
 Discovery Internship Program  

We are seeking applicants for the student internship program of the CSIRO Mineral 
Resources Discovery Program between July 2019 and June 2020. 

Applications are open for outstanding university students (3rd year undergraduate or postgraduate level) to join 
CSIRO Mineral Resources for a 3 month internship to work on projects directly related to the Discovery Program’s 
two impact areas: Exploration through cover and Orebody knowledge. CSIRO offers a total living allowance of 
$6000 to a minimum of 3 successful interns. Note that upfront travel costs (including visas) will need to be met by 
the successful applicants. All internships will be based in Perth, Western Australia.  

 
Available projects for 2019-2020  
 
• Reaction symplectites in host rocks to the Nova and Savannah nickel sulfide ore deposits 
• REE fractionation and mobility under intense weathering 
• Tracking hydrothermal mineralizing events associated to black shales 
• Clustering of Mineralogical Data for Distinguishing Rock Types 
• Clustering with Oriented Structural Geology Data 
• Exploration Simulator in the Augmented Reality Sandbox 
• Experimental techniques in spectral geological measurements 

  Relationships between geochemical and mineralogical patterns in drill core data sets, and the potential for  
combined use for mapping hydrothermal alteration 

 Estimating grain-size differences from electrical resistivity and hyperspectral data 

 Martite-Goethite iron ore: Goethite microchemistry and Electron backscatter diffraction 

 P in iron ore 

Project descriptions are attached. 

Application process 
 
To apply for an internship, please submit the following to Anais.pages@csiro.au before 3rd April 2019:  
- Full CV, including current university course, expected completion dates, and contact details of an 

academic supervisor. 
- A cover letter, including a summary of your personal areas of research interest and how they align with 

the two impact areas of the Discovery Program. 
- Your preferred project title(s), including why you are interested in that project. 
 
Note that all interns MUST be registered as a student at a university DURING their internship, or provide 
evidence of enrolment in a university course that commences after the internship.

INSERT BUSINESS UNIT NAME 

FOR FURTHER INFORMATION 

Mineral Resources 
Anais Pages 
e  anais.pages@csiro.au 
w www.csiro.au/en/Research/MRF   

AT CSIRO, WE DO THE  
EXTRAORDINARY EVERY DAY 

We innovate for tomorrow and help 
improve today – for our customers,  
all Australians and the world.  
We imagine. We collaborate. We innovate. 

mailto:Anais.pages@csiro.au


 

 

Reaction symplectites in host rocks to the Nova and 

Savannah nickel sulfide ore deposits. 

 

Supervisors: Steve Barnes, Valentina Taranovic, Mark Pearce 

 

Symplectites are complex intergrowths of minerals that are formed by reactive breakdown of unstable 

mineral assemblages. They are commonly found in mafic intrusive rocks that have been either intruded 

at high pressures in the deep crust, or intruded shallow then metamorphosed deep. Excellent examples 

are found in the host rocks to two important Ni-Cu orebodies in Western Australia, the Nova-Bollinger 

deposit in the Albany-Fraser Orogen, and the Savannah deposit in the Halls Creek Orogen in the 

Kimberley region. In both cases, symplectic intergrowths of amphibole, spinel and pyroxene have been 

formed by high-pressure reaction between olivine and plagioclase. The aim of the project will be to solve 

two fundamental problems:  

1) Did these symplectites form by solid state reaction during high-P metamorphism of rocks 

originally intruded at lower pressure, or did they form by late stage reaction with residual magma 

during original intrusion at high pressure?  

2) What were the pressures and temperatures of formation?  

 

The project will involve the following: literature review of current thinking on symplectites; petrographic 

examination by optical microscopy and SEM; relating different types of symplectite to host rock lithology 

in the two localities using existing geochemical/petrographic data; measurement of phase proportions 

and compositions by SEM; calculation of P-T of formation using Thermocalc software. 

 

This is a self-contained body of research on an existing set of samples, expected to take about 2-3 

months, with a strong probability of a publication outcome in a major international journal, and with 

applicability to ongoing industry-funded research projects. The student will gain valuable instrumental 

and thermodynamic skills, and will have the opportunity to participate in industry-funded research.  

 

 

 

 

 

 

 

 

 

 



 

 

REE fractionation and mobility under intense weathering 
 

Supervisor: Ignacio González-Álvarez 
 

 

Rare Earth Elements (REE) are abundant in Earth's crust. Nevertheless, known economical deposits of 
such are fewer than for most other ores. This group of elements has been referred to as the “oil of the 
XXI century” due to their key use in advanced technology, which spans from production of alternative 
energy, through the communications industry, to cutting edge technology. The study and understanding 
of REE mobility and accumulation processes is fundamental in their exploration. 
 
REE have a preferred trivalent oxidation state (with the exclusion of Ce and Eu, which are redox sensitive 
and can have 2+ and 4+ forms). The original REE budget of rocks can be mobilized, dispersed, fractionated 
or accumulated under specific conditions such as in weathering, hydrothermal or basinal brines activity. 
 
Therefore, REE can be used as an efficient proxy to provide insights for geochemical dispersion processes 
in regolith and sedimentary sequences (Figure 1). This project will use available geochemical and 
mineralogical datasets from different Australian geological contexts to assess how weathering 
fractionates and accumulates REE under intense weathering, and how this knowledge can be used as a 
vector in mineral exploration. 
 

 
Figure 1. Example of a REE study in a regolith/sedimentary sequence, South Australia (González-Álvarez 

et al. 2018). 

 

 

 

 

 



 

Tracking hydrothermal mineralizing events associated to 
black shales 

 
Supervisors: Ignacio González-Álvarez, Anais Pagès, Tonguc Uysal, 

Claudio Delle Piane 
 
Exploration through transported cover is the fundamental challenge for the minerals industry in 
Australia, and is driving the restructuring of mineral exploration strategies. Geochemical footprints 
throughout the sedimentary units within basins may be locally efficient, producing metal anomalies 
vectoring towards mineralization. In order to successfully detect new mineral exploration targets in 
sedimentary basin environments, the detailed characterization of geochemical signatures is critical. To 
this end, the understanding of the sedimentary geochemistry and its evolution through the stratigraphic 
sequence is fundamental. 
 
Macallum Group is a company that is exploring for base metal deposits in South Australia, focusing on 
the Mt Sarah prospect. This area is located in the Carrapateena-Olympic Dam IOCG corridor, in a well-
known cover-dominated terrain with up to ~800 m of cover thickness. Macallum Group has drilled two 
drill holes in the Mt Sarah area in SA (Figure 1) and intersected a thick package of black shale (~450 m). 
Macallum Group has made these two drill holes available to CSIRO for further study. 
 
Using state-of-the-art equipment available at CSIRO, this initiative will assess the prospectivity of black 
shales at Mt Sarah for base metal deposits and refine our understanding of sedimentary basin evolution 
in the Carrapateena-Olympic Dam IOCG corridor. 

 

Figure 1. Location of Mt Sarah tenement (SA) with the magnetic intensity in the background. 

 

 



 

Clustering of Mineralogical Data for Distinguishing Rock 

Types 

 

Supervisors: June Hill, Andrew Rodger and Carsten Laukamp 

 

Compositional data, such as chemical or mineralogical data, holds only relative information about 

chemical or mineral content. Therefore, it must be transformed before statistical methods (including 

statistically based machine learning methods) can be applied. The log-ratio transform is the most 

common method of transformation used; however, it has the disadvantage that log ratios cannot be 

applied where there are zeros in the data. More recently, a square root transformation has been 

proposed as an alternative for compositional data (Scealy and Welsh, 2014). The square root transform 

allows compositional data to be treated as directional data because the transformation projects the data 

onto a hypersphere. A Python package has been developed for clustering on the hypersphere, based on 

a paper by Bannerjee et al. (2005). 

 

Mineral compositions of rocks typically contain many true zeros and so are particularly problematic for 

analysis. We would like to test the use of the square root transformation on multivariate mineral 

compositions prior to applying automated clustering with the intent to distinguish different rock types. 

The results can be compared to rock types logged manually by a geologist. 

 

Resources: 

Python package: spherecluster by Jason Laska https://github.com/jasonlaska/spherecluster 

Bannerjee et al., 2005. Clustering on the Unit Hypersphere using von Mises-Fisher Distributions. Journal 

of Machine Learning Research 6 (2005) 1345–1382. 

Scealy and Welsh, 2014. Fitting Kent Models to Compositional Data with Small Concentration, Statistics 

and Computing, 24, 165–197. 

 

 

 

 

 

 

 

 

 

https://github.com/jasonlaska/spherecluster


 

Clustering with Oriented Structural Geology Data 

 

Supervisors: June Hill and Neil Francis 

 

When analysing drill hole data, structural orientation measurements provide useful information on the 

subsurface architecture of geological rock units. Structural data can also be used to help predict the 

location of mineral deposits. Traditionally, structural data has been analysed by geologists using manual 

interpretation of stereonet plots. Manual interpretation is highly subjective; therefore it is desirable to 

automate interpretation in order to make this process repeatable and documentable. One of the 

fundamental interpretation steps is to segment data into different groups of structures and to 

characterise the overall orientation represented by each group. 

 

Automated clustering methods are used for segmenting data into groups with similar characteristics. 

Clustering methods typically use Euclidean distance measures for determining the similarity between 

vectors of numbers used to characterise samples. Standard clustering methods cannot be applied 

directly to structural data because it has special properties, it is spherical data (i.e. it plots on the surface 

of a sphere in 3D), and this means it requires special handling. 

 

Structural data falls within the category of data known as directional data. Fortunately, directional data 

is of importance, not just in geology, but also for analysis of data that requires normalisation before 

clustering (effectively transforming it into directional data), such as cluster analysis of large text 

documents or gene expressions. Hence there have been a number of studies into the most effective 

methods of clustering directional data. 

 

This project is to develop methods for clustering oriented structural data using the Python programming 

language. Oriented data is different to directed data in that lines (e.g. normal line to a plane) have no 

direction, i.e. the normal line to one side of the plane is equivalent to a normal line on the other side of 

the plane. 

Resources: 

Python package: spherecluster by Jason Laska https://github.com/jasonlaska/spherecluster 

Bannerjee et al., 2005. Clustering on the Unit Hypersphere using von Mises-Fisher Distributions. Journal 

of Machine Learning Research 6 (2005) 1345–1382. 

 

 

 

 

 

https://github.com/jasonlaska/spherecluster


 

Exploration Simulator in the Augmented Reality Sandbox 

 

Supervisors: Jens Klump and Ulrich Engelke 

Making the link between geological features of the sub-ground and their expression in geophysical 

potential field, e.g. gravity or magnetic, or geochemical signatures at the surface requires a conceptual 

leap that is sometimes difficult to convey. In this project, we propose to explore the use of an augmented 

reality (AR) sandbox as a visualisation and interaction tool to communicate the connection between 

subterranean geological features and their expression in geophysical and geochemical signals. The AR 

sandbox already exists and has been tested (Figure 1). 

 

 

Figure 1: Data projection on an augmented reality sandbox. 

 

Humans have an inherent capability of manipulating physical objects and materials and tangible user 

interfaces (TUIs) enable effective collaboration. Thus, AR sandboxes have shown to be effective and 

engaging tools for education and outreach. An AR sandbox is a setup where information is projected 

onto the surface of sand on a table. The projected information is updated according to the interaction 

of a user with the sand and other objects on the table. 

 

TUIs are typically application and user group specific. This project will take a user-centred design 

approach with input from geologists. Use cases for this project could be the simulation of ore bodies or 

groundwater in palaeochannels. The domain knowledge input will allow us to evaluate the value of AR 

sandboxes in teaching and in scientific discovery. 

 



 

Experimental techniques in spectral geological 

measurements 

 

Supervisor: Ian Lau 

 

Reflectance spectrometers are used for the rapid collection of mineralogy, which can for example be 

used for mapping alteration mineral footprints of hydrothermal ore deposits, ground validation of 

spaceborne and airborne spectral data sets and voluminous measurements on drill core (i.e. 

hyperspectral drill core logging).  The impacts of the measurement technique on the results for these 

spectrometer has many uncertainties.   

 

This project would involve the undertaking of a range of spectral measurements, using the wide range 

of spectrometers at the disposal of CSIRO Mineral Resources in Kensington on different geological and 

standard materials which have undergone varying treatments.  The materials consist of pure mineral 

samples from a range of exotic locations and world-class mineral deposits, which make up a spectral 

reflectance reference library, and calibrated laboratory standards.  The data from the measurements will 

be published on an online spectral library of minerals and materials.   

 

The aim of the study is to improve the understanding and estimation of the uncertainty in spectral 

measurement techniques, with the results from this work used for the publication of guidelines in 

spectral measurements.  The student will become familiar with the operation of different kinds of 

instrumentation and software and the processing of their subsequent data.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Relationships between geochemical and mineralogical 

patterns in drill core data sets, and the potential for 

combined use for mapping hydrothermal alteration 

 

Supervisors: Carsten Laukamp, Jessica Stromberg 

 

Geochemical analysis is probably the most common way of determining the composition of rocks. In 

addition, geochemical indices are used for exploration targeting. The relationship between geochemistry 

and hyperspectral reflectance spectroscopy is straightforward in that absorption features that constitute 

a reflectance spectrum are largely the result of electronic and vibrational modes. The frequency (or 

wavelength position) of electronic modes depends on the nature of the respective transition metal and 

the type, position and symmetry of the coordinating ligands. The frequency (or wavelength position) of 

vibrational modes depends mainly on the nature of the elements in a chemical bond and on the bond 

length in the respective functional groups (i.e. molecules causing the respective absorption). A 

commonly used example of extracting geochemical information from reflectance spectra is inferring the 

Mg# (Mg/(Mg+Fe)) in chlorites from the wavelength position of a major SWIR absorption feature at 

around 2250 nm (McLeod et al., 1987). The direct linkage between reflectance spectra and geochemistry 

allows the modelling of geochemical indices from hyperspectral data (e.g. Laukamp et al., 2017). 

 

A number of hyperspectral drill core data sets publically available from the National Virtual Core Library 

via AuScope’s Discovery portal (https://goo.gl/CCsHdv) have associated geochemistry. An example is ten 

drill cores from GSNSW where a large range of major (Al, Fe, K, Mg, Mn, Na, P, S) and minor/trace (As, 

Ba, Be, Bi, Cd, Co, Cr, Ga, Ge, Hf, In, Li, Nb, Rb, Sb, Sc, Se, Sn, Sr, Ta, Te, Th, Ti, U, V, W, Y, Zr) elements 

are available. Major commodities (e.g. Ag, Au, Cu, Mo, Ni, Pb, Zn) are available from a number of drill 

cores (Ag = 60, Au = 56, Cu = 69, Mo = 30, Ni = 16, Pb = 70, Zn = 64). The aim of this project is to further 

the understanding about the physicochemical relationships between reflectance spectral signatures and 

geochemistry. This will aid the interpretation of both data sets and potentially help to design higher level 

products that are based on combined hyperspectral and geochemical data. There’s potential for 

identifying previously unknown physicochemical vectors towards hydrothermal mineral deposits. 

Resources: 

Laukamp, C., Beattie, E., Lau, I.C., Mason, P., 2017. Modelling geochemical indices from hyperspectral 

reflectance spectra - applications for exploration and mining.- SEG2017, 17.-20.09.17, Beijing, 2 pages. 

McLeod, R. L., Gabell., A.R., Green, A.A., Gardavsky, V., 1987, Chlorite infrared spectral data as proximity 

indicators of volcanogenic massive sulphide mineralisation, Pacific Rim Congress ’87: Gold Coast, 

Queensland, p. 321-324. 

 

https://goo.gl/CCsHdv


 

 

Estimating grain-size differences from electrical resistivity 

and hyperspectral data 

 

Supervisors: Carsten Laukamp, Lionel Esteban, Bobby Pejcic 

 

Reflectance spectroscopy is applied throughout the mine life cycle for collection of mineralogical data 

from various sample media, ranging from exploration drill cores and blast holes to mine face imagery. 

Applied remote and proximal sensing systems collect reflectance spectra across different wavelength 

ranges including the shortwave (SWIR, 1200 to 2500 nm), midwave (MIR, 2500 to 6000 nm) and thermal 

infrared (TIR, 6000 to 16000 nm), depending on the respective technology. 

 

Grain size is an important parameter for understanding the depositional environments of sediments, 

which is important for the hydrocarbon sector (Laukamp et al., 2018) but also for the processing of ore 

in, for example, iron ore or hydrothermal mineral deposits. 

 

Furthermore, understanding the grain size-related changes of the infrared spectral signatures is crucial 

for accurate mineral characterisation and quantification by means of reflectance spectroscopy. The 

estimation of kaolinite, is important for a variety of mineral deposit types, as its presence can reduce the 

value of bulk commodities (e.g. iron ore) or can be detrimental for ore processing (e.g. flotation and 

comminution in porphyry copper deposits) (Laukamp et al., 2018). 

 

The aim of this project is to use two independent methods for estimating grain size of minerals, namely 

electrical resistivity and hyperspectral reflectance spectra. For this, drill core data sets publically available 

from the National Virtual Core Library via AuScope’s Discovery Portal (https://goo.gl/CCsHdv) will be 

investigated and drill cores sampled for further analysis at CSIRO’s labs at the Australian Resources 

Research Centre in Perth, Western Australia.  

 

Resources: 

Laukamp, C., Lau, I.C., Stolf, M., Green, A. (2018): Impact of grain size variations of quartz on estimation 

of kaolinite content from infrared spectral signatures.- IMA 2018, 13.-17.08.2018, Melbourne. 

 

 

 

 

 

https://goo.gl/CCsHdv


 

Martite-Goethite iron ore: Goethite microchemistry and 
Electron backscatter diffraction 

 

Supervisors: Erick Ramanaidou, Mark Pearce 

 

Iron Ore mining in Western Australia represents A$60b, 900 Mt of ore and employs 50% of the 105,000 

of the people directly involved in mining in WA and dwarfs all other commodities. The martite–goethite 

BIF-hosted iron ores are very common in Western Australia. They represented the bulk of the direct 

shipping ore products exported from Australia in 2017 and will very likely remain so for the next few 

decades. These deposits are hosted in the Precambrian Marra Mamba and Dales Gorge banded iron-

formations (BIF). One of the main characteristics of the martite-goethite ores is that the original texture 

of the BIF is fully preserved. While primary hematite is unchanged, primary magnetite has oxidized to 

martite and the gangue minerals such as chert, silicates, and iron-rich carbonates are pseudomorphed 

by goethite. There is a compositional variation of goethite pseudomorphs and the composition of 

goethite reflects the minerals it has replaced but it is still not understood if the goethites have also kept 

the crystallographic memory of the minerals they replace. This project is aimed at refining the 

microchemistry of the various goethites as well as the crystals orientation of the goethites using Electron 

backscatter diffraction or EBSD (Figure 1). 

 

 

Figure 1: Quantitative microstructural analysis (Electron Backscatter Diffraction- EBSD) analysis in a 

Scanning Electron Microscope showing the martitisation process (magnetite to hematite 

transformation). 

 

 

 

 



 

P in iron Ore 

 

Supervisors: Erick Ramanaidou, Belinda Godel 

 

Iron Ore mining in Western Australia (WA) represents A$60b, 900 Mt of ore and employs 50% of the 

105,000 of the people directly involved in mining in WA and dwarfs all other commodities. Some WA 

iron ore deposits are phosphorus-rich and attract financial penalties from the Chinese and Japanese steel 

mills as phosphorus (P) is a deleterious element during steel production. Understanding P occurrence 

and distribution in iron ore will provide vital clues for finding processing methods for its removal. In this 

project, a large range of 2D and 3D sophisticated techniques such as (1) 2D chemical analyses by 

MicroXRF, Scanning Electron Microscopy and Hyperprobe (Figure 1); (2) 2D mineralogical analyses by 

hyperspectral imaging, Raman and FIR spectroscopies and (3) 3D textural analyses by 3D X-ray micro-

computed tomography system will be used to characterise P in iron ores. 

 

 

Figure 1: Backscattered electron image and, Fe, P and Ca elemental mapping using a Hyperprobe. 

 


