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Director's Report
Dr Ioan Sanislav

The last few months have been challenging for EGRU 
with one of the EGRU directors and a long-standing 
staff member within geoscience, Professor Paul Dirks, 
falling sick in June. Paul is recovering well, spending 
well deserved time with his family and we are looking 
forward to seeing Paul back at work early next year. I 
think I speak on behalf of everyone in  wishing Paul a 
speedy recovery.

Staff changes include the resignation of Dr Jan Marten 
Huizenga and the appointment of Dr Melanie Finch. 
Jan Marten Huizenga has moved to Norway where he 
has taken up an academic position at the Norwegian 
University of Life Sciences. Jan Marten has been 
a valuable member of EGRU and the geoscience 
department and, during his time at JCU, was involved 
in many research projects in the Mount Isa region 
and NE Queensland. Jan Marten will continue to be 
involved with EGRU through student supervision and 
collaborative research projects. 

Dr Melanie Finch comes to us from Monash University, 
where she completed her PhD in structural and 
metamorphic geology and worked as a researcher 
and lecturer over the past few years. Melanie brings  
valuable experience in modelling shear zone systems, 
and in metamorphic processes and fluid flow, skills 
that align really well with EGRU strengths and 
research directions. Melanie is also actively involved in 
promoting women in science and building a stronger 
community of women geoscientists in Australia. She 
will move to Townsville in January next year and is 
eager to get involved with EGRU activities.

One of the highlights of the last few months was the 
Mineral Systems of Mount Isa Inlier workshop held in 
Mount Isa in May.  The workshop was a success, with 
participants from eighteen mining companies, three 
universities and two government organizations. There 
was a great programme of speakers with interesting 
presentations that stimulated some lively discussions. 
A special thank you to Judy Botting for her hard work 
putting this event together and ensuring that everything 
ran like clockwork.  Thank you also to the Department 
of Resources for allowing us to use the Mount Isa core 
facility for core viewing.  On the same theme, we are 

planning to hold a similar workshop in Charters Towers 
aimed at bringing together explorers and researchers 
working in NE Queensland.

On the research front we are very busy with ongoing 
projects in the Mount Isa region and NE Queensland. 
Some exciting results are coming out of our research 
projects on Cu and Zn isotopes in mineral systems in 
the Mt Isa Inlier, as well as from our research on critical 
minerals in NE Queensland. In addition, a new ARC 
Linkage project is being developed with partners from 
mineral industry and government organizations. 

Another area of development is the short courses 
where our EGRU manager, Kaylene Camuti, has 
done a tremendous job in organizing and developing 
a  portfolio of offerings to address mineral industry 
needs.  The EGRU courses have attracted increasing 
numbers of delegates this year, and new courses are 
being developed. Keep an eye open for upcoming new 
offerings in 2022. 

Overall, it has been a good year for EGRU with successes 
on the research front and short course offerings, new 
staff appointments, and exciting ideas to take us into 
the next year.  

Opportunities for Students and 
Researchers

EGRU has student projects in a range of 
geoscience disciplines, including a number of 

Honours projects in industry-related topics 
(see pages 5 & 42).

EGRU also has an opportunity for an 
enthusiastic postdoctoral researcher to become 
involved in EGRU's growing research portfolio 

(see page 42).
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Honours in Earth and Environmental Science (Geoscience)
College of Science and Engineering
James Cook University, Townsville

There are many good reasons to spend a year researching a particular question in depth 
and it is a great way to understand how scientific research is conducted.

The Economic Geology Research Centre (EGRU) invites students interested in completing 
Honours at JCU to contact the Honours Coordinator, Dr Helen McCoy-West (helen.
mccoywest@jcu.edu.au) to discuss their interests and review the range of research 
projects we have available.

The aim of the Honours Program in Earth and Environmental Science is to encourage and 
support a student to:

• develop their ability to undertake independent research;

• develop essential research and report writing skills;

•  enhance their fundamental and applied geoscience skills by including coursework as 
part of their professional development;

• complete a thesis to demonstrate their potential as a scholar or researcher. 

As a graduate looking for career opportunities and employment, it is valuable to 
demonstrate you have an ability to write coherently and achieve a complex goal through 
independent investigation, using resources effectively, and meeting deadlines. Taking part 
in the Honours Program will help you to develop these skills and competencies.

While studying an Honours degree you will be associated with EGRU, a service and 
information centre for the resources industry.  EGRU has a long and distinguished history 
in providing high quality and industry-oriented research and training. Many of the major 
Australian resource companies are long standing members of EGRU,and current members 
include Mount Isa Mines-Glencore, South32, Rio Tinto Exploration, Anglo American 
Exploration and Evolution Mining.

The Honours Program is available as full-time or part-time study and each year applications 
are accepted for Study Periods 1 and 2. 

More information can be found at:
jcu.edu.au/economic-geology-research-centre/honours-and-post-graduate-study
jcu.edu.au/courses/study/geoscience
jcu.edu.au/course-and-subject-handbook

EGRU
College of Science & Engineering
James Cook University
Townsville QLD 4810EGRU.com.au

mailto:helen.mccoywest%40jcu.edu.au?subject=
mailto:helen.mccoywest%40jcu.edu.au?subject=
https://www.jcu.edu.au/economic-geology-research-centre/honours-and-post-graduate-study/research-projects
https://www.jcu.edu.au/economic-geology-research-centre/honours-and-post-graduate-study/research-projects
https://www.jcu.edu.au/economic-geology-research-centre/honours-and-post-graduate-study
https://www.jcu.edu.au/courses/study/geoscience
https://www.jcu.edu.au/__data/assets/pdf_file/0004/1010965/2021-Honours-Handbook.pdf
http://egru.com.au
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Prof. Paul Dirks
Structural geology, geodynamics and the tectonic history of cratonic 
terrains and adjacent mobile belts, and associated mineralisation 
patterns. 

A/Prof. Eric Roberts
Clastic sedimentology, sedimentary provenance, core logging, 
stratigraphy, U-Pb zircon geochronology, petroleum geology 
palaeontology, regional correlation.

Dr Ioan Sanislav
Structural geology and tectonics with a focus on field geology, 
structural controls on mineralised systems and the tectonic evolution 
of Proterozoic and Archean terranes.

Dr Brandon Mahan Isotope geochemistry, biogeochemistry, structural geology, isotope 
metallonics.

Dr Helen McCoy-West Igneous petrology, economic geology, geochemistry, ore microscopy, 
hydrothermal fluids.

Dr Espen Knutsen Verterbrate palaeontology; diversity, evolution and ecology of 
Mesozoic vertebrates.

Dr Huiqing (Jeff) Huang
Geochemistry and igneous petrology, supervision of geochemical/
mineralogical processing laboratories and provision of specialised 
technical support for research projects.

Dr Alex McCoy-West Geochemistry, including radiogeniadiogenic (Sr-Nd-Hf-Pb-Os) and 
novel stable (Fe, Zn, Mo, and Nd) isotope systems.

Research Staff

Photos: Robbie Coleman, EGRU JCU
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The Mineralisation Potential for Ni, Sc, Cr and Co of Ultramafic Complexes in NE QLD NE Qld

The Potential for Indium Mineralisation in the Herberton Mineral Field (Bal Gammon) NE Qld

Intrusive-Related Precious and Base-Metal Mineralisation in NE Qld NE Qld

Metal Isotopes as Vectors to Mineralisation NW Qld 

Tick Hill Gold Deposit NW Qld 

Structural Paragenesis of the Dugald River Zn-Pb-Ag Mine, Mount Isa Inlier NW Qld

Halogens in the Williams Batholith, Mount Isa Region NW Qld

Geology of the Tommy Creek Block, Mount Isa Inlier NW Qld

The Origin of Breccia Deposits in the Mary Kathleen Domain NW Qld 

Identifying Hydrothermal Fluids in the Cloncurry District NW Qld 

Jurassic Arc? Reconstructing the Lost World of Eastern Australia Eastern Australia

Thermodynamic Modelling of Fluids in Hydrothermal Systems Various

The Role of Fluids in the Lower Crust Various

Geochronology of Mineralisation Processes Various

Conglomerate Hosted Gold WA

Seismic Stratigraphy and Petroleum Systems of the Mentelle Basin, Southwest WA WA

Establishing a Tectonic Framework for the Cretaceous Break-up of Eastern Gondwana SW Pacific

Stratigraphy and Sedimentary Basin Analysis of Qld's Jurassic to Cretaceous Basins Queensland

Seismic Stratigraphy of the Great Barrier Reef Queensland

Earthquake Hazard Mapping and Modelling to Support Qld Rail's Infrastructure Queensland

Nb and Ta Mineralisation in Neoproterozoic Granites in Egypt Egypt

Formation of Graphite Deposits in Sri Lanka Sri Lanka

Adamantine Energy & Heritage Oil Project Africa

Jurassic-Cretaceous Tectonics, Paleogeography and Landscape Evolution, Central Africa Africa

Dating hominin fossils in Africa Africa

Sedimentary and Magmatic History of the Rukwa Rift Basin Tanzania

Research Projects

Photos: L - Robbie Coleman, EGRU JCU; R - Hans Dirks, EGRU JCU
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Extracts from:

Structural Geology Applied to the Evaluation of Hydrothermal Gold 
Deposits
T. G. Blenkinsop1, N.H.S. Oliver2,3,  P.G.H.M. Dirks2,  M. Nugus4, G. Tripp5, and I. Sanislav2; 

1School of Earth and Ocean Sciences, Cardiff University, UK;  2EGRU, James Cook University, Australia;  3HCOV Global, 
Consultants, Australia; 4AngloGold Ashanti, Strategic Technical Group, Australia; 5Woodvale, Western Australia

The following article consists of excerpts from a recently 
published paper by EGRU researchers and colleagues.  
The complete paper is available as  Chapter 1 in Applied 
Structural Geology of Ore-Forming Hydrothermal Systems, 
Reviews in Economic Geology, v 21, pp1-23, published by 
the Society of Economic Geologists, https://www.segweb.
org/store/SearchResults.aspx?Category=REV21-PDF 

Introduction
Structures have been widely recognized as one of the 
most important controls on hydrothermal gold deposits 
(Stillwell, 1918; Groves and Phillips, 1987; Colvine, 
1989; Gustafson, 1989; Robert et al., 1995; Vearncombe, 
1998), and they are commonly regarded as fundamental 
to exploration (e.g., Weinberg et al., 2004). Nevertheless, 
some publications on these deposits underemphasize 
or ignore the role of structures and lack the detailed 
mapping that reveals the importance of structure, while 
in others it becomes a rather exclusive focus. Studies 
that integrate structural geology with petrography, 
geochemistry, and geochronology offer the greatest 
potential insights into ore genesis (e.g., Craw et al., 
1999; Kolb et al., 2000; Bateman and Hagemann, 2004; 
Oliver et al., 2015). 
A dissenting view of the role of structural geology in 
gold exploration is offered by Vearncombe and Zelic 
(2015), who, while advocating the primacy of structural 
controls, argue that none of 10 structural geology 
paradigms in the last 60 years have led to the discovery 
of gold deposits. 
These varying perspectives make an interesting context 
in which to review the role of structures in the formation 
of hydrothermal gold deposits. Many excellent papers 
address fluid flow, structures, and gold deposits (e.g., 
Groves and Phillips, 1987; Sibson et al., 1988; Witt 
and Vanderhor, 1998; Cox, 1999), but there does not 
appear to be a review paper that links geometry, strain, 
stress, and rheology to structural controls on gold 
mineralization.
Tectonic controls on hydrothermal deposits are also 
perceived to have profound and commonly simple 
exploration implications (e.g., Czarnota et al., 2010), 
such as that gold deposits are associated with particular 
tectonic regimes or tectonic events. Tectonics is 
generally considered on a larger scale than structural 

analysis, which raises important questions about the 
scales of spatial and temporal variability in tectonic 
regimes in relationship to tectonic controls on gold 
mineralization. 
The aim of this review is to demonstrate how principles 
of structural geology can be applied to understanding 
hydrothermal gold deposits, including some new 
concepts in structural geology that may be important, 
although they are not yet widely tested. The question of 
which spatial and temporal scales are most relevant to 
the mineralizing processes is discussed through some 
case studies. 
An outcome of the earlier parts of the paper is a 
workflow for applying structural geology to gold 
deposits. Although some aspects of the review apply to 
epithermal and Carlin-type gold deposits, the emphasis 
is strongly on lode gold deposits (including associated 
disseminated deposits; Bierlein and Maher, 2001), 
which have been commonly described as mesothermal 
and orogenic (Groves et al., 1998). Intrusion-related 
gold deposits are not explicitly considered, even though 
they may have strong structural controls (Stephens 
et al., 2004). The deposits described here are bedrock 
gold deposits (Poulsen et al., 2000) and also gold-only 
deposits (Phillips and Powell, 2015). 
Problems with classification of gold deposits are 
considered by Poulsen (1996) and Groves et al. (1998) 
but are not addressed here.

Why Structural Geology is so Important 
for Gold Deposits:  Crustal Permeability, 
Fluid Flow, and Deformation
Permeability, the material property that links fluid 
flow to differences in fluid pressure, is central to 
understanding the structural geology of hydrothermal 
orebodies. Permeability in the crust is spatially 
and temporally heterogeneous and anisotropic 
(Ingebritsen and Manning, 2010; Farrell et al., 2014). In 
addition to these inherent problems of characterizing 
permeability, there are many ways to estimate this 
property, which give different results: e.g., from the 
record of geochemical reactions (Dipple and Ferry, 
1992), by laboratory measurements (e.g., Brace, 1980), 
by in situ measurements, and by natural and induced 

https://www.segweb.org/store/SearchResults.aspx?Category=REV21-PDF 
https://www.segweb.org/store/SearchResults.aspx?Category=REV21-PDF 
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cont'd...Structural Geology & Gold Deposits

seismic effects. Each of these determinations assesses 
permeability on different time and spatial scales, in 
approximately increasing order of scale. Laboratory 
measurements on centimeter-scale samples are 
clearly unrepresentative of bulk crustal rock; this 
discrepancy between lab and in situ measurements 
is well summarized in Townend and Zoback (2000), 
who demonstrate that the latter are at least two to 
three orders of magnitude greater. Determination of 
the confining pressure effect on permeability has been 
hampered until recently by experimental procedures 
(Mitchell and Faulkner, 2008). 
Ingebritsen and Manning (2010) therefore distinguish 
between mean permeability measurements of 
continental crust and measurements of elevated, 
transient crustal permeabilities. The former can be 
approximated by the Manning and Ingebritsen (1999) 
empirical calibration of permeability (k, m2) with 
depth (z, km), which seems to hold up quite well in 
comparison to a variety of in situ determinations 
(Townend and Zoback, 2000):

log k = −3.2 log z – 14.    (1)
This equation gives typical permeabilities on the order 
of 10–16 to 10–18 m2 for metamorphic rocks in mid- 
to upper crustal conditions (5–20 km depth) in which 
many hydrothermal gold deposits formed. A lower 
value of 10–19 m2 is calculated from metamorphic 
reactions (Yardley, 1986). Below 15 km, k = 10–18.3 m2 
is a good fit to the data (Ingebritsen and Manning, 
2010). With this value, D’Arcy flow of sufficient volume 
of fluid to form a 10-Moz gold deposit through intact 
rocks would require 20 to 200 m.y. for fluid pressure 
gradients of 10 to 100 MPa/km (given by the difference 
between lithostatic and hydrostatic pressures at depths 
of 5–20 km) (see also Cox, 1999).
Transient crustal permeabilities may be estimated 
(Ingebritsen and Manning, 2010) as the following:

log k = −3.2 log z – 11.5.    (2)
Below 10 km, transient permeability can be 
approximated as 10–16 m2. If these values of transient 
permeability could be maintained, only 0.9 to 9 m.y. 
would be required to form a 10-Moz gold deposit. A 
more sophisticated analysis that takes into account 
time-dependent healing after earthquake-generated 
permeabilities of 10–13 m2 suggests that such a gold 
deposit could form within hundreds of thousands of 
years (Micklethwaite et al., 2015). 
Continuous fluid flow over hundreds or even tens of 
million years is probably unrealistic for the formation 
of even large gold deposits. The above calculations 
and permeability requirements emphasize why 
hydrothermal gold deposits require deformation for 
their formation, and why they are so strongly controlled 

by structures such as fault and shear zones (e.g., Sibson, 
1987; Hodgson, 1989; Poulsen and Robert, 1989; Robert 
et al., 1995; Cox, 1999). Permeability may also be created 
by metamorphic reactions, but these are unlikely to be 
significant for the formation of orebodies (Yardley and 
Cleverley, 2013), although metamorphic fluids have 
been considered as one of the key transporting agents 
for gold (Phillips and Groves, 1983; Pitcairn et al., 2006; 
Phillips and Powell, 2015). Mobile hydrofractures—
fluid-filled fractures that propagate at ms–1 by opening 
at their upper tip and simultaneously closing at their 
lower tip (Bons, 2001; Oliver and Bons, 2001)— may 
be another way in which fluids can be transferred 
rapidly through the crust; these too will have structural 
controls.
Experimental work suggests limitations on the types 
of deformation-induced permeability required to 
form gold deposits. Despite prefailure increases in 
permeability of two orders of magnitude, in granites, 
at least, permeability is still very low when laboratory 
samples are loaded up to sample failure (Mitchell and 
Faulkner, 2008). Even after failure, permeability along 
fault planes is still not greater than crustal values. These 
two observations imply that pervasive microcracking 
may not be adequate to explain permeability 
requirements for making an orebody, and hence larger-
scale structures are required. The experiments also 
indicate the important role of cyclic loading in building 
up permeability. There is some consistency between 
these experiments and the damage mechanics models 
of Sheldon and Micklethwaite (2007). These authors 
suggest that gold mineralization is hosted on small-
displacement structures around jogs in major faults. 
While transient, deformation-controlled permeability 
is critical to forming an orebody, comparable issues 
need to be investigated about alteration patterns, which 
are typically on a larger scale than the orebodies but 
also reflect fluid-rock interactions.

Applying a Classic Structural Geology 
Approach  to Gold Deposits
A classic approach to structural geology distinguishes:
1.      geometric description (types, 

dimensions, orientations, and spacing 
of structures and of orebodies), 

2.    kinematic inference (displacements, 
displacement fields, and strain), and 

3.       dynamic analysis (stress),
and relates kinematic analysis to dynamics in 
4.    a rheological analysis (e.g., Tikoff et al., 2013). 
Successful progression through all four stages would 
achieve complete mechanical understanding of a 
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Structural Geology & Gold Deposits...cont'd

problem, but the sequence becomes increasingly difficult 
to achieve as it is followed through. In the context of 
ore deposits, kinematic analysis is commonly limited 
to understanding deformation zone displacements. 
Dynamic analysis has concentrated on fault-controlled 
mineralization (e.g., Sibson et al., 1988) and has 
otherwise been the preserve of the numerical modeling 
community (e.g., McLellan et al., 2007). It is argued 
below that all three stages are potentially important for 
understanding ore genesis and for exploration.

Geometry
The geometry of structurally controlled orebodies can 
be approximated as planar (related to unconformities, 
lithological contacts, fractures, veins, deformation 
zones, fold hinge surfaces) or linear (related to 
deformation zone bends, stepovers, or intersections, 
fold hinges, boudin necks) at some scale (Fig. 1). The 
geometry of planar deformation structures that control 
gold mineralization can be conveniently divided into 
those of individual features (fractures/faults, veins, 
stylolites, foliations), deformation zones and groups of 
deformation zones, or networks (Fig. 2). All of these 
structures are associated with strain localization at 
some scale.
For additional sections in this chapter...

- Deformation zones
- Orebody geometry
- Network topology
...see Reviews in Economic Geology, v 21, pp3-6

Kinematics
The kinematics of deformation zones and networks 
during mineralization, in combination with their 
geometry, determine sites of deformation-enhanced 
permeability. Dilational stepovers (jogs) and bends 
in deformation zones (e.g., Weinberg et al., 2004) 
are commonly regarded as particularly favorable for 
mineralization, but fracturing and permeability are also 
created at contractional stepovers and bends (e.g., Ford et 
al., 2009). Deformation zone roughness or nonplanarity 
can therefore be an important aspect of prospectivity. 
Deformation zones represent crustal weaknesses 
that may be reactivated many times. Distinguishing 
between pre-, syn-, and postmineralization kinematics 
is therefore important, especially when mineralization 
has occurred in repeated events or gold has been 
remobilized. Mineralization needs to be placed in a 
complete kinematic history by analysis of relative age 
via overprinting relationships and timing compared 
to geologic events such as intrusions (e.g., Miller and 
Wilson, 2004) and by absolute age dating (e.g., Morelli 
et al., 2010). A rigorous application of structural 
geology to understanding hydrothermal mineral 
deposits results in terminology (D1, D2, Dn, S1, S2, Sn, L1, 
L2, Ln, etc.; Table 1) that can appear to verge on jargon 
to the nonspecialist, but in many cases this notation is 
an efficient if not essential way to present a complex 
spatiotemporal sequence in an orderly fashion. New 
understanding of the kinematics of individual 
deformation zones and their networks has 

Fig. 1.  A spectrum of structures that may control hydrothermal mineralization. The top row indicates planar features 
(mineralization as yellow polygons), and the lower row shows linear features (mineralization as yellow ellipsoids).



special significance for interpreting synkinematic 
mineralization. 
For additional sections in this chapter...

- General shear
- Conjugate and polymodal networks
...see Reviews in Economic Geology, v 21, pp7-10

Dynamics
It is difficult to overemphasize the importance of the 
fault valve model (Sibson et al., 1988) for the insights 
that it has brought to understanding the dynamics of 
gold mineralization. Four major perceptions that come 
from this model are as follows: 
1. Transient permeability for large fluid fluxes 
is created by movement on deformation zones. This 
has obvious exploration implications: geometries of 
favorable deformation zones may combine continuous 
and discontinuous deformation, as commonly observed 
(e.g., Robert et al., 1995).
2. Reactivation and repeated deformation 
characterize the formation of orebodies. This point 
has important implications for deciphering structural 
histories, in which changes in kinematics and stresses 
during a mineralizing event should not be mistaken for 
longer-term distinct orogenic episodes.
3. Fluid pressure fluctuations, perhaps associated 
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cont'd...Structural Geology & Gold Deposits

Table 1.  Deformation and intrusive events at Sunrise Dam Gold Mine, 
Western Australia.

Event Kinematics Regime σ1 Φ

Extension EW extension

D6? Dextral conjugate faulting

D5 Sinistral faulting Strike-slip SE 0.95

D4b
Dextral faulting (late stage)
Reactivation and extension

D4b Dextral faulting (early stage) Strike-slip ENE 0.95

Porphyry Dike intrusion 2674 ± 3Ma

D3 Thrusting and sinistral wrenching Strike-slip SE 0.5

Porphyry

D2 Regional EW shortening

D1 NW thrusting or extension

with the seismic cycle and involving supralithostatic 
pressures, are critical. This point suggests that 
unfavorably orientated structures, requiring high fluid 
pressures for reactivation, may be preferred structures 
for orebodies. 
4. Fluid pressure decrease leads to gold 
precipitation. This mechanism may explain contrasting 
styles of orebodies in the same deposit. Vein-hosted 
gold may form by pressure decrease, while replacement 
ore may form from fluid-rock interaction. ...
...see Reviews in Economic Geology, v 21, pp10-11

Reactivation and Multiple 
Mineralizing Events
It is obvious from many hydrothermal gold deposits 
that structures that formed in earlier tectonic events 
are reused by fluids and localize mineralization during 
a subsequent deformation or mineralization event. A 
clear signpost to the importance of such reactivation is 
synmineralization deformation of zones in unfavorable 
orientations, i.e., orientations that have lower ratios of 
shear to normal stress than the optimum orientation. 

...see Reviews in Economic Geology, v 21, pp11-12

A general prerequisite for reactivating faults is a 
reduction in either or both cohesion and coefficient of 
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Structural Geology & Gold Deposits...cont'd

internal friction along the reactivated fault ; otherwise, 
new faults will form in intact rock rather than older 
structures being reactivated. In all cases, it is apparent 
that a range of orientations can be reactivated for a fault 
that is weaker than intact rock in a given stress state. 
Reactivation may therefore be common where there are 
preexisting discontinuities in a variety of orientations. 
For very unfavorable orientations, reactivation will 
require supralithostatic pressure (Sibson, 1985).

...see Reviews in Economic Geology, v 21, pp12-13

Advances in dating mineralization have made it clear 
that the endowment of several major gold deposits or 
gold fields has accumulated in distinct events separated 
by tens or even hundreds of millions of years. For 
example, Frei et al. (1998) showed that Archean gold 

mineralization at 2.60 Ga in the Kimberly-RAN mines 
in Zimbabwe was followed by early Proterozoic gold 
deposition at 1.96 Ga. In the central Victorian gold 
field, Australia, initial gold mineralization occurred 
in the Late Ordovician, during the early stages of the 
accretionary development of the Lachlan fold belt, 
followed by Late Devonian mineralization at 376 
Ma (Arne et al., 2001). In the Meguma terrane, Nova 
Scotia, mineralization occurred at two times in the 
Devonian, 407 and ca. 380 Ma (Morelli et al., 2005). 
These are correlated with regional Acadian orogenesis 
and granite intrusion/high-grade metamorphism, 
respectively. Reactivation is likely to be a key to adding 
extra resources in situations of multiple mineralizing 
events.  

Fig. 2.  Planar deformation structures that may control gold mineralization. Top row shows individual eatures, 
middle row shows deformation zones, and lower row shows networks of zones, as labelled. The features are 
arranged within rows from discontinuous on the left to continuous on the right.  
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Thermodynamics: 
An Integrated Approach 
A systems approach to hydrothermal gold 
mineralization has been advocated for some time (Fyfe 
and Kerrich, 1976; Wyborn et al., 1994; McCuaig and 
Hronsky, 2016), but many studies are qualitative and 
have focused on exploration implications rather than 
on genetic understanding of mineralization (Wyman 
et al., 2016). The systems approach clarifies that the 
formation of an orebody involves many feedbacks 
and is likely to be highly nonlinear (Ord et al., 2012). 
Nonequilibrium thermodynamic approaches to 
deformation (Hobbs et al., 2011) and mineralization 
(Ord et al., 2010, 2016) offer a chance to quantify 
a systems analysis and to use it to understand the 
fundamentals of forming an orebody (Fig. 3). The 
model proposed by Ord et al. (2012, 2016) and Lester et 
al. (2012) treats orebody formation as an open system 
reactor in which a sustained flux of reactants and 
energy creates alteration through exothermic reactions 
initially, which subsequently undergo competition from 
endothermic ore precipitation reactions. Deformation, 
fluid transport, heat, and chemical reactions are all 
coupled (Fig. 3). A prediction of this approach is 
that orebodies are multifractal and have spatial scale 
invariance (Munro et al., 2018).   

Spatial and Temporal Variability 
in Tectonic Controls on 
Hydrothermal Gold Deposits 

...(see Reviews in Economic Geology, v 21, pp13-16)

Workflow
The suggested workflow (Fig. 4) includes the main 
methods used in structural analysis of gold deposits, 
arranged in order of a classic structural geology 
approach. However, we wish to emphasize that this is 
not a prescription. Some methods suggested may be 
simply inapplicable, e.g., if core is not available. The 
following brief comments on the workflow are mainly 
intended to give examples and indicate some useful 
resources. 

Data acquisition
In the context of mapping for structural analysis of gold 
deposits, it is especially important to focus on lithology 
and alteration because of their significance for rheology 
and fluid flow (e.g., Kisters et al., 2000) in addition to 
the usual mapping of contacts, fabrics, and deformation 
zones. It is worth spending a significant amount of time 
to define a consistent lithostratigraphy, for which cores 
may be the best resource since they provide continuous 
material that is commonly fresh.

Even the most fragmentary and weathered outcrop 
can be invaluable in regions of poor outcrop. There is 
commonly a good case for mapping on several different 
scales, because outcrops can vary from complete, e.g., 
in 3-D underground, to very poor at surface. Drone 
or lidar data are invaluable in open pits where access 
is commonly problematic and underground where 
such data is also being increasingly acquired for safety 
reasons. In most production-orientated situations, it 
is important to map at frequent intervals, as pits and 
stopes advance rapidly. 
Core analysis is commonly vital for evaluating 
structures and their variation in 3-D (Vearncombe and 
Vearncombe, 1998; Marjoribanks, 2010; Holcombe, 
2016). Lineations of any type can be essential clues to 
directions of increased permeability but are commonly 
overlooked in core logging, perhaps because of lack 
of familiarity with measuring techniques. One of the 
benefits of working with cores is the complete 3-D 
exposure offered by a core, in which case it is also 
quite straightforward to look for planes of maximum 
asymmetry, which will be perpendicular to vorticity 
vectors; these too can be measured as lines (Blenkinsop 
et al., 2015). It is greatly preferable to work with whole 
core because of the greater sampling volume, and 
therefore to log before core is sampled, even though 
methods exist for dealing with half core (Blenkinsop 
and Doyle, 2010).
Microstructural analysis is useful for establishing 
pressures and temperatures of deformation, 
overprinting relationships, deformation mechanisms 
(e.g., Davis et al., 2010), and kinematic analysis (e.g., 
Blenkinsop and Doyle, 2014; Blenkinsop et al., 2018). 
It is also invaluable for relating deformation events to 
mineralization and paragenesis (e.g., Cox et al., 1995; 
Morey et al., 2007), yet many structural studies of gold 
mineralization omit this important step (Davis, 2002), 
perhaps because making and analyzing thin sections 
adds extra time. However, this time is well spent.
Lithological, structural, geophysical, and geochemical 
data need to be readily visible in relationship to each 
other and readily viewed at different scales and from 
different orientations. Such capabilities are inherent in 
mining software packages and increasingly in virtual 
globes, such as Google Earth and Worldwind, and 
now even in geographic information system packages. 
Interactive 3-D presentations of data are highly effective 
at communicating complex spatial relationships on all 
scales; microtomographic images can be combined 
with outcrop-scale photogrammetry (including 
invaluable drone-acquired imagery; Bemis et al., 2014) 
and regional 3-D models.
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Geometric, kinematic, dynamic, 
and rheological analysis
An accurate 3-D geometric model of structures 
and mineralization is an essential starting point for 
kinematic analysis. Geometric modeling requires input 
from maps and drilling and can be done manually or 
through implicit methods (Cowan et al., 2003; Hill 
et al., 2014). Structural domains, first introduced at 
least 60 years ago (Weiss and McIntyre, 1957), are still 
very useful for understanding spatial and temporal 
geometric relationships (Miller and Wilson, 2004), 
especially in large, complex ore deposits that are likely 
to be geometrically, kinematically, and dynamically 
heterogeneous (e.g., Baker et al., 2010). Network 
geometry can be analyzed from digital data in a 
semiautomatic way (Healy et al., 2016). 
In building a complex deformation chronology 
based on crosscutting or overprinting relationships, 
younging tables are an invaluable way to organize and 
present data (Angelier, 1991; Potts and Reddy, 2000). 
Kinematic analysis of deformation zones in multiple 
orientations is well established for fault zones (Marrett 
and Allmendinger, 1990), but the same techniques can 
also be applied to mineralized shear zones (Blenkinsop 
and Doyle, 2014). 
There are many methods available for dynamic or 
paleostress analysis, which mainly differ in the extent to 
which different stress tensors can be separated from the 
data. For single stress states, the following are among 
some of the most recent: Lisle (1988); Delvaux (2012); 
and Thakur et al. (2017). For separating multiple stress 
states, see Yamaji et al. (2010), Hansen et al. (2015), 
Lisle and Vandycke (1996), Lisle and Orife (2002), Liesa 
and Lisle (2004), Shan and Fry (2005), and Žalohar and 
Vrabec (2007). There are some interesting methods 
that combine kinematic and dynamic approaches (e.g., 
Žalohar and Vrabec, 2008, 2010; Hansen, 2013). None 
of these methods deal with absolute stress or directly 
with pore fluid pressures. Fluid inclusion studies are 
very important for the latter (e.g., Boullier and Robert, 
1992b; Robert et al., 1995). 
Rheological analysis of gold mineralization ideally 
relates stress to strain or strain rate over a range of 
timescales from the seconds of earthquake rupture to 
the thousands to tens of thousands of years required 
to form an ore deposit, as discussed above. The best 
numerical modeling will be able to explore these aspects 
of deformation constrained by realistic rock properties 
and kinematic or dynamic boundary conditions 
determined from structural analysis (Schaubs and Zhao, 
2002; Schaubs et al., 2006; McLellan et al., 2007; Potma 
et al., 2008). However, a major challenge to mechanical 
modeling in the context of mineral resources is to be 
able to combine discontinuous and continuous styles 

of deformation at a variety of scales. In particular, 
microcracking and brecciation are very difficult to 
model satisfactorily. The influence of chemical changes 
on mechanical properties is another level of complexity 
that is rarely achieved. 

Synthesis
An ideal synthesis to conclude the workflow would 
consist of a geologic history in which each deformation 
event is understood from geometric, kinematic, 
dynamic, and rheological view points, and gold 
mineralization can be tied to one or more specific 
points in this history. This requires integrating the 
classic structural geology approach with geochemistry, 
geophysics, and, above all, geochronology. Such a 
synthesis, combined with a good understanding of 
regional geology, has very powerful predictive capacity. 
It is not surprising that large ore deposits can be the 
subject of several or even many Ph.D. studies, given this 
preferred end point, nor is it surprising that there is a 
continual search for magic bullets that can shortcut the 
workflow. 

Conclusions
Hydrothermal gold deposits have several characteristic 
features, including:
1.   strong structural control via deformation induced 

permeability related to deformation zone networks,
2.   fluid-rock interaction resulting in a zoned pattern of 

alteration, and 
3.   evidence for a protracted sequence of deformation 

with cyclic changes in stress and fluid flow. 
The synmineralization kinematics of deposits as a 
group is truly variable, from pure reverse to pure 
normal senses of movement on deformation zones. 
Structural controls on these deposits are one of their 
most distinctive features.
Geometric analysis of structures, networks, and 
orebodies is the most basic step in analyzing 
hydrothermal gold deposits. Geometric analysis can 
now include new techniques of analyzing network 
topology, as well as a more quantitative approach to 
relating orebody geometry to deformation. Kinematic 
analysis is also essential for the latter purpose, as well 
as to relate deposit-scale features to regional tectonics. 
Several examples show that it is important to move 
beyond the Ramsay and Graham (1970) simple shear 
paradigm for shear zone kinematics; inclusion of 
significant pure shear components in deformation 
zones can change relationships between orebodies, 
lineations, and vorticity vectors, and this is crucial 
for predicting orebody geometry and in numerical 
mechanical modeling. An appreciation that many 
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deformation zone networks are polygonal, which is 
to be expected in a general state of strain, may also be 
important because of their influence on fluid pathways.
A dynamic analysis of hydrothermal gold deposits 
will assess pore fluid pressure and stress, preferably 
using numerical mechanical models. The involvement 
of fluids in slow slip, and the scale of slip increments 
in vein textures, suggests that slow slip is likely to be 
involved in mineralization. Numerical mechanical 
models have considerable predictive power, but they do 
not yet successfully encompass the likely range of slip 
speeds on faults nor deal effectively with cyclic behavior 
or the complexity of overprinting that obscures early 
dynamic behavior.
Analysis of rheology is the key in many cases to 
understanding the structural controls on orebodies, 
which are commonly located on rheological boundaries. 
Reactivation and multiple cycles of mineralization, 
sometimes separated by tens to hundreds of millions of 
years, is a feature of many deposits, including some of 
the largest. If inherited structures are weaker than intact 
rock, they can be reactivated in a variety of orientations. 
Slip and dilation tendency are useful techniques for 
analyzing propensity for reactivation. 

Stress states in all types of orogenic zones observed 
today are variable throughout the crust. A logical 
implication is that hydrothermal gold deposits that 
formed and were exhumed from previous orogenies 
will record a complex structural history. Unraveling that 
history, by breaking it down into each separate phase, 
is a traditional structural geology approach that is still 
essential in order to work out which phase or phases of 
deformation are associated with mineralization. Short 
timescale stress changes associated with seismic or 
subseismic cycles within the same phase of deformation 
need to be distinguished from longer timescale switches 
in tectonic mode. Short timescale, cyclic changes are 
likely to be represented by numerous repetitions and 
mutually crosscutting relationships between fault 
zones, veins, and shear zones; longer timescale tectonic 
switches will show a consistent structural paragenesis. 
There may be great variation in the scale over which 
a tectonic setting applies, and there may be rapid 
temporal changes, so that it is inadvisable to infer local 
tectonics from regional patterns and vice versa. 
New developments in structural geology that appear 
to have great promise for understanding gold deposit 
genesis and for exploration include the application of 
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Fig.4. Workflow for structural analysis of gold deposits.

network and percolation theories and nonequilibrium 
thermodynamics. The latter is a quantifiable systems 
approach, which integrates deformation (in the sense 
of displacements and strain), stress, fluids, heat, and 
chemical reactions. The nonlinear behavior of an ore-
forming system leads to multifractal properties that 
can be measured and should have direct exploration 
implications. Even these characteristics, however, will 
need to be placed in a complete structural history. 
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Tom Blenkinsop's EGRU State-of-the-
Art talk "Applying Structural Geology 
to Hydrothermal Mineralisation" 
is available on the EGRU YouTube 
channel.

https://www.youtube.com/channel/UCIoYMaOq_XngDSGLWu6jeHg
https://www.youtube.com/channel/UCIoYMaOq_XngDSGLWu6jeHg
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New and Developing Research Projects

Why do only some basins host significant Zn-Pb-
Ag+/-Cu Mineralisation?

What is the source of the metal in these basins?

What is the trapping mechanism of metals in 
these basins?

EGRU researchers are working with industry and 
government partners to develop an ARC Linkage 
project investigating sediment-hosted Zn-Pb-Ag 
mineralisation in the Isa Superbasin. 

The project will try to develop insights into the 
reasons the Isa Superbasin is so rich base metals, and 
determine the processes and factors that lead to metal 
concentrations in certain parts of the stratigraphy.  
The objective will be to significantly improve the 
understanding of these major mineral systems and aid 
in developing new exploration concepts that can be 
applied to discovering new deposits.

The project will investigate a range of processes from 
basin scale to individual deposits.

Initial detailed investigations will focus on the 
sedimentary sequences hosting the Isa, Hilton and 
George Fisher deposits and results will be compared 
with data from sedimentary sequences hosting other 
base metal deposits in the Superbasin.

The project will aim to:

 - Identify processes that make sedimentary basins 
fertile for base metal mineralisation.

 - Establish exploration indicators based on the typical 
basin and stratigraphic architecture of a giant base 
metal hosting system.

 - Determine the metal source for giant base metal 
deposits using Zn, Pb and Cu isotopes, along with 
whole rock major and trace element geochemistry.

 - Investigate ore-forming models and modification 
process for giant base metal deposits, including 
their geochemical signatures and implications for 
exploration.

For further information on the project contact Dr 
Ioan Sanislav (ioan.sanislav@jcu.edu.au)

Targeting Sediment-Hosted Zn-Pb-Ag Mineralisation in the Isa Superbasin

In 2019 - 2020 EGRU collaborated with industry and 
government partners to carry out a proof-of-concept 
study of using Cu and Zn isotopes as vectors to 
mineralisation. 

The study was carried out in the Mount Isa region using 
both rock and ground water samples.

Investigating Metal Isotopes as Vectors to Mineralisation

The results of this initial study were promising and, in 
2021, several additional collaborative projects have been 
developed in north-west and north-east Queensland.  

For further information about these projects contact Dr 
Brandon Mahan (brandon.mahan@jcu.edu.au).

mailto:ioan.sanislav%40jcu.edu.au?subject=
mailto:brandon.mahan%40jcu.edu.au?subject=
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Applications of Stable Metal Isotope Geochemistry – exploration and 
beyond…
Applications in isotope geochemistry using stable 
metal isotope systems are emerging in a wide range 
of fields, including archaeological, environmental and 
medical sciences, along with applications in mineral 
exploration.
EGRU has an ongoing research program investigating 
the use of Cu and Zn isotopes in base metal ores and 
groundwater as vectors to mineralisation.  The program 
comprises several projects currently focussed in the 
Mount Isa–Cloncurry area of western Queensland (aka 
the Carpentaria Minerals Province).  Results from the 
initial proof-of-concept project over the Mount Isa ore 
body, in 2019-2020, were promising and have led to 
the development of additional industry-collaborative 
projects over other areas of mineralisation.  Some 
early results have been released and others will become 
available as confidentiality requirements allow.   
One of the leaders of the isotope research program is 
Dr Brandon Mahan, who joined JCU Geoscience in 
2019.  While investigating 
the use of metal isotopes 
in exploration has been the 
focus of recent industry-
funded EGRU research, 
the use of metal isotopes in 
medical science has also been 
a focus of Brandon’s research 
with his work in the emerging 
and rapidly evolving field of 
isotope metallomics.  
Metallomics is a field of bio-metal research that 
integrates techniques and perspectives from other 
“-omics” sciences (e.g. genomics, proteomics) and from 
research vocations further afield.  Isotope metallomics 
is then the coupling of biomedicine with element 
and isotope geochemistry to interrogate research 
problems in medical science(s).  Over less than two 
decades, isotope metallomics has produced numerous 
benchmark studies highlighting the use of stable metal 
isotope distribution in developing disease diagnostics—
e.g. cancer, neurodegeneration, osteoporosis—as well as 
their utility in deciphering the underlying mechanisms 
of such diseases. These pioneering works indicate 
enormous potential.
Isotope metallomics research can encompass everything 
from the geologic history behind element/metal 
availability in biospheres, their distribution in eco-
bio-systems, and the state-of-the-art use of analytical 
instrumentation to understand and quantify the natural 
isotopic distribution of these same metals within these 
interconnected systems, and within biological systems 
such as the human body. The added perspective of natural 
stable metal isotope ratios yields new and independent 

means of understanding environmental inputs, while 
also commenting on underlying mechanisms in the 
geological and biological realms, and further indicating 
use of diagnostic indicators of disease that can act prior 
to conventional techniques. 
Natural stable metal isotope ratios in this context have 
been used to: 
(1) unveil previously unaccounted for erythropoietic  
pathways for Fe and Cu (Albarede et al., 2011)1; 
(2) provide a novel quantitative description of Ca 
mineralization and de-mineraliastion in humans and 
highlight its diagnostic value in early osteoporosis 
detection in blood and urine samples (Eisenhauer et 
al., 2019); and 
(3) potentially constrain the speciation of Cu and 
Zn in the amyloid beta (Aβ) plaques associated 
with Alzheimer’s disease, along with confirming the 
increased production of Cu(I) associated with Aβ 
plaques (; Moynier et al., 2020).   

Brandon’s work with a 
team of French researchers 
(Moynier et al., 2020) 
showed that healthy human 
brains and Alzheimer’s 
brains have different 
isotopic signatures for 
copper and zinc, and that 
these correlate with the 
progression of the disease.

These changes in brain isotopic composition are likely 
mirrored in body fluids, potentially allowing for the 
development of a non-invasive and early diagnostic 
indicator for Alzheimer’s - perhaps something as simple 
as a blood test. 
Stable metal isotope geochemistry is showing great 
promise in providing critical indicators in both mineral 
exploration and medical science.  However, in order for 
the commercial applications of metal isotopes in both 
these applications to develop and become systematically 
applied, simple high-throughput techniques, including 
automated systems, must be developed that can be 
easily integrated into existing workflows and facilities, 
and be both time and cost effective. 
Metal isotope ratios are generally measured by 
multi-collector inductively coupled plasma mass 
spectrometry (MC-ICP-MS).  Robust measurements 
require the isolation of the element of interest for 
analysis of its relative isotope abundances.  The current 
method for isolating the target element is gravity driven 
Ion Exchange Chromatography (IEC), which relies on 
gravity to draw chemical solutions through a chemical 

1  Erythropoietic: relating to the formation of red blood cells.

Stable metal isotope geochemistry 
is showing great promise in 

providing critical indicators in both 
mineral exploration 
and medical science.
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filter (ion exchange resin), much the same way a small 
home water filter works. This is time consuming (and 
thus resource consuming) and can taking days (to 
weeks) to process relatively small sample batches (e.g. 
20 – 50 samples).  Such conventional techniques cannot 
meet the demands of commercial applications of stable 
metal isotope geochemistry.
Brandon, in collaboration with colleagues from 
Wollongong and Macquarie Universities, invented and 
validated a new method to improve sample throughput—
SpinChemTM Ion Exchange Chromatography (IEC)—
to rapidly isolate elements of interest for subsequent 
isotope analyses (Fig. 1; Mahan et al., 2020).  This 
method has many advantages over current techniques, 
including:
-   a 5-10x decrease in sample processing times; and
-   minimal overhead and operator training requirements.
A proof-of-concept study of zinc purification and 
isotope analysis indicated this technique is a rapid and 
robust method for both medical and geological samples, 
and can probably be used for most sample types.
Studies of copper purification and isotope analysis 

with the SpinChem™ IEC method indicate that it is a 
rapid and robust method for Cu isolation from organic-
free sample solutions, with high reproducibility and 
analytical precision and therefore a suitable method 
for analysis of mineral separates and ore samples.  
Microwave digestion for complete breakdown of 
organics should assist with applying the method to 
medical samples.
Brandon has been overhauling the isotope geochemistry 
laboratory at JCU—now dubbed the IsoTropics 
Geochemistry Laboratory (or IsoTropics Lab for short)—
and expanding its workflow and personnel capacity, 
onboarding both Cu and Zn isotope analytics on the 
Thermo Fisher Neptune MC-ICP-MS housed in the 
Advanced Analytical Centre (AAC) just down the hall. 
Furthermore, July 2021 saw the installation of a globally 
unique automated platform for metal purification in 
JCU’s AAC (part of a collaboration between Brandon 
and Thermo Fisher). This platform, a Dionex ICS-6000 
with dual UV-vis and electrochemical instrumentation, 
is capable of purifying approximately 1/3 of the elements 
in the periodic table, notably including Ca, Sr, Ni, Cu, 
Zn, Cd and Pb (among a host of others).  In addition, a 
new high-throughput autosampler with roughly 4x the 
sample capacity has recently arrived, along with a new 
multi-head ultra-pure water purification system and 
three new ductless fume hoods set to arrive by the end 
of the year.
With all this infrastructure growth in tow, Brandon’s 
next steps are to grow the personnel workforce  for the 
IsoTropics Lab to realise the research and commercial 
value and capabilities of stable metal isotopes across the 
applications mentioned here, and beyond.
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Figure 1.  Comparison of sample preparation 
times for Gravity and SpinChemTM Elution.
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The Gawler Craton Challenge, South Australia
MANTLE TO MINE: Precision drill targeting integrating a Mineral Systems Approach 
with Machine Learning and Geomechanical Modelling of deformation and associated fluid flow

J. G. McLellan1,2 &  P.J. Pearson3       -  Winners of the 2020 Gawler Challengee
1Adjunct Senior Research Fellow, EGRU, James Cook University, Townsville, Qld,  Australia; 2Director & Principal 
Consultant, GMEX, Townsville, Qld, Australia; 3Director & Principal Consultant, latin Global Pty ltd., Lima, Peru

Introduction
The Archaean-Mid Proterozoic Gawler Craton of 
southern South Australia covers some 200,000 km2, 
and is demonstrably well endowed with world class 
copper, gold and uranium deposits. In the several 
decades since the discovery of Olympic Dam in 1975, 
intensive exploration has delivered further large 
iron oxide-associated copper-gold discoveries such 
as Prominent Hill and Carrapateena, in addition to 
smaller gold deposits in the Gawler Gold Province 
further to the west. Recognizing the probable existence 
of further undiscovered mineral deposits in the Gawler 
Craton, the South Australian Government recently 
initiated the 2020 Gawler Craton Challenge, which 
aimed to leverage the value of their large database to 
accelerate the discovery process in South Australia. Our 
response to the challenge is that we have integrated and 
analysed the majority of the available exploration data 
through an effective combination of data-driven and 
conceptually-driven approaches.

The challenges of exploring covered areas
Exploring extensively covered areas for mineral deposits 
is becoming increasingly technically challenging and 
expensive. Regional targeting studies may be empirical 
or conceptual, or a combination of both (Woodall, 
1994). Both approaches have their strengths and 
weaknesses. Purely empirical, data-driven targeting 
suffers in areas where data coverage is poor and tends 
to focus on analogues to known deposits. It tends to 
emphasize local understanding of ore controls and 
correlations that may not hold up at larger scales 
(McCuaig and Sherlock, 2017). On the other hand, 
purely conceptual targeting analyses the essential 
elements of mineral systems analysis (Wyborn et al. 
1994) and seeks to identify combinations of proxies in 
the numerous datasets acquired (Hronsky and Groves, 
2008). However, this approach is prone to bias, due to 
the imperfect understanding of mineral systems and 
the imperfect ability to interpret datasets (McCuaig and 
Sherlock, 2017).
The solution in a largely covered area like the Gawler 
Craton, where limited “training data” exist in the form 
of numerous mineral deposits, is to reduce targeting 

risk at an early stage and apply methodologies that 
combine the strengths of both empirical and more 
conceptual, process-based targeting. This integrated 
approach can minimize interpretation bias and reduce 
the reliance on specific deposit models that may or may 
not apply at larger scales. A data-driven methodology 
(machine learning) that systematically tests for the 
relative importance of a large number of potential 
controlling factors in the known deposits represents an 
important element of the targeting toolbox. In addition, 
a conceptual, integrated mineral systems approach that 
analyses the processes operative in the transport of 
ore fluids to their eventual deposition sites serves as 
an important guide in information extraction. Finally, 
an analogue-driven methodology (geomechanical 
modelling) that simulates ore fluid flow at potential 
mineral system sites, as a result of stress partitioning 
during deformation events, represents a critical tool 
in identifying key locations of fluid focusing in upper 
crustal rocks.

Unique approach
Our unique, geologically-grounded approach consists 
of the following workflow depicted in Figure 1:
•  Definition of prospective mineral belts through 

multivariate analysis of factors controlling heat and 
fluid migration from the mantle to the mid crust 
(data driven, machine learning phase 1). Because of 
thick post mineral cover sequences, the overall limits 
of prospective mineral belts is commonly poorly 
understood.

•  Assuming all processes essentially equal within given 
mineral belts, prediction of new mineral systems 
through multivariate analysis of their controlling 
physiochemical factors in the upper crust (data 
driven, machine learning phase 2);

•  Prediction of zones of fossil fluid focussing and ore 
precipitation through analysis of palaeostress and 
flow fluid in the upper crust (forward modelling, 
geomechanical modelling phase);

•  Identifying potential expressions of mineral systems in 
the near surface environment, including in hard rock, 
regolith and groundwaters (data driven, machine 
learning phase 3 and expert knowledge-driven).
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The Mineral Systems Approach is a logical extension 
of the traditional petroleum systems approach and 
was first introduced into mineral science literature by 
Wyborn et al. (1994). The mineral systems approach 
has evolved over the past couple of decades, but the 
basic premises remain the same. Here, the original 
seven factors of Wyborn et al. (1994) have been further 
developed, and the idea of a critical time window has 
been introduced. The critical components leading to 
formation of a significant ore deposit in the upper crust 
can be summarized as follows:
•  Tectonic events that trigger and define temporal 

windows for mineralising events;
•  Geochemical and tectonic processes that produce a 

source of ore constituents, include metals, ligands and 
fluids;

• Energy to drive the mineral system;
•   Tectonic processes that cause the activation of 

favourable crustal and lithospheric architecture that 
permitted the passage of melts and fluids;

•   A focussing mechanism that concentrates (or throttles) 
the flow of fluids or magmas into depositional ‘trap’ 
sites;

•   Strong physio-chemical gradients around the site of 
ore precipitation that cause ore precipitation;

•  Post-mineral processes that cause exhumation, 
preservation and upgrading of mineralisation.

A key concept at the core of understanding mineral 
systems is that the passage of ore fluids through the 
crust leaves a much larger footprint than the actual 
scale of the ore deposits themselves. This is because 
the passage of potentially ore-forming fluids along 
the pathways between a deep source and a shallower 
sink may be marked by modification of the physio-
chemical properties of the surrounding rocks which in 
turn are potentially imaged in the form of geophysical 
contrasts. Thus, when direct detection of orebodies 
may be difficult due to thick post-mineral cover and 
poor geophysical contrast the altered fluid pathway, 
although perhaps subtle and more widespread, could be 
the best expression of the mineral system to initially try 
and detect. A number of examples from the literature 
document the deeper crustal expression of these 
probable ore fluid pathways having apparently been 
directly imaged in geophysical datasets such as seismic 
and magnetotellurics (Skirrow et al., 2018; Heinson et 
al., 2018).
It is worth bearing in mind that the next orebody will 
almost definitely not look the same as those previously 
discovered, but will likely share common threads 
in terms of processes, controls and alteration in the 
surrounding rocks.

Machine learning
Machine learning (ML) is a well-documented 
information technology that is a subset of Artificial 

Figure 1.  The Mantle to Mine schematic workflow.

cont'd...Gawler Craton Challenge
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Intelligence (AI).  ML uses a suite of algorithms to 
simultaneously seek patterns in massive amounts of 
multivariate data. Once the algorithm “learns” the 
patterns or rules relating to these data through bivariate 
or multivariate statistical means, it can make predictions 
about other data.
After experimenting on the Gawler data and comparing 
the results, we settled on the Random Forest (RF) 
algorithm as it lends itself to both classification and 
regression problems in supervised learning. The 
Random Forest algorithm was found to be particularly 
efficient in more data poor environments where 
training data is sparse, commonly outperforming other 
methods such as Logistic Regression and Artificial 
Neural Networks (Rodriguez-Galiano et al., 2014; 
Carranza and Laborte, 2016).
Predictor layers derived from gridding the various 
geological and geophysical proxies are sampled on a 
systematic grid to generate a large, 2-dimensional data 
array with numerous features. Training sets derived 
from different areas/subsets are used to train the 
Random Forest model. Unknown test data is then run 
through the trained Random Forest model: the output 
from the ML algorithm is either a classification code (in 
the case of ML Phase 1 a simple binary MIN or NOMIN 
prediction is returned) or a regression predicted value 
(in the case of ML2, a “distance to mineralisation” value 
in metres is returned). The returned values are then 
imported into the QGIS environment where they are 
gridded, imaged and contoured. The resultant maps 
form the basis for validation against known deposits 
and further integration with the other methodologies 
in this study, including the geomechanical forward 
modelling.

Geomechanics of deformation and associated 
fluid flow
Several methods of geomechanical modelling have been 
applied within the geosciences in an attempt to better 
understand geological processes, and in particular the 
mechanical processes responsible for the migration 
and focusing of metal laden fluids. The main modelling 
technique employed here to simulate the response of 
the structural architecture and stress transfer though 
the rock packages is a discontinuous method known 
as Discrete Element Modelling. This type of modelling 
treats the rock masses as elastic-plastic discrete blocks, 
and focuses on the deformation along faults and 
lithological boundaries between such blocks. Areas of 
low values minimum principal stress (σ3) and areas 
requiring lowest values of fluid pressure increases for 
material failure may indicate dilation and potential sites 
of fluid focusing, and are of great interest in mineralised 
hydrothermal systems. The ability to predict areas that 

have mechanically failed or are more susceptible to 
failure, and hence focus fluids, can be advantageous 
in defining sites of increased prospectivity within any 
region (McLellan et al., 2016).
The data required to undertake this style of modelling 
can be conceptualised as two main components; 1. 
The structural and geological architecture of the area 
or system under investigation, and 2. The geological 
history of events and understanding of tectonic periods 
of instability and its relationship to mineralisation. 
Structural and geological architecture is developed from 
interpretation of previous mapping and geophysics. 
Here the geophysical datasets allowed us to carry out 
a large-scale interpretation and the recently completed 
Gawler Aeromagnetic Survey was key data to this 
interpretation. Due to the scale of this project only the 
main structural features were identified for inclusion in 
the model geometry. 
The application of numerical modelling to mineral 
exploration problems typically follows a two-stage 
approach. The two stages are known as the model 
validation phase and the predictive modelling phase. 
Initial simulations are designed to test the conceptual 
geological/mineralisation model(s) for a known deposit 
in a region of interest: this is the model validation 
phase. These simulations aim to reproduce, or forward 
model, the observed distribution of mineralisation, 
strain or alteration within the known system in 
order to constrain the critical parameters controlling 
this distribution. A potential outcome of the model 
validation phase is the identification of previously 
unknown or unexpected anomalies, or the identification 
of preferential structural host orientations, within the 
ore system. This can yield either a better understanding 
of the grade distribution within the deposit, or identify 
new structural orientations or locations requiring a 
revised detection method (such as a different drill 
direction) in order to optimise detection and definition. 
The quantitative results of the model validation phase 
constrain the input parameters for generic or specific 
predictive models, which aim to predict the location 
of anomalies outside the area of known deposits. It is 
therefore critical that the results must be non-intuitive 
at some level.

Targeting Results
A 2-stage approach using ML was applied, with ML1 
used to map out broad permissible belts for copper, 
gold and silver-lead-zinc mineralisation in the whole 
of the Gawler Craton, and the second stage ML2 was 
to predict potential zones of ore precipitation for 
copper and gold mineralisation in the northern half 
of the Gawler Craton. The ML used training datasets 
to predict the regressed distance to ore, and the results 

Gawler Craton Challenge...cont'd
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are verified against known mineral deposits, with 
positive results. An example of this is the near perfect 
prediction of the location of Prominent Hill and other 
surrounding mineralisation using only the Olympic 
Dam area training data (Fig. 2) which is over 100 km 
to the southeast. These predictions provided great 
confidence in the anomalies and potential targets from 
the ML analysis.
Geomechanical analyses were then used to further hone 
and identify the upper crustal locations for rock failure 
and focused fluid flow. The partitioning of strain and 
localisation of dilation and fluids showed and incredible 

correlation with both the Au and Cu Provinces. In the 
IOCG Province many of the major deposit locations 
were predicted (Fig. 3), based on values of fluid 
pressures required for rock failure. Similarly, in the 
Au Province, the geomechanics predicted corridors of 
increased prospectivity and correlated exceptionally 
well with gold distributions for the surface and drillhole 
geochemical data.
This project defined forty-five target areas, each 
reflecting a confluence of the various machine learning 
and geomechanical modelling results. The 45 targets 
consist of 21 Cu targets for 9,765 km2 (average 465 

Figure 2. Example detail of map around 
Prominent Hill showing results of ML Phase 
2 regressed distance to Cu (Olympic Training 
Area).

Figure 3. Example output from the 
geomechanical modelling displaying gridded 
and contoured data, with lowest values 
highlighting areas in the IOCG Cu-Au 
Province that would require the least amount 
of increased fluid pressure for failure.

cont'd...Gawler Craton Challenge
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km2 each) and 24 Au targets for 13,580 km2 (average 
565 km2 each). These targets cover some 2.39% (Cu) 
and 3.32% (Au) of the total Gawler project area, 
representing a substantial reduction in the search 
area. The average area of the target areas defined 
is a maximum and they effectively define district-
scale areas. A further reduction of the search area 
within each prospective box-shaped target area was 
achieved by considering in detail the outlines of the 
prospective zones defined by the individual machine 
learning and geomechanical modelling studies. The 
key to ascertaining ‘solid’ and reliable targeting was to 
investigate confluences between the two proven and 
complimentary techniques. Numerous district-scale 
target zones were defined, which when filtered with 
the geology (e.g., post mineral processes, geochemistry, 
depth of cover) to provide robust geologically focused 
targets (Fig. 4). 

Discussion
Economic Cu-bearing IOCG systems, although 
extremely valuable, are notoriously difficult to find. The 
footprint of these systems is moderate to large over the 
scale of kilometres to tens of kilometres, commonly 
expressed in the form of district-scale alteration and 
geochemical haloes. However, it is commonly difficult 
to focus successful exploration due to the extensive 
occurrences of geochemical “smoke”. Another issue 
is that large areas of iron oxide alteration, usually as 
magnetite or hematite, may be geochemically barren or 
at best of low metal grade and it is rarely obvious which 
iron oxide accumulation might host economic Cu and 
Au.
Our dual methodology of mineral systems-guided, 
data-driven machine learning combined with 
geomechanical analogue modelling maximizes 
the probability of locating the “fire” within these 

Figure 4. Target Au-1 showing various results - a) ML Phase 2 composite hit scores for Au; b) Gravity residual 
anomalies and previous drilling; c) Geomechanical analogue modelling average of normalized S3, PFF and 
SDIFF; d) Aeromagnetics RTP tilt filter image.

Gawler Craton Challenge...cont'd
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systems, recognizing that the Cu and Au are usually 
precipitated late in the alteration paragenesis. Once 
we independently define the important controlling 
factors in the upper crust, localized fluid flow and metal 
precipitation can be forward modelled as mechanical 
processes that was focussed in only certain areas. This 
study has firmly established the relationships between 
100 mappable criteria ranging in depths from the upper 
mantle to the upper crust and the spatial distribution of 
known mineral deposits/occurrences. By learning these 
relationships free of human bias, the machine learning 
has consistently delivered specific zones of high 
probability where unknown mineral systems may have 
developed through similar combinations of controlling 
factors and ore-forming processes.
Since we are targeting mineral systems formed 
originally in the upper crust under a known ambient 
regional stress regime, a powerful check and adjunct on 
the ML predictive process has been the Geomechanical 
Modelling. This kind of modelling is a proven 
methodology and has predicted where “exit” zones 
controlled by variations in rock rheology and geometry 
subject to a far field stress regime may have failed and 
focussed fluids and metals within the high probability 
districts. This strategy has proven its effectiveness in 
reducing the search area substantially by enabling us to 
focus on specific zones within the larger target areas. 
Combined with a detailed appraisal of the “explorability” 
of each high priority target area and comparing the 
results with gravity and magnetic datasets, we have 
further defined internal zones of interest within the 
broader target areas. Consequently, the potential search 
area has been even further reduced and this added 
value is one of the key outcomes of the study. Because 
of the systematic, process-driven approach taken here 
to targeting yet undiscovered mineral systems under 
post-mineral cover, systematic exploration conducted 
over the prioritized target areas defined here would be 
expected to have a high probability of success. 
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John McLellan and Paul Pearson (Per-Oz)  
explain the approach they took with their 
2020 winning submission to solving the 
exploration puzzle of the Gawler Craton:   
https://youtu.be/jyp6iFHFtdo 

https://youtu.be/jyp6iFHFtdo 
https://queenslandexploration.com.au/wp-content/uploads/2017/10/JohnMcLellan_.pdf


In 2021 EGRU continued its program of professional development short courses for early career and experienced 
geoscientists.  Face-to-face courses were held at the JCU campus in Townsville in January and February, and online 
courses have been held throughout the year.   

Face -to-Face Courses

Ore Textures & Breccias - Recognition Techniques
3-day course
Course Leader:  Dr Gavin Clarke

Core Logging Techniques
2-day  course
Course Leader:  Professor Paul Dirks

Geology Essentials - Advanced Core Skills Training
5-day course
Course Leader: Professor Paul Dirks

Online Courses in 2021

Exploration Geochemistry
3 stand-alone modules  
Course Leader: Dr Dennis Arne
1. Data acquisition, quality assessment and management
2. Exploratory data analysis using ioGAS
3.  Integration of geochemical, mineralogical and geological data

Exploration Geophysics for Geologists
Course Leaders: Steve Collins, Kim Cook, Bob White, Kate Hine, 
Katherine McKenna, Andrew Sloot

Strategic Planning for Mineral Exploration in a Changing 
World
Course Leaders: Dr Tim Craske, Nick Franey

Management in Mineral Exploration
3 stand-alone modules
Course Leader: Nick Franey
1.  Managing for exploration success
    Day-to-day exploration management
2.  Data management and advanced projects
    Managing the non-technical aspects of the business
3.  Mineral economics and the economic evaluation of projects 

The financial analysis of companies
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EGRU Online
This year EGRU launched a series of State-of-the-Art 
talks aimed at providing online overivews on topics 
relevant to economic geology.  The talks are presented 
by leaders in their fields.

State-of-the-Art talks presented to date:

Metallogenic and Exploration Insights using 
Metal Isotopes
Professor Ryan Mathur
Juniata College, Pennsylvania, USA

Application of Recent Innovations in Exploration 
Geochemistry
Dr Dennis Arne
Telemark Geoscience, Australia

Applying Structural Geology to Hydrothermal 
Mineralisation
Professor Thomas Blenkinsop
Cardiff University, Wales, UK

Recordings of the 
State-of-the-Art 
talks, along with 

the 2020 seminars on Critical 
Minerals Geology, IOCG 
Deposits, and Mineralisation in 
the Mount Isa Region, are now 
available on the EGRU YouTube 
Channel.

https://www.youtube.com/channel/UCIoYMaOq_XngDSGLWu6jeHg
https://www.youtube.com/channel/UCIoYMaOq_XngDSGLWu6jeHg
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Mount Isa Mineral Systems Workshop

In May EGRU held its semi-regular Mineral 
Systems of the Mount Isa workshop.  The 
workshop is usually held in Cloncurry and 
followed by a 2 or 3 day field trip to local mines, 
prospects and areas of geological interest. This 
year, however, the workshop shifted to Mount isa 
as the usual venue in Cloncurry was taken over 
by Australian Survivor.  Also, and unfortunately, 
COVID restrictions meant a field trip was very 
difficult to organise. 
Regardless of the limitations and changes to the 
usual program, this year's workshop was highly 
successful and attracted a COVID-capacity 
attendance.  Technical presentations were held 
over 1.5 days and one afternoon was devoted to 
core viewing at the Queensland Department of 
Resources Mount Isa Core Facility.

WORKSHOP PRESENTATIONS

Prof. George Gibson, ANU 
Paleoproterozoic-early Mesoproterozoic basin 
evolution in the Mount Isa and Georgetown regions: 
a record of backarc rifting followed by ocean basin 
closure and continent-continent collision.

Prof. Rick Valenta, SMI UQ 
How can we do things better in Mount Isa to help the 
minerals industry find the next big deposit?  Are we 
any further along? What should we do next? 

Karen Connors, SMI UQ
Improving exploration models for Mount Isa: insights and 
questions from seismic, MT and tomographic  data. 

Mark Whittle, Hammer Metals Limited
Building copper inventory in the Mount Isa Inlier. 

Rob Rutherford, Red Metal Limited
Red Metal in 2021

Bruce Godsmark, Mt Cuthbert Resources
Crusader and Mount Cuthbert Mines: How different 
are they and does it matter?

Tom Pearson, Chinova Resources 
Chinova’s buried and blind technical exploration 
successes throughout the Eastern Succession.

Vladimir Lisitsin, Department of Resources
Geochemical signatures and footprints of key deposit 
types in the Mount Isa Province. 

Helen Degeling, Department of Resources 
Geological mapping under cover: collaboration and 
integration. 

Glen Little, Minotaur Exploration 
Cloncurry Mineral Systems - do we need to refine the 
existing geological and exploration models.

Geoff Fraser/Sebastian Wong, GA 
Precompetitive datasets to assist exploration under 
cover in northern Australia.

Peter Rea, Mount Isa Mines 
A review of structural controls on the Mount Isa S1100 
Copper Ore Body.

Helen McCoy-West, EGRU JCU
Magma fertility of the Mount Isa Inlier granites.

Ioan Sanislav, EGRU JCU 
Geological and exploration models in the Mount Isa 
Inlier: can we extend them undercover?
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New Staff & Students

Lauren Waszek is a 
global seismologist, 
researching the 
seismic structure of 
Earth's deep interior 
from the inner core 
to the surface. Her 
current research 
projects explore the 
correlation between 
seismic structures, 
thermochemistry, 
and geodynamics of 
Earth’s mantle, with 
a particular focus 

beneath the Australian tectonic plate. She is interested 
in the application of machine learning methods to 
automatically identify seismic wave phases, and 
developing new observational analytical techniques 
for seismic data.
Lauren earned a BA and MSc in Physics and a PhD 
in Geophysics from the University of Cambridge. She 
then held a three-year Junior Research Fellowship 
at Cambridge, during which she taught several 
undergraduate courses and supervised MS research 
projects. Her primary research focus at Cambridge 
investigated the seismic structures of Earth’s inner 
core where she determined that the inner core rotates 
very slightly faster than the rest of the Earth at about 
0.1-1° per million years. Subsequently, she helped to 
develop new software “GrowYourIC” which integrates 
dynamical simulations with seismic data, and 
continues to contribute to new inner core tomography 
efforts.
A year working as Postdoctoral Research Associate 
position at the University of Maryland provided new 
research directions in the mid-mantle. This project 
formed the basis for her current work constraining 
the relationship between mantle convection processes 
and seismic discontinuities, and she maintains 
collaborative links with UMD.
In 2016, Lauren began as an Assistant Professor in 
Physics at New Mexico State University, teaching 
multiple undergraduate and graduate courses in 
Physics, and supervising undergraduate and graduate 
research students. Her research at NMSU is funded 
by a National Science Foundation grant performing 
global studies into the deflection of flow in Earth’s 

Dr Lauren Waszek
Lecturer in Physics

Kathleen completed 
her BSc and Honours 
in Geography and 
Environmental Science 
from Rhodes University 
in 2015. Her honours 
research explored 
zoogeomorphology 
with a focus on 
elephants and white 
rhino as geomorphic 
agents in Shamwari 
Private Game Reserve, 
South Africa. This 
led to a Masters at the University of Witwatersrand 
exploring the faunal occurrence at naturally-forming 
waterholes in Shamwari. AUnderground.
Kathleen joined JCU as a PhD candidate in 
October 2021. Her project aims to investigate  the 
Holocene coastal dune sediment provenance in 
northeastern Australia to determine the provenance 
and sedimentalogy of these dune fields, whcih has 
wide ranging implications for understanding the 
Holocene palaeoclimate and palaeoenvironments of 
northeastern Australia.

Kathleen Vowles
Postgraduate Student

mid-mantle. By combining new seismic observations 
with thermochemical modelling, she recently 
produced a new thermal model for the upper mantle; 
the results prompted several invited conference talks. 
Simultaneously, Lauren was awarded a Discovery 
Early Career Research Award fellowship at the 
Australian National University, which she undertook 
on a part-time basis from May 2017. This work 
focuses on regional-scale seismic reflectors beneath 
Australasia, in particular those associated with 
the nearby subduction zones and faults, and their 
link to mantle convection. As part of this project, 
she installed a new spiral arm seismic array at 
Warramunga, NT.
At JCU, she will develop new Geophysics courses and 
offer research projects for undergraduate and graduate 
students. Her planned research seeks to constrain the 
relationship between the dynamics and composition 
of Earth’s mantle and crust to surface activity, via 
integration of seismic observations with mineral 
physics and geodynamical modelling. 

Lauren installing a seismic 
array in the Northern Territory.
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Sohaib Ahmad (PhD)

Geology and domain boundary controls on 
mineral endowment in the Mt Isa Inlier
Supervisors:  Dr Ioan Sanislav, Prof. Paul Dirks

Tegan Beveridge (PhD)
Geochemical characterisation of bentonites 
combined with high-precision geochronology 
for correlation and provenance in the 
Cretaceous Strata of North America
Supervisor:  A/Prof. Eric Roberts 

Alex Brown (PhD)
Base Metal Genesis, Stratigraphy and 
Structural Evolution of the Central Tommy 
Creek Domain, Mt Isa Inlier
Supervisors:   A/Prof. Carl Spandler, Prof. Paul Dirks

Pieter Creus (PhD)
Structural geology/engineering geology/
geotechnical engineering, focused on 
developing a model for the geotechnical 
behaviour of the ore zone and immediate 
wall rock at Dugald River mine, north of 
Cloncurry, Australia
Supervisors:  Dr Ioan Sanislav, Prof. Paul Dirks

Alexander Edgar (PhD)
The Mineralisation Potential for Nickel, 
Scandium, Chromium and Cobalt of 
Ultramafic Complexes in NE QLD
Supervisors:  Dr Ioan Sanislav, Prof. Paul Dirks

Elliot Foley (PhD)
Jurassic Arc - Recontructing the Lost World of 
Eastern Australia through basin analysis in the 
Laura and Carpentaria Basins, NE QLD
Supervisors:  A/Prof. Eric Roberts, Dr Espen Knutsen

Samara French (PhD)
Spatial modelling of saucer scallop 
distributions within the Southwest Queensland 
scallop fishery
Supervisors: Dr James Daniell, A/Prof. Eric Roberts

Kelly Heilbron (PhD)
Establishing a tectonic framework for the 
Cretaceous break-up of eastern Gondwana
Supervisors:  A/Prof. Eric Roberts, Dr Ioan Sanislav

Avish Kumar (PhD)
The potential for indium mineralisation in the 
Herberton Mineral Field, NE QLD
Supervisors:  Dr Ioan Sanislav, Prof. Paul Dirks

Leigh Lawrence (PhD)
Geochemical investigation of Oligocene-aged 
alkaline volcanic events in the Rukwa Rift 
Basin, southwestern Tanzania.
Supervisors:  A/Prof.  Eric Roberts, A/Prof. Carl Spandler

Leah Lynham (PhD) 
Palaeoenvironment and palaeovalley gold 
provenance of the Lefroy Palaeodrainage System, 
Western Australia and its implications for 
future placer gold exploration
Supervisors:  Dr Espen Knutsen, Prof. Paul Dirks

Xuan Truong Le (PhD)
Geological characteristics, genesis and ore 
controlling factors of the Tick Hill Au deposit, 
Dajarra District, NW Queensland, Australia
Supervisors:  Prof. Paul Dirks, Dr Ioan Sanislav

Postgraduate Students
Research Projects
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Grace Manestar (PhD)
Fluid Characterisation of Hydrothermal 
Mineralisation in the Mt Isa-Cloncurry 
District
Supervisors:  Prof. Paul Dirks,  Dr Ioan Sanislav, Dr 
Brandon Mahan

Theresa Orr (PhD)
Paleoenvironmental and Paleoclimatic 
Analysis of Selected Cretaceous, Oligocene and 
Miocene Palesols from the Rukwa Rift Basin, 
Tanzania
Supervisors:  A/Prof. Eric Roberts, Prof. Michael Bird

Alexander Parker (PhD)
Fluids in the lower crust: storage and 
mobilisation.
Supervisors:  Dr Jan Martin Huizenga, Dr Ioan Sanislav

Caleb Puszkiewicz (PhD)
Analyses of JCU Groundwater-Ocean 
Interconnection, Extent and Potential Impacts
Supervisors:  Dr Jan Martin Huizenga, Prof. Paul Dirks

Jessie Robbins (PhD)
Understanding the genesis and patterns of 
cave fill across the Cradle of Humankind, 
South Africa
Supervisors:  Prof. Paul Dirks, A/Prof. Eric Roberts

David Rubenach (PhD)
Earthquake hazard mapping and modelling to 
support Qld Rail's infrastructure
Supervisors:  Dr James Daniell, Prof. Paul Dirks

Postgraduate Students
Research Projects

Joshua Spence (PhD)
Geological controls on formation and 
distribution of SEDEX deposits in the Eastern 
Fold Belt, Mt Isa Inlier
Supervisors:   Dr Ioan Sanislav, Prof. Paul Dirks

Kathleen Vowles (PhD)
Provenance, Sedimentology and 
Geomorphology of Coastal Dune Fields in 
Queensland
Supervisors:   Prof. Paul Dirks, Dr Ioan Sanislav

Daniel Wall (MSc)
The alteration paragenesis, trace element and 
isotope composition of pyrite associated with 
the Pb-Zn-Cu mineralization at Mt Isa deposit
Supervisors:   Dr Ioan Sanislav, Prof. Paul Dirks

Michal Wenderlich (PhD)
Seismic Stratigraphy of the Great Barrier Reef
Supervisors:  Dr James Daniell, A/Prof. Eric Roberts

Jelle Wiersma (PhD)
Cave sedimentation processes, geochronology, 
and the distribution of hominins at Rising Star 
Cave, Cradle of Humankind, South Africa
Supervisors:  A/Prof. Eric Roberts, Prof. Paul Dirks

Christopher Yule (PhD)
Structure and stratigraphy of the Oobagooma Sub-
Basin, Northwest Shelf, Western Australia
Supervisors: A/Prof Eric Roberts, Dr James Daniell
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EGRU Membership 2020

Level 1
Mount Isa Mines, a Glencore 
Company 
South 32, Cannington
Anglo American Exploration

Level 2
Dept. Natural Resources & Mines
Rio Tinto Exploration
Evolution Mining

Level 3
Chinova Resources
Map to Mine Pty Ltd
Terra Search Pty Ltd
Heathgate Resources

Level 4
CSA Global
Gnomic Exploration Services
Inca Minerals Ltd 
Laneway Resources Ltd
Sandfire Resources 

Level 5
13 Individual members

Staffing Update

New
Helen McCoy-West 
Lauren Waszek
Zsuzsa Banhalmi-Zakar
Departures
James Daniell
Carl Spandler

Conferences/Meetings 
The ACROFI conference was 
cancelled due to COVID-19 
restrictions.

EGRU Seminars Online
The tectonic and structural setting 
of Mt Isa Inlier – implications for 
deposit models.

IOCG deposits-occurrence & 
diversity
Critical minerals geology

EGRU Professional 
Development Training

On campus courses
Ore Textures and Breccias: 
Recognition Techniques
Dr Gavin Clarke
Core Logging Techniques 
Prof Paul Dirks
QGIS for Geologists
Grant Boxer
Leapfrog –Fundamentals & 
Advanced
Pieter Creus

Online Courses
Geochemical Data: Acquisition, 
Analysis, Quality, Management, 
Interpretation & Integration
Dr Dennis Arne
Exploration Geochemistry
Dr Dennis Arne

Equipment Purchases
Clean Lab:
Airclean tall profile ductless fume 
hood
Microflow PFA-ST self-aspirating 
nebulizer 
Sampling Probe for ASX-112/
manual sampling
Berghof DAP60 Digestion vessel 
c/w

Research Grants

Continuing Grants

Grantee:  Paul Dirks, Ioan Sanislav
Post- graduate research: Truong Le
Source: DNRME
Title: Geological characteristics, 
genesis and ore controlling factors 

of the Tick Hill Au deposit, Djarra 
District NW QLD
Commencing Year: 2017
Completing Year: 2021
Amount:  $59,000.00

Grantee:  Carl Spandler, Eric 
Roberts, Tony Kemp, Bob 
Henderson
Source: ARC-Discovery Projects
Title:  Jurassic Arc? Reconstructing 
the Lost World of Eastern Australia
Commencing Year: 2018
Completing Year: 2021
Amount:  $298,564.00
Grantee:  Paul Dirks, Ioan Sanislav, 
Carl Spandler, Helen McCoy-West 
Source: Qld Dept. of Natural 
Resources, Mines & Energy
Title: Magmatic History, Fertility 
and Metallogenesis of the Mary 
Kathleen Domain of the Mt Isa 
Inlier
Commencing Year: 2018
Completing Year: 2021
Amount:  $352,500.00

Grantee: James Daniell, Paul Dirks
Post-Graduate Research: David 
Rubenach
Source: Queensland Rail
Title: Earthquake Hazard Mapping 
QLD Rail
Commencing Year: 2018
Completing Year: 2021
Amount:  $9,091.00

Grantee: Paul Dirks, Ioan Sanislav
Post-Graduate Research: Pieter 
Creus
Source: MMG Limited
Title: Architecture of the hanging 
wall shear zone and faults affecting 
the ore zone at Dugald River Mine
Commencing Year: 2019
Completing Year: 2022
Amount:  $62,400.00

EGRU 2020 Annual Report
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Grantee :Paul Dirks, Carl Spandler, 
Helen Degeling (GSQ)
Source: Qld Dept. of Natural 
Resources, Mines & Energy, Anglo 
American, Mount Isa Mines
Title: Characterising IOCG and 
SEDEX deposits in the Mt Isa block 
with Cu-Zn isotopes
Commencing Year: 2019
Completing Year: 2021
Amount:  $225,000.00

New Grants

Grantee: Brandon Mahan
Source: Department of Resources
Title: Cu Isotope Characterising 
IOCG boreholes
Commencing Year: 2020
Completing Year: 2021
Amount:  $47,500.00

Grantee: Ioan Sanislav
Post-Graduate Research: 
Alexander Edgar 
Source: Department of the 
Environment and Energy
Title: The Mineralisation 
Potential for Nickel, Scandium, 
Chromium and Cobalt of 
Ultramafic Complexes in NE Qld 
Commencing Year: 2020
Commencing Year: 2020
Completing Year: 2024

Amount:  $47,500.00

Grantee: Ioan Sanislav, Avish 
Kumar
Source: Department of Resources
Title: The Potential for Indium 
Mineralisation in the Herberton 
Mineral Field, NE QLD 
Commencing Year: 2020
Completing Year: 2024
Amount:  $60,000.00

Grantee: Eric Roberts, James 
Daniell
Source: Qld Department of 
Agriculture and Fisheries
Title: Moreton Ba Bug Distribution 
Commencing Year: 2020
Completing Year: 2023
Amount:  $73,900.00

Student Awards

The EGRU Honours Scholarship 
was not awarded in 2020 as 
COVID-19 restrictions precluded 
field projects.

 New PhD Students 
Avish Kumar
Sohaib Ahmad
Alexander Edgar
Kathleen Vowles
Grace Manestar

Completed PhD Students
Raven Wright
Christopher Todd

Completed Masters Students
Michael Calder

Honours Completions
Shengan Yu

JCU geoscience students have continued with field 
training and mapping projects through the pandemic.  As 
student travel has been limited the projects have focussed 
on areas around Townsville.  Students have been working 
on unravelling the complex volcanic stratigraphy of Cape 
Pallarenda and investigating the intrusive relationships on 
Castle Hill, all the while taking in views to Magnetic Island, 
over the wetlands (top), and along the Townsville shore line 
(bottom). (Images of Cape Pallarenda courtesy of Prof. Paul 
Dirks.)
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Mg granitoid porphyry in central 
Lhasa, Tibet: implications for crustal 
thickening prior to India-Asia collision. 
Geological Journal, 55 (10). pp. 6696-
6717.

Wang, Yong, Tang, Juxing, Wang, 
Liqiang, Huizenga, Jan Marten, 
Santosh, M., Zheng, Silun, Hu, Yu, 
and Gao, Teng (2020) Geology, 
geochronology and geochemistry of 
the Miocene Jiaoxi quartz vein-type 
W deposit in the western part of the 
Lhasa Terrane, Tibet: implications for 
ore genesis. Ore Geology Reviews, 120. 
103433.

Chen, Fuchuan, Deng, Jun, Wang, 
Qingfei, Huizenga, Jan Marten, Li, 
Gongjian, and Gu, Youwei (2020) 
LA-ICP-MS trace element analysis 
of magnetite and pyrite from the 
Hetaoping Fe-Zn-Pb skarn deposit in 
Baoshan block, SW China: implications 
for ore-forming processes. Ore Geology 
Reviews, 117. 103309.

Touret, J.L.R., and Huizenga, J.M. 
(2020) Large-Scale fluid transfer 
between mantle and crust during 
supercontinent amalgamation and 
disruption. Russian Geology and 
Geophysics, 61 (5–6). pp. 527-542.

Yan, Maoqiang, Zhang, Daohan, 
Huizenga, Jan, Wei, Junhao, Li, Huan, 
Li, Guomeng, Huang, Xiaokun, 
Zhang, Xinming, and Zhao, Shaoqing 
(2020) Mineralogical and isotopic 
characterization of graphite deposits in 
the western part of the North Qaidam 
Orogen and East Kunlun Orogen, 
northeast Tibetan Plateau, China. Ore 
Geology Reviews, 126. 103788.

Zhao, Xu, Wei, Junhao, Fu, Lebing, 
Huizenga, Jan Marten, Santosh, M., 
Chen, Jiajie, Wang, Dianzhong, and 
Li, Aobing (2020) Multi-stage crustal 
melting from Late Permian back-arc 
extension through Middle Triassic 
continental collision to Late Triassic 
post-collisional extension in the East 
Kunlun Orogen. Lithos, 360-361. 
105446.

Murphy, Benjamin, Huizenga, Jan, 
and Bedrosian, Paul (2020) Tracing 
crustal-scale fluid pathways under 

Publications 2020
In Alphabetical order by first author or 
first JCU/EGRU author

Beveridge, Tegan L., Roberts, Eric M., 
and Titus, Alan L. (2020) Volcaniclastic 
member of the richly fossiliferous 
Kaiparowits Formation reveals new 
insights for regional correlation and 
tectonics in southern Utah during the 
latest Campanian. Cretaceous Research, 
114. 104527.

Blenkinsop, T.G., Oliver, N.H.S., 
Dirks, P.G.H.M., Nugus, M., Tripp, 
G., and Sanislav, I. (2020) Structural 
geology applied to the evaluation 
of hydrothermal gold deposits. In: 
Rowland, Julie V., and Rhys, David A., 
(eds.) Applied Structural Geology of 
Ore-forming Hydrothermal Systems. 
Reviews in Economic Geology, 21 . 
Society of Economic Geologists, Inc, 
pp. 1-24.

Tian, Huan, Xie, Shuyun, Carranza, 
Emmanuel John M, Bao, Zhengyu, 
Zhang, Hai, Wu, Shitou, Wei, 
Changhua, and Ma, Zhenzhen (2020) 
Distributions of selenium and related 
elements in high pyrite and Se-enriched 
rocks from Ziyang, Central China. 
Journal of Geochemical Exploration, 
212. 106506.

Chandler, Ross, and Spandler, Carl 
(2020) The igneous petrogenesis and 
rare metal potential of the peralkaline 
volcanic complex of the southern Peak 
Range, Central Queensland, Australia. 
Lithos, 358-359. 105386.

Cheng, Y., Todd, C.N., Henderson, 
R.A., Danisik, M., Sahlstrom, F., 
Chang, Z., and Correl, I (2020) 
Jurassic uplift and erosion of the 
northeast Queensland continental 
margin: evidence from (U–Th)/He 
thermochronology combined with 
U–Pb detrital zircon age spectra. 
Australian Journal of Earth Sciences, 67 
(4). pp. 591-604.

Corkeron, M.L., and Slezak, P.R. (2020) 
Stromatolite framework builders: 
ecosystems in a Cryogenian interglacial 
reef. Australian Journal of Earth 
Sciences.

Daniell, James, Manoy, Thomas, 
Beaman, Robin J., Webster, Jody, and 
Puga-Bernabéu, Ángel (2020) Shelf-
edge delta and reef development on a 
mixed siliciclastic–carbonate margin, 
central Great Barrier Reef. Journal of 
Sedimentary Research, 90 (10). pp. 
1286-1304

Dirks, P.H.G.M., Sanislav, I.V., van Ryt, 
M.R., Huizenga, J.-M., Blenkinsop, 
T.G., Kolling, S.L., Kwelwa, S.D., and 
Mwazembe, G. (2020) The world-class 
gold deposits in the Geita greenstone 
belt, Northwestern Tanzania. In: 
Sillitoe, Richard H., Goldfarb, Richard 
J., Robert, Francois, and Simmons, 
Stuart F., (eds.) Geology of the World’s 
Major Gold Deposits and Provinces. 
Special Publications of the Society of 
Economic Geologists, 23 . Society of 
Economic Geologists, Littleton, CO, 
USA, pp. 163-185.

Backwell, Lucinda, Huchet, Jean-
Bernard, Jashashvili, Tea, Dirks, Paul 
H.G.M., and Berger, Lee R. (2020) 
Termites and necrophagous insects 
associated with early Pleistocene 
(Gelasian) Australopithecus sediba at 
Malapa, South Africa. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 560. 
109989.

Foley, Elliot, Baty, Mason, Knutsen, 
Espen M., Lignum, John S., and 
Roberts, Eric M. (2020) Jurassic - 
Early Cretaceous paleogeography 
and paleoenvironments of the north-
eastern margin of Gondwana: insights 
from the Carpentaria Basin, Australia. 
Gondwana Research, 88. pp. 126-149.

Niu, Si-Da, Li, Sheng-Rong, Huizenga, 
Jan Marten, Santosh, M., Zhang, 
De-Hui, and Li, Zheng-Da (2020) 
⁴⁰Ar/³⁹Ar geochronology, fluid 
inclusions, and ore‐grade distribution 
of the Jiawula Ag–Pb–Zn deposit, NE 
China: implications for deposit genesis 
and exploration. Geological Journal, 55 
(2). pp. 1115-1127.

Dai, Zuo-Wen, Huang, Han-Xiao, Li, 
Guang-Ming, Huizenga, Jan-Marten, 
Santosh, M., Cao, Hua-Wen, Huang, 
Chun-Mei, and Ding, Jun (2020) 
Formation of Late Cretaceous high-
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cover with magnetotelluric imaging. In: 
[Abstracts from GSA 2020: Connects 
Online] (228-4) p. 4. From: GSA 2020: 
Connects Online, 26-30 October 2020, 
Online.

Liu, Guangxian, Yuan, Feng, Deng, 
Yufeng, Wang, Fangyue, White, Noel, 
Huizenga, Jan, Li, Yue, Li, Xiaohui, 
and Zhou, Taofa (2020) Ore-fluid 
geochemistry of the Hehuashan Pb–Zn 
deposit in the Tongling ore district, 
Anhui province, China: evidence from 
REE and C–H–O isotopes of calcite. 
Ore Geology Reviews, 117. 103279.  
Palaeogeography, Palaeoclimatology, 
Palaeoecology, 545. 109533.

Shah, Syed Anjum, Shah, Syed Habib, 
Bibi, Asma, Jadoon, Quaid K., and 
Latif, Khalid (2020) Petrophysical 
evaluation using the geometric factor 
theory and comparison with archie 
model. Journal of Natural Gas Science 
and Engineering, 82. 103465

Knutsen, Espen M., and Oerlemans, 
Emma (2020) The last dicynodont? 
Re-assessing the taxonomic and 
temporal relationships of a contentious 
Australian fossil. Gondwana Research, 
77. pp. 184-203.

Moynier, Frédéric, Le Borgne, Marie, 
Lahoud, Esther, Mahan, Brandon, 
Mouton-Ligier, Francois, Hugon, 
Jacques, and Paquet, Claire (2020) 
Copper and zinc isotopic excursions 
in the human brain affected by 
Alzheimer’s disease. Alzheimers & 
Dementia, 12 (1). e12112.

Mahan, Brandon, Antonelli, Michael 
A., Burckel, Pierre, Turner, Simon, 
Chung, Roger, Habekost, Mette, 
Jørgensen, Arne Lund, and Moynier, 
Frédéric (2020) Longitudinal biometal 
accumulation and Ca isotope 
composition of the Göttingen minipig 
brain. Metallomics, 12 (10). pp. 1585-
1598.

McCoy-West, Alex J., Millet, Marc-
Alban, Nowell, Geoff M., Nebel, 
Oliver, and Burton, Kevin W. (2020) 
Simultaneous measurement of 
neodymium stable and radiogenic 
isotopes from a single aliquot using 
a double spike. Journal of Analytical 

Atomic Spectrometry, 35 (2). pp. 388-
402.

Horan, K., Hilton, R.G., McCoy-West, 
A.J., Selby, D., Tipper, E.T., Hawley, S., 
and Burton, K.W. (2020) Unravelling 
the controls on the molybdenum 
isotope ratios of river waters. 
Geochemical Perspectives Letters, 13.

Mrozek, Stephanie A., Chang, 
Zhaoshan, Spandler, Carl, Windle, 
Steve, Raraz, Cesar, and Paz, Alberto 
(2020) Classifying skarns and 
quantifying metasomatism at the 
Antamina deposit, Peru: insights from 
whole-rock geochemistry. Economic 
Geology and the Bulletin of the Society 
of Economic Geologists, 115 (1). pp. 
177-188.

Nazari-Dehkordi, Teimoor, Spandler, 
Carl, Oliver, Nicholas H.S., and Wilson, 
Robin (2020) Age, geological setting, 
and paragenesis of heavy rare earth 
element mineralization of the Tanami 
region, Western Australia. Mineralium 
Deposita, 55. pp. 107-130.

Tobin, Thomas S., Roberts, Eric M., 
Slotznick, Sarah P., Biasi, Joseph A., 
Clarke, Julia A., O'connor, Patrick M., 
Skinner, Steven M., West, Abagael 
R., Snyderman, Lucia S., Kirschvink, 
Joseph L., and Lamanna, Matthew C. 
(2020) New evidence of a Campanian 
age for the Cretaceous fossil-bearing 
strata of Cape Marsh, Robertson Island, 
Antarctica. Cretaceous Research, 108. 
104313.

Miller, Case, O'Gorman, José P., 
Salisbury, Steven W., Coria, Rodolfo A., 
Roberts, Eric M., O'connor, Patrick M., 
Reguero, Marcelo A., and Lamanna, 
Matthe W.C. (2020) A new plesiosaur 
(Reptilia: Sauropterygia) specimen 
from the Upper Cretaceous of West 
Antarctica, with comments on the 
ontogeny and morphological diversity 
of the elasmosaurid pelvic girdle. 
Annals of Carnegie Museum, 86 (2). 
pp. 93-106.

Sahlström, Fredrik, Chang, Zhaoshan, 
Arribas, Antonio, Dirks, Paul, Johnson, 
Craig A., Huizenga, Jan Marten, and 
Corral, Isaac (2020) Reconstruction 
of an early Permian, sublacustrine 

magmatic-hydrothermal system: 
Mount Carlton epithermal Au-Ag-
Cu deposit, Northeastern Australia. 
Economic Geology, 115 (1). pp. 129-
152.

Sanislav, Ioan V., Abu Sharib, Ahmed 
S.A.A., and Quentin de Gromard, 
Raphael S.A. (2020) Deformation‐
induced cordierite breakdown – an 
example from western Maine, USA. 
Journal of Metamorphic Geology, 38 
(8). pp. 831-852.

Slezak, Paul, and Spandler, Carl 
(2020) Petrogenesis of the Gifford 
Creek Carbonatite Complex, Western 
Australia. Contributions to Mineralogy 
and Petrology, 175. 28.

Spandler, Carl, Slezak, Paul, and 
Nazari-Dehkordi, Teimoor (2020) 
Tectonic significance of Australian rare 
earth element deposits. Earth-Science 
Reviews, 207. 103219

Campbell, Matthew J., Rosenbaum, 
Gideon, Allen, Charlotte M., and 
Spandler, Carl (2020) Continental 
crustal growth processes revealed 
by detrital zircon petrochronology: 
insights from Zealandia. Journal of 
Geophysical Research: Solid Earth, 125 
(8). e2019JB019075.

Van Ryt, M.R., Sanislav, I.V., Dirks, 
P.H.G.M., and Huizenga, J. (2020) 
Trace element associations in magnetite 
and hydrothermal pyrite from the Geita 
Hill gold deposit, Tanzania. Journal of 
Geochemical Exploration, 209. 106418.

Wiersma, Jelle P., Roberts, Eric M., and 
Dirks, Paul H. G. M. (2020) Formation 
of mud clast breccias and the process 
of sedimentary autobrecciation in 
the hominin-bearing (Homo naledi) 
Rising Star Cave system, South Africa. 
Sedimentology, 67 (2). pp. 897-919. 
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Honours and Postgraduate Studies in Geosciences at JCU

Geoscience at JCU offers offers a range of research opportunities in:

 Geology

 Geochemistry

 Environmental Science 

with applications to the mining and exploration industry. 

Our programmes are supported by world-class analytical facilities and an extensive network of 
industry contacts. 

We welcome enquiries from students interested in PhD, Masters or Honours projects in:

�   The tectonic evolution and mineral potential of the Mt Isa District in NW Qld

�   The tectonic history and mineralisation patterns in NE Qld

�   Mineral geochemistry and fluid evolution of mineral deposits

�   Use of metal isotopes in medicine and/or mineral deposits

�   Sedimentology, basin analysis and vertebrate palaeontology

�    Environmental impact assessment, mine rehabilitation, environmental management

The Economic Geology Research Centre also has a limited number of $5000 Scholarships 
available for deserving candidates who want to pursue research in Economic Geology.  

If you would like to find out more about opportunities for Honours and Postgraduate projects, please contact Dr. 
Ioan Sanislav (ioan.sanislav@jcu.edu.au) or Dr Helen McCoy West (helen.mccoywest@jcu.edu.au).

Postdoctoral Research Fellow - Economic Geology Research  Centre

EGRU is seeking a Postdoctoral Research Fellow to join its research team and contribute to its 
growing research portfolio.  

The successful applicant will work in collaboration with fellow EGRU researchers, other JCU 
collaborators, and external industry and government partners, in the ongoing development 
of trace element and isotope geochemistry methodologies within the JCU IsoTropics 
Geochemistry Laboratory.  

Research projects will focus on strategic/critical minerals research and exploration, and on 
industrial interactions with the environment.

If you would like to find out more about in the postdoctoral position please contact Dr. Ioan Sanislav (ioan.
sanislav@jcu.edu.au).
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EGRU Facilities/Equipment 
 ӹ ICP-MS: 2 quadrupole ICP-MS units - Thermo iCAP-RQ and iCAP-TQ. 

 ӹ LA (Laser Ablation) System (193nm) - Tenedyne CETAC

 ӹ MC-ICP-MS (Multi-collector-Inductively Coupled Plasma-Mass Spectrometer) - Neptune

 ӹ Clean Lab: class 350 clean lab

 ӹ  SEM: with cathodoluminescence imaging capacity - Hitachi SU5000 Field Emission (+ panchromatic CL & 
Oxford EDS)

 ӹ XRD: Siemens D5000 Diffractometer (XRD) 

 ӹ SWIR spectral instruments: PIMA-SP and specTERRA 

 ӹ Raman microspectrometry facility

 ӹ Fluid inclusion stage: Linkam MDS600 freezing/heating stage 

 ӹ Melt inclusion / fluid inclusion stage: Linkam TS1500 heating stage

 ӹ  Lapidary/Mineral Separation Laboratory Equipment available includes - Struers Axitom-5 abrasive cutting 
machine, Accutom-50 precision saw, RotoPol-35 polisher, TegraPol-21 polisher, Citovac vacuum; Rocklabs 
Jaw Crusher, Ring mill; Retsch DM200 Disc mill, Motar mill; Holman 800 Wilfley Table; Frantz magnetic 
separator; heavy liquid separation facilities; dental drill for micro-sampling.   

 ӹ Photomicrography set 1: Leica DM2500P microscope + Leica DFC420 C Camera 

 ӹ Photomicrography set 2: Leica DM RXP microscope + Leica DC 300 v2.0 Camera 

 ӹ Magnetic susceptibility meter: Fugro GMS-2 (Serial No: 1942) 

 ӹ  Gigapan robotic camera 

EGRU Analytical Capabilities
 ӹ SWIR (Short Wavelength Infra-Red) spectral analysis

 ӹ Thermometric measurements of fluid inclusions and melt inclusions

 ӹ Composition of individual fluid/melt inclusions

 ӹ Mineral major element compositions by EDS and/or WDS on a Jeol ‘Superprobe’ electron microprobe

 ӹ  Cathodoluminescence (CL), Back-Scattered Electron (BSE) and Secondary Electron (SE) imaging, using SEM 
and electron microprobe

 ӹ Full CL wavelength spectra analysis by electron microprobe equipped with a CL spectrometer (XCLent) 

 ӹ Mineral trace element composition

 ӹ Mineral elemental mapping

 ӹ Stable isotope analysis (C, O, Cu)

 ӹ Geochronology (U-Pb on zircon, titanite, monazite, xenotime)

 ӹ In situ Lu-Hf and Sm-Nd isotope analyses

For information on EGRU analytical services contact Dr Huiqing Huang (Jeffrey): huiqing.huang@jcu.edu.au

mailto:huiqing.huang%40jcu.edu.au?subject=Analytical%20Facilities%20Enquiry


EGRU Members receive discounted registration for 

EGRU conferences, short courses and workshops.

Membership information is available from the EGRU web site.

Delegates attending EGRU conferences, short courses and workshops  may earn 

Professional Development points from their professional bodies.

For more than 35 years EGRU has been connecting 

researchers, students, industry and government organisations.  

..EGRU..
Promotes Collaborative Research

Provides Applied Research Services

Delivers Professional Development Training

Economic Geology Research Centre
College of Science and Engineering

James Cook University
Townsville, QLD 4811, Australia

T:  +61 7 4781 4726  E: egru@jcu.edu.au
W: jcu.edu.au/egru

https://www.jcu.edu.au/economic-geology-research-centre
https://www.jcu.edu.au/economic-geology-research-centre-egru
mailto:egru%40jcu.edu.au?subject=Sn-W-Critical%20Metals%20Conference
https://www.jcu.edu.au/economic-geology-research-centre-egru

