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

scanning analysis: BZ%R
Implications for ore mineralogy, petrogenesis and =
micro - metallurgical assessments =~ GTK

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

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

U Detalled 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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Multi - scale Characterisation Workflow
o~ 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, sediment, soil, glacially-polished, joints, fractures, faults, drilled & blasted

Rock, soil, vegetation, water

optical & multi-spectral

XRF, XRD, Raman

p AN

Downhole

! ion beam & é-beam

visible light infra-red x-ray visible light é-beam x-ray laser-beam
Optical NIR cT Micro-XRF  Migep- Optical SEM EPMA XPS  SEM-EDS LA-ICP-MS FIB-SEM TEM
\d X A é X é ‘ ion i
& : \ ,/ ¢
s i — = - - - - i e L ——
. e | s ey B G o G | g | mZr—.
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 Nano micron-nanometre
Laboratory analysis Laboratory analysis Laboratory analysis
2D surfaces; 3D volumes 20 surface analysis 3D volume reconstruction & ultra
thin foil analysis
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Butcher AR (2020)
modal and muli -dimensional approach.

Upscaling of 2D mineralogical information to 3D volumes for geoscience applications using a multi
EMAS2019 , Conference Proceedings Volume, Trondheim

, 19 -23 May 2019.

-scale, multi -



Whole Drill Core

New Characterization Workflow BRUKER

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

microns metres km

metres cm
Butcher AR (2020) Upscaling of 2D mineralogical information to 3D volumes for geoscience applications using a multi -scale, multi -
, 19 -23 May 2019.

modal and multi -dimensional approach. = EMAS2019 , Conference Proceedings Volume, Trondheim
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Micro - XRF analysis: BRUKER
Introduction

A Little to no sample preparation
A Non -destructive

A Elemental information

A Small spot analysis

A Information from within the
sample

A Meso -scale samples : Micro -scale
information .

A Quantification

A Mineralogy
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Spatial Resolution and Analyzed Volume: BRUKER
Transmission and Attenuation

The transmission of X -rays is important for excitation
of samples as well as for the fluorescence radiation. <

Penetration depth: the depth that can still be

\S‘OO
excited \
AN .
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 |Jm ' ~ wul I Winsteel [inglass orstone Win plastics or wood 2em
-C O 1em
3 = z
3 3 2mm
(=] 1 mm
Electron Photon in o
. . p=
trajectory absorption e 3 ao o
dependence dependence - 3 23 ¥
w0
3 o -
;“ E 10 um
o 3
= a1}
5 x
§ 9h 1pum
g. V1]
3 =}
g 100 nm
> 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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L)
Micro - XRF: Comparison BRUKER
Analytical Parameters and Conditions (A

=~ GTK

Parameter EDS: E -beam WDS: E -beam EDS: Micro -XRF
(SEM -EDS) (SEM -WDS)
@: few pm @: few pm @:15 -30pum
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 _ . _ _ ) _ _ |
At omic number Z O 4 Atleni ¢l hiumimer Z O 4A{ bmryl huambmer 2Z O
Elements
[ Energy range K- LT M1 Lines (upto20 keV) 70eV i1 3.6keV (L - M- Lines) K- LT M7 Lines (upto40 keV) ]
Concentration
Down to 1000 ppm Downto 100 ppm Downtol Oppm
Ranae
Quantification Standardless and Standard ~ based Standard based Standard Iesbsazr;céstandard
Da?a Simultaneously Sequentially Simultaneously
collection
Sample Sample needsto be electrically Sanmple needsto be electrically Electrical Conductivity not
_ conductive (commonly carbon - conductive (commonly carbon - required, samplesdon " tneed to
Preparation coated) ,polishing required coated) ,polishing required be polished
Sample _ _ -
Heating due to absorbed electrons Heating due to absorbed electrons Minimal
Stress
Typical ~SEM . Variable
beam current Variable B N/A

(
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BRUKER
=~ GTK

Micro - XRF analysis:

Sample Types
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Micro - XRF analysis:
Hyperspectral Datasets

Poi o

Taenite
Troilite
Kamacite
Chromite
Mg-Fe-Silicates
CaTe-Silicates

EFIEIEIEIEE - -
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AMICS: Automated Mineralogy
How does AMICS work?

X-ray Analysis
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A Identifies minerals based on spectral information
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Finland 7

Kuohenmaa

Orbicular Monzonite: Rock Sample 5 kg
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Finland T Rapakivi
Granite:DrillCore T 20 cmin Length
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Finland T Kylméakoski
Rock Sample: 3 kg and 20 cm

Orbicular Peridotite
Kylméakoski nickel -copper deposit
Optical Images
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Finland T Kylméakoski
Elemental Mapping

Orbicular Peridotite
Kylméakoski nickel -copper deposit
Elemental Images
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Finland - Outokumpu
Rock Sample: 5 micron mapping

£ o)
BRUKER
(D)

Interpretation
Select Areas of

Interest for detailed

Mineralogy and mapp|ng
Element Distribution

Map Entire Sample
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Geometallurgy: BRUKER
Traceability Workflow e

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 forthe EU battery industry using a geometallurgical approach , European Geologist49( InPress ).
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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

U This includes characterization of:

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

A Key mineralogical/l geometallurgical ore properties,
A Mineral associations
A Micro -structural relationships

U 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.
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Finland 7 Raja Prospect an
Contextand Objectives L)

Finland T 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 geometallurgicalresearch at GTK in

collaborationwith Mawson Resources.

Objectives, Scientificand Analytical Question(s)

A Identify Co distribution )

A Identify Co mineralogy BATCircle
A Determine Co mineral associations —

A

Determine Co mineralogy size distribution
MALUSON
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Finland 7 Raja Prospect
Contextand Objectives

Minerals of economic interest at

Precious Metal
Minerals

Native gold T electrum

20.05.2020

Rajapalot

Battery Minerals

Cobalt
Cobaltite:

Linnaeite:

Cobaltian pentlandite:

Co- Pyrite
Co-Pyrrhotite

Chalcopyrite

£ o )
BRUKER

CN

=~ GTK

Project

CoASS

(Co*? Co*2,S,)
(Co, Ni, Fe) ¢S



Finland T Rompas - Rajapalot Project

Sample Location and Geology
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Raja Prospect Cross Section — view towards 330

Finland 7 RajapalotProject
Sample Location and Geology

MAWSON

PALO164
PALO159

LEGEND

° 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

W=0sm<1s3Mss W25

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

from 452 metres

3
9
2
=

= x|
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Raja Long Section — view towards 050°
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\‘ r 180.0m &
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9.7 g/t Aukq from
2430m

— O ‘ PALO118: 20.7 m @

5.6 g/t AuEq from
365.2m
4
¥ LEGEND
— -100 1
f 7 Extent of existing resource
4 ®  Previously reported
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©  Assay pending
— 2l b W Mefcinus ive
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Locationof Raja Prospect
Rajapalot  Project
PALO163 relativeto gold

Main gold-
cobalt work
focused to dato

, Within the
, and position of drill hole

-bearing units, with

region of interest marked by a ring.

Source: Mawson Resources

http://mawsonresources.comy
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Finland 7 Raja Prospect W,
Sample Description

Half cores
X-CT & Micro -XRF

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

20.05.2020




Finland T Raja Prospect an
Drill Core: High cobalt intersection

PALO163 =~ GTK

Total Assay: Co 9769.3 ppm

Micro -XRF

)

Optical scan \ Y | \_Y_J

X-CT Thin section
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