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

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

üDetailed 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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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.

Multi - scale Characterisation Workflow
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New Characterization Workflow

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.



ÅLittle to no sample preparation

ÅNon - destructive

ÅElemental information

ÅSmall spot analysis

ÅInformation from within the 
sample

ÅMeso - scale samples : Micro - scale 
information

ÅQuantification

ÅMineralogy
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Micro -XRF analysis: 
Introduction
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Spatial Resolution and Analyzed Volume: 
Transmission and Attenuation
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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 
excited

Information depth: the depth from which 
fluorescence X - rays can still reach the detector
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Parameter EDS: E -beam

(SEM -EDS)

WDS: E -beam

(SEM -WDS)

EDS: Micro -XRF

Analyzed

Volume

Ø: few µm

Information depth: µm;

(depending primarily on electron 
energy)

Ø: few µm

Information depth: µm;

(depending primarily on electron 
energy)

Ø: 15 - 30 µm

Information depth: µm to mm;

(depending on analysed 
element and matrix)

Detectable

Elements
Atomic number Z Ó 4 (beryllium)Atomic number Z Ó 4 (beryllium)Atomic number Z Ó 6 (carbon)

Energy range K- L ïM ïLines ( up to 20 keV) 70 eV ï3.6 keV (L - M- Lines) K- L ïM ïLines ( up to 40 keV)

Concentration

Range
Down to 1000 ppm Down to 100 ppm Down to 1 0 ppm

Quantification Standard less and Standard based Standard based
Standard less and standard

based

Data 
collection

Simultaneously Sequentially Simultaneously

Sample

Preparation

Sample needs to be electrically 
conductive (commonly carbon -

coated) , polishing required

Sample needs to be electrically 
conductive (commonly carbon -

coated) , polishing required

Electrical Conductivity not 
required, samples don ´ t need to 

be polished

Sample

Stress
Heating due to absorbed electrons Heating due to absorbed electrons Minimal

Typical SEM 
beam current Variable

Variable

> 10 nA
N/A

Micro -XRF: Comparison
Analytical Parameters and Conditions
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Micro -XRF analysis: 
Sample Types
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Optical Elemental

Mineralogical
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Micro -XRF analysis: 
Hyperspectral Datasets
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X-ray Analysis

Classification

AMICS: Automated Mineralogy
How does AMICS work?

Å Identifies minerals based on spectral information

ÅAcquires spectrum for each segment
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Finland ïKuohenmaa
Orbicular Monzonite: Rock Sample 5 kg
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Kuohenmaa Quartz Monzonite Boulder Sample courtesy of Aku Heinonen
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Finland ïRapakivi
Granite: Drill Core ï20 cm in Length
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Finland ïKylmäkoski

Rock Sample: 3 kg and 20 cm 
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Orbicular Peridotite
Kylmäkoski nickel - copper deposit
Optical Images



Orbicular Peridotite
Kylmäkoski nickel - copper deposit
Elemental Images
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FeCuNiFe, Cu, NiCoCo, Ni, S

Finland ïKylmäkoski

Elemental Mapping
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Finland - Outokumpu
Rock Sample: 5 micron mapping
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Map Entire Sample
Select Areas of 

Interest for detailed 
mapping

Interpretation

Mineralogy and 
Element Distribution



Integrated approach to improve value chain and responsible sourcing

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 ).

Geometallurgy:
Traceability Workflow
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üThis includes characterization of: 

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

ÅKey mineralogical/ geometallurgical ore properties,

ÅMineral associations

ÅMicro -structural relationships 

üThe 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 ïRaja Prospect, Rajapalot Project
Exploration Project: Au -Co (Mawson Oy)
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Finland ïRaja 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, Scientific and Analytical Question(s)

Å Identify Co distribution

Å Identify Co mineralogy

Å Determine Co mineral associations

Å Determine Co mineralogy size distribution
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Finland ïRaja Prospect
Context and Objectives
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Minerals of economic interest at Rajapalot Project 
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Finland ïRaja Prospect
Context and Objectives

Precious Metal 
Minerals 
Gold

Native gold ïelectrum

Battery Minerals

Cobalt
Cobaltite:  CoAsS

Linnaeite: ( Co +2 Co +3
2S4)

Cobaltian pentlandite: (Co, Ni, Fe) 9S8

Co-Pyrite
Co-Pyrrhotite

Copper
Chalcopyrite

20.05.2020



Finland ïRompas -Rajapalot Project
Sample Location and Geology

20.05.2020 23



Location of Raja Prospect , within the 
Rajapalot Project , and position of drill hole 
PAL0163 relative to gold -bearing units, with 
region of interest marked by a ring. 
Source: Mawson Resources
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Finland ïRajapalot Project
Sample Location and Geology

http://mawsonresources.com/
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http://mawsonresources.com/
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Finland ïRaja Prospect
Sample Description

Half cores
X-CT & Micro - XRF

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

Micro -XRF

418.05m 418.29m417.55m 418.55m

Optical scan

Finland ïRaja Prospect
Drill Core: High cobalt intersection

Total Assay: Co 9769.3 ppm

PAL0163
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