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The new Centre of Excellence in Ore Deposits 
commenced on 1 July 2005 with joint funding 
from the Australian Research Council, collaborating 
organisations and the minerals industry.  The Centre 
will address a key objective of Backing Australia’s Ability, 
“… raising the scale and profile of Australia’s leading 
research teams, and encouraging greater research 
collaboration within Australia, all within the framework 
of research areas of national priority”. The new 
Centre of Excellence will build on the internationally 
recognised strengths of the Centre for Ore Deposit 
Research (CODES) at the University of Tasmania. 
Over the next five years we plan to raise the scale and 
profile of the Centre by expanding into three new key 
areas: (1) exploration geophysics, matching our existing 
strengths in ore deposit geology and geochemistry, 
(2) geometallurgy, an innovative interdisciplinary 
field at the interface between ore deposit geology and 
metallurgy, and (3) magmatic Ni-PGE and sediment-
hosted gold, strategically important ore deposit 
types. This expansion involves the establishment of 
research collaborations with other highly regarded 
Australian research groups — the Julius Kruttschnitt 
Mineral Research Centre at University of Queensland 
(JKMRC), the Research School of Earth Sciences at 
Australian National University, the School of Earth 
Sciences at the University of Melbourne, and with 
selected research institutes overseas — Colorado School 
of Mines, University of British Columbia, and Johns 
Hopkins University. The research capacity of the Centre 
of Excellence will also be enhanced by recruitment of 
additional researchers in the new key areas.

Research in the Centre of Excellence will be conducted 
within the framework of the National Research 
Priority “An environmentally sustainable Australia’ 
with emphasis on NPR 1.6 — ‘developing deep 
Earth resources — smart high-technology exploration 
methodologies … and novel efficient ways of 
commodity extraction and processing while minimising 
negative ecological and social impacts’. 

  Director’s Report

Good progress has been made in establishing the Centre 
and commencing several of the new research projects. 
The Collaborators and Contributers Agreement 
was signed in December followed by the Funding 
Agreement with the Australian Research Council, to 
enable the first six-monthly payment to be made to the 
Centre. The five major Research Programs have been 
established: Location, Formation, Discover, Recovery 
and Technology, and all but one of the Program Leaders 
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have been appointed. Six new research positions have 
been advertised, and one appointment of a joint 
postdoctoral fellow (David Belton) has been made 
between CODES and CSIRO Exploration and Mining. 
Other key appointments will follow in 2006.
The strong commitment from the Australian Research 
Council of $3 million per year, to match the cash 
commitment from the University and Industry Partners 
(including AMIRA International) on a 50/50 basis, has 

put us in an excellent position to go forward with our 
ambitious research plans. I am looking forward to an 
exciting time of research and collaboration over the next 
five years.

Ross R Large
Director

Commonwealth Minister for Education Brendan Nelson, Ross Large and the Vice Chancellor of the University of Tasmania Daryl Le Grew at 
the announcement of Australian Research Council Centre of Excellence grants in June 2005.
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Centre Director
Ross Large performs the duties of the Research Director 
and Chief Operations Officer.  He is responsible for the 
scientific leadership and operational management of the 
centre and is supported by the Executive Committee 
and the Advisory Board.

Advisory Board
The Advisory Board meets annually to review progress 
of the Centre and to advise on future directions.  
John Dow, a geologist with significant management 
experience in the minerals industry and a strong 
international reputation in economic geology will chair 
the Advisory Board.

Science Planning Panel
The Science Planning Panel will meet annually for a 
one-day forum of presentations concerning the Centre’s 
scientific research progress and to discuss potential new 
research projects.  The membership is wider than that of 
the Advisory Board and includes a representative from 
all sponsor companies.  The Panel is designed to provide 
industry with an opportunity to influence future 
research directions.

Centre Research Committee
This committee, which includes all named chief 
investigators across the collaborating partners, will 

meet twice each year to discuss research prograss, 
new research opportunities and particularly focus on 
effective collaboration across all partners in the Centre. 
The first meeting was held in December 2005.

Executive Committee
The Executive Committee membership consists of 
the five program leaders plus administrative managers 
and meets, on average, six times a year.  The Executive 
Committee works closely with the Director to develop 
the Centre’s aims, strategies, plans and performance 
indicators.  

Staff
A full staff list is given on the following pages. It 
is planned to recruit a Professor of Exploration 
Geophysics and a further eight research staff in 2006 for 
the identified new research projects.  

  Staff and Management
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Centre Staff 2005

Director, Professor Ross Large,  
BSc Hons (Tasmania), PhD (New England)

Volcanic-hosted and sediment-hosted ore deposits UTAS

Deputy Director, Associate Professor  Bruce Gemmell, 
BSc (British Columbia), MA, PhD (Dartmouth)

VHMS deposits and epithermal gold-silver UTAS

Academic Staff

Sharon Allen, MSc (Auckland), PhD (Monash) Volcanic facies analysis UTAS

David Belton PIXIE microprobe CSIRO/UTAS

Ron Berry, BScHons, PhD (Flinders) Structure of mineralised provinces, CHIME dating UTAS

Stuart Bull, BScHons, PhD (Monash) Clastic and carbonate sedimentology and 
volcanology 

UTAS

Zhaoshan Chang, PhD (Peking, Washington State) Skarn, porphyry, and epithermal deposits; LA-
ICPMS zircon dating

UTAS

Associate Professor David Cooke, BScHons (LaTrobe), 
PhD (Monash)

Fluid-rock interaction and hydrothermal 
geochemistry 

UTAS

Professor Stephen Cox, BScHons (Tasmania), PhD 
(Monash)

Structure and fluid flow ANU

ProfessorTony Crawford, BScHons, PhD (Melbourne) Petrology, geochemistry and tectonics of volcanic 
arcs

UTAS

Associate Professor Leonid Danyushevsky, PhD 
(Vernadsky Institute)

Petrology, geochemistry, application of melt 
inclusions

UTAS

Garry Davidson, BSc Hons (ANU), PhD (Tasmania) Sulfur isotope geochemistry and copper-gold ores UTAS

Cari Deyell, BSc (Queens), PhD (British Columbia) Geochemistry and mineralogy of hydrothermal 
systems

UTAS

Nenad Djordjevic, PhD Rock mechanics and finite-element modelling UQ

Peter Fullagar, PhD (British Columbia) Exploration and mining geophysics UQ/UTAS

Steven Gay, PhD (Queensland) Mineral liberation and stereology UQ

Professor Grant Garven, PhD (British Columbia) Fluid flow and mineralisation JHU

Anthony Harris, BScHons, PhD (Queensland) Ore deposit geology/geochemistry UTAS

Associate Professor Jeff Hedenquist, PhD (Auckland) Epithermal gold CSM

Associate Professor Janet Hergt, PhD (ANU) Petrology/geochemistry UMelb

Wally Herrmann, BScHons (Monash), MEconGeol 
(Tasmania)

Alteration and exploration in volcanic settings UTAS

Professor Murray Hitzman, PhD (Stanford) Mineral deposits CSM

Professor Dima Kamenetsky, PhD (Vernadsky 
Institute)

Petrology and geochemistry of melt inclusions UTAS

Khin Zaw, BSc (Yangon), PhD (Tasmania) Fluid inclusions, SE Asian metallogenesis UTAS

Toni Kojovic, PhD (Queensland) Mineral comminution and testing UQ

Professor James Macnae, PhD (Toronto) Geophysics RMIT

Peter McGoldrick, BScHons, PhD (Melbourne) Geochemistry of ore deposits and their halos UTAS

Professor Jocelyn McPhie, BAHons (Macquarie), PhD 
(New England)

Volcanic facies architecture and volcanic textures UTAS
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Centre Staff 2005 cont.

Sebastien Meffre, BScHons, PhD (Sydney) Petrology and tectonics of the SW Pacific UTAS

Gary McArthur, PhD (Tasmania) Ore petrology and mineralogy UTAS

Simon Michaux, PhD (Queensland) Mineral comminution and testing UQ

Rob Morrison, PhD Mineral processing and systems analysis UQ

Khoi Nguyen, PhD (Queensland) Image analysis and programming UQ

Professor Doug Oldenberg, PhD (California) Geophysics UBC

Andrew Rae, MSc (Otago), PhD (Tasmania) Ore deposit geology/hydrothermal processes UTAS

Michael Roach, BScHons (Newcastle), PhD 
(Tasmania)

Electrical geophysical responses of sulfide ores UTAS

Chris Ryan, PhD (Melbourne) Micro-beam analysis CSIRO

Chris Schardt, PhD (Tasmania) Fluid-flow modelling JHU/UTAS

Robert Scott, BScHons, PhD (Monash) Structural geology UTAS

David Selley, BSc Hons (Adelaide), PhD (Tasmania) Structural geology/basin analysis UTAS

Michael Solomon, MSc, PhD (Tasmania), DSc 
(London)

Geochemistry and genesis of mineral deposits UTAS

Richard Tosdal, PhD (California) Structure in mineral districts UBC

Andrew Tunks, BScHons (Monash), PhD (Tasmania) Senior Lecturer/Masters Coordinator UTAS

Associate Professor Steve Walters, BScHons, PhD 
(Sheffield)

Sediment-hosted base metals, geochemistry, applied 
mineralogy, exploration technologies

UTAS/UQ

Professor Jon Woodhead, DPhil (Oxon) Isotope geochemistry UMelb

Technical/Administrative Staff

Peter Cornish Laboratory Manager UTAS

Sarah Gilbert, BScHons (Tasmania) Research Assistant UTAS

Christine Higgins, Grad. Cert. Manage. (Tasmania) Finance Manager UTAS

Katrina Keep Personal Assistant to Director UTAS

Katie McGoldrick  Laboratory Assistant  UTAS

June Pongratz Publications Manager UTAS

Philip Robinson, BScHons (Nottingham) Analytical Services Manager UTAS

Dianne Steffens Finance Assistant UTAS

Simon Stephens Manager Lapidary Services UTAS

Isabel Von Lichtan, BScHons (Tasmania) Curator UTAS
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CODES general staff: L to R, back row - Philip 
Robinson, Simon Stephens, Christine Higgins, 
June Pongratz, Izzy von Lichtan; front row 
- Peter Cornish, Di Steffens, Katie McGoldrick, 
Sarah Gilbert (Katrina Keep absent)

CODES Advisory Board 2005: L to R, Alan 
Goode, Steve Walters, Ross Andrew, Ross 
Large, Noel White, Andrew Glenn Tony 
Crawford, James MacDonald, Jim Reid, Tony 
Browne, John Hammond, Nick Franey, Lynton 
Jaques

CODES Executive Committee: L to R - Tony 
Crawford, June Pongratz, David Cooke,  Bruce 
Gemmell, Ross Large, Jocelyn McPhie, Leonid 
Danyushevsky, Christine Higgins (Steve 
Walters absent)
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The aim and objective of CODES research 
is to significantly advance knowledge and 
understanding of ore deposit location, formation, 
discovery and recovery through the creation of 
a research team with a prominent international 
profile, supported by the latest innovative 
technologies.
   
Background
The in-ground value of Australia’s metalliferous 
ore deposits is in excess of $900 billion. Securing 
maximum financial and environmental benefits from 
these resources requires comprehensive understanding 
of a wide range of complexly interacting geodynamic 
processes that lead to their formation and the factors 
that control economic development.
 
The paradigm underlying the research agenda of 
this Centre is that tectonic setting and large-scale 
processes exert fundamental controls on the fertility 
and ore potential of volcano-plutonic fold belts and 
sedimentary basins. Tectonic setting influences magma 
composition, the nature and abundance of volatile 
and metal elements, and structure, all of which are key 
ingredients in formation of mineralising hydrothermal 
systems. Tectonic setting also controls the architecture 
and evolution of sedimentary basins. In these settings, 
ore formation depends on a favourable conjunction 
of hydrological and chemical parameters that control 
the basin-scale hydrothermal systems. Hence, terrane-
scale research on tectonic settings of fold belts and 
sedimentary basins underpins our ability to predict the 
location of different ore deposit types (Program 1). 

Success in exploration for ore deposits in fertile 
provinces depends on accurate and practical scientific 
models of ore formation. These models are used by 

mining companies to decide where to explore and 
what methods to use. Hence, research focussing on 
the formation of ore deposits (Program 2) provides a 
further predictive dimension that is critical in mineral 
exploration – only through a thorough understanding 
of the formation of ore deposits can the search for them 
be conducted efficiently. This understanding forms the 
basis for devising techniques aimed at finding new ore 
deposits. 

Deep Earth resources by definition are covered – their 
discovery (Program 3) depends on ‘seeing’ through the 
cover using a combination of geophysical, geochemical 
and geological approaches. There is thus an urgent need 
for data on the physical, geochemical and mineralogical 
properties of ore deposits and their alteration haloes. 
This integrated data can then be used, together with 
innovative 2D and 3D inversion modelling, to define 
the geophysical and geochemical responses of different 
ore deposit types, and to show how these responses 
relate to the surrounding geology or vary according to 
depth of burial.   

Transforming an ore deposit into a sustainable 
and profitable mining operation requires detailed 
information on the ore mineralogy, chemistry and 
texture. The challenge here is to bridge the gap that 
separates geologists and geophysicists who traditionally 
focus on location, formation and discovery of ore 
deposits, and metallurgists and mining engineers 
whose primary focus is on mineral extraction. Meeting 
that challenge demands new and radically different 
approaches to ore recovery. This will be addressed 
in Program 4 through the creation of a formal 
collaboration between CODES and the JKMRC, two 
of the top research groups worldwide in their respective 
fields. This collaboration, involving a bold step into the 

  Research

LOCATION FORMATION DISCOVERY RECOVERY TECHNOLOGY
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field of geometallurgy, has the potential to revolutionise 
the way mining companies use ore characterisation to 
enhance mineral recoveries and manage downstream 
environmental impacts. 

Research programs 1 to 4 are supported and augmented 
by innovative technology (Program 5) that will 
routinely produce compositional and geochronological 
data of exceptional accuracy. The equipment and 
analytical developments in Program 5 will underpin the 
Centre’s capacity to conduct research at the forefront of 
global Earth science. 

These five research programs – location, formation, 
discovery and recovery of ore deposits, and innovative 
technology – articulate the aims of the Centre of 
Excellence in Ore Deposits. 

Research Framework
The Centre has an inner core of fundamental research 
programs that are linked to a portfolio of applied 
programs conducted in collaboration with the minerals 
industry. The research in the applied programs is 
built on the initiatives and innovation from the inner 
core fundamental research. Inner core fundamental 
projects (‘F’ projects) are funded by the ARC Centre of 
Excellence grant. Applied projects linked to industry 
(‘L’ projects) are jointly funded by industry and ARC 
Centre of Excellence funds. 

 

The Centre conducts five linked and complementary 
research programs: Location, Formation, Discovery, 
Recovery and Technology. Program 1 (Location) builds 
on CODES’ existing expertise in magmatic, volcanic 
and tectonic processes but involves expansion into 
diverse tectonic settings and includes new research 

on magmas associated with Ni-PGE mineralisation. 
Program 2 (Formation) encompasses much of 
the internationally recognised research previously 
conducted by CODES, and will be strengthened 
and extended by adopting an integrated approach to 
solving metal source, transport, trap problems, and 
by targeted collaborations with other leading research 
institutes. Program 3 (Discovery) includes a new 
initiative in ore deposit geophysics that will compliment 
our established expertise in ore deposit geology and 
geochemistry. This step is strongly supported by the 
mining industry and directly addresses the need to 
explore for concealed Deep Earth resources. Program 4 
(Recovery) is both entirely new and radically innovative. 
Collaboration between two recognised world leaders in 
their respective fields – CODES in ore deposits and the 
JKMRC in metallurgy – has the potential to radically 
change current practices. Program 5 (Technology) 
also incorporates substantial expansion and new 
developments for the equipment and data processing 
capacity of the centre. That capacity will achieve the 
world-class status required to support the research effort 
by an up-grade of existing equipment at CODES, and 
establishing collaborations that provide access to key 
equipment elsewhere.  
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  Research Programs

Program 1: Location

Leader: Tony Crawford

Major metallic ore deposits are geological oddities 
that form through a fortunate conjunction of 
processes (tectonic, magmatic, structural) that 
vary from deposit to deposit.  Program 1 aims 
to better understand the broad-scale processes 
that form major ore deposits and elucidate 
the controls on the location and timing of ore 
deposit formation, especially magmatic-related 
ore deposits, via fundamental studies from 
submicroscopic to continent scale. 

Background and significance
Magmatic rocks are directly involved in the formation 
of a number of globally important ore deposit styles 
(e.g. high-sulfidation epithermal gold, porphyry 
copper-gold-molybdenum, nickel-copper-PGE) and 
are implicated in several others (e.g. Broken Hill-type 
deposits; volcanic-hosted massive sulfide deposits; 
intrusion-related gold deposits). In the CODES SRC, 
we applied our expertise in igneous petrology and 
geochemistry, particularly with respect to the study 
of melt and fluid inclusions in minerals, to develop a 
better understanding of the nature of the links between 
igneous rock-hosted mineralisation and the host rocks/
magmas. A major outcome was the recognition of high-
temperature metal-rich brines exsolving from cooling 

magmas as the precursors to ore-forming hydrothermal 
fluids in porphyry-style ore deposits and potentially in 
VHMS deposits. Much needs to be done to elucidate 
the nature of these fluids, and their role in forming ore 
deposits. For example, how do these high-temperature 
metal-rich brines vary physically and compositionally 
as parent magmas vary from low-K calc-alkaline to 
shoshonitic and alkaline compositions? What are 
the physical nature (salt melt, brine?), compositional 
variations, metal-carrying capacities and evolutionary 
pathways of metal-rich brines exsolved early in the 
cooling history of felsic magmas? Does the concept of 
the existence of metal-rich versus infertile magmas have 
any credibility with respect to prospective hosts for 
porphyry copper-gold or copper-molybdenum deposits? 
Can studies of sulfide melt inclusions be applied 
successfully to mafic and ultramafic magmatic systems 
to help understand why major nickel-copper-PGE 
deposits occur where and when they do?
 
Studies of the tectonic development of fold belts and 
cratons are essential to determine the key controls on 
the timing, location and scale of ore-deposit formation. 
Such studies are complemented and informed by 
investigations of those modern, active settings where 
continental crust is created, especially in W Pacific-
type subduction-related settings and rift settings. We 
will build on our long experience in investigating the 
relationships between magmatism and tectonics in the 
SW Pacific region to provide valuable constraints on the 
timing, scales and processes of ancient fold belts that 
formed in similar settings.

Project F1.1   Geodynamic controls on fertility of 
fold belts and cratons (red denotes core project)
Leaders: Tony Crawford, David Giles (University of 
Adelaide Centre for Exploration Under Cover)
Team Members: Ron Berry and Sebastien Meffre, 
Nick Direen (University of Adelaide), Jim Mortensen 
(University of British Columbia), a new postdoctoral 
research fellow, Dick Glen and Barney Stevens 
(Geological Survey-New South Wales), Ian Withnall 
(Geological Survey of Queensland)
PhD students: Mike Baker, Weerapan Srichan, Dinh 
Quang Sang
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The ultimate aims of this project are to investigate and 
better understand the conjunctions of geological factors 
that are responsible for the location, timing and scale 
of ore deposit formation linked directly or indirectly to 
magmatism. It will do this via a series of thematically 
related projects that focus on:
• elucidating the regional setting of major ore deposits 

and ore deposit districts
• determining whether links exist between such 

magmatic-related ore deposits and their tectono-
magmatic setting.

Particular attention will be paid to Palaeoproterozoic 
mafic magmatism and its potential links with Broken 
Hill-type deposits, focusing initially on the Broken Hill 
(NSW) and Georgetown (Queensland) Blocks.
With respect to the Australian Palaeoproterozoic 
settings noted above, we aim:
• to clearly identify the temporal and spatial range 

of compositions represented among the abundant 
amphibolites in the mineralised Broken Hill Block 
and the apparently unmineralised Georgetown Block

• to compare the Palaeoproterozoic amphibolite 
compositions from the Broken Hill and Georgetown 
Blocks  with those of tholeiitic magmas in younger, 
less complicated settings,  to elucidate the tectonic 
setting of eruption of these magmas

• to identify the critical parameters linking mafic 
magmatism to mineralisation, by determining if 
those amphibolites closely associated with the Broken 
Hill ore deposit are compositionally distinct from the 
regional amphibolites

• to evaluate, using geochronological and Hf isotopic 
data on zircons, whether the felsic rocks are the 
complementary part of a bimodal suite that includes 
the amphibolites as the mafic end-member

• to integrate information from the above studies to 
develop a more rigorous framework for the tectono-
magmatic and metallogenic evolution of these 
Palaeoproterozoic crustal blocks.

A second region of interest is the Late Neoproterozoic 
to Carboniferous Tasman Fold Belt System of eastern 
Australia, and particularly in western Tasmania. Several 
key terranes within this extensive domain, such as the 
Cambrian Mount Read Volcanics in western Tasmania 

and the Ordovician Macquarie Arc region of central 
western NSW, are particularly well endowed with ore 
deposits in relation to neighbouring regions. We will 
study the links between magma type and tectonics 
in these ancient settings, guided by studies of similar 
magmas series in modern W Pacific-type settings, to 
better understand this mineral endowment and enable 
predictive exploration models.

The complex fold belts of SE Asia formed mainly 
during the Phanerozoic via collisions between 
island arcs and continental blocks. Volcanic belts 
and ophiolitic sutures in this broad region provide 
important constraints on the tectonic setting and 
geodynamic development, and are the focus of several 
PhD projects commenced in 2005, including in the 
central highlands of Vietnam, and northernmost 
Thailand. These studies will complement the outcomes 
of industry- and ARC-funded project L1.1 (below) 
to better understand the controls on the timing and 
location of major mineral deposits in SE Asia.

Project F1.2   Tectono-magmatic evolution of west 
Pacific-type subduction-related settings
Leaders: Leonid Danyushevsky, Tony Crawford 
Team Members: Sebastien Meffre, Trevor Falloon 
(UTAS School of Earth Sciences)
PhD students: Sofia Tetroeva, Roman Leslie
Collaborator: Richard Arculus (Australian National 
University)

This project maintains the strong involvement of 
CODES and University of Tasmania researchers in 
both land-based and marine geoscience research in 
the complex W Pacific region. Here, the relationships 
between magma type, tectonics and crustal 
development are exemplified in active and recently 
inactive settings believed to be representative of those in 
which the Earth’s major Phanerozoic fold belts formed. 
Understanding the processes, products and key elements 
involved in the construction of continental crust is 
fundamental to a developing a better interpretation of 
where and why major ore deposits form, and devising 
smarter regional exploration philosophies.
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A proposal to gain ship-time for use of the National 
Facility vessel R/V Southern Surveyor in the Vanuatu-Fiji 
region was successful, and the cruise will take place in 
August 2006. 

Project F1.3   Felsic magmas – volatile budgets 
and their controls on magmatic evolution – a 
combined melt inclusion and volcanological 
approach
Leaders: Jocelyn McPhie, Dima Kamenetsky 
Team Members: Sharon Allen, Maya Kamenetsky, Paul 
Davidson
Collaborators: Chris Ryan (CSIRO), Gary Ferris 
(PIRSA)

The eruption of large volumes of felsic magmas (dacites, 
rhyolites) in cratonic and convergent margin settings 
throughout Earth history is genetically linked either to 
the interaction of hot mantle-derived mafic magmas 
with the crust, to direct melting of the subducting 
slabs, or to crystal fractionation of vast volumes of 
more primitive basalt-andesitic magmas. Whatever 
the origin of felsic magmas, they play a major role in 
the mass transfer from the mantle and lower crust to 
the upper crustal levels, the surface, atmosphere and 
hydrosphere. The emplacement of significant volumes 
of felsic magmas is often associated with formation 
of many types of ore deposits (e.g. copper, gold, 
molybdenum, lead, zinc) in the volcanic (e.g. subaerial 
and submarine lavas) and subsurface (e.g. intrusions, 
dykes, stocks) environments. Although the formation of 
economic mineralisation does not inevitably follow the 
emplacement, crystallisation and degassing of magmas, 
a magmatic event, supplying volatiles and metals, is a 
prerequisite. 

Apart from the question of just how magma-derived 
melts and fluids ultimately evolve into hydrothermal 
solutions, there are immediate problems about 
understanding the potential of magmas in releasing 
volatile- and metal-rich phases in amounts sufficient to 
form economic mineralisation. Metal abundances in 
felsic magmas remain largely unknown. Neither barren 
nor fertile intrusive rocks can be used for determining 
metal content in the melt, because of widespread 
processes of sulfide separation or accumulation.  

Subaerial volcanic rocks are also unsuitable because of 
inevitable degassing. Modification of rocks by magmatic 
and post-magmatic fluids is another complication to the 
estimate of primary metal abundances. As an alternative 
approach, we have shown in the CODES SRC that 
melt inclusions represent a good approximation to the 
originally trapped magmas, and can provide exciting 
glimpses into the precursor stages of hydrothermal fluid 
evolution. 

Information obtained from the study of eruptive 
processes and products, and phenocryst-hosted 
inclusions, will be used to reconstruct abundances and 
the evolutionary paths and budgets of petrogenetic, 
volatile, metallic and trace elements in evolving felsic 
magmas and related immiscible volatile-rich phases. 
This proposed research is aimed at addressing the 
potential relationships between different felsic magmas 
and economic mineralisation: 
•	 determine the primary magmatic abundances of 

metals and volatile elements (H2O, CO2, Cl, F, S) in 
felsic magmas using a melt inclusion approach

•	 evaluate the role of crystal fractionation processes 
and silicate-sulfide melt immiscibility in changing 
the metal budget before magma emplacement

•	 correlate metal and volatile abundances to 
petrochemical and geochemical characteristics of 
felsic magmas and tectonic setting

•	 relate transport of particular metals in the fluids of 
specific composition during magma degassing, with 
an increased focus on the role of carbonic fluids

•	 estimate total loss of metals from magmas during 
crystallisation and degassing and search for possible 
reservoirs of “lost” metals.

An important part of this study will be characterisation 
of felsic magmas of different volumes, at different times, 
and in different geodynamic settings. The choice of 
suitable samples for this study is to fully cover different 
aspects of magmatic evolution, including primary 
abundances of volatiles and metals, and the effects 
of crystal fractionation, melt-fluid immiscibility and 
degassing. For these purposes we have selected:
•	 the Mesoproterozoic (1.6 Ga) large volume intraplate 

dacites-rhyolites of the Gawler Craton (South 
Australia), and comagmatic Hiltaba Suite granite 
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intrusions hosting the giant Olympic Dam deposit 
(uranium, gold, copper, REE)

•	 the <1.6 Ma large volume rhyolites of the presently 
active Taupo Volcanic Zone in New Zealand (a rifted 
arc resulting from oblique subduction of the Pacific 
plate beneath the Australian plate)

•	 smaller volume dacites and rhyolites in the Hellenic 
arc, for which we have excellent volcanological data 
and samples from our previous research projects.

Project F1.4   Origin and metal potential of 
magmatic layered intrusions and associated 
volcanics – a combined thermodynamic modelling 
and melt-inclusion approach
Leader: Leonid Danyushevsky 
Team Members: Tony Crawford and Dima Kamenetsky, 
Alexei Ariskin (Vernadsky Institute of Geochemistry, 
Moscow), new senior research fellow to be appointed 
2006
Collaborator: Nick Arndt (University of Grenoble, 
France)

This project will take CODES into nickel-PGE 
research, and we aim to use our background in melt-
inclusion- and thermodynamic-modelling-based 
studies to take a fresh look at models for nickel-PGE 
mineralisation in layered intrusions.

Several major factors that determine the role of sulfides 
as concentrators of nickel and PGE mineralisation 
in ultramafic/mafic magmatic systems remain poorly 
understood. Among these, the following unsolved 
questions are the most important:
•	 What are the composition(s) of the parental 

magma(s) for the layered intrusions, including their 
degree of crystallinity at the moment of intrusion 
and the phase proportions and compositions of 
phenocrysts?

•	 What are the physical conditions of magmatic 
crystallisation and sulfide immiscibility?

•	 Is the S required to form magmatic nickel deposits 
entirely derived from the host mafic or ultramafic 
magma, or is some external source of S required?

•	 How important is silica addition via crustal 
contamination in forcing S saturation on a magma?

•	 Where are the magmatic sulfides in such mineralised 

systems first generated? Are they formed locally from 
the host magma, or are they separated from a parental 
magma, but later picked up and transported to the site 
of ore deposit localisation by a later (host) magma?

•	 What is the role in metal concentration of post-
cumulus processes such as migration of the late 
residual inter-cumulus melt and/or fluid, and their 
associated metasomatism?

•	 Are there mineralogical, geochemical and petro-
physical criteria for locating sulfide-enriched 
horizons within the layered intrusions?

•	 Why are some continental flood basalts abnormally 
enriched in PGE relative to other S-saturated 
magmas at relatively low MgO contents?

We are presently developing a proposal seeking co-
funding from industry, via AMIRA, for a three-year 
project that will tackle in particular some or all of the 
following aspects of the above questions:
•	 temperature and composition of the parental melts 

and any entrained crystalline phases
•	 controls on sulfide liquid immiscibility
•	 modelling of sulfide crystallisation and primary 

concentration of sulfides using a convective-
cumulative mechanism

•	 why some mafic and ultramafic magmas host nickel-
PGE mineralisation and others do not.

The details of our approach will depend on which 
layered complexes will be the subject of this research (a 
matter for discussion).

Thermodynamic modelling using COMAGMAT® 
software will be used to reconstruct the chemical and 
phase composition of the parental magmas. The role 
of crustal contamination will be assessed using rock 
isotopic compositions combined with the results of the 
above modelling and possibly with the compositions 
of melt inclusions in olivine from the marginal 
zones. Modelling of sulfide immiscibility will require 
modifications to the current version of COMAGMAT® 
software to include sulfur saturation as a function of 
melt composition and P-T-fO2 conditions using one 
of the available models. This will allow an olivine-
sulfide cotectic to be estimated. Modelling of magmatic 
differentiation for each individual intrusion will be 
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conducted using COMGAMAT® to assess the role of 
both crystal settling and residual melt infiltration.

Our primary focus will be identification and 
microanalysis of tiny (<100 microns) inclusions of 
sulfide melt droplets in phenocrystal olivines from 
barren and nickel-PGE-hosting magmatic rocks. The 
presence of such inclusions indicates sulfide saturation 
of the silicate magma, whereas the composition 
of the host olivine phenocrysts reflects the extent 
of fractionation of the host silicate magma at that 
moment. In addition, the composition of sulfide melt 
inclusions can be used to infer the composition of the 
sulfide melt, and monitor compositional changes on the 
melt imposed by fractional crystallisation.

Our rationale thus is to investigate if there is a differ-
ence in the abundance and composition of sulfide melt 
inclusions at various stages of fractionation between 
magmas that are associated with nickel-PGE deposits 
and magmas that are barren.

Project F1.5   Global ocean chemistry, marine 
basins and mineralisation
Leader: P McGoldrick
Team Members: S Bull, Timothy Lyons, (University 
of California-Riverside), Poul Emsbo (United States 
Geological Survey) 
PhD student: Rodney Maier

This project aims: 
• to decipher processes that controlled the sulfur 

chemistry and redox state of oceans that existed in 
northern Australia ~1.65 billion years ago

• to understand how coeval ocean water interacted 
with hydrothermal fluids responsible for forming the 
giant northern Australian Proterozoic sedex zinc-
lead-silver deposits. 

 
We will test the hypothesis that in ancient oceans that 
contained much less total dissolved sulfur than today’s 
oceans that ore-forming hydrothermal systems were 
large enough to have a significant effect on ocean sulfur 
budgets.  Furthermore, for the Proterozoic we want to 
understand why a low-S world ocean should favour the 
formation and preservation of such deposits.

We will employ three novel analytical procedures: 
(i) ‘CAS’ (carbonate associated sulfur) technique to 
measure sulfate S isotopes in whole rock samples,  (ii) 
an in situ laser ablation technique for sulfide (pyrite) 
isotope measurements, and (iii) in situ quantitative LA-
ICPMS for trace element analysis of pyrite to ‘tease out’ 
the effects due to exhalative hydrothermal systems from 
the ‘normal’ seawater signatures.

Work in 2005 focused on the Mount Isa Western 
Succession. Peter McGoldrick, Poul Emsbo and Tim 
Lyons carried out field work and sample collection 
from Palaeoproterozoic sequences north of Mount Isa.  
CAS sulfur isotope measurements were commenced 
on samples collected during the field trip.  Rod Maier 
carried out a detailed sulfur isotope profile through a 
long drill core from the Bluebush prospect 

Project L1.1   Geochronology, metallogenesis and 
deposit styles of Loei Foldbelt in Thailand and 
Laos PDR
Leader: Khin Zaw (CODES) 
Team Members: Sebastien Meffre, Wally Herrmann, 
Anthony Harris
PhD students: Paul Cromie, Teera Kamvong 
Collaborators: Sue Golding (University of Queensland), 
Mark Barley (University of Western Australia), Oxiana Ltd, 
Pan-Australian Resources, Kingsgate Consolidated Ltd

This industry-funded project aims to:
•	 establish a district-scale GIS integrated digital 

geoscience data set for the Loei belt
•	 undertake a regional tectonic and metallogenic 

analysis of the Loei belt, with particular emphasis 
on timing of magmatic-volcanic events and 
mineralisation based on  field observations, and 
geochronological data,

•	 undertake deposit-scale studies characterising the 
alteration patterns, mineral paragenesis, age, style 
and origin of mineralisation based on field mapping, 
core logging and sampling, and laboratory analysis 

•	 develop a geotectonic and metallogenic model for the 
evolution and origin of the Loei belt and the overall 
timing and history of terrane collision in mainland 
SE Asia.
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Using geochronological techniques, including the 
CODES LA-ICPMS zircon uranium-lead technique, 
with additional studies in collaboration with the 
universities of Queensland and Western Australia, 
this project is defining new key exploration criteria 
vital for future discoveries of world-class copper-gold 
resources in the region. Field work and extensive 
geochronological studies of volcanic and intrusive rocks 
from the Thai sector of the Loei Belt were completed 
in 2005, with the focus to shift to the Laos segment in 
2006.

Program 2: Formation of ore 
deposits

Leader: David Cooke

Program 2 aims to develop practical, process-
based exploration models for hydrothermal and 
magmatic ore deposits that will help increase 
discovery rates for Australia’s deep Earth 
resources.

Success in exploration for ore deposits in fertile 
provinces depends on accurate and practical scientific 
models of ore formation. Such models are used by 
mining companies to decide where to explore and 
what methods to use. Hence, research focusing on 
the formation of ore deposits (Program 2) provides a 
further predictive dimension that is critical in mineral 
exploration – only through a thorough understanding 
of the formation of ore deposits can the search for them 
be conducted efficiently. That understanding forms the 
basis for devising techniques aimed at finding new ore 
deposits.

Current mineral exploration models focus almost 
entirely on empirical aspects of ore deposits, such as 
their likely shapes, dimensions, alteration patterns, 
geochemical dispersion halos and geophysical 
signatures.  This information is essential for mineral 
explorers, but needs to be enhanced with an 
understanding of how high grade ore deposits form, 
both from structural and chemical perspectives, in 
order to improve our predictive capacity for locating 
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new deep Earth resources.  CODES has earned an 
international reputation for research into the formation 
of copper, gold, zinc, lead and silver deposits that form 
in sedimentary basins, volcanic arcs and fold belts. 
This research has led to significant breakthroughs with 
regard to understanding controls on metal transport 
and depositional processes, and provides a basis for 
improving exploration success for deep Earth resources. 
In the Centre of Excellence, we will expand the ore 
genesis research to encompass the development of 
process-based exploration models that can target 
the location of undiscovered mineral concentrations 
deep within the Earth.  The emphasis will be on the 
understanding of ore-forming processes in porphyry 
copper-gold, magmatic nickel-PGE, sediment-hosted 
zinc-lead, copper and gold, and polymetallic VHMS 
environments, and on transferring that understanding 
into successful mineral exploration.  Our process-based 
models will require detailed and integrated evaluation 
of the structural, sedimentary, volcanic, hydrothermal 
and magmatic processes fundamental to high-grade ore 
formation in these diverse geological environments. 
Research will be enhanced by collaborations with 
world-renowned researchers at ANU, University of 
British Columbia and Johns Hopkins University. 

Project F2.1   Porphyry copper-gold-(molybdenum) 
deposits
Leaders: Stephen Cox (Australian NationalUniversity), 
David Cooke
Team Members: Zhaoshan Chang, Cari Deyell, 
Anthony Harris, Vadim Kamenetsky, new postdoctoral 
research fellow (Australian National University)
PhD Students: David Braxton, Tim Ireland, Ben Jones, 
Felipe Urzua
Collaborators: Dick Tosdal (Mineral Deposit Research 
Unit, University of British Columbia)

We will evaluate the spatial and temporal evolution 
of fracture permeability, magma and fluid chemistry 
in selected porphyry copper-gold and copper-
molybdenum deposits.  Results of detailed field 
mapping will be integrated with CL mapping of 
microfractures and microanalytical investigations 
of fluid and melt inclusions, stable and radiogenic 
isotopes, and whole-rock geochemistry in order to 

determine the chemical gradients and percolation 
thresholds required for high-grade ore formation. This 
project will commence in late 2006.

Project F2.2   Base-metal mineralisation in 
sedimentary basins 
Leaders: Stuart Bull, Grant Garven (Johns Hopkins U)
Team Members: David Cooke, Ross Large, Peter 
McGoldrick, Christian Schardt (Johns Hopkins U), 
David Selley
PhD Student: Lyudmyla Koziy
Collaborators: Colorado School of Mines

This project will investigate the role of evaporitic 
salts in the formation of sedimentary copper deposits 
in the Central African Copperbelt and European 
Kupferschiefer and the Proterozoic stratiform zinc 
orebodies of northern Australia. For the last decade, 
CODES staff have been studying sediment-hosted 
orebodies where evaporitic salts are implicated in the 
mineralising process, such as the giant zinc deposits 
of the northern Australian Proterozoic and the 
sediment-hosted copper deposits of the Central African 
Copperbelt. Numerous questions remain regarding the 
role of evaporitic salt units in the origins of these ore 
deposits, because there are generally no fluid inclusions 
preserved, so that the actual salinity of the ore-forming 
fluids is conjectural. 

This project will attempt to resolve the following 
questions:
• Do ore-forming brines in sediment-hosted base-

metal systems have a common heritage?
• If so, why do we see remarkably diverse alteration 

styles and metal associations (brine composition, 
process, or environment?)

• Which intra-basinal brines are involved in ore form-
ation: residual brines or evaporite dissolution brines?

• Are different metal tenors in different provinces a 
function of brine evolution, basin fill composition, 
varied depositional processes or some combination?

• What is the involvement of basement fluid flow in 
the diverse sedimentary basin ore systems?

• Are there important stages of brine evolution that 
control the development of fertile vs infertile basin 
systems? 
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The research team will examine diagenetic mineral 
assemblages and variations in connate water 
compositions around salt bodies in modern evaporite 
basins, in order to evaluate whether these brines 
can account for the alteration styles seen in ancient 
sediment-hosted ore systems. The team will use field 
and microanalytical data to constrain coupled numerical 
models of heat, salinity and metal transport involving 
basinal brines. This research program will commence in 
2006.

Project F2.3   Volcanic-hosted massive sulfide 
deposits 
Leaders: Bruce Gemmell, Michael Solomon, Khin Zaw
Team Members: Garry Davidson, Wally Herrmann, 
Ross Large, Valeriy Maslenekov (Russian Academy of 
Science), Dan Matthews (Visiting Research Fellow)
PhD Students: Susan Belford, Kim Denwer, Russell 
Fulton, Patrick Sack
Collaborators: Global collaboration with research 
groups in Sweden, Spain, Portugal, Canada, Turkey, 
Russia, UK

The research team plan to fingerprint fertile fluid 
compositions in VHMS source regions and track their 
chemical evolution through altered country rocks 
into ore forming environments using CL, LA-ICPMS 
and PIXE technology. This information will be used 
to evaluate processes responsible for the formation 
of giant, high grade VHMS deposits. Saline fluid 
inclusions have been found in 12 VHMS deposits 
worldwide, all among the richest and largest (in 
Iberia, British Columbia and Tasmania). In one case, 
provisional cation analyses of fluid inclusions indicate 
a possible magmatic component.  To test this, 10–20 
micron diameter fluid inclusions from these districts 
will be analysed using: PIXE, synchrotron XRF, laser 
ablation, spectrophotometric methods. An intrusive 
complex within the Tasmanian province may be an 
example of the saline fluid source for VHMS deposits. 
This will be tested by chemical analyse of rock samples, 
and analysis of fluid inclusions thought to represent 
fluid exsolved from the silicate melts during cooling and 
crystallisation.
 

A second stream of VHMS research is the investigation 
of the geochemistry of shale in volcano-sedimentary 
environments. A pilot study of the shale and pyrite 
geochemistry throughout the Que River Shale above the 
Hellyer VHMS deposit (Tasmania) is being undertaken 
by Dan Matthews (Visiting Research Fellow) and 
Bruce Gemmell. The aim of this project is to develop 
vectors to sites of hydrothermal discharge and VHMS 
mineralisation for use by explorationists. This project is 
being undertaken with our international collaborators 
Mark Hannington (University of Ottawa) and Jan Peter 
(Geological Survey of Canada).

Project F2.4   Magmatic nickel-PGE deposits
Leaders: Senior Research Fellow - nickel deposits (to be 
appointed), Vadim Kamenetsky

This project will focus on the genesis of magmatic 
nickel-PGE deposits. It is linked to project F1.3, and is 
scheduled to begin in 2008, after the appointment of a 
suitable senior research fellow.

Project L2.1   District- to deposit-scale structural 
and geochemical evolution of the Cadia porphyry 
gold-copper deposits, New South Wales
Leaders: David Cooke, Ron Berry, Anthony Harris
PhD Students: Ana Lisa Cuison, Nathan Fox

This industry co-funded research project aims to 
investigate the evolution of porphyry-style mineralisation 
in the Cadia porphyry gold-copper district of NSW 
through detailed evaluation of the structural architecture 
and fluid chemistry at the district and deposit scales. The 
specific aims of the project include:
• identification of the structural controls on 

mineralisation, and unravelling of the syn- and post-
mineralisation deformation history of the district

• characterisation the Ridgeway porphyry gold-copper 
deposit through detailed PhD geological, structural 
and geochemical investigations

• characterisation the Cadia East porphyry gold-copper 
deposit through detailed PhD geological, structural 
and geochemical investigations

• Evaluate geochemical and mineralogical zoning 
within the high-level alteration domains above and 
to the sides of the Ridgeway and Cadia East systems.
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This collaboration with Newcrest Mining Ltd will 
develop an integrated exploration model aimed at 
targeting additional buried mineral resources in NSW. 
The project commenced in September 2005.

Project L2.2   Controls on the formation of sulfide 
trace-element signatures of sediment-hosted gold 
deposits (AMIRA P923)

Leaders: Ross Large, Robert Scott 
Team Members: Stuart Bull, Leonid Danyushevsky, 
Sarah Gilbert, Wally Herrmann
Collaborators: Poul Emsbo (United States Geological 
Survey), Valeriy Maslenekov (Russian Academy of 
Science)

This project is using advanced analytical and isotopic 
techniques to study gold dispersion in sedimentary, 
volcanic and hydrothermal sulfides in order to 
determine processes controlling gold accumulation 
in some of the world’s largest sediment-hosted gold 
deposits. Research will be focused on deposits in the 
Bendigo district, Victoria, Carlin district, Nevada and 
the Sukhoi Log district in Russia. The project is being 
sponsored by Barrick Gold Corporation, Newcrest 
Mining Limited, Newmont Mining Corporation, 
Perseverance Exploration Pty Ltd. and Placer Dome 
Asia Pacific. It commenced in early 2005. Major 
impetus for the project was provided by the results of a 
pilot study investigating the trace-element compositions 
of sparsely disseminated pyrite, interpreted to be 
diagenetic in origin, in the Ordovician host rocks to the 
Central Victorian gold deposits. LA-ICPMS analyses 
indicated much of the pyrite contained elevated 
levels of gold (up to 2.7 ppm gold) as well as arsenic, 
lead, Bi, Sb, Te and Se. Gold-enriched pyrite of syn-
sedimentary or early diagenetic origin has also been 
reported from the Devonian host rocks in and adjacent 
to several of the largest and highest grade gold deposits 
of the Northern Carlin Trend (Poul Emsbo and co-
workers). The presence of anomalously gold-enriched 
syn-sedimentary or diagenetic pyrite within the host 
successions of two major epigenetic gold districts raises 
the intriguing possibility that either the host-rocks 
themselves were a source of metals for the epigenetic 
deposits, or that multiple episodes of gold enrichment 

within the basins record episodic tapping of a major, 
long-lived metal sources at depth. Alternately, the gold 
enrichment may be entirely epigenetic in origin with 
the early formed sulfides simply forming a sink or 
nucleation site for the precipitation of gold and other 
metals introduced in later hydrothermal fluids.
The current research addresses three themes: 
• Theme 1 is concerned with terrane prospectivity 

evaluation and regional targeting. The researchers 
aim to determine the extent of pre-concentration 
of gold and other metals in sedimentary host rocks 
to major epigenetic gold deposits, which types of 
sediments preferentially concentrate gold in pyrite, 
and whether there is any relationship between the 
distribution of gold enriched strata and the location 
of the major gold deposits.

• Theme 2 will examine spatial zonations in sulfide 
trace element composition around individual 
deposits with the aim of developing more robust, 
longer-range deposit-proximity indicators.

• Theme 3 will assist with prospect evaluation and 
the development of targeted exploration strategies, 
and aims to characterise variations in sulfide trace 
element and isotopic composition that reflect deposit 
size, age or type.

Project L2.3   Shallow and deep-level alkalic 
mineral deposits
Leaders: Dick Tosdal (MDRU), David Cooke
Team Members: Claire Chamberlain ((University of 
British Columbia)), Cari Deyell, Dima Kamenetsky, 
Jocelyn McPhie
PhD Students: Adam Bath, Jacqueline Blackwell, 
Frederico Henriques (University of British Columbia), 
Janina Micko (University of British Columbia), Heidi 
Pass, Wojtek Zukowski
MSc Students: Amber Henry , Paul Jago, Meghan 
Jackson (all University of British Columbia)

Alkalic gold-(copper) deposits are of increasing 
economic significance and are an attractive exploration 
target.  They include some of the world’s highest 
grade and largest porphyry-related gold resources (e.g. 
Ridgeway: 77 Mt @ 1.87 g/t gold, 0.63 % copper, 5.09 
Moz gold; Galore Creek resource of 13.75 Moz gold, 
156.4 Moz silver, and 12.0 billion pounds copper), 
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as well as some of the largest gold accumulations 
in epithermal settings (Ladolam: ~48.6 Moz gold; 
Porgera: ~19.6 Moz; Cripple Creek: ~26.7 Moz; and 
Emperor: ~9.5 Moz) (http://geopubs.wr.usgs.gov/
open-file/of99-556/).  Exploration for these deposits is 
difficult because of their small footprint and alteration 
assemblages that are different in significant details 
from those characteristic of porphyry copper deposits 
associated with subalkalic igneous complexes.  Hence, 
there is a need to better define the characteristics of the 
somewhat anomalous but potentially very metal-rich 
alkalic porphyry systems from the academic perspective 
of building a holistic model, and also from a practical 
perspective of providing simple tools for exploration. 

The integration of detailed structural, geochemical 
and geochronological information is essential to the 
development of an improved alkalic deposit model.  
Each of the following major research themes are being 
investigated at the sites chosen for detailed study:
•	 structural and geological architecture
•	 alteration zonation patterns
•	 geochemical dispersion and depletion halos
•	 geochronology and igneous fertility indices.

This project commenced in September 2005. Sites 
under investigation include Galore Creek, Mount 
Milligan, Mount Polley and Lorraine (British 
Columbia, Canada) Porgera and Lihir (PNG) and 
Cowal (NSW, Australia). Most of the graduate students 
are now in place, with the first sponsors meeting 
scheduled for June 2006. The project is being sponsored 
by AngloGold Ashanti Ltd, Amarc Resources Ltd, 
Barrick Gold Corp., Imperial Metals, Newcrest Mining 
Ltd, Newmont Mining Corp., Novagold Resources 
Inc., Placer Dome Inc. and Teck Cominco Ltd. The 
budget centre is MDRU.

Program 3: Discovery of ore 
deposits

Leader: Bruce Gemmell (interim)
 

Program 3 aims to develop techniques for the 
acquisition, processing and interpretation of ore 
deposit geophysical and geochemical data that 
will assist in the discovery of Australia’s deep 
Earth resources.

Background and Significance 
Concealed ore deposits can be found by a combination 
of geophysical, geochemical and geological targeting 
techniques. Our research will focus on developing better 
geophysical, geochemical and geological models of 
specific world-class ore deposit types and their alteration 
halos, by the measurement, modelling and inversion, 
and interpretation of ore deposit data in a 3D geological 
environment. 

Our aim is to build critical mass in ore deposit 
geophysics to support our current strengths in ore 
deposit geology and geochemistry. Two of the top 
exploration geophysicists in Australia, Peter Fullagar 
and James Macnae, have agreed to join the COE to 
work with our geophysics staff, Michael Roach and 
James Reid. A chair in Exploration Geophysics will 
be appointed to lead the team. Collaboration with 
Doug Oldenburg, UBC, the world authority in ore 
body inversion modelling, will be a key aspect of this 
program.
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Geophysical research in the centre will focus on 
improved interpretation of geophysical data, through 
better understanding of the relationships between 
petrophysical parameters and geophysical inversion 
results, and development of new interpretation 
algorithms which exploit the strengths of modern 
geophysical data acquisition systems. Better 
characterisation of the geophysical properties of ore 
bodies, together with an improved insight provided by 
constrained 3D modelling, will reduce the uncertainty 
in interpretation of inversion results.  
Geochemical research will focus on characterising the 
mineralogy, mineral chemistry, metal zonation, and 
geochemistry (whole-rock isotope, major element and 
trace element composition) of ore bodies and alteration 
halos in order to better define the complete geochemical 
signature of hydrothermal ore forming systems.

F3.1   Geophysical characterisation and inversion 
of ore deposits
Leaders: Michael Roach, James Reid
Collaborator: Doug Oldenburg (University of British 
Columbia)

This project focuses on comparison of measured ore 
body characteristics with parameters inferred from 
inversion of geophysical datasets. It involves close 
collaboration with researchers at the Geophysical 
Inversion Facility at The University of British Columbia 
and will investigate factors such as the effectiveness 
of constrained inversion and the effects of statistical 
variability in rock properties. There are significant 
synergies between this project and the AMIRA P843 
GEM project and the a number of the GEM study sites 
are likely to be included as study sites in this project. 
Initial discussions have been held with some potential 
company sponsors and the project will accelerate 
when additional personnel have been appointed. A 
postdoctoral position to work in part on this project has 
been advertised but has not been filled. A PhD project 
on the geophysical characteristics of the Cadia ore 
system was also advertised but there were no suitable 
applicants. These positions will be re-advertised.

F3.2   Improved electromagnetic methods for 
mineral exploration
Leaders: James Macnae, James Reid
Collaborators: Art Raiche and Glenn Wilson (CSIRO)

Full three-dimensional modeling of transient 
electromagnetic (TEM) data, including the effects 
of both vortex and channelled currents, is extremely 
computer intensive.  Calculation of the response of a 
single model may require minutes to hours of computer 
time on current PCs.  However, several fast, very simple 
algorithms are available for interpretation of inductive 
TEM responses.  By contrast, few if any very rapid 
models are widely available for the current channelling 
response.  Accordingly, most TEM interpretation is still 
carried out using modeling programs which account 
only for vortex induction (e.g., Maxwell, MultiLoop), 
even though the relevant algorithms were developed 
20-25 years ago.

This project aims to improve electromagnetic 
exploration for massive sulfide orebodies by:
•	 Development of approximate numerical models 

for current channelling responses in surface 
electromagnetic data, to complement existing 
algorithms for purely-inductive responses

•	 Verification of the approximate modeling algorithms 
by comparison with full three-dimensional 
electromagnetic modelling codes

•	 Case studies of interpretation of existing field 
datasets using both approximate and full three-
dimensional models.

L3.1   Rapid approximate interpretation of 
electromagnetic data acquired using multichannel 
distributed data acquisition systems
Leaders: James Reid, Peter Fullagar
PhD Student: Ralf Schaa
Collaborators: Geophysical Resources and Services Ltd, 
Fullagar Geophysics Pty Ltd

This project will develop new interpretation algorithms 
for TEM data acquired using modern distributed 
acquisition systems.  PhD student Ralf Schaa joined 
the project in August 2005 and has been developing 
a rapid one-dimensional imaging algorithm based 
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on simultaneous inversion of horizontal and vertical 
components of the measured TEM response.  The 
project will also investigate imaging algorithms 
using data acquired using multiple transmitter-
receiver geometries.  Preliminary development of an 
approximate three-dimensional interpretation technique 
will commence during mid-late 2006.

L3.2   Transitions and zoning in porphyry-
epithermal mineral districts
Leaders: David Cooke, Bruce Gemmell
Team Members: Noel White, Cari Deyell, ZhaoshanNoel White, Cari Deyell, Zhaoshan 
Chang
PhD Student: Tim Ireland
M.Econ.Geol. Students: Gem Midgley, Jose Polanco
Collaborator: Jeff Hedenquist (Colorado School of 
Mines)

Porphyry-related mineral districts host many major 
ore deposits of diverse styles and metal associations. 
These include the porphyry (copper-molybdenum-
gold) deposits themselves, but also epithermal gold-
silver deposits, skarn copper-gold deposits, carbonate 
replacement zinc-lead-silver, and sediment-hosted gold. 
These districts continue to be major targets for both 
copper and gold explorers.

The purpose of this project (AMIRA P765) is to 
determine the links between the diverse deposit styles 
within porphyry-related mineral districts, and identify 
where the highest grade copper and gold accumulations 
are expected to occur. We aim to improve exploration 
success in porphyry-epithermal districts by providing 
geological, geochemical, and geophysical vectors 
towards major metal accumulations, and indicate the 
likely distance. Study areas include Lepanto, and Baguio 
(Mankayan, Philippines), Batu Hijau (Indonesia), 
Collahuasi (Chile), Pueblo Viejo (Dominican 
Republic), Colquijirca (Peru) and Cadia (Australia). 
This project has ARC-Linkage funding and industry 
funding through AMIRA (AngloGold Australia 
Limited, Placer Dome Inc, Teck-Cominco, Gold 
Fields Ltd, Newcrest Mining Ltd, Anglo American 
(Philippines) and Newmont. This project began in 
2004 and will finish at the end of 2006.

L3.3   Origin and setting of Congolese-type copper 
deposits
Leaders: David Selley, Murray Hitzman (Colorado 
School of Mines)
Team Members: Stuart Bull, Ross Large, Peter 
McGoldrick, Robert Scott, Lyudmyla Koziy, David 
Braxton
Collaborator: David Broughton (CSM)

The project aims principally to progress understanding 
of geology and base metal mineralisation processes 
within the regional framework of the Central African 
Copperbelt (CACB), but also to develop practical 
exploration tools that can aid discovery of sediment 
hosted stratiform copper deposits in basins around the 
globe. During the reporting period, the research team 
has made significant advances towards these goals, via 
regional- and deposit-scale studies in the Democratic 
Republic of Congo (DRC) and Zambia. Highlights 
have included:
•	 development of a robust sequence stratigraphic frame-

work for the Congolese and Zambian host strata
•	 discovery of a major phase of extensional collapse, 

that was apparently triggered during Sturtian 
glaciation, and generated systematic normal fault 
arrays, the distribution of which relates to that of 
major ore deposits

•	 a major conceptual breakthrough in terms of linking 
the characteristically potassium-enriched alteration 
style of Zambian ores to potassium-depleted and 
magnesium-enriched ore systems of the DRC

•	 constraining the microstructural evolution of the giant 
tonnage, basement-hosted Lumwana copper-uranium 
deposit, NW Zambia, and identifying similarities in 
terms of geochemical properties with more weakly 
deformed ores in the “classical” copperbelt

•	 refined existing basin scale numerical fluid flow 
models for the Zambian portion of the CACB, 
which better simulate the process of salt dissolution 
and its affects on basin hydrology.

This project is supported by an ARC-Linkage 
grant. The research team gratefully acknowledges 
the significant financial, logistical and scientific 
contributions from its industry sponsors (African 
Rainbow Minerals, Anglo American, Anvil Mining, 



CODES Annual Report 2005��

BHP Billiton, CVRD (Rio Doce), Entreprise Generale 
Malta Forrest, Equinox Minerals, Gecamines, Phelps 
Dodge, Rio Tinto), and the managerial support from 
AMIRA International.

The work program for the coming 12 months will 
involve more detailed investigation of a specifically 
targeted suite of Congolese ore deposits, and analysis 
of regional potential field datasets in an attempt to 
constrain basin geometry at depth.

Program 4: Recovery of ore 
deposits

Leader: Steve Walters

Program 4 aims to create a new integrated 
cross-disciplinary geometallurgical research 
‘platform’ that delivers fundamental knowledge, 
tools and methods, to the global mining industry 
for optimising sustainable and profitable mineral 
extraction.

Background and significance 
The mining process involves complex interactions 
between a range of professional disciplines including 
geology, blasting, comminution, mineral recovery, 
engineering and environmental sciences. Improving 
and optimising these interactions directly affects the 
efficiency, sustainability and profitability of the large 
mining operations that underpin major resource 
companies and national economies. It is widely 
recognised that addressing these cross-disciplinary 
challenges requires new global research initiatives in the 
emerging area of integrated ‘geometallurgy’. 
Research in Program 4 addresses these challenges 
through the creation of an innovative research 
“platform” involving collaboration with other high 
profile international research centres. The foundation 
members are CODES and the Julius Kruttschnitt 
Mineral Research Centre (JKMRC) at the University 

of Queensland, a recognised world leader in mining 
and mineral processing research. Cross disciplinary 
collaboration between two of the highest profile 
research groups in their respective fields of expertise 
brings a new dimension and critical mass to global 
geometallurgical research capabilities. Additional 
collaboration will be with researchers from the WH 
Bryan Mining Geology Research Centre (BRC), 
University of Queensland.
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Program 4 concentrates on the cross-discipline 
interface between ore deposit characterisation, 
mining and mineral extraction in the emerging area 
of geometallurgy. This is based on cross-disciplinary 
research collaborations and major funding support from 
the global mining industry. The Recovery program 
represents a new strategic direction for CODES within 
the Centre of Excellence. The centerpiece of this new 
collaboration is the GeMIII project (Geometallurgical 
Mapping and Mine Modelling), which aims to provide 
fundamental knowledge and methods that can be 
used to optimise sustainable and profitable mineral 
extraction. The project will focus on new approaches 
to the definition of mineralogy, element deportment 
and texture that can be linked to mineral processing 
performance and efficiency at a range of scales. 
One aspect will involve integration of automated 
micro-analytical techniques including SEM-based 
mineral mapping, LA-ICPMS and IR spectroscopy. 
The ultimate aim is to create a new approach to the 
mathematical description of textural attributes that can 
be used in the simulation and modelling of processing 
performance. This will also include the potential to 
characterise environmental aspects of waste disposal at 
a much earlier stage of the mining cycle. The GeMIII 
project has been developed in close collaboration with 
the global mining industry and has received significant 
industry funding through AMIRA International. 

L4.1 AMIRA P843 GeMIII project (Geometallurgical 
mapping and mine modelling)
This is currently the main project within Program 4 
- Recovery. The GeMIII project is based on six modules 
that address the needs of integrated geometallurgy, with 
individual modules equivalent in funding and scope to 
projects in other programs: 
Module 1 - Automated core logging linked to 
processing domain definition
Module 2 - Integrated micro-analytical mineral 
mapping
Module 3 - Textural classification, simulation and 
modelling
Module 4 - Correlation and calibration of textural 
categories with processing performance
Module 5 – Geostatistical attribution of processing 
performance attributes

Module 6 - Provision of formalised geometallurgical 
awareness, education and training.

Industry sponsorship and ARC funding for AMIRA 
P843 GeMIII project 
Thirteen companies support the AMIRA P843 GeMIII 
project with two levels of industry sponsorship: Level 
1 involving a maximum of six significant site-based 
studies and Level 2 with no designated site-based 
studies.

Level 1 Sponsors – Inco, Newcrest, Newmont, Rio 
Tinto, Teck Cominco and Xstrata
Level 2 Sponsors – Anglo Gold Ashanti, Anglo 
Platinum, Barrick, BHP Billiton, CVRD, WMC 
(WMC sponsorship is now through BHP Billiton) and 
Zinifex.

This represents over $4.2 million of direct industry cash 
support over life of project with substantial in-kind 
support for site-based activities. A further $2 million 
of ARC funds will be provided through the Centre of 
Excellence. 

The six operations provided by Level 1 sponsors for site-
based research activities represent a mix of world-class 
copper-gold, lead-zinc-silver and nickel-copper sulfide 
deposits with a predominance of hard-rock open pit 
mining methods and flotation based mineral processing 
and recovery circuits. The six study sites provide 
opportunities for developmental research through 
comparison of new techniques and methodologies with 
existing data and current practices (typically involving 
mature operations); and validation research where the 
outcomes of development can be tested and trialed 
under operational conditions (typically involving 
deposits undergoing expansion or feasibility):
• Aqqaluk zinc-lead-silver — a satellite deposit 

adjacent to the Red Dog mine in NW Alaska (USA) 
provided by Teck Cominco. Currently undergoing 
advanced feasibility with a view to being brought 
into production probably within the next five years. 

• Boddington Extension copper-gold — sulfide 
resource below the depleted Boddington oxide 
open pit mine south of Perth in Western Australia 
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provided by Newmont (joint venture with Newcrest 
and Anglo Gold Ashanti). A feasibility study has 
been completed and the project is currently awaiting 
a development decision. 

• Bingham Canyon copper-gold-molybdenum 
— mature open pit porphyry copper/skarn system 
near Salt Lake City (USA) provided through Rio 
Tinto (Kennecott Utah Copper).

• Cadia East copper-gold — porphyry copper system 
adjacent to the Cadia Hill and Ridgeway deposits 
near Orange (New South Wales, Australia) provided 
by Newcrest. Currently undergoing advanced 
feasibility with a view to a combined open pit 
underground mine.

• Ernest Henry copper-gold — mature open pit 
iron oxide-associated copper-gold system north of 
Cloncurry (NW Queensland, Australia) provided by 
Xstrata. 

• Sudbury nickel-copper-gold-PGE — underground 
nickel-sulfide operation in the Sudbury district 
(Canada) provided by Inco with specific deposit still 
under negotiation.

GEM Module 1: Automated core logging linked to 
processing domain definition
Leader: Steve Walters 
Team Members: Peter Fullagar, Walter Herrmann, 
Michael Roach, James Reid, Simon Michaux (JKMRC)(JKMRC)

‘Traditional’ visual logging techniques produce outputs 
that are generally not designed to correlate with mineral 
processing attributes. In addition visual logging has 
poor QA/QC compared to other data types and is often 
carried out by junior staff exacerbated by the current 
trend to deskilling. Module 1 will employ a novel 
approach designed to help overcome these problems 
based on an automated bench-scale logging instrument 
for petrophysical and mineralogical measurement. The 
approach is adapted from existing technologies used in 
the petroleum and ocean drilling program sectors. 
In early 2006, the AMIRA P843 GeMIII project will 
take delivery of an automated multi-sensor core logger 
(MSCL) supplied by GEOTEK in the UK. Over 80 
GEOTEK MSCL systems have been produced and are 
used mainly in oceanographic research and petroleum 
exploration applications. The MSCL involves linear 

feed of core through a series of mainly petrophysical 
and imaging sensors with automated collection of 
data at user defined intervals. Sensor arrays can be 
customised — the initial configuration for AMIRA 
P843 applications will include high-resolution digital 
imaging, gamma ray attenuation bulk density, magnetic 
susceptibility, P-wave velocity, and resistivity, with other 
sensor types and configurations under evaluation. The 
MSCL will be housed and operated in a customised 
shipping container and transported to sponsor sites for 
extended periods.

The aim is to provide core-scale systematic, quantified, 
reproducible data that can be used to assist in 
the definition of processing domains, which will 
supplement existing data types. The majority of 
petrophysical attributes provide proxies for potential 
mineral processing performance such as derivates of 
P-wave velocity and sonic logs related to strength and 
elastic moduli. Definition of systematic petrophysical 
and mineralogical domains will provide a framework 
for selection of small-scale samples for more detailed 
textural and processing performance testing, designed 
through a process of iteration to result in more 
meaningful calibrations.

The approach is a derivate of down-hole geophysical 
logging based on bringing rock to the sensor rather than 
placing the sensor into the rock and provides synergies 
with other geophysical research in the Centre of 
Excellence. It allows use of the extensive archived core 
available at most sites, which is often associated with 
historical processing performance information. The 
approach also ensures close physical correlation with 
other core-derived attributes such as assays or existing 
core-scale processing performance testing.

A dual camera system will also provide unrolled 2200 
digital imaging of intact core that can be used for 
semi-automated image analysis resulting in systematic 
information on orientation of joints, bedding, 
fractures, etc. for rock mass characterisation particularly 
important in definition of blasting domains.

The large amounts of depth-resolved data generated 
by the MSCL combined with existing core-based data, 
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provides a major challenge for effective integration and 
interpretation leading to more systematic processing 
domain definition. A range of data processing 
techniques and customised software is being evaluated. 

While the MSCL has been widely used in 
oceanographic research with many systems housed on 
ocean research vessels, the approach has not been used 
previously for on-site logging of core in metalliferous 
mining operations. 

Key activities in Module 1 will include the definition 
of operating protocols and calibration methods for 
metalliferous applications; assessment of other sensor 
types; and development of data integration and 
analysis methods, leading to collection of systematic 
data from sponsor sites. The challenge is to determine 
fundamental relationships and correlation between 
core-scale domains and processing performance. This 
requires close integration of activities and sample sets 
with other P843 research modules.

GEM Module 2: Integrated micro-analytical mineral 
mapping 
Leader: Ron Berry 
Team Members: Gary McArthur, Steve Walters, Maya 
Kamenetsky

In the last decade there have been major ongoing 
advances in the field of automated micro-analytical 
mineral mapping mainly related to the development of 
automated SEM-based X-ray microscopy such as the 
JKTech MLA and Intellection QEMSCANTM systems. 
The mineral identification and mapping capabilities 
provided by these systems result in quantified digital 
imaging of classified mineral maps highly amenable 
to software-based image analysis of mineralogy and 
texture. The techniques have proven highly effective for 
the quantified analysis and interpretation of liberation 
in comminuted products such as concentrates and 
tailings. The majority of major mineral companies now 
operate in-house facilities.

Module 2 will extend the commercial success of 
SEM-based mineral mapping to ‘more intact’ textural 
characterisation of pre-comminution feed, and integrate 

the approach with other micro-analytical techniques 
such as more automated optical microscopy and 
electron microprobe analysis. The aim is to provide a 
range of user-defined cost and resolution options that 
will allow, for example, incorporation of trace element 
distribution using advanced microprobe techniques 
or early textural classifications using low-cost optical 
microscopy digital imaging.

A key aspect in establishing an integrated micro-
analytical facility at CODES to support the 
AMIRA P843 project has been the installation and 
commissioning at the University of Tasmania of an 
MLA facility based on an FEI Quanta 600 SEM.  
Funding was obtained through the competitive ACR 
LIEF grant system in late 2004 with installation 
and commissioning completed in July 2005. The 
instrument is capable of MLA-based mineral mapping 
and also provides high quality SEM, BSE and CL 
imaging for Earth and life science applications. This 
represents the first dedicated university-based MLA 
research facility in Australia and amongst the first in 
the world, and will provide key support to the AMIRA 
P843 GeMIII project. 

The new MLA will complement the existing world-
class Cameca SX100 microprobe and LA-ICPMS 
microprobe facilities at CODES (See Program 5). 

Extension of automated mineral mapping techniques 
to optical microscopy is also an important aspect of 
Module 2 and work is underway to adapt multi-spectral 
image processing analysis and classification techniques 
to optical microscopy. This involves the integration and 
analysis of multiple layers of optical imaging including 
transmitted and reflected light combined with a range 
of rotated polarised light images. 

An important aspect of Module 2 will be provision 
of classified mineral maps derived from a range of 
micro-analytical platforms for more detailed textural 
classification and categorisation in Module 3. This will 
involve use of context-defined samples derived from 
systematic core logging in module 1. 



CODES Annual Report 2005��

GEM Module 3: Textural classification, simulation 
and modelling
Leader: Stephen Gay (JKMRC)
Team Members: Gary McArthur, Steve Walters, Khoi 
Nguyen (JKMRC)
PhD Student: George Leigh (JKMRC)

The ‘traditional’ textural classification and 
categorisation schemes used by geologists are poorly 
correlated with and calibrated against processing 
performance often resulting in a geometallurgical 
disjoint between professional disciplines. At the hand 
specimen/core scale, traditional geological classification 
schemes are largely based on visual observation that can 
be subjective and experience based. 

The advent of automated digital mineral mapping 
largely driven be the SEM-based techniques described 
in Module 2, presents new opportunities for a more 
systematic and reproducible approach to textural 
classification and categorisation based on a quantified, 
statistical approach. However, these techniques 
also generate large volumes of increasingly complex 
measurements that challenge traditional classification 
schemes.

The aim of Module 3 is to produce a standard, 
systematic ‘language’ for defining and categorising ore 
textures that can be clearly correlated with processing 
performance. This will be based on adaptation of 
current image analysis and statistical classification 
methodologies. The objective is to reduce all relevant 
mineralogical and textural data to a set of numerical 
parameters and categories that have potential physical 
significance. The approach will generate sample sets of 
defined textural categories that can be used for small-
scale processing performance testing in Module 4. A 
process of iteration involving the results of physical 
testing and simulation will provide the ultimate 
correlation and calibration between textural categories 
and ore type characterisation. 

While initial emphasis will be on micro-scale textural 
classification and categorisation using a range of 
microscopy-based inputs, the ultimate aim will be a 

linked hierarchical micro-, meso-, macro-scale approach 
using high-resolution imaging of core.

GEM Module 4  - Correlation and calibration of 
textural categories with processing performance
Leader: Toni Kojovic (JKMRC)
Team Members: Simon Michaux, Rob Morrison, 
Nenad Djordjevic, George Leigh, Khoi Nguyen 
(JKMRC), Steve Walters
PhD Student: Cathy Evans (JKMRC)

A wide variety of physical tests are employed to assess 
processing performance. These include strength 
(UCS, Point Load), hardness (Bond Work Index) 
and comminution (JK Drop Weight and Sag Mill 
Comminution Tests) together with bench-scale flotation 
or leach testing. The majority of physical testing is 
conducted during feasibility with selection of samples 
often performed by geologists with the results directly 
influencing plant design engineering. Incomplete 
knowledge or non-representative results can have a 
major negative effect on achieving design capacity and 
economic performance particularly during start up. 
Incomplete knowledge of apparently minor attributes 
such as the deportment of trace levels of As, Bi or F 
in a mineralised system can have a prohibitive effect 
on processing performance. In many cases the desire 
to characterise ‘typical’ or ‘average’ ore feed leads 
to inappropriate compositing and blending of test 
samples that does not reflect the inherent variability 
of feed during actual production. Assay grade of pay 
elements is typically used as the main attribute for 
ore characterisation and controls sample selection for 
processing performance. However, this may not take 
into account element deportment between different 
mineral phases or textural variations that directly affect 
processing performance parameters such as hardness 
and recovery. In addition blending does not guarantee 
that routine processing performance is an aggregate of 
the constituent components. 

In recent years recognition of the need to more 
effectively address variability has resulted in the 
development of processing performance tests that can 
be carried out using smaller sample volumes typically 
available from core during feasibility (e.g. JK Sag Mill 
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Comminution test). However, the required volume 
typically still requires compositing of routine core 
samples over significant intervals with a continuing 
tendency to select sampling intervals based on grade 
or mining constraints. Cost per sample for processing 
performance testing is also still an issue that limits 
sampling density and encourages inappropriate 
compositing and blending. This often generates poor 
comparative statistics based on small sample sets with a 
high degree of ‘noise’ between and within proposed ore 
types attributed to ‘natural geological variability’. 
The aim of Module 4 is to investigate and define more 
fundamental relationships between textural categories 
and processing performance using small-scale carefully 
constrained sample sets derived from Modules 1-3.  The 
approach will involve modifications of existing physical 
tests and use of texture-based simulation. 

GEM Module 5  - Geostatistical attribution of 
processing performance attributes 
Leader: Chris Alford (BRC) 
Team Member: Gary McArthur

A key objective of the Recovery Program and the 
GeMIII project is to provide improved attributes 
or indices of processing performance that can be 
embedded in block models to define processing 
domains, which can be exploited in more effective mine 
planning and optimisation. A key technical issue is 
effective spatial modelling of potentially non-additive, 
non-linearly averaging attributes such as grindability 
and texture on a variety of scales. Attributes that are not 
intrinsic rock properties or reflect machine interactions 
are poorly understood with indications they behave 
differently to traditional attributes such as ore grade 
and significant research challenges exist. This aspect 
will be addressed through collaboration with the WH 
Bryan Mining Geology Research Centre (BRC) at the 
University of Queensland and a project team is being 
assembled under the direction of Professor Chris Alford, 
as the newly appointed BRC director.

GEM Module 6: Provision of formalised 
geometallurgical awareness, education and 
training

An important outcome of the AMIRA P843 GeMIII 
project will be training and formal education delivered 
by JKMRC, BRC and CODES.  The project will also 
involve a significant number of postgraduate students 
closely linked to site-based activity that will assist with 
technology transfer. The ultimate aim is to educate and 
enthuse the next generation of practitioners to enter the 
industry with a focus on geometallurgical integration.
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Program 5   Innovative 
Technologies

Leader: Leonid Danyushevsky

Program 5 aims to develop novel analytical and 
data interpretation techniques based on the latest 
technological developments, which will assist in 
understanding, exploring and recovering mineral 
resources.

Improved understanding, discovery and development 
of ore deposits requires incorporation of modern 
technological developments into Earth science research 
programs. CODES has been at the forefront of 
advances in laser ablation inductively-coupled plasma 
mass spectrometry (LA-ICPMS) analyses of sulfide 
mineral chemistry and uranium-lead geochronology, 
and in application of the CSIRO nuclear microprobe to 
problems of metal exsolution from magmas. In the new 
centre, the LA-ICPMS laboratory at the University of 
Tasmania will be upgraded and new collaborations with 
other equipment centres will be established, including  
the JKMRC at the University of Queensland, for 
automated scanning electron microscope applications; 
ANU RSES for access to the new stable isotope SRIMP; 
Melbourne University, for multi-collector ICPMS 
measurement of lead, copper, zinc and Sr isotopes; and 
CSIRO, for access to the new Synchrotron facility. 

The CSIRO alliance in synchrotron science will enable 
the centre to become actively involved in the develop-
ment of the X-ray fluorescence microprobe (XFM), and 
will facilitate the Centre’s geological applications on the 
Australian Synchrotron. This alliance will ensure that the 
Centre is a central player in this exciting new detector 
development project. All these strategic collaborations 
are designed to ensure that research in the new centre 
will be driven by innovative technology, and that the 
Centre is at the cutting edge of analytical developments 
of relevance to ore deposit research.

The role of the Technology Program within the Centre 
of Excellence is to explore and develop novel analytical 
and data interpretation techniques based on the latest 
technological developments, such as a number of high 
spatial resolution microprobes, which will help in 
understanding, exploring and exploiting deep Earth 
resources. Current research projects within the Program 
are mainly focused on expanding the capabilities 
of in-situ multi-element analysis by laser ablation 
(LA) inductively-coupled plasma mass-spectrometry 
(ICPMS), in-situ isotope analysis by LA multi-collector 
(MC) ICPMS, and non-destructive multi-element 
analysis using nuclear (PIXE) and synchrotron-based X-
ray microprobes. Many of the projects in this Program 
include close collaborations with Centre Partners 
such as the University of Melbourne, CSIRO and the 
Australian National University.

Project F5.1   Analytical developments in the 
CODES LA-ICPMS facility
Leader: Leonid Danyushevsky
Team Members: Sarah Gilbert, Vadim Kamenetsky, 
Peter McGoldrick

Analytical developments in the CODES LA-ICPMS 
facility are focused on developing primary and 
secondary standards for analysis of sulfides; developing 
secondary standards for analysis of carbonates; 
quantification of analyses of fluid inclusions in quartz; 
and improving the accuracy of silicate glass analysis.
The suitability of the NIST612 international glass 
standard for quantification of fluid inclusion analysis 
have been assessed by ablating glass capillaries filled 
with saline solutions of known compositions. It has 
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been demonstrated that NIST612 glass can be used 
for quantification of concentrations of a large range of 
metals and lithophile elements in fluid inclusions with 
an accuracy of <20% when using sodium as the internal 
standard. A paper describing these results is now in 
preparation for publication.

The effect of laser beam diameter on element fraction-
ation during ablation of silicate glasses has been tested 
by analysing an international glass standard BCR-2. 
It has been shown that spot-size related fractionation 
can be significant (up to 20%) for some elements and 
is particularly important for spot sizes <40 microns. A 
paper describing these results is now in preparation.

Work has begun on developing a new standard for 
analysis of platinum group elements in mercury in 
sulfide by assessing the various techniques for making 
the standard. The standard will be developed in 2006.

Development of a secondary standard for carbonate 
analyses has also begun. A number of large carbonate 
crystals has been tested for homogeneity, and analysis 
for concentrations of trace elements is currently in 
progress.

Project F5.2. Pb isotopes in sulphides, silicate 
melt inclusions and fluid inclusions using Multi-
collector ICP-MS
Leaders: Janet Hergt, Jon Woodhead (University of 
Melbourne); Sebastien Meffre
Team members: Zhaoshan Chang, Leonid 
Danyushevsky, Sarah Gilbert, Ross Large

In situ analysis of Pb isotopes is now possible on a 
micro-analytical scale on the shared LA-MC-ICMPS 
facility at the University of Melbourne. This project will 
test and further develop these techniques to analyse low 
level lead isotopes in sulfides, silicate melt inclusions 
and fluid inclusions. The project will involve the 
following:
• developing the analytical protocols for the routine 

analysis of lead isotopes in sulphides (predominantly 
pyrite). Parameters such as grainsize, data reduction 
techniques, primary and secondary standards and 
analysis time need to be determined to give the 

highest analytical precision in the shortest time
• testing the procedures for a variety of different rocks
• undertaking a case study of pyrite testing the lead 

isotopic evolution of the sedimentary hosted Sukhoi 
Log deposit in Russia — the ore from this deposit 
contains multiple generations of pyrite which are 
expected to have different isotopic compositions

• undertaking a case study of silicate melt inclusions 
in olivine from a variety of sources (initially Tongan 
boninites)

• undertaking a case study of fluid inclusions in quartz 
from a range of ore-bearing systems.

Most of the work on this project will be conducted 
during 2006. During 2005, ten silicate melt inclusions 
in olivine from 2 Ma high-Ca boninites from the 
northern termination of the Tonga arc were analysed 
for Pb isotopic composition. These initial results have 
shown that all inclusions are likely to have a uniform 
lead isotopic composition. 

Project F5.3   Developmental research into the use 
of synchrotron in ore deposit studies
Leader: Anthony Harris 
Collaborators: Andrew Berry (Imperial College, 
London) and John Mavrogenes (Australian National 
University)

New advances in the understanding of ore fluids, 
particularly metal speciation, are being made via the 
application of synchrotron ration to fluid inclusions 
found in important ore-forming environments. Very 
few studies have sought to study changes in metal 
species with temperature. Typically, the total copper 
content of aqueous liquid-rich fluid inclusions is 
below detection limit to obtain meaningful number. 
By contrast, salty fluid inclusions that contain percent 
levels of copper, can commonly contain numerous 
opaque daughter crystals that will not dissolve when 
heated. This developmental work will attempt to 
dissolve these solid phases; by dissolving all solid 
daughter crystals we will be better able to establish 
the metal speciation of high-temperature magmatic-
hydrothermal fluids. This research is considered 
developmental as new procedures and methods will be 
employed and have fundamental research outcomes that 
maybe applied to ore deposit studies.
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The research will involve selection of suitable metal-
rich inclusions from one or more ore deposits (with 
daughter crystals), LA-ICPMS to assess the metal 
concentrations, piston cylinder experiments (to diffuse 
hydrogen into the samples; see JA Mavrogenes and RJ 
Bodnar, 1994, Hydrogen movement into and out of 
fluid inclusions in quartz: experimental evidence and 
geologic implications. Geochimica et Cosmochimica 
Acta 58, 141–148) to reintroduce hydrogen into fluid 
inclusions, Laser Raman analyses to monitor inclusion 
(for hydrogen injection and any subsequent phase 
transformations) with heating, and finally XANES 
experiments using synchrotron radiation.

Project F5.4   Nuclear microprobe (PIXE) 
applications to ore genesis research
Leader: David Belton (joint appointment with CSIRO), 
Team Members: Chris Ryan (CSIRO), Leonid 
Danyushevsky

The CSIRO Nuclear Microprobe features a number 
of technical advances, including a unique lens system 
designed at the CSIRO. This high performance lens 
configuration provides an ion beam with excellent 
shape/brightness characteristics as well as rastering 
capabilities. When coupled with our high efficiency 
detector systems, we can achieve high spatial resolution 
and high sensitivity analysis of geological samples.

This research project is aiming to achieve a 
number of goals:
• integration of coordinate systems and sample 

mounting to permit rapid analysis of samples on 
both PIXE and LA-ICPMS and cross calibration of 
standards

• development of standards and calibration of the 
CSIRO PIGE (proton induced gamma emission) 
system to permit quantitative analysis of a suite of 
light elements (lithium, boron, fluorine, sodium, 
magnesium) to further compliment the extensive 
range of trace elements already determined using 
PIXE

• testing and evaluation of currently available 
‘telepresence’ technologies aimed at providing remote 
users with real-time access and input during sample 
analysis

• evaluation of RBS (proton backscatter) analysis of 

silicon as a means of more precisely determining 
geometry of fluid inclusions in quartz

• evaluation of elastic recoil detection (ERDA) in 
collaboration with the School of Physics at the 
University of Melbourne. This technique is suited 
to the detection of hydrogen in fluid inclusions 
and offers the potential to further characterise the 
geometry of fluid dominated inclusions.

In 2005, David Belton was been appointed as a Centre 
of Excellence Postdoctoral Fellow. This is a joint 
appointment between the University of Tasmania and 
CSIRO Exploration and Mining. 

The new GeoPIXE II™ software package has been 
installed at CODES at the University of Tasmania to 
permit quantitative PIXE image and analysis using the 
Dynamic Analysis method. It provides sorting of list-
mode data, projection of quantitative images, extraction 
of concentration averages and line projections from 
arbitrary regions, correction for various spatial matrix 
effects, and export and reporting options. A two-day 
workshop on PIXE application to geological research 
and the use of GeoPIXE™ software was run in Hobart 
for CODES staff and postgraduate students.

Project F5.6   Uranium-lead isotopic analysis in 
the CODES LA-ICPMS facility
Leader: Sebastien Meffre
Team Members: Leonid Danyushevsky, GarryLeonid Danyushevsky, Garry 
Davidson, Sarah Gilbert, Vadim Kamenetsky, David 
Selley

CODES LA-ICPMS facility can determine the 
uranium-lead age on individual crystals of zircon, 
monazite, rutile, allanite, titanite and apatite aged 
between 1 and 3000 Ma. These analyses are performed 
on small spots of 12–100 microns.

This project aims to expand the analytical capabilities of 
the facility by:
• improving the precision and accuracy of the LA-

ICPMS for uranium-lead geochronology of various 
minerals by carefully monitoring blanks and 
secondary standards and experimenting with various 
hardware configurations
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• developing techniques for lead isotopic analysis of 
fluid inclusions in quartz

• developing techniques for utilising lead-isotopic 
composition of minerals in disturbed high uranium 
systems. It has been shown with some work on a 
samples from the Oak Dam ore deposit in South 
Australia that radiogenic lead can get remobilised 
in various mineral phases during metamorphism 
providing timing information on the age of 
disturbance and mineral growth. This project aims 
at expanding this work to other deposits such as the 
Musoshi deposit in Congo and the Manakoff system 
near Mount Isa.

• assessing a possibility of combining age 
determinations with geothermometry during 
analysis of zircon and rutile. It has been shown that 
titanium contents of zircons and zircon contents of 
rutile are sensitive to temperature. This allows the 
temperature of the minerals analysed for uranium-
lead geochronology to be determined. At present 
titanium concentrations are determined using 
standard silicate glasses, a method prone to matrix 
effects. This project will analyse the international 
91500 zircons for titanium by solution ICPMS to 
provide a independent standard for titanium.

In 2005, this project has achieved the following results:
• built and tested a new interface between the laser 

and the mass-spectrometer, designed to improve 
analytical precision; attempts have been made to 
find the sources of contamination by systematically 
monitoring instrument blanks; shorter analyses for 
projects where more (but less precise) data is  
required (sedimentary provenance) have been 
successful

• analysed fluid inclusions in quartz from Siberian tin 
granites for lead-isotopic composition; rock samples 
from Siberian tin granites were sent for analysis of 
lead isotopes by solution MC-ICPMS to compare 
fluid-inclusion and whole-rock lead

• analysed lead-isotope compositions from fluid 
inclusion from two new suites of rocks: Vesuvius and 
a Philippines porphyry; investigated which phase(s) 
contain lead within fluid inclusions using PIXE 
imaging.

Other achievements and activities in Program 5
The Centre of Excellence has commenced building 
high-temperature low-inertia microscope-based heating 
stages for experimental studies of melt inclusions in 
phenocrysts from magmatic rocks, which are now 
available to the research community world-wide. This 
stage, known as the ‘Vernadsky Stage’ was designed 
in the Vernadsky Institute of Geochemistry, Russian 
Academy of Sciences, by Alex Sobolev and Anatoly 
Slutsky during the 1980s, and has since become the 
equipment of choice for researchers involved in melt-
inclusion studies. This is a collaborative project between 
the CODES and Alex Sobolev.

Pavel Plechov from the Moscow State University visited 
the Centre for three months to continue collaborative 
research with Leonid Danyushevsky on numerical 
modelling of magmatic process. A new version of 
software Petrolog has been developed and will be 
released during 2006. The new version is a significant 
expansion of the current Petrolog software. It combines 
modelling of crystallisation of large-volume magmas 
with algorithms for modelling of melt inclusions in 
olivine phenocrysts. Crystallisation of magmas can be 
modelled using polybaric equilibrium and/or fractional 
mechanisms at either hydrous or anhydrous conditions; 
the software also allows modelling of trace element 
concentrations in minerals. This software is freely 
available to the research community.



ore deposit, ore discovery and ore recovery projects. 
Current APA-I awards that plan to be relinquished into 
the Centre will have first call on funds in the Centre 
budget.

Postdoctoral Program
The high international profile achieved by CODES will 
enable us to attract top quality candidates for the new 
Research Fellow positions required by the Centre. Many 
of these candidates will also have the capacity to win 
ARC Centre Fellowships. Postgraduate and postdoctoral 
students are integrated into the research program 
so they benefit from the full range of the Centre’s 
intellectual capacity and equipment infrastructure. 

Minerals Tertiary Education Program
The University of Tasmania is a foundation member 
of the Minerals Tertiary Education Council (MTEC) 
along with Centre partners at Melbourne University, 
the Australian National University and University 
of Queensland. Through MTEC, CODES has been 
the coordinator of the world-class National Masters 
Program in Exploration and Mining Geology, and 
closely involved in development and teaching in the 
MTEC Honours Program. These programs are designed 
to produce top-quality graduates for the minerals 
industry. MTEC has agreed to provide a minimum cash 
funding of $140,000 per year to the Centre over the 
period 2004 to 2006 to maintain and further develop 
these programs. On-going funding will depend on 
review of the MTEC programs.
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Objectives:
• to provide high quality training at honours, 

postgraduate and postdoctoral levels, raising 
the skills base of the next generation of ore 
deposit researchers, exploration geoscientists 
and mining professionals

• to attract first-class Australian and inter-
national students and postdoctoral fellows 
into the Centre’s programs

• to transfer the Centre’s research outcomes 
into innovative educational and outreach 
programs appropriate for professional and 
technical training.

Background
The Director, Chief Investigators and Principal 
Investigators of the Centre have a strong track record 
in attracting and supervising postgraduate students. 
CODES currently has a group of 12 Honours, 15 MSc, 
34 PhD students and 15 Postdoctoral Fellows. Each of 
the five research programs in the Centre of Excellence 
includes a team of three to five Research Fellows and 
four to eight PhD students. Close interaction amongst 
postgraduate students, Research Fellows and industry 
partners is encouraged in order to enhance technology 
transfer and employment opportunities.

Postgraduate Programs
We plan to provide six to eight postgraduate awards per 
year from the Centre budget in order to steadily build 
postgraduate numbers in the five research programs. 
The University of Tasmania will contribute 50% of the 
cash cost of the awards, and similar awards will be made 
at the other collaborating institutions. The current 
boom in well-paid industry jobs has led to a shortage 
of Australian candidates and it is likely that 50% of the 
awards will go to high-quality international candidates. 

In response to widespread advertising of Centre of 
Excellence scholarships we have already attracted eight 
new PhD students, three of whom started in 2005. We 
anticipate an intake of a further ten PhD students in 
2006.

In addition to the centre awards, we plan to apply 
jointly with industry for additional APA-I for specific 

  Research Training and Professional  
  Education
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CODES PhD students on the stairway to success.
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1 Darren Andrews
Time-lapse geophysical monitoring of 
acid drainage at Savage River Mine, 
northwestern Tasmania
2 Michael Baker 
Palaeoproterozoic magmatism in the 
Georgetown Block, North Queensland, 
and comparisons with Broken Hill 
Block
3 Susan Belford
Genetic and chemical characterisation 
of the Archaean Jaguar VHMS deposit

4 Bryan Bowden 
Iron oxide Cu-Au related alteration 
history of the Mount Woods Inlier, SA, 
with special emphasis on the Prominent 
Hill prospect
5 David Braxton 
Origin of the Boyongan porphyry Cu-
Au system, Philippines
6 Katharine Bull 
Facies architecture of the Ural Volcanics, 
NSW
7 James Cannell 
El Teniente porphyry Cu-Mo deposit, 
Chile: geology, geochemistry and 
genesis. Graduated December 2005

8 Dene Carroll 
Tectono-magmatic evolution of eastern 
Viti Levu, Fiji
9 Reia Chmielowski
Metamorphic history of western 
Tasmania
10 Mawson Croaker 
Geology and genesis of the Nkana 
copper deposit, Zambia
11 Paul Cromie 
Geological setting, geochemistry and 
genesis of the Sepon mineral district, 
Laos

  PhD Project Locations
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12 Kim Denwer 
Mineralogical, geochemical and isotopic 
investigation of the Mount Lyell Cu-Au 
orebody and alteration system
13 Quang Sang Dinh
Geochronology and geological evolution 
of the Khontum massif, Vietnam
14 Gregory Ebsworth 
Regional volcanic facies analysis of the 
Tyndall Group, Mount Read Volcanics, 
Tasmania

15 Lee Evans 
Groundwaters in wet, temperate sulfide 
mining districts: Delineation of modern 
fluid flow and predictive modelling to 
improve management after mine closure 
(Rosebery, Tasmania)
16 Russell Fulton 
Geology and geochemistry of the 
hangingwall argillite, Greens Creek 
VHMS deposit, Alaska: implications for 
ore genesis and exploration
17 Tim Ireland 
Geology and structural evolution of the 
Collahuasi District, Northern Chile
18 Ben Jones 
Genesis of the Antapaccay Cu-Au 
porphyry deposit, Peru
19 Maya Kamenetsky 
Nature of primary melts in intracratonic 
settings:  application of melt inclusions 
studies to kimberlites (Siberia) 
20 Teera Kamvong 
Geology and genesis of porphyry-skarn 
Cu-Au deposits at the northern Loei 
Foldbelt, northeast Thailand and Laos
21 Lyudmyla Koziy 
Numerical simulation of fluid flow and 
fluid chemistry in sedimentary basins
22 Roman Leslie 
Petrology and geochemistry of 
shoshonites in the southwest Pacific. 
Graduated December 2005
23 Steven Lewis 
Sulfidic hydrothermal alteration in late 
brittle faults, Macquarie Island
24 Wallace Mackay 
Sedimentology and structure of the 
Curdimurka Subgroup, Willouran 
Range, South Australia
25 Rodney Maier 
Pyrite and base metal trace element 
haloes in the northern Australian Zn-Pb-
Ag deposits
26 Claire McMahon 
Controls on the geochemistry of 
hydrothermal pyrite in ore systems
27 Robert Josephus Moye
Origin and metallogenic significance of 
the Ridgeway Au-Ag-Mo deposit in the 
Proterozoic Carolina Terrane, USA

28 Heidi Pass
Chemical and mineralogical zonation 
patterns in alkalic mineral systems 
– Implications for ore genesis and 
mineral exploration
29 Nicole Pollington
Sedimentology, mineral paragenesis and 
geochemistry of the Konkola North 
copper deposit, Zambia
30 Lee Robson
Application of remote sensing for 
geological mapping in western Tasmania
31 Carlos Jose Rosa Paulino
Submarine volcanic successions in the 
lberian Pyrite Belt, Portugal
32 Ralph Schaa
Rapid approximation algorithms of 
TEM data
33 Blackwell Singoyi
Controls on the geochemistry of 
magnetite in hydrothermal fluids
34 Weerapan Srichan
Petrology, geochemistry and tectonic 
significance of late Palaeozoic and 
Mesozoic mainly volcanic and 
volcaniclastic rocks in the Chiang Rai-
Lampang belt, northern Thailand
35 Craig Stegman
Geochemistry and structure of gold-
basemetal mineralisation in the Cobar 
Gold Field, NSW
36 Sofia Tetroeva
Petrology and geochemistry of adakites 
and related rocks from the Hunter 
Ridge, Southwest Pacific
37 Andrew Tyson
Geophysical characteristics of porphyry 
and epithermal deposits.
38 Felipe Urzua
Regional geology of the Escondida 
district, Northern Chile

10
29
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Objectives
•  to become a focus for national and 

international research on ore deposits
• to strengthen and expand international links 

with other world-class centres in the field
• to effectively link and collaborate with other 

Australian research groups in the field of ore 
deposits, mineral exploration technologies and 
mineral processing. 

CODES is recognised as a world leader in ore deposit 
research. We have a strong track record of research 
collaboration with other Australian and international 
universities and research organisations: in particular, 
the Australian National University, Monash University, 
University of Melbourne, University of Queensland, 
James Cook University, CSIRO Exploration and 
Mining, Geoscience Australia, Johns Hopkins 
University (USA), Colorado School of Mines (USA), 
University British Columbia (Canada), Max Planck 
Institute (Germany) and the Russian Academy of 
Sciences, Institute of Mineralogy. We plan to strengthen 
these collaborations and to develop new strategic links 
in the identified areas of growth and innovation in 
exploration geophysics and geometallurgy.

International Links
Strong collaborative links are in place with world-class 
research groups at Colorado School of Mines (Hitzman 
and Hedenquist), the Mineral Deposit Research 
Unit at the University of British Columbia (Tosdall), 

Johns Hopkins University (Garven) and the Russian 
Institute of Mineralogy (Maslenekov). These links will 
be expanded and new collaborations will be developed 
in magma/fluid geochemistry, and with the University 
of British Columbia Geophysics Inversion Facility led 
by Doug Oldenburg. In addition, Centre funding will 
be used to establish a Visiting Fellow scheme to attract 
high-profile ore deposit researchers. 

Collaboration between the Centre and international 
partners will be enhanced through joint postdoctoral 
appointments. The first of these is planned for Johns 
Hopkins University in 2006, to be followed by a second 
joint postdoctoral appointment at University of British 
Columbia.

National Links
Collaborative research between the Australian-based 
partners will be facilitated by joint postdoctoral 
appointments. It is planned that these will be located 
at JKMRC, Australian National University, University 
of  Melbourne and CSIRO Exploration and Mining. 
These postdoctoral researchers will be based at the 
collaborating partner institutions, and also spend time 
with the research team at CODES. The first joint 
postdoctoral appointemnt with CSIRO, David Belton, 
commenced in late 2005. Further appointments at 
the Australian National University and University of 
Melbourne will be made in 2006. 

Regional Links
Regional links established with the state geological 
surveys in Tasmania (MRT), South Australia (PIRSA), 
NSW (GSNSW), Queensland (NRME) and Northern 
Territory (NTGS) will be strengthened and expanded 
under the new Centre of Excellence. Specific new 
research projects are planned with MRT, PIRSA and 
NTGS, to commence in 2006. 
 
Industry Links 
Objectives:
• to involve end-users (exploration and mining 

companies) in research planning and centre 
governance

• to promote technology transfer so that innovative 
research outcomes are accessible to end-users

  Industry and Academic Links

David Belton, joint CODES-CSIRO postdoctoral fellow, working on the 
nuclear microprobe at the University of Melbourne.
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• to comply with the national principals of intellectual 
property management for publicly funded research.

CODES has strong, enduring and mutually beneficial 
links with AMIRA International and a large group 
of the major Australian and international mining 
companies. These links have been critical for funding 
CODES research and for technology transfer to the 
mining and mineral exploration community. 

Role of AMIRA International
AMIRA facilitates the funding of collaborative research 
involving university research groups and the minerals 
industry. AMIRA has agreed to fund a series of research 
projects within the Centre of Excellence, which will run 
over a period of three to four years. Most of these projects 
are in Programs 3 and 4. In 2005, two major AMIRA 
research projects — P843 (Project L4.1) and P923 (Project 
L2.2) — form core projects of the Centre of Excellence, 
and a further two projects — P765 (Project L3.2) and 
P872 (Project L3.3) — form non-core projects.

Role of Industry Partners
Nine Australian and international mining companies 
make up the group of Centre Industry Partners; Anglo 
American, AngloGold Ashanti, Barrick, BHP Billiton, 
Newcrest, Newmont, Rio Tinto, Teck Cominco and 
Zinifex. The sponsor companies will each provide 
support of $20,000 to $120,000 in cash per year to the 
research budget of the Centre of Excellence. A total of 
$1,850,000 has been guaranteed over the five years. 
Senior representatives of these companies will sit on the 
Science Planning Panel, along with other government 
and university researchers. This panel meets annually to 
discuss the results of Centre research and the potential 
directions for new research. 

Benefits of being a CODES Industry Partner
• association with, and first call on, a world-class 

research team in ore deposit science
• membership of CODES Science Planning Panel
• access to scholarships for staff undertaking Masters 

degree courses
• fee reductions on regular short courses and special 

in-house courses.

Technology Transfer
Research results and technological developments in the 
applied research program are transferred to end-users 
via regular research meetings, research reports, digital 
presentations and software packages, where appropriate. 
In the past, up to 25 meetings per year have been 
held between industry representatives and CODES 
researchers across all programs.

P872 collaborators: back, L to R: Rachael Jensen (AMIRA Project Assistant), 
Ross Large, Rob Scott, Alan Goode, Nick Hawkes, Alan Wilson, David Braxton; 
front, L to R: Stuart Bull, David Selley, Tracey Kerr, Mike Richards, Peter 
McGoldrick, Bruce Nisbet.

Jon Woodhead and Janet Hergt 
checking data output from the 
MC-ICPMS at the University of 
Melbourne.
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Planned Income
University, industry and government partners to the 
Centre of Excellence have committed to the funding 
outlined in the ‘Cash Revenue’ table.

AMIRA International: AMIRA will contribute over 
$3.3 million in cash for a series of research projects 
proposed and developed by CODES researchers and 
agreed by AMIRA sponsor companies. The agreed 
projects are:
• L2.2 CORE   Controls on the formation and sulfide 

trace-element signatures of sediment-hosted gold 
deposits. Leaders: Ross Large, Robert Scott, Poul 
Emsbo (USGS) and Valeriy Maslenekov (Russian 
Academy of Science). AMIRA funding of $365,000 
over three years. Started 2005.

• L3.2 NON-CORE   Transitions and zoning in 
porphyry-epithermal mineral districts. Leaders: 
David Cooke, Bruce Gemmell, Noel White and Cari 
Deyell. Funding: AMIRA $462,000; ARC-linkage 
$330,000. Started 2004.

• L3.3 NON-CORE   Origin and setting of 
Congolese-type copper deposits. Leaders: David 
Selley, Stuart Bull, Peter McGoldrick, Murray 
Hitzman and David Broughton. Collaboration: 
Colorado School of Mines. Funding: AMIRA 
$948,000; ARC-Linkage $417,000. Started 2005.

• L4.1 CORE   Geometallurgical mapping and mine 
modelling (GeMIII). Leaders: Steve Walters, Jean-
Paul Franzidis and Tim Napier-Munn (JKMRC) 
and Ron Berry. Collaboration: W H Bryan Centre, 
University of Queensland. Funding: AMIRA $2.4 
million over four years to be matched by $2.0 
million from the CoE grant. Started 2005.

Industry Partners
A group of nine international mining companies have 
agreed to contribute a total of $2.06 million towards the 
research and postgraduate teaching programs of the new 
centre. Many of the companies have agreed to increase 
the yearly contribution over the five years in order to 
show their strong commitment to the Centre’s activities. 
Each Industry Partner will have a representative on the 
Centre’s Science Planning Panel. 

Minerals Council of Australia
The MCA has guaranteed a minimum of $150,000 pa 
in years 1 and 2. It is very likely that this contribution 
will continue in years 3 to 5, but this will depend on 
a review of the MCA education funding activities 
scheduled for 2006. The MCA funding is to support 
the education programs in the centre related to the 
development of graduates with skills appropriate to the 
needs of the Australian minerals industry.

State Government of Tasmania
A contribution of $200,000 pa, for the first three years 
of the Centre, has been guaranteed by the Tasmanian 
state government. This funding is to support research 
activities relevant to the Tasmanian minerals industry. 
Continued funding beyond year 3 has not been 
guaranteed and will depend on the outcome of the ARC 
three-year review of the Centre, and the availability of 
state government funds.

Collaborating Australian Institutions
University of Queensland, Australian National 
University and Melbourne University have each agreed 
to contribute $50,000 pa in cash to the Centre budget. 
This funding will help support three postdoctoral fellow 
appointments to facilitate collaborative research among 
the institutions.

In-kind Contributions
Total in-kind support from all collaborating and 
contributing institutions/organisations is estimated to 
be more than $8 million for the five years. This is made 
up of approximately 75% salaries of research personnel 
and 25% other (principally travel). 

Financial Statements for July–December 2005
The financial statements in these pages contain half-year 
income and expenditure figures only. They reflect July 
to December 2005 which was the first six months of 
the new Centre of Excellence. Financial statements for 
the first six months of 2005 are contained in a separate 
final annual report produced for the CODES Special 
Research Centre (January to June 2005).

Total half-year income of the Centre of Excellence was 
$4.2 million. Income and expenditure detail is shown 

  Finances
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Cash revenue
Year 1 Year 2 Year 3 Year 4 Year 5 Total

University of Tasmania 1,091,000 1,167,000 1,263,000 1,563,000 2,076,000 7,154,000
AMIRA International 990,880 996,060 781,560 565,000 ng 3,333,500
CODES Industry Partners 380,000 420,000 380,000 440,000 440,000 2,060,000
CSIRO E & M 100,000 100,000 100,000 100,000 100,000 500,000
Minerals Council of Australia 140,000 140,000 ng ng ng 280,000
State Government of Tasmania 200,000 200,000 200,000 ng ng 600,000
University of Queensland 50,000 50,000 50,000 50,000 50,000 250,000
University of Melbourne 50,000 50,000 50,000 50,000 50,000 250,000
ANU 50,000 50,000 50,000 50,000 50,000 250,000
Subtotal 3,051,000 3,173,060 2.874,560 2,818,000 2,766,000 14,677,500
Requested from ARC 3,000,000 3,000,000 3,000,000 3,000,000 3,000,000 15,000,000
Total 6,051,880 6,173,060 5,874,560 5,818,000 5,766,000 29,677,500

in the financial statements and pie charts below.  Due 
to the organisational complexity of the Centre of 
Excellence, there were significant delays finalising the 
new contracts with all collaborators and contributors. 
This resulted in the first portion of ARC funding not 
being received until late December 2005, and large 
portions of 2005 matching collaborator/contributor 
funds not being received or paid out in 2005. In 
addition, expenditure was very frugal — limited to 
budget items that were absolutely essential. For this 
reason, income and expenditure figures in the first half 
of the Centre of Excellence are much lower than they 
otherwise would have been. This will be rectified in 
2006 when the Centre will move to its planned income 
and expenditure pattern.

2005 Income and Expenditure
The financial data and reports on the following pages  
were prepared by Christine Higgins, CODES Finance 
Manager. Data was extracted from the University of 
Tasmania’s Financial Management Information System 
and CODES finance databases. All reports shown here 
have been audited by the University of Tasmania.

The majority of income figures shown here represent 
actual income deposited into the University’s finance 
system during the second half year of 2005, apart from 
the following four exceptions:
• All ARC research grants were split in half and 50% 

was counted each half year report. 
• GEM project income of $131,250 which was 

received in the first half year is counted here instead 

of in the first half year report (i.e. it has been counted 
in the period that it was due rather than the period 
that it was received. The reason for this amendment 
is that although AMIRA made their initial GEM 
payment in the first half year, the GEM project did 
not actually start until the second half year — thus it 
is a Centre of Excellence project.  

• Newcrest/Cadia project income of $192,225 which 
was received in the first half year is counted here 
instead of in the first half year report. The reason for 
this amendment is the same as for the GEM project 
above (i.e. although income was received earlier, the 
project did not actually start until the second half 
year).

• The 2005 $1,500,000 half year ARC income for 
the Centre of Excellence was not actually received 
till early January 2006, however it is counted here 
as having been received in 2005 as that is when 
the Centre of Excellence began (i.e. this funding is 
counted in the year that it applies to, rather than the 
year in which it was received).

Expenditure figures shown represent ‘actual’ 
expenditure in the second half year of 2005. Due to 
recent changes to ARC reporting requirements, the 
2005 expenditure reports have a slightly different look.  
From now on, only the ARC income will be shown 
under ‘Income’. Other items that previously appeared 
under ‘Income’ are now listed under ‘Expenditure’ (i.e., 
brought forward from previous year, refund of expenses 
and rolled up accumulated funds are now listed under 
‘Expenditure’).
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CODES Centre of Excellence Income — July–December 2005  
       
ARC Centre of Excellence Grant    1,500,000  
Collaborator Funds    
  ANU  0   
  University of Melbourne  0   
  University of Queensland  0  0 
Other ARC Grants    
  Linkage Grants and Collaboratives 129,195   
  Discovery Grants (previously called Large Grants) 199,596   
  Fellowships  0   
  Institutional Research Grants (now listed in University income) 0   
  RIEF Grant  0  328,791  
Other Commonwealth Government Funds    
  Scholarships  0   
  Miscellaneous  7,184  7,184
State Government Funds    
  Tasmanian State Government - Scholarships (2004-2005) 68,000   
  Tasmanian State Government - CoE core funding 200,000   
  Tasmanian State Govenrment - directly funded research projects 0   
  Miscellaneous  0  268,000
Industry/Private Funds    
  AMIRA International - CoE core funding 514,590   
  AMIRA International - non-core projects 362,735   
  Industry - Other Projects  231,124   
  Industry - Student Funded Projects 92,437   
  CODES Industry Sponsors  0   
  Minerals Council of Australia (MTEC) - CoE core funding 78,584   
  Miscellaneous  13,979  1,293,448  
 University of Tasmania Funds     
  University - CoE core funding (RIBG and IGS) 343,744   
  Additional Support to Salaries 236,396   
  General Operating Grant  29,550   
  Infrastructure Grants (excludes RIBG) 0   
  Institutional Research Grants (IRG’s) 11,900   
  University Strategic and Tasmanian Scholarships 64,360   
  Faculty Scholarships  0   
  Student Fee Income  17,000   
  Research Excellence Grant  3,750   
  Performance Pay  0   
  Study Leave  3,168   
  Minor Works Grant  17,500   727,367  
Local Government Funds  0  0  
Contracts/Consultancies/Revenue Raising    
  Short Courses  78,733   
  Book Sales  37,521   
  Consulting  0   
  Miscellaneous  27,533  143,787 
 Miscellaneous Income Sources/Interest    
  Overseas Government  8,000   
  Miscellaneous   (3,652)      4,348 
Total Income  $4,272,926 

ARC CoE Grant (35%)

Other ARC grants (8%)

State Government Funds (6%)

Industry/Private Funds (30%)

University of Tasmania (17%)

Contracts/Consultancies/Revenue Raising (3%)
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All income/expenditure categories are consistent with 
previous years — with the exception of the following 
minor changes:
• IRG income has been moved from the ‘Other ARC 

Grants’ category to the ‘University of Tasmania’ 
category.

• A new income category called ‘Overseas 
Government’ has been added under ‘Other Income 
Sources/Interest’ (new ARC reporting requirement).

• A new income category called ‘Collaborator Funds’ 
has been added to record agreed funds from Centre 
of Excellence collaborators (new ARC reporting 
requirement). No funds were received in this 
category in 2005 due to the delayed start of the 
Centre of Excellence.

• A new expenditure category called ‘Collaborator 
Payments’ has been added to demonstrate that these 
agreed commitments have beeen met by the Centre 
(new ARC reporting requirement). No funds were 
expended in this category in 2005 due to the delayed 
start of the Centre of Excellence.

• Under the main income headings, some new 
sub-categories have beeen added, called ‘CoE core 
funding’. The purpose of this treatment is to isolate 
Centre of Excellence core funding from other general 
funds, as the ARC requires us to demonstrate that 
these agreed core funds were actually received (e.g. 
under the income category ‘Industry/Private Funds’ 
AMIRA International is split into two portions 
— one is the agreed AMIRA core funding to the 
Centre and the other portion is additional AMIRA 
funds for separate non-core projects).

CODES Centre of Excellence Grant Expenditure  —  July–December 2005

 ARC Centre of Excellence Grant 1,500,000  
Total budget    1,500,000 
Expenditure    
 Salaries  (209,536)  
 Collaborator Payments 0  
 Equipment purchases (777)  
 Leased/hired equipment (362)  
 Shared equipment/Facilities (1,119)  
 Travel and Accommodation (32,327)  
 IT Maintenance  (462)  
 General consumables/maintenance (67,517)
 Miscellaneous Expenditure   
  PhD Scholarships (10,545)  
  Refund of 2004 IPRS scholarship 15,562  
  Public Relations and Advertising (9,289)  
  Laboratory Analyses (29,900)  
  Visiting Academics (9,002)  
 Other     
  Miscellaneous income - refund of expenses 916  
Total Expend    (354,358)

Account balance at 31.12.05   $1,145,642 

Salaries (57%)

Travel and accommodation (9%)

General consumables/maintenance (19%)

PhD scholarships (3%)

Public relations and advertising  (3%)

Laboratory analyses (8%)

Visiting academics (2%)
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These publications are for the period July–December 
2005.

Refereed Journal Articles

Batanova, V.G., Pertsev, A.N., Kamenetsky, V.S., 
Ariskin, A.A., Mochalov, A.G. and Sobolev, A.V. 
2005. Crustal evolution of island-arc ultramafic 
magma: Galmoenan pyroxenite-dunite plutonic 
complex, Koryak highland (Far East Russia). 
Journal of Petrology, 46: 1345-1366.
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