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Summary 

This study documents the geochemical and mineralogical characteristics of three Nickel Reference 
Materials, and forms part of Work Package 5, Circular Battery Materials Value System, as part of 
BATCircle 2.0 Project, in collaboration with partners Aalto University and VTT. This is Part 1 of four 
deliverables, with others covering similar reports on Lithium and Cobalt Reference Materials, along 
with recommendations for an e-Waste Reference Material. 

The new Reference Materials reported here comprise ¼ Drill Cores of typical nickel-rich ores, cm-
sized chips of Run-of-Mine ore, and finely ground Nickel Concentrate, all from the same deposit. 
Together, they are not designed to be definitive mineral or rock standards, but rather represent 
samples that have been characterized using multiple methods (optical, e-beam, x-ray beam, laser-
beam), at different scales (cm-micron), and in different forms (drill core, crushed and milled ore, thin-
section, polished block).  

It is the intention that the new data and physical sub-samples will be made available to all those 
within the BATCircle 2.0 Consortium who are interested in battery mineral research. Typical end-
users for the new materials might include: geologists, mineralogists and material scientists interested 
in testing new analytical or experimental devices; or minerals engineers that require well-
characterized materials for flotation, leaching or physical separation experiments.  

A novel aspect of the study is that we have used both traditional geoanalytical techniques for battery 
mineral characterization (whole rock geochemistry, QXRD, SEM-EDS, EPMA, Automated Mineralogy), 
as well as new and emerging technologies (scanning micro-XRF, LIBS, FTIR, Raman), thus creating a 
unqiue set of data for the three sample types, including new spectral information which can be used 
for building mineral identification libraries. Some of the devices used are handheld and are 
sufficiently portable that they can be operated efficiently in the field, which opens up the possibility 
of wider use, leading to new applications in earth and mineral sciences. 

The results, whether they be chemical, mineral or textural in nature, largely correlate across the 
different techniques. This report aims only to document the findings rather than interpret them, as 
this activity will form the basis of a planned scientific journal paper, which will compare the relative 
accuracy and precision of the results across all 4 commodities (Ni-Li-Co-eWaste). 

A further planned output from the present study is a quick reference Fact Sheet that will accompany 
each Reference Material before they are dispatched to researchers. This will be published separately 
once the materials are ready for release.  
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1 CONTEXT 

This report summarises research carried out to date by the Geological Survey of Finland (GTK), 
within Work Package 5 (WP5), Circular Battery Materials Value System, as part of an on-going 
Business Finland-funded Project, known as BATCircle 2.0, in collaboration with partners Aalto 
University and VTT.  The specific and relevant objectives of WP5 are as follows: 

Å Extensive characterization of battery materials from both Primary and Secondary sources 

Å Development of Reference Materials for Li, Co and Ni 

Å Assessment of how to develop an e-waste materials characterization reference material 

In order to fulfill these objectives, the following tasks are underway: 

¶ Task 5.3.1  
Development of Reference Materials for Nickel, Lithium and Cobalt 

 

¶ Task 5.3.2 
Assessment to plan the development of characterization of Reference Electronic Waste  
 

Four reports are planned, each covering one of the main topics within Tasks 5.3.1 and 5.3.2. The 
present report documents the results for a new Nickel Reference Material, and is labelled 
accordingly as Part 1 (of 4).  
 
 

2 CONCEPT 

The original idea was to create a collection of well-characterized materials that could be used by 
researchers, whether they be geologists, mineralogists, geochemists, mineral processors, or any 
other professions linked to battery minerals, metals, and materials. Ideally, we wanted to 
characterize ores (drill cores or hand samples, or run-of mine material), processed products 
(concentrates), and final materials (saleable products), and make sub-samples of these available to all 
those interested, along with a fact sheet.  For some commodities (Li) we have collected a near 
complete set of samples. Cobalt is proving to be challenging but we are progressing well. In the case 
of nickel, the subject of the present report, we have secured samples of drill core, crushed run-of-
mine ore, and nickel concentrate. And finally, a bulk sample of e-waste that has been delivered to 
GTK, is currently awaiting investigation, and will be reported at later date.   

 

3 STANDARD REFERENCE MATERIAL VS REFERENCE MATERIAL 

At the commencement of the BATCircle 2.0 Project, we wanted to clarify the meaning of the 
following terms, Standard, Standard Reference Material, and Reference Material.  
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A Standard is generally defined (at least in the world of analytical geomaterials) as a material (say 
crystal, mineral, rock type) with absolute known values that can be used for calibrating analytical 
techniques & instrumentation. It is usually available in the form of a fine powder, or a single crystal or 
grain, which tends to limit the variability of the standard from sub-sample to sub-sample during 
manufacture. 

On the other hand, a Standard Reference Material (again, in the context of analytical geomaterials) is 
a general term for a so-called round-robin material, which is specifically manufactured to be analysed 
by multiple laboratories in order to establish intra- and inter-laboratory variation, in terms of 
accuracy, precision, and general variance in results, especially when comparing the same technology 
(say ICP or XRF), or different technologies (say XRD, SEM and EPMA).   

Our preferred terminology, and the one used in the present study, is simply to refer to these types of 
materials in this study as Reference Materials. By using this short descriptor, we imply that materials 
have been specifically created with scientific and engineering research in mind. These Reference 
Materials, although well-characterized (in terms of their bulk geochemical composition, known 
mineral content and textures, and other material properties), will display natural variation, from 
batch to batch, because of their very nature (drill cores, ore lumps, and processed mineral particles), 
and so cannot be considered as true Standards.  

Multiple batches of Reference Material will be manufactured as aliquots from a Master sample, and 
made available, in the first instance at least, to members of the BATCircle 2.0 Consortium, and then 
later to interested parties outside, depending on demand and availability of material. Each batch will 
be accompanied by a Fact Sheet, which we believe will be adequate to allow the recipient to plan and 
design their own experiments, and is certainly an excellent starting point for any further research on 
them.  Ideally, additional analytical work on these batches would then be fed back to the GTK and 
incorporated into documentation of any future batches.  The kinds of uses we envisage for these 
Reference Materials might include, but are not restricted to, the following: teaching, research, 
professional development, fingerprinting (tracking and tracing), general metallurgical testing, and 
technology testing. 

 

4 GEOANALYTICAL TECHNIQUES USED TO CHARACTERIZE THE REFERENCE MATERIALS 

There are a bewildering number of analytical techniques that are currently available to geologists 
when it comes to the characterization of drill cores, crushed core and particulate mineral products.  
These include: optical methods (petrographic microscopy); X-ray analysis (XRF, XRD, X-CT), electron-
beam analysis (SEM, EPMA) and laser-based techniques (LA-ICP-MS, Raman, LIBS) and others (FTIR). 
In this report, we document many of these for a suite of nickel-bearing Reference Materials sampled 
from a single Ni (Cu) deposit in Finland.  
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5 DETAIL OF MASTER SAMPLES USED TO MAKE THE NICKEL REFERENCE MATERIALS  

5.1 Types of samples 

Three types of nickel-bearing samples form the basis of the Nickel Reference Material, all from the 
same deposit (BolidenΩǎ Kevitsa Mine, Finland ς referred to hereafter as the Company), as follows: 

¶ Drill Cores 
These comprise quarter drill core sections, sampled from D¢YΩǎ historic Kevitsa drill hole material at our 
National Core Archive in Loppi, and were selected based on their general representative nature of typical 
nickel-bearing ores. The actual drill cores sampled for this study came from various drill hole intersections 
within the ore deposit, with differing grades of ore, and identified by the Company as: high-grade; medium-
high grade; and low grade. Specifically, the whole rock geochemistry, QXRD and Automated Mineralogy was 
performed on quarter core sections from drill hole 3714/R367, which was drilled in 1992, and were taken from 
core tray L-25,  (hence full identification as M52/3714/92/R367/L-25). Other techniques such as micro-XRF 
were performed on quarter drill cores from L-29, L-39, L40, and L-41.    

 

¶ Run-of-Mine Ore lumps 
Samples of typical Run-of-Mine Ore (ROM), partially crushed, as sampled from a conveyor at the active mine, 
and are typically made up of cm-sized lumps, as sampled by the Company, on CVR 4 at 08:30 on 10 June 2022. 
Particle sizes are highly variable, and can be as large as 15 mm, but typically around 5-10 mm, along with 
particles smaller in diameter. 

 

¶ Nickel Concentrate 
This material is an example of Nickel Concentrate (NFC), as sampled by the Company on 10 June 2022, and 
appears as medium to dark grey powder, with occasional agglomerations up to 2cm in diameter. 

 

 
 
Figure 1.  
Three types of samples make up the Nickel Reference Material set: ¼ drill core, Run-of-Mine ore, & Nickel Concentrate.  
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6 CHARACTERIZATION OF THE NICKEL REFERENCE MATERIALS  

6.1 Background 

X-ray Fluorescence Spectrometry (XRF) is a standard method of analysis in order to gain a bulk geochemical 
analysis of any geomaterial. It is ideal for major elements, some minor elements, but is generally unsuitable for 
trace and ultra-trace elements. The sample is typically required to be in the form of pressed powdered pellets 
or glass beads.  

Inductively Coupled Plasma Optical Emission spectroscopy (ICP-OES) is generally considered a superior method 
for multi-elemental analysis over XRF, for both major and minor elements, but is only suitable for some trace 
elements.  

Inductively Coupled Plasma Mass Spectrometry (ICP-MS) is used typically only for trace elements, and can 
analyse, if required, down to detection limits of parts per billion. It is especially useful for quantifying rare 
earth elements. 

LECO analysis is named after an acronym of the original name of the developers (Laboratory Equipment 
Corporation), and is for organic and inorganic materials through sample combustion and measurement of 
combustion gas absorption, as seen in the infrared region of the electromagnetic spectrum. Typically used for 
determining sulphur, carbon in ore samples, but can also be used for nitrogen, oxygen, and hydrogen 
determinations. 

X-ray diffraction is a robust whole-rock analytical technique for identifying minerals and phases present in a 
sample, based on their characteristic diffraction patterns, and when used in conjunction with specialised 
software, the Rietveld method allows for quantitative modal analysis (QXRD). Minerals present in low 
quantities (5 vol% or less) can be problematic for QXRD. Some minerals display overlapping diffractograms, 
leading to challenging identifications. The technique relies on the ability to determine the crystallinity of the 
mineral for a positive identification to be made, and therefore amorphous minerals are therefore problematic. 
Sample needs to be pulverized to a fine powder. 

Scanning micro-XRF is a non-invasive, x-ray beam source, elemental and mineralogical analysis technique that 
is relatively new and still being adopted by the mining industry. It can map rock samples and powdered 
materials, with best results obtained from a flat 2D surface. When combined with off-line petrographic 
software, that uses elemental information returned from secondary X-ray signals processed by dual EDS 
detectors, quantitative mineral chemical and textural analysis and mapping is possible. Drill core samples can 
be measured in their entirety (up to 15 cm long), producing maps that cover areas greater than a traditional 
polished surface, such as a polished thin section or polished block (typically 2 -5 cm), which are invaluable for 
creating contextural mineral maps. The beam interaction volume is around 20 microns in diameter, with a 
minimum spatial resolution possible down to 5 microns.  

Automated Mineralogy is an established method to map 2D polished surface of samples by Scanning Electron 
Microcopy using Energy Dispersive Spectrometry (SEM-EDS) to determine micro-composition, and to create 
mineral maps with textural details that allow for quantification of grain sizes, shapes, and associations. Grain 
boundaries, inclusions, and fractures can also be mapped. The sample is usually presented to the instrument in 
the form of a thin section or polished block. Scanning resolution can be down to as little as 1 micron, but 
typically a stepping interval greater than this is used to speed up measurement time. 
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Electron microprobe analysis (EMPA) is the most common and widely used non-destructive method for 
quantified micro-chemical analysis of minerals and solid materials utilizing the wavelength-dispersive 
spectrometry (WDS) technique. Most commonly used for spot analysis with the smallest spatial resolution of 
one to a few micrometers, recent developments allow also for sub-micrometer scale measurements as well as 
relatively quick quantified 2D mapping and profile analysis. WDS-EPMA is an important complementary 
technique for LA-ICP-MS quantified analysis, with a detection limit of a few 100 ppm, but cannot measure 
ultralight elements such a Li, Be, H and He. 

Raman spectroscopy (Raman) is a non-destructive mineral analysis technique which provides detailed 
information about chemical structure, phase identification and crystallinity. It is based upon the interaction of 
light with the chemical bonds within a material, following interaction with a laser beam focused onto the 
surface of a sample.  

Laser Induced Breakdown Spectroscopy (LIBS) is a technology gaining momentum in the mining industry after 
having much success in the oil and gas sector. The laser is focussed to form a plasma which atomizes and 
excites the sample under investigation. Typically used in field portable devices. Certain elements found in 
particular minerals respond well to LIBS, such as Li in spodumene. It was used in this study as an experimental 
method. 

Fourier Transform Infra-Red spectroscopy (FTIR) uses a monochromatic beam of light and measures how much 
of the light is absorbed, and the algorithm used to calculate this (taking raw data and making it into a spectrum 
that can be interpreted for mineralogical information) is known as the Fourier Transform. It was used in this 
study as an experimental method. 

 

7 RESULTS FOR NICKEL REFERENCE MATERIALS  

7.1 Whole-rock multi-element geochemical analysis - XRF, ICP-OES, ICP-MS  

The results of whole-rock analysis of ¼ drill core, Run-of-Mine Ore, and Nickel Concentrate are provided in 
Tables 1a-f.  

They are arranged according to the methods used, which include:  

Table 1a: Comparison of ICP-OES and ED-XRF, major oxides only 

Table 1b: Comparison of ICP-OES and ED-XRF, minor and trace elements only 

Table 1c: Additional trace elements by ED-XRF 

Table 1d. Additional trace elements by ICP-MS 

Table 1e. Trace elements by external laboratory (ICP-MS and XRF), for comparison 

Table 1f. LECO sulphur and carbon analysis, by external laboratory. 

 

Further details of the methods used can be found in the Appendix. Gold and the PGMs were not analysed for. 
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Table 1a. Major elements as oxides by ICP-OES and ED-XRF. 

 

Table 1b. Minor & trace elements in ppm by ICP-OES and ED-XRF. 

 

Table 1c. Additional trace elements in ppm by ED-XRF. 

 

Table 1d. Additional Trace elements in ppm by ICP-MS. 

 

 

Table 1e. Trace elements in ppm by XRF and ICP-MS, as supplied from an external laboratory, for comparison. 

 

 

Table 1f. Sulphur and carbon analysis by the LECO method, as supplied by an external laboratory. 

 

ICP-OES

Method Sample ID Al2O3 SiO2 TiO2 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Total

BatCirc2-Ni-ICPDrill core 2.37 42.07 0.24 15.90 0.18 23.56 10.50 0.43 0.09 0.02 95.36

BatCirc2-Ni-ICPROM ore 3.21 46.84 0.36 10.11 0.14 19.76 15.55 0.58 0.17 0.02 96.73

BatCirc2-Ni-ICPNi concentrate 0.55 15.52 0.07 45.29 0.04 7.05 2.34 0.15 0.07 0.00 71.09

ED-XRF

Method Sample ID Al2O3 SiO2 TiO2 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Total

BatCirc2-Ni-XRFsDrill core 2.37 38.84 0.22 15.70 0.17 27.76 9.36 <0.13 0.05 <0.00069 94.47

BatCirc2-Ni-XRFsROM ore 3.05 41.30 0.35 10.19 0.13 23.00 14.04 <0.13 0.18 <0.00069 92.24

BatCirc2-Ni-XRFsNi concentrate 0.98 31.74 0.12 55.55 0.01 19.32 2.94 <0.13 0.10 <0.00069 110.76

ICP-OES

Method Sample ID Ba Ce Cr Cu La Nb Ni Sc Sr Th V Y U Zn Zr

BatCirc2-Ni-ICPDrill core 30.52 82.19 3249.36 4596.23 0.00 0.00 3527.33 40.67 32.11 21.16 125.77 6.53 6.65 133.30 15.08

BatCirc2-Ni-ICPROM ore 33.81 99.11 2461.28 1897.25 8.46 0.00 2563.87 55.86 50.56 11.56 153.06 15.24 4.98 76.42 22.39

BatCirc2-Ni-ICPNi concentrate 8.39 55.81 582.37 2077.52 0.00 0.00 47992.45 6.55 19.38 60.56 65.79 1.67 13.75 433.01 15.38

ED-XRF

Method Sample ID Ba Ce Cr Cu La Nb Ni Sc Sr Th V Y U Zn Zr

BatCirc2-Ni-XRFsDrill core 38.60 2640.00 6289.00 17.50 1.90 3089.00 19.40 1.20 66.50 7.60 1.40 96.30 13.40

BatCirc2-Ni-XRFsROM ore 45.80 2355.00 1574.00 18.60 2.00 1993.00 39.70 1.70 127.10 17.40 1.10 50.10 23.60

BatCirc2-Ni-XRFsNi concentrate <6.0 870.40 12230.00 23.90 6.30 47305.92 8.80 11.60 <5.0 5.80 5.90 452.20 <0.2

ED-XRF

Method Sample ID Be Co Cs Dy Er Eu Ga Gd Hf Ho Lu Mo Nd Pb Pr Rb Sm Sn Ta Tb Tl Tm W Yb

BatCirc2-Ni-XRFsDrill core 88.30 10.90 <1.6 63.30 2.8 6.10 2.20 <1.5 0.10 <1.5

BatCirc2-Ni-XRFsROM ore 55.90 9.40 <1.4 17.10 2.9 4.40 5.80 2.00 13.90 <1.3

BatCirc2-Ni-XRFsNi concentrate 1671.00 <14 <3.3 457.00 22.8 <0.5 4.00 <3.0 1181.00 61.30

ICP-MS

Method Sample ID Ba Ce Cr Cu La Nb Ni Sc Sr Th V Y U Zn Zr

ICP-MS Drill core 35.74 4.65 3321.53 4603.99 1.92 1.26   28.55 0.53 130.39 5.86 0.17 127.18 16.06

ICP-MS ROM ore 42.17 27.27 2539.20 1885.71 10.96 1.20   49.77 1.03 164.80 15.15 0.27 72.01 23.41

ICP-MS Ni concentrate 9.26 1.94 590.79 2003.73 0.91 0.80   14.76 0.82 68.02 2.31 0.30 415.42 15.99

ICP-MS

Method Sample ID Be Co Cs Dy Er Eu Ga Gd Hf Ho Lu Mo Nd Pb Pr Rb Sm Sn Ta Tb Tl Tm W Yb

ICP-MS Drill core 0.69 207.83 0.31 0.99 0.54 0.30 5.01 1.07 0.60 0.24 0.07 9.78 4.82 18.12 0.65 2.77 0.89 2.43 0.18 0.18 0.11 0.23 52.52 0.59

ICP-MS ROM ore 0.52 127.04 0.42 3.08 1.48 0.61 5.63 3.51 0.86 0.61 0.18 3.36 20.50 11.20 4.42 6.22 3.95 2.20 0.15 0.52 0.08 0.33 53.72 1.31

ICP-MS Ni concentrate 0.61 2523.86 0.28 0.29 0.14 0.05 1.59 0.31 0.52 0.08 0.03 11.25 2.81 19.85 0.27 3.46 0.30 2.06 0.11 0.05 0.04 0.14 53.53 0.20

External Lab

Method Sample ID Ba Ce Cr Cu La Nb Ni Sc Sr Th V Y U Zn Zr

XRF/ICP Drill core 14 1 2510 5714 <1 1 2652 1 20 <10 80 <1 <10 54 2

XRF/ICP ROM ore 21 2 2520 1399 1 2 1477 1 50 <10 150 1 <10 37 30

XRF/ICP Ni concentrate 5 2 430 8162 <1 1 >10000 1 4 <10 88 <1 <10 424 4

External Lab

Method Sample ID Be Co Cs Dy Er Eu Ga Gd Hf Ho Lu Mo Nd Pb Pr Rb Sm Sn Ta Tb Tl Tm W Yb

XRF/ICP Drill core <1 121 <1 <1 <1 6 <1 <1 <1 1 <1 <1 9 1 <1 <1 1 1 <1 <1 <1 <1 <1

XRF/ICP ROM ore <1 58 <1 <1 <1 4 <1 <1 <1 1 <1 1 8 1 3 <1 <1 1 <1 <1 <1 <1 <1

XRF/ICP Ni concentrate <1 2245 <1 <1 <1 19 <1 <1 <1 3 3 1 31 <1 1 2 1 <1 <1 5 <1 <1 <1

External Lab

Method Sample ID C S

XRF/ICP Drill core 0.19 2.37

XRF/ICP ROM ore 0.15 0.88

XRF/ICP Ni concentrate 0.19 25.36
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7.2 QXRD - Mineralogical analysis 

Quantitative X-ray Diffraction (QXRD) was carried out on representative examples of all three Nickel 
Reference Materials. The Rietveld Method was used to quantify the mineral percentages, using AutoQuan 
software.  

It should be noted that pentlandite and chalcopyrite have awkwardly overlapping peaks in their 
diffractograms, and this can lead to challenges in quantification, especially when pentlandite is abundant, as in 
the case of the Nickel Concentrate. Serpentine is a highly-orientated mineral (fibrous and platy), and is 
therefore also difficult to fully quantify by QXRD, but the variety present is likely to be lizardite. Talc is also a 
tricky mineral by QXRD, and even though the values must be viewed with caution, they are considered to be 
largely reliable.  

Table 2. QXRD results, expressed as a weight percent, for each mineral phase identified. 

 

A comparison to the whole-rock geochemistry results can be found in the Appendix, along with further details 
of the sample preparation techniques used in the characterization of these samples. 

 

7.3 Scanning micro-XRF - Whole-core micro-chemical, mineral & texture imaging & analysis  

Scanning Micro-XRF was used in this study to analyse representative drill cores and create mineral, elemental 
and textural distribution maps, in a non-invasive way. The main focus was to map the nickel-bearing minerals, 
and to reveal, at the core-scale, their distribution and associations. 

With this in mind, three different Drill Cores were specifically chosen mainly because they represent examples 
of High-grade, Medium-grade and Low-grade, in terms of overall average grade (Ni-Cu), as classified by the 
Company. 

The results, shown in Figures 2 & 3, are elemental maps coloured according to elemental abundances for ease 
of viewing. The maps appear to indicate that High-grade ore is associated mostly with localized cross-cutting 
sulphide-rich veins, whereas in the Medium- to Low-grade ores, the sulphides are disseminated and are largely 
interstitial to the silicates. 

Further, it can be observed in all three ore types, that the distribution of the minerals of most economic 
interest (nickel- and copper-bearing phases, interpreted to be pentlandite and chalcopyrite, respectively), 
occur heterogeneously at the scale of a few mm-cm.    

It should be noted that each batch of Nickel Reference Material Drill Core will be accompanied by a Fact Sheet, 
and although mostly will be of Medium-grade, all three may be present in any of the cores provided. Further 
images of similar Drill Cores are shown in the Appendix. 

Sample Chlorite Quartz Plagioclase Pyroxene Olivine Actinolite Talc Serpentine Pentlandite Pyrrhotite Magnetite Pyrite Total

Drill core 8.5 0.8 1.8 32.5 17.2 28.4 TR 5.4 0.7 4.8 0.0 TR 100

ROM ore 10.5 1.1 4.5 43.0 5.3 26.1 TR 1.3 0.7 1.2 0.0 0.3 100

Ni-concentrate 4.5 0.2 0.0 4.1 0.0 1.9 16.8 0.0 22.6 45.7 1.9 2.3 100
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Figure 2.  
Scanning Micro-XRF elemental maps of three different Drill Cores, specifically chosen because they represent ores of variable grade, 
from High-grade, through Medium-grade, to Low-grade. Maps are for nickel and copper distribution, which are proxies for pentlandite 
and chalcopyrite, respectively. 



Geological Survey of Finland Towards creating a set of Battery Mineral Reference Materials  

 
9/44  

   
 April 28, 2023  

  
 
 

 
 

 

Geologian tutkimuskeskus  |  Geologiska forskningscentralen  |  Geological Survey of Finland 

 
 

 

Figure 3.  
Scanning Micro-XRF elemental maps of three different Drill Cores for iron, nickel and sulphur distribution, which allows for the 
pentlandite (purple colour) to be easily visualized.   
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7.4 Automated Mineralogy - Run-of-Mine Ore & Nickel Concentrate  

Automated Mineralogy was performed on polished blocks prepared from representative Run-of-Mine Ore 

and aliquots of the Nickel Concentrate. Full details are provided in the Appendix. 

7.4.1 Run-of-Mine Ore 
 
The Run-of-Mine Ore samples used in this study comprised medium grey, fine to medium grained rock 
fragments, along with a coarsely crystalline rock fragment 15-20cm across (Figure 4). 
 

 
 

Figure 4.   
Binocular microscope images of Run-of-Mine Ore fragments selected for polished resin impregnated blocks. 

 

The modal compositions of the sub-samples are provided in Table 3, along with a repeat analysis of the more 
coarsely crystalline ore labelled as C. 
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Table 3.  Quantitative modal abundance (area %) ROM Ore samples based on Automated Mineralogy. 

 

Sample Name Ni ROM Ore A Ni ROM Ore B Ni ROM Ore C 

Quartz 0.03 0.00 0.00 

K Feldspar 0.45 0.00 0.00 

Plagioclase 4.59 0.08 0.01 

Calcic Plagioclase 1.66 11.41 11.92 

Muscovite 0.08 0.01 0.01 

Biotite & Phlogopite 0.79 0.23 1.09 

Chlorite & Vermiculite 2.15 4.92 8.59 

Olivine 0.00 17.57 1.85 

Orthopyroxene 0.03 12.91 12.51 

Serpentine 0.01 12.46 26.14 

Clinopyroxene 67.25 1.89 10.49 

Clinopyroxene (Mid Al) 13.03 16.82 10.30 

Clinopyroxene (High Al) 7.68 19.32 14.75 

Zoisite 1.26 0.65 0.55 

Calcite 0.28 0.04 0.04 

Dolomite 0.35 0.07 0.04 

Fe Oxides 0.00 0.77 0.78 

Ti Oxides 0.30 0.29 0.24 

Cr Spinel 0.00 0.28 0.47 

Pyrite 0.01 0.02 0.01 

Pyrrhotite 0.00 0.06 0.05 

Chalcopyrite 0.01 0.01 0.01 

Pentlandite 0.02 0.04 0.03 

Sulphates & Phosphates 0.01 0.07 0.10 

Undifferentiated 0.02 0.09 0.01 

 

  



Geological Survey of Finland Towards creating a set of Battery Mineral Reference Materials  

 
12/44  

   
 April 28, 2023  

  
 
 

 
 

 

Geologian tutkimuskeskus  |  Geologiska forskningscentralen  |  Geological Survey of Finland 

 
 

 

Figure 5.   
Modal mineralogy for the Run-of-Mine Ore samples. Sample C is a second fragment of Sample B. 
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Figure 6.   
Mineral maps. (A) AMICS and (B) SEM-BSE images for Run-of-Mine Ore chip, sub-sample A. 

 

 

Figure 7.   
Mineral maps. (A) AMICS and (B) SEM-BSE images for Run-of-Mine Ore chip, sub-sample B. 

 

Grain size and association data are possible to calculate for these samples, but are not reported here given the 
low modal percentages of pentlandite & chalcopyrite in the chips, and these data can be better derived from 
the Nickel Concentrate results.  

 

 

  


