Histograms capped at 10ppm

<3Mss W=

\

PALO159
3.0m@23g/tAu
from 434 metres &
3.5m@24g/tAu

from 452 metres

Raja Long Section — view towards 050°

———— =
4 —o——eo
i ‘“ W | | bl
\ Y  fr
| PALOOG2: 135 m @ g 2m (A | 1
— 100, I 4.5 g/t Aukq from \1' N i |
o 180.0m N
. || pawosx:BEme
9.7 gt Aukq from

— O ‘ PALO118: 20.7 m @
56/t Autq from (
365.2m ™ " N
vy DAY
LR 1
\‘ 8 |
¥ (Y
— 100 | |\l
il v /7 Extentof existing resource
it
4 ) . Previously reported
b @  Reported here
©  Assay pending
— 200 15ie5 outof sectiof towards. W Meficinmusi ve
viewsr, target remains opento [ pilowiava
east of drill holes Biotite cal ic-silicate/ 2/ Albitic
% =
g 1o Muscovite Quartzite
2 s B
— 300 | E g Assay results g/t Auq
%

1
243.0m \

g ul
PAL0159:180m @14 | o 100
9/t AuEq from 434.0 m

Histograms capped at 10ppm

Weos < a3 Wes WS

(<)

Main gold-
cobalt work
focused to date

Location of Raja Prospect, within the
Rajapalot Project, and position of drill hole
PALO163 relative to gold-bearing units, with
region of interest marked by a ring.

Source: Mawson Resources

http://mawsonresources.comy/
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Finland — Raja Prospect an
Sample Description -_dh

Half cores
X-CT & Micro-XRF

Thin sections
Automated Mineralogy & Micro-XRF
Off-cuts by QXRD

20.05.2020



Finland — Raja Prospect an
Drill Core: High cobalt intersection

PALO163 =~ GTK

Total Assay: Co 9769.3 ppm

Micro-XRF

)

Optical scan \ }

X-CT Thin section

20.5.2020



Finland — Raja Prospect an
Multi-elemental map { )

PALO163 - 418.29 m =~ GTK

)

, Multiplé” elemeén
Tapsd 2 7 x

Co Fe Other
-~ 0 R

. Silicates

' Cobalt mineral ] Pyrrhotite

50 micron resolution Linnaeite is associated with pyrrhotite

20.5.2020




Finland — Raja Prospect
Multi-elemental map

PALO163-418.29 m

Linnaeite is associated with pyrrhotite; with patchy occurrences of cobaltite

20.5.2020 28



Finland — Raja Prospect Bg&@n

Single-elemental map { )
PALO163- 418.29 m 2 GTK

Single..element
maps

50 micron pixel scan

20.5.2020



Analytical Conditions

Micro-XRF Yy .w B
-~

Change in Resolution and Dwell Time impact Analytical Time:
Important to define what is the goal of analysis prior to Measurement

50 micron pixel scan
Less than9 hours
total measurementtime

100 micron pixel scan
Less than 3 hours

total measurement time

200 micron pixel scan
Less than 1 hour
total measurement time

Variable Resolution

500 micron pixel scan
Less than 1 hour

total measurement time

20.5.2020




Finland — Raja Prospect an
Multi-elemental map -~

PALO163-418.29 m




Finland — Raja Prospect
Large-area to small-area maps

PALO163-418.29 m

)

Lindaeite

;‘c."oj:j“a;‘}.tite s

‘CHafESpyfite

P'y‘rrhot'ivte..'

Silicates

Linnaeite

TR S i ’ : Cobaltite

- - - P : "
&

N Other

& :

i
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Finland — Raja Prospect
Small-area maps

PALO163-418.29 m

Cobaltite
Linnaeite
Pyrrhotite
Silicates

Chalcopyrite

20 micron pixel scan

20.05.2020 33



Finland — Raja Prospect
Large-area to small-area maps

PALO163-418.29 m

i e
4 3 A s
% F 4 & 1 A v
Co As : Cobaltite & linnaeite : L iaith L
D - intergrowth o ’ e
*
- 4@ Equant ¥ : e
cobaltite . - s aike :
» ! ko b s Pt . D Linnaeite
A ] ’ 4 R
A _ 3
. i T o E : : . Cobaltite
e =P Co *’ 2
Mosaic ‘ *4000pm | : D
Mosaic ke i é : : I—' # 8 { Tk Other
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Finland — Raja Prospect
Large-area to small-area maps

PALO163-418.29 m

Linnaeité

Gobaltite? -

Chélcopyrit

Py rrhotite

Silicates

“ Unsual
cobaltite
textures

Linnaeite

@ CulAS

Mosaic

Cobaltite

R .

Other
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Finland — Raja Prospect BRUKER
Mineralogy, Petrogenesis & Micro Geometallurgy ((,><J

Multi-scale, multi-modal, multi-dimensional =~ GTK

Raja Prospect Cross Section — view towards 330 MSLUSCN

LEGEND
®  Assays reported
©  Assays pending

Mafic instrusive
Priow lava
Albised rock
Biotie calc-slicate
Mineralized units
Muscovite Quartaite
Assay results g/t Au
et 0p0m

30m@23g/tAu
from 434 metres &
35m@24g/tAu
from 452 metres

%

MAWSON
e —

3D 3D 2D 2D 3D

Hyperspectral X-cT W-XRF Optical Microscopy & SEM-EDS Structural analysis

Whole Orill Core

Dating of
monazite
by ICP-MS

Au-Co Discovery!
Drill into fold hinge region
MALUS0ON
1 2 3 4 5 6 7 8 9 10
metres cm microns metres km
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Finland — Raja Prospect
AMICS: Mineralogy Map

Linnaeite (Co+2Co+3,S,)

Cobaltite (CoAsS)

7
t
:

Linnaeite
Chalcopynte

Cobaltite
Titanite
Rutile

w

Zircon
Quariz
Albite
Phlogopite
K-Feldspar
Amphibole

|

Chlorite
Others

S

o

SN

YT tae
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Finland — Raja Prospect
AMICS: Grain Size Distribution - Linnaeite (Co3S,)

Linnaeite (Co*2Co+3,S,)

Cobaltite (CoAsS)

Pyrmrhotite

Linnaeite

Chalcopyrite

Cobaltite

Titanite

Rutile

Apatite

Zircon

Quartz

Albite

Phlogopite

K-Feldspar

Amphibole

Chlorite

Others

=~ GTK

Scan

180 x 40
mm

L L I S

LSl e b Tt &

YU AP

VYRGS AV ISP -

IVEEPPLANI IR

el A A AL X T ALl
LAAT LRI AL AR ALY S
'VN-‘fl‘J.k".#ﬁq!“lt

AL A AT R AR A

R T R AR N L LY A L R S

A N T E T A L TR T

Mineral Size Distribution - [Grain Layer]:[Linnaeite]:[Equivalent Circle]:[SEM Default Sieve Sizes]

P-Value
P-80
P-50
P-20

Size (microns)
815.4
481.9
139.5

Sieve Size (um)
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Finland — Raja Prospect
AMICS: Grain Size Distribution - Cobaltite (CoAsS)

Linnaeite (Co+2Co+3,S,)

Cobaltite (CoAsS)

Pyrrhotite

Linnaeite

Chalcopynte

Cobaltite

Titanite

Rutile

Apatite

Zircon

Quartz

Albite

Phlogopite

K-Feldspar

Amphibole

Chlonte

Others

&

§3%

&P

FRY LMY

0 IS C~LF]

LY Y LIS VI T

VIR ST Ras

RS NI PAT AN A IR

FIL TECRJINNTF AR A= Joh T}

Hlovhhwrrdu g rMdLiARL T ey

PR ¢ FAT [P IS4l #9yd0»,

EY A AT L [sm*rwraRa]|

.......................................

Wt%

BRUKER
=~ GTK

Scan

180 x 40
mm

Mineral Size Distribution - [Grain Layer]:[Cobaltite]:[Equivalent Circle]:[SEM Default Sieve Sizes]

P-Value

P-80

P-50

P-20

Size (microns)
596.4
300.5

127.0

Sieve Size (um)
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Micro XRF BRUKER
AMICS: Element Distribution, Mineral Association

~ GTK
Elemental Distribution: How is the element of interest (EOI)
distributed in each mineral? E.g. Co in Linnaeite vs Cobaltite.

Mineral Association: Identify how the minerals are associated with
each-other, e.g. Cobaltite and Linnaeite and Pyrrhotite etc.

Elemental Distribution - [Grain Layer]:[Co]

o0000OGO
LA I L -

Ferelosgar

20.05.2020



Finland — Raja Prospect
AMICS: Assay Calculations - Comparison

AMICS Back Calculated (Mineralogical)
Co concentration: 9340 ppm

AMICS Total Spectrum (Whole Rock)
Co concentration: 10400 ppm

A

f

Cobalt contentdepths 0of417.6 -418.6 m
Chemical Assay Co concentration: 9769.3 ppm
(reported by Mawson Oy)

20.05.2020




Micro XRF LT

AMICS: Assay Calculations

Total Spectrum (Whole Rock)
Co concentration: 1.04% (10400 ppm)

|

0 H

L L1

Deconvolution of Co (Cobalt) is important in the
presence of Fe (Iron)

20.05.2020




Micro XRF Yy .w B
{ %)

AMICS: Mineralogy Variation
=~ GTK

Mineralogy Variation: Linnaeite (Co+2Co+3,S,)
Cobaltite (CoAsS)

Thin Section Size - 30cm x 20cm

Linnaeite

Cobaltite

Chalcopyrite
Wt% Wt% Wt% Wit% Wt% Wit% Wit% Wit% Wit%
3 4 5 6 7 8 9 10 11 12 13 14

Wt% Wt% Wt%

Wt%  Wt% Wth Wtk Wtk  Wth Wth Wt%
15 16 17 18 19 20 21 22

Wt% = Wt%

1 2

Chalcopyrite  ==@==(Cobaltite e=@==|innaecite ==@==pPyrrhotite

Large Mineralogical Variation on Thin Section Sized Specimens

Linnaeite Range: 1.4 % to 2.8 %
Factor of 2 Variation
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AMICS: Elemental Variation
o~ GTK

Elemental Variation: Linnaeite (Co+2C0+3,S,)
Thin Section Size - 30cm X 20cm Cobaltite (CoAsS)
2
Co
1
As
Cu
0 Ni .
W1t% W1t% W1t% Wt% W1t% W1t% W1t% W1t% Wt% W1t% Wt% W1t% W1t% W1t% W1t% W1t% W1t% W1t% W1t% W1t% Wt% W1t%
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
As Co Cu Fe Ni S

Large Elemental Variation on Thin Section Sized Specimens
Co Concentration Range: 0.7 % to 1.5 %
Factor of 2 Variation
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Analytical Conditions

=~ GTK

Change in Resolution and Dwell Time impact Analytical Time:
Important to define what is the goal of analysis prior to Measurement

50 micron pixel scan
Less than9 hours

g total measurementtime
[ 1
wid
|
d, 100 micron pixel scan
m Less than 3 hours
total measurement time
|
.f_u 200 micron pixel scan . Linnaeite
| - Less than 1 hour
m total measurementtime . Pyrrhotite
> . Silicates

500 micron pixel scan

Less than 1 hour Chalcopyrite
total measurement time
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AMICS: Potential Relevant Information
o GTK
Modal Mineralogy: How much of each mineral is present.

Elemental Assay: How much of each element is present.

Elemental Distribution: How is the element of interest (EOI) distributed in

each mineral? E.g. Co in Linnaeite vs Cobaltite.

Mineral Association: Identify how the minerals are associated with each-

other, e.g. Cobaltite and Linnaeite and Pyrrhotite etc.
Grain Shape Factor: The shape of the grain, i.e. euhedral, elongated.

Mineral Density Distribution: Classify densities of minerals. Identify how

the minerals are distributed among the densities.

Grade Recovery Curves: What % of minerals of interest (MOI) or element of

interest (EOI) is recovered at what grade?

20.05.2020



Geometallurgy: BRUKER
Traceability Workflow (Ao

Integrated approach to improve value chain and responsible sourcing

Q

£ Geometallurgy

o

o [Geoscience @lnerals Engmeerm@ < Material Science

a C @ining Engineerin@ < Metallurgy > C

Deposit Mining Mineral Processi Refining Manufacturing  Product

e _ ' /}/W G NGRS

11N 1) 5

= Wk U &

g ) T s

= %, A s

8 4 Metal/element grades /» Metal grade Purity/Metal grade [ ;Performce A

'.E . Geochemistry Mineralogy : Metal recovery Impurities f‘ 7 Specific energy/power

-4 * Mineralogy ==X Grindability d Trace elements Specifications Sy Life span

2 * Mineral textures " \\v Acid consumption 43> Mineral grade Price/Cost B > Price/Cost

o ¢ Hardness 7 \ Liberation o Recoveries Energy consumptio § Recycling efficiency
&= Potential fingerprints Floatability j » Energy consumption \Composmon Y,

— Influencing property

Q. Dehaine, S. Michaux, J. Pokki, M. Kivinen and A.R. Butcher, Battery minerals from Finland: Improving the
supply chain for the EU battery industry using a geometallurgical approach, European Geologist 49 (In Press).
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Multi-scale Characterisation Workflow
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1 Mega 100’s km 2 Macro km-metre
Space- & Airborne analysis Field analysis
Land and sea Natural outcrop or man-made surfaces

Rock, soil, vegetation, water Rock, sediment, soil, glacially-polished, joints, fractures, faults, drilled & blasted

optical & multi-spectral

X

XRF, XRD, Raman

b BN

Downhole

§ A
visible light infra-red xX-ray visible light é-beam x-ray laser-beam ‘ ion beam & é-beam
Optical NIR cT Micro-XRF  Mig Optical SEM EPMA XPS  SEM-EDS LA-ICP-MS FIB-SEM TEM
/ X A é X é \ / ion i
\/ \/ \/ .
e s — - - - - . - y - e A — ——
. LA | el el I msr—.
drill cuttings drill core petrographic thin-section  polished thin-section polished block ion milling & SEM im-aglng manufactured foil
-
3 Meso metre-cm-mi 4 Micro mm-micron 5 N ANQ  micron-nanometre
Laboratory analysis Laboratory analysis Laboratory analysis
2D surfaces; 3D volumes 2D surface analysis 3D volume reconstruction & ultra
thin foil analysis

Butcher AR (2020) Upscaling of 2D mineralogical information to 3D volumes for geoscience applications using a multi-scale, multi-
modal and multi-dimensional approach. EMAS 2019, Conference Proceedings Volume, Trondheim, 19-23 May 2019.

49
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Summary and Conclusions: BERUKER
Micro-XRF (O
=~ GTK

> Able to perform large area maps on a variety of samples:

» Including Cut Rock Samples, Drill Core, Briquettes, Polished Sections

» Sample Preparationis Minimal for Micro-XRF
* No carbon-coating
* No polishing
* Plane Parallel Surface only required

> Able to detect and resolve minor and trace elements

> Identification of high energy X-Ray lines

20.05.2020



Summary and Conclusions an
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Mineralogy and Micro-Metallur
gy gy =GTK

» Ability to measure cut half drill core without further sample
preparation

» Tens of centimetres-scale sample analysed at Tens of micron-
scale resolution

» Areas of interest at higher resolutions
» Elemental and Mineralogical information on same area
» Maps of elements and mineral distributions

» Determine textural and geometallurgical information using
AMICS Automated Mineralogy Software

20.05.2020



Extra InformationWebinars BRUKER
Historic and Current

Webinars
BRUKER www.bruker.com/events/webinars.html
Filter: EDS, WDS, EBSD, Micro-XRF on SEM

SGTK
’-;/ https://www.gtk.fi/

_/’ \7

https://www.mawsonresources.com/

BATCIFCle https://www.batcircle.fi/



http://www.bruker.com/events/webinars.html
https://www.batcircle.fi/
https://www.batcircle.fi/
https://www.batcircle.fi/

(<)
BRUKER

More Information
o~ GTK

For more information, please contact us:

Bruker Nano GmbH

info.bna@bruker.com

Or

Andrew.Menzies@bruker.com

Alan.Butcher@gtk.fi
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Questions and Answers

Are There Any Questions?

Please type in the questions you might have
in the Q&A box and press Send.
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