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Disclaimer 

This document has been prepared by Australian Venture Consultants Pty Ltd (ACN: 101 195 699) (óAVCô). AVC 

has been commissioned to prepare this publication by the Chamber of Minerals and Energy Western Australia 

(óCMEWAô) and has received a fee from CMEWA for its preparation.  

While the information contained in this publication has been prepared by AVC with all reasonable care from 

sources that AVC believes to be reliable, no responsibility or liability is accepted from AVC for any errors, 

omissions or misstatements however caused. Any opinions or recommendations reflect the judgment and 

assumptions of AVC as at the date of the document and may change without notice. AVC, its officers, agents and 

employees exclude all liability whatsoever, in negligence or otherwise, for any loss or damage relating to this 

document to the full extent permitted by law. Any opinion contained in this publication is unsolicited general 

information only. AVC is not aware that any recipient intends to rely on this document or of the manner in which a 

recipient intends to use it. In preparing this information it is not possible to take into consideration the information 

or opinion needs of any individual recipient. Recipients should conduct their own research into the issues 

discussed in this document before acting on any recommendation. 
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Executive Summary  
This report discusses the observations and findings from an investigation into the future knowledge 

and technology needs of the Western Australian minerals industry (excluding petroleum and coal). 

The analysis contained in this report is the first stage of a process to develop a business case for a 

Western Australian Minerals Institute. The purpose of the proposed Western Australian Minerals 

Institute is to establish a vehicle whose primary purpose is to leverage, prioritise and coordinate 

State Government R&D investment targeted at meeting the future knowledge and technology needs 

of the Western Australian minerals industry ŀƴŘ ǇǊƻƳƻǘŜ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ŜȄǇŜǊǘƛǎŜ ŀƴŘ ǎǳŎŎŜǎǎ 

in minerals R&D. 

¢ƘŜ ǊŜǇƻǊǘ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ŦǳǘǳǊŜ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ƴŜŜŘǎ ƻŦ ǘƘŜ {ǘŀǘŜΩǎ ƪŜȅ ƳƛƴŜǊŀƭǎ 

sectors (as determined by contribution to Gross State Product) of iron ore, gold, nickel, bauxite-

alumina, copper-lead-zinc, mineral sands and diamonds, as well as two emerging sectors, uranium 

and rare earths. Combined, these key sectors contributed approximately $50.0 billion to the $51.8 

billion of non-petroleum minerals production in the State in 2009-10. 

Tight margins, long-term capital investments and a continuous need to push down the cost curve to 

maintain international competitiveness have always ensured that innovation is important to the 

minerals industry.  It is noteworthy that despite the minerals industry being perceived ŀǎ Ψƭƻǿ-ǘŜŎƘΩΣ 

it has the highest levels of R&D embedded in its capital and intermediate goods relative to other 

industries. Furthermore, innovation is likely to become increasingly important to the Western 

Australian minerals industry as the industry cost curve steepens as the result of emerging scale 

operations in low cost jurisdictions, reduced trade barriers, the dominance of large multi-national 

mining companies with significant production and marketing economies of scale, and more 

challenging exploration and production environments. 

This innovation is highly dependent upon a minerals industry research sector that is well resourced, 

coordinated and focused on developing the key short, medium and long-term knowledge and 

ǘŜŎƘƴƻƭƻƎȅ ƴŜŜŘǎ ƻŦ ǘƘŜ {ǘŀǘŜΩǎ ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅΦ {ǳŎƘ ŀ ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅ ǊŜǎŜŀǊŎƘ ǎŜŎǘƻǊ ƛƴ 

Western Australia is unlikely to be maintained without an appropriate level of State Government 

intervention. 

There are several key arguments for State Government intervention in Western Australian minerals 

industry research: 

Á As Western Australia becomes less prospective in the conventional exploration paradigm, 

mining companies, particularly multinational mining companies, are increasingly trading 

sovereign risk for technical risk by making exploration and production investments in 

relatively underexplored countries irrespective of the greater sovereign risk associated with 

those countries. The size of these relatively underexplored areas such as West Africa means 

the minerals industry has limited motivation to invest in knowledge and technology 

development that improves the prospectivity of Western Australia in the short-to-medium 

term. 

Á The diverse Western Australian minerals industry is reasonably dispersed throughout 

Western Australia.  Many rural communities (including indigenous communities) are 

dependent on it for employment and infrastructure. The State has a role ensuring regional 
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Western Australia receives maximum economic rents from the minerals industry through 

sustained profitable production. 

Á The minerals industry is in natural conflict with the Western Australian natural environment. 

The State Government has a role to ensure the natural environment is optimally protected 

and the minerals companies have access to the knowledge and tools to cost effectively meet 

environmental management requirements. 

Á Minerals research in Western Australia has a global reputation, particularly in the areas of 

exploration and processing. Innovation in exploration is key to finding the next generation of 

world-class deposits in Western Australia, and innovation in processing is key to unlocking 

value that is contained in large low grade deposits of many minerals in Western Australia 

that are currently economicaƭƭȅ ŀƴŘ ǘŜŎƘƴƛŎŀƭƭȅ ƛƴŦŜŀǎƛōƭŜΦ Lǘ ƛǎ ƛƴ ǘƘŜ {ǘŀǘŜΩǎ ƛƴǘŜǊŜǎǘ ǘƻ 

optimise the longevity of the Western Australian minerals industry by investing in the 

maintenance of this world-class research capability. 

Á The maintenance and development of a world-class innovation system will result in the 

development of technical capability that can be exported. 

Á Global mining companies are increasingly adopting open innovation strategies where most 

corporate R&D needs are outsourced. Western Australian research institutions will only 

attract industry open innovation investment for so long as they remain world-class. 

¢Ƙƛǎ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƛƴǘƻ ǘƘŜ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀƴ ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅΩǎ ŦǳǘǳǊŜ ƪƴƻǿƭŜŘƎŜ ŀƴŘ 

technology needs has identified twelve broad areas of knowledge and technology needs that are 

relevant to most sectors of the industry. These are as follows: 

Á Finding New World-class Deposits in an Increasingly Challenging Exploration 

Environment .- In-situ and transported cover map of Western Australia, deep crustal and 

upper mantle map of Western Australia, distal footprints map of Western Australia, 

aer/space-borne and other sensing tools that can see under cover to depth, imaging 

processing capability from disparate deep geology databases, interface sampling tools, 

more sensitive vegetation sampling tools, multilateral drilling technologies, more robust 

drill-bits and real-time down-hole sensing technologies. 

Á Water Issues ς Understanding the effects of TDS on efficiency of hydrometallurgical 

processes, managing the corrosive effects of saline and hypersaline water on processing 

circuits and other equipment, water use minimisation, environmental impacts of water 

extraction and discharge and environmental impacts of water reuse. 

Á Automation and Process Control ς surface mine automation, underground mine 

automation, process controls that optimise processing in real-time and processing 

automation (including reliable sensors and automated diagnostics). 

Á Reducing Energy Intensity ς Blasting optimisation, improving crusher efficiency, 

improving milling efficiency, improvement in materials handling efficiency, improvement 

in ventilation efficiency, scoping study for the optimal application of current renewable 

energy technologies on Western Australian mine sites and an investigation into the 

potential deployment of geothermal power for mine site applications that require 

significant energy loads. 

Á Integration of Environmental Issues in Design and Engineering ς ensuring that the whole 

of mine life (including post-closure) environmental impact is considered in operation 
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design, development and operation such that the whole-of-life environmental impact of 

the operation is optimised. 

Á Mineralogy and Processing ς techniques for chemical mapping of ore bodies during 

exploration and development data collection, chemical characterisation modelling and 

monitoring through processing circuits. 

Á Open Pit Slope Stability ς automation for extraction from deep, steep pits, wall support 

technologies for steep deep pits and tools for monitoring pit wall integrity. 

Á Underground Mine Stability ς automation for underground extraction, support for high 

geomechanical stress underground operations and geomechanical stress monitoring 

technology. 

Á Low-capital-low-operating cost Leaching Solutions ς heap leaching, bioleaching, in situ 

leaching, low temperature atmospheric leaching and improving existing leaching 

technologies. 

Á Tailings Management ς tailings characterisation and chemical mapping and managing 

minor elements and recovery from tailings. 

Á Management and Leadership Issues ς managing geographically dispersed teams, 

providing leadership to dispersed teams, effective leadership and motivation in a 

subcontractor workforce, managing collaborations across distance, managing 

collaborations across cultures and accelerated leadership development. 

Á Accelerated Technology Adoption ς technology development and management systems 

that potentially accelerate adoption of new technologies by the minerals industry. 

In addition to these wider industry knowledge and technology needs the investigation has also 

identified knowledge and technology needs that are specific to each key sector. These are as follows: 

Á Iron Ore Sector ς large volume handling modelling and management systems, new methods 

for agglomerating ores, water usage in dust suppression, hydromodelling for dewatering 

optimisation, systems for upgrading high impurity ores and exploration techniques for new 

deposits. 

Á Gold Sector ς improvements to the cyanide leaching process for complex ores and 

alternative leaching agents to cyanide. 

Á Bauxite ςAlumina Sector ς increased efficiency from the Bayer process, scoping study into 

the future application of renewable energy sources, improved processing of ore with high 

levels of organic impurities, improved efficiency of red mud as a carbon sink and reduction 

of red mud footprint, primarily through the development of products from red mud. 

Á Nickel Sector ς reducing acid related costs and process inefficiencies in HPAL, materials 

science and HPAL systems integrity, standardisation of HPAL circuit design and alternatives 

to HPAL. 

Á Minerals Sands Sector ς improving efficiency of synthetic rutile plants, improving synthetic 

rutile plant feedstock tolerance, economic recovery of other mineral credits from tailings 

and reducing tailings footprint. 

Á Uranium Sector ς chemical mapping and modelling of radionuclides through the processing 

circuit for calcrete ores, reducing the negative impact that clay minerals have on recovery 

from calcrete ores, improved recovery from uranium leach solutions from calcrete ores, 

stability of radionuclides in calcrete tailings, improved yield and recovery rate and baseline 

understanding of radionuclide behaviour in the environment around surficial deposits 
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The paper discusses the knowledge and technology needs in detail and identifies research 

organisations with research programs and projects that address these issues. 

The report also discusses the minerals research enabling capability of the John de Laeter Centre for 

Isotope Research, as well as the National agency responsible for the national geological survey, 

Geoscience Australia and the agency responsible for the State geological survey, Geological Survey 

of Western Australia.  

Finally, the paper discusses AMIRA International and Minerals and Energy Research Institute of 

Western Australia, which are organisations that have been responsible for funding many minerals 

research projects in Western Australia.  

Based on our research, there appears to be some overlap of on research topics between the various 

research organisations. However, this observation needs to be treated with caution in some 

instances because of the collaboration that occurs between the CSIRO and other research 

organisations under the CRC program and other collaborative research institutes such as the Centre 

for Exploration Targeting and Australian Centre for Geomechanics. 

Most of the key future knowledge and technology needs identified above are being addressed to 

varying degrees by the research organisations discussed in this report. It has not been possible 

within the scope of this investigation to examine the quantum of resource that these research 

organisations are targeting at the identified needs, the specific nature of individual research projects 

or where the work of these organisations sits relative to current-state-of-the-art within specific areas 

of research.  

Areas of identified needs that do not seem to be addressed currently are: 

Á Process controls that optimise processing real time 

Á Improving ventilation efficiency 

Á Scoping study for optimal application of current renewable energy technologies at Western 

Australian mine sites 

Á Investigation into the potential to deploy geothermal power for significant energy 

applications on Western Australian mine sites 

Á Automation, specific to deep and steep open cut operations 

Á Wall support technologies for steep deep pits 

Á Automation for underground extraction 

Á Support systems for high geomechanical stress underground operations 

Á Tailings characterisation and chemical mapping 

Á Hydrometallurgy solutions for refractory gold ores  

Á Hydromodelling for dewatering optimisation in the iron ore sector 

Á Improving synthetic rutile plant feedstock tolerance 

Á Economic recovery of other minerals from minerals sands tailings 

Á Reducing minerals sands tailings footprint 

Á Understanding the stability of radionuclides in calcrete uranium tailings 

Á Understanding the natural migration of uranium and other radionuclides through air and 

water in the vicinity of surface and near surface uranium deposits 
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Further work should be undertaken to understand the potential impact of solutions to these 

knowledge and technology needs that are not being met by current R&D. However, there are key 

areas where R&D is being undertaken that may currently be under-resourced, but which have the 

potential to have the greatest economic impact. These areas are as follows: 

Á Geoscience investigation and exploration technology development that leads to the 

discovery of new world-class deposits in Western Australia 

Á Research and technology development focused on automation solutions that improve 

labour productivity, given the biggest immediate challenge facing the Western Australian 

minerals industry is the shortage of skills and labour  

Á Metallurgical science and systems engineering that lead to more capital and cost effective 

methods of processing ores in Western Australia, particularly in relation to calcrete hosted 

uranium and lateritic nickel. 

In a general sense, Western Australia has strong R&D expertise in exploration and processing, but 

currently lacks critical mass in addressing R&D requirements related to mining.  Overall, there are a 

number of highly qualified private and public initiatives driving a broad array of relevant research.  

While there appear to be some gaps in addressing all the perceived future technology and 

knowledge required by industry, the greatest need may be in the ongoing identification, 

coordination and direction of WA specific R&D projects and initiatives. 
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Introduction and Background  
 

Context and Purpose  

 
¢ƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ {ǘŀǘŜΩǎ ǇŜǘǊƻƭŜǳƳ industry, the minerals industry underpins the Western 

Australian economy and is, by all accounts, a world-class industry. It is however a finite industry 

whose longer term survival is dependent on the discovery of new mineral resources and the 

development of technologies that allow the economic extraction and processing of minerals that will 

increasingly only be found in challenging geologies and complex metallurgies. It is also an industry 

that must continuously improve efficiency in order to remain globally competitive in an environment 

where a number of low cost producers are emerging that will compete directly with the Western 

Australian minerals industry in its key export markets. 

Recognising this challenge, the Western Australian Government launched two initiatives in 2001 

designed to create strategic alliances between leading Western Australian research institutions 

ǊŜƭŜǾŀƴǘ ǘƻ ǘƘŜ {ǘŀǘŜΩǎ ǇǊƛƴŎƛǇŀƭ ƛƴŘǳǎǘǊƛŜǎ ƻŦ ƳƛƴŜǊŀƭǎ ŀƴŘ ŜƴŜǊƎȅΣ ǘƘŜ /{Lwh ŀƴŘ ŎƻƳǇŀƴƛŜǎ 

ƻǇŜǊŀǘƛƴƎ ƛƴ ǘƘŜ {ǘŀǘŜΩǎ ƳƛƴŜǊŀƭǎ ŀƴŘ ŜƴŜǊƎȅ ƛƴŘǳǎǘǊƛŜǎΦ ¢ƘŜ ƛƴǘŜƴǘ ƻŦ ǘƘŜǎŜ ƛƴƛǘƛŀǘƛǾŜǎ ǿŀǎ ǘƻ ǇǊƻǾƛŘŜ 

vehicles through which public sector funding could be leveraged to better guide the multidisciplinary 

ŜȄǇŜǊǘƛǎŜΣ ǊŜǎŜŀǊŎƘ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ǊŜǎŜŀǊŎƘ ŀƎŜƴŘŀǎ ƻŦ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ǊŜǎŜŀǊŎƘ ƛƴǎǘƛǘǳǘƛƻƴǎ ǎǳŎƘ 

that the probability of those institutions delivering required knowledge and effective technology 

solutions for the future opportunities and challenges that face operators in the Western Australian 

minerals and energy industries is optimised. 

The energy industry alliance that resulted from this initiative, the Western Australian Energy 

wŜǎŜŀǊŎƘ !ƭƭƛŀƴŎŜ όΨ²!Υ9w!ΩΣύ ǿŀǎ ŦƻǊƳŜŘ ōȅ a collaboration between , CSIRO, University of Western 

Australia, Curtin University, Woodside, Chevron and CGG Veritas in 2004 and is generally recognised 

by industry, academia and government as successfully addressing its strategic intent. However, the 

minerals industry counterpart, the proposed Western Australian Minerals Institute, is yet to be 

established. 

¢ƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ŀƴŘ ƻǇŜǊŀǘƛƻƴ ƻŦ ǎǳŎƘ ŀƴ ƛƴƛǘƛŀǘƛǾŜ ŦƻǊ ǘƘŜ {ǘŀǘŜΩǎ ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅ ƛǎ ŀ 

significantly greater challenge tƘŀƴ ǘƘŀǘ ŦƻǊ ǘƘŜ {ǘŀǘŜΩǎ ǇŜǘǊƻƭŜǳƳ ƛƴŘǳǎǘǊȅΦ CƛǊǎǘƭȅΣ ǘƘŜ {ǘŀǘŜΩǎ Ǝŀǎ 

industry is focused on a single commodity, whereas ǘƘŜ {ǘŀǘŜΩǎ ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅ ƛƴǾƻƭǾŜǎ ŀ ŘƻȊŜƴ 

different key commodities and over twenty commodities in total. Secondly, while there are a 

number of generic future knowledge and technology needs that impact on all sectors of the minerals 

industry across the value chain, there are also future knowledge and technology needs that are 

specific to each sector of the minerals industry.  ThirdlyΣ ǘƘŜ {ǘŀǘŜΩǎ Ǝŀǎ ǇǊƻŘǳŎǘƛƻƴ ƛƴdustry is 

comprised of less than ƘŀƭŦ ŀ ŘƻȊŜƴ ƻǇŜǊŀǘƛƴƎ ŎƻƳǇŀƴƛŜǎΣ ǿƘŜǊŜŀǎ ǘƘŜ {ǘŀǘŜΩǎ ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅ ƛǎ 

comprised of approximately 70 production companies and a myriad of companies whose activities 

are focused exclusively on exploration. Combined, these three factors not only result in a 

ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭŀǊƎŜǊ ŀƴŘ ŘƛǾŜǊǎŜ ǎŜǘ ƻŦ ŦǳǘǳǊŜ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ƴŜŜŘǎ ŦƻǊ ǘƘŜ {ǘŀǘŜΩǎ 

minerals industry, but also presents significant formation, structuring and management issues for 

the minerals initiative. 
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Complicating this challenge, was a change of Government in Western Australia in late 2001 that saw 

ŀ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŦƻŎǳǎ ƻŦ ǘƘŜ {ǘŀǘŜΩǎ ƛƴƴƻǾŀǘƛƻƴ ǇƻƭƛŎȅ under the previous GovernmentΩs four pillars of 

ƛǘǎ Ψ.ŜȅƻƴŘ ǘƘŜ .ƻƻƳΩ ŜŎƻnomic development policy. According to this Policy, State innovation 

resources were to be focused on developing a basis for industry diversification in the areas of 

biotechnology, information and communications technology, marine and defence technology and 

renewable technologies.  

With the change of government in 2008, ǘƘŜ {ǘŀǘŜΩǎ ƛƴƴƻǾŀǘƛƻƴ ǇƻƭƛŎȅ ƛǎ refocusing on improving the 

ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƻŦ ǘƘŜ {ǘŀǘŜΩs principal minerals and petroleum industries.1 As a 

result of this refocus, the Minister for Mines and Petroleum has asked the Chamber of Minerals and 

Energy Western Australia (CMEWA) to investigate the need for State Government intervention in 

the provision of research that generates future knowledge and technology needs for the StateΩǎ 

minerals industry and if a need is present, prepare a business case for the a proposed Western 

Australian Minerals Institute (the minerals industry equivalent of WA:ERA). 

The first step in this process is the identification of the future knowledge and technology needs of 

companies with current and aspirational exploration, mining and processing operations in Western 

Australia, together with an assessment of existing corporate and public minerals industry research 

resources in Western Australia, Australia and globally in order to identify gaps in necessary new 

knowledge and technology creation capability. To this end CMEWA has engaged Australian Venture 

Consultants, a management consulting practice specialising in technology commercialisation and 

innovation management in the resources industries, to prepare this Strategic Research Agenda. 

The purpose of this Strategic Research Agenda is three-fold: 

1. To determine if there is a need for the proposed Western Australian Minerals Institute by 

identifying whether new knowledge and technology needs critical to the future sustainability 

and competitiveness of the Western Australian minerals industry are not currently being 

adequately addressed by existing public and corporate research initiatives; 

2. If it is determined that there is a need for the proposed Western Australian Minerals 

Institute, identification of priority areas of research; and 

3. Form a critical input to the development of a business case to build on the preliminary 

proposal for an enhanced model for minerals research in Western Australia, namely the 

Western Australian Minerals Institute, and determining the nature and quantum of 

resources that are required to coordinate and optimise research around those priority areas 

and the structural nature and operations of the mechanism through which those resources 

should be allocated and administrated. 

The third purpose outlined above is beyond the scope of this analysis, and is to be addressed in the 

next stage in developing a case for the proposed Western Australian Minerals Institute. 

There is not unanimous agreement from participants in the minerals industry and minerals industry 

research community that there is market failure in minerals research in Western Australia. Some 

participants are of the view that many of the future challenges and opportunities are being 

                                                           
1
 Interim Council for Science and Innovation (2010), From Strength to Strength: An Innovation Plan for Driving 
²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ CǳǘǳǊŜ tǊƻǎǇŜǊƛǘȅΣ State Government of Western Australia 
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addressed by existing research projects. ¢Ƙƛǎ ƛǎ ƴƻǘ ǘƻ ǎŀȅ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜƴΩǘ ŀǊŜŀǎ ƻŦ ǊŜǎŜŀǊŎƘ ǘƘŀǘ 

need to be addressed as a matter of priority.2 Others are of the view that increased State 

Government investment in minerals industry research will pay dividends for the Western Australian 

public in terms of a more diverse, efficient and sustainable industry.3 There is, however, some 

agreement that, while there is considerable institutional and researcher collaboration in the 

minerals industry, a more coordinated effort would yield better results.4 

Methodology  and Context  
This analysis has been prepared from the results of an investigation that has been conducted 

according to the following methodology. 

1. A Literature Review that has involved the detailed analysis of other minerals industry 

technology roadmaps and strategic research agendas produced by Australian and overseas 

public sector agencies, research institutions and industry associations; 

2. A Review of research program documentation as provided by the numerous Australian and 

international research organisations and research groups analysed under the scope of the 

investigation; 

3. Semi-structured interviews with key research agencies and researchers in order to 

understand in detail the nature of existing research programs in Australia, and the 

perceptions of key Australian minerals industry researchers as to the future knowledge and 

technology needs of the Western Australian minerals industry;  

4. Semi-structured interviews with key Western Australian minerals industry operators to 

determine their perceptions as to the key future knowledge and technology needs of the 

Western Australian minerals industry, and the general nature of internal research programs 

undertaken by these operators; and 

5. A synthesis of this information to identify gaps in new knowledge and technology creation 

and priority areas of research. 

The scope of the investigation has been limited to: 

1. The exploration, extraction and processing and refining elements of the minerals industry 

value chain and as such does not explore the future knowledge and technology needs of 

post-mine activities such as transportation logistics and market; and 

2. Key commodities that are produced in Western Australia, and/or for which a significant 

discovery effort is being made.  The investigation excludes coal and petroleum products, as 

ǘƘŜ ǇŜǘǊƻƭŜǳƳ ǎŜŎǘƻǊΩǎ ƴŜŜŘǎ ŀǊŜ ǘƘŜ ƧǳǊƛǎŘƛŎǘƛƻƴ ƻŦ ²!Υ9w! ŀƴŘ ǘƘŜ {ǘŀǘŜΩǎ Ŏƻŀƭ ƛƴŘǳǎǘǊȅ ƛǎ 

primarily focused on meeting domestic energy demand. 

The investigation focuses on the future knowledge and technology needs of the principal sectors of 

the Western Australian minerals industry as determined by the contribution the sector makes to 

Gross State Product. This includes iron ore, gold, nickel, bauxite-alumina, copper-lead-zinc, mineral 

sands and diamonds. The investigation also discusses the future knowledge and technology needs of 

two emerging sectors, uranium and rare earths. It is important to note that 14 other smaller 

                                                           
2
 Interview  

3
 Interview  

4
 Interview  
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commodities sectors make a substantial combined contribution to Gross State Product, including 

cobalt which is produced as a by-product from lateritic nickel ores. The mineral sectors that are the 

subject of this investigation are summarised in Figure 1 below, which categorises the sectors 

according to their relative contribution to the Western Australian economy. It should be noted that 

the identified gap analysis is not necessarily comprehensive, limited by the scope of the 

investigation. 

 

Figure 1 - Scope of Investigation 

It is worthwhile emphasising at the beginning of this discussion on the future technology and 

knowledge needs of the Western Australian minerals industry that the single most significant and 

immediate challenge facing the expansion of the Western Australian minerals industry is the rapidly 

growing critical shortage of skilled labour, particularly in the geosciences and mining engineering 

Iron Ore

ÅProduction value of $25b
Å32 operational projects and

projects under development

Gold

ÅProduction value of $6.6b
Å36 operational projects and

projects under development

Bauxite - Alumina

ÅProduction value of $3.8b
Å2 major vertically integrated
operations undergoing
expansion

Nickel

ÅProduction value of $4.1b
Å10 operational projects or

projects under development

Copper-Lead-Zinc

ÅProduction value of $1.4b
Å5 operational projects

Mineral Sands

ÅProduction value of $0.3b
Å2 major vertically integrated
operations

Diamonds

ÅProduction value of $0.3b
Å2 operation including one of
ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŘƛŀƳƻƴŘ

mines

Uranium
ÅSecond largest uranium

resource in Australia under
development

Å26 other identified resources

Rare Earths

Å1 operation and 1 resource

Other Minerals
ÅProduction value of $8.9b
ÅSalt, manganese, zircon,
cobalt, aggregate, tin, 
tantalum, silver, limestone,
sand, gypsum, platinum, clays
and gravel
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professions.5 This investigation touches on some of the management research activities that are 

attempting to address this issue and the skills shortage is certainly the main motivation for industry 

investment in automation R&D. However, a detailed assessment of this challenge is beyond the 

scope of this report. 

  

                                                           
5
 National Resources Sector Employment Taskforce (2010), Resourcing the Future, Australian Government 
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Overview of the Western Australian Minerals Industry  
The Western Australian minerals industry is a significant contributor to the Western Australian and 

Australian economy. This is illustrated in Figure 2 below6. 

 

Figure 2 - Economic Contributions to Gross State and Domestic Product 2008-09 

¢ƘŜ bŀǘƛƻƴΩǎ minerals industry supplies global industry with a significant portion of its mineral 

inputs. It is in the top five producers of most ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƪŜȅ ƳƛƴŜǊŀƭ ŎƻƳƳƻŘƛǘƛŜǎ, and the 

ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ ǇǊƻŘǳŎŜǊ ƻŦ ōŀǳȄƛǘŜΣ ŀƭǳƳƛƴŀΣ ǊǳǘƛƭŜ ŀƴŘ ǘŀƴǘŀƭǳƳΤ ǘƘŜ ǎŜŎƻƴŘ ƭŀǊƎŜǎǘ ǇǊƻŘǳŎŜǊ ƻŦ 

lead, ilmenite, zircon and lithium; the third largest producer of iron ore, uranium and zinc; the fourth 

largest producer of gold, manganese and nickel; and the fifth largest producer of aluminium, 

ŘƛŀƳƻƴŘǎΣ ǎƛƭǾŜǊ ŀƴŘ ŎƻǇǇŜǊΦ Lǘ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŜȄǇƻǊǘŜǊ ƻŦ ŀƭǳƳƛƴŀΣ ƛǊƻƴ ƻǊŜ ŀƴŘ ƭŜŀŘΤ ǘƘŜ 

ǎŜŎƻƴŘ ƭŀǊƎŜǎǘ ŜȄǇƻǊǘŜǊ ƻŦ ȊƛƴŎΤ ŀƴŘ ǘƘŜ ǿƻǊƭŘΩǎ ǘƘƛǊŘ ƭŀǊƎŜǎǘ ŜȄǇƻǊǘer of uranium.7 In 2009-10, the 

Australian minerals industry spent approximately A$1.6 billion on exploration for gold, base metals 

and iron ore.8 This year alone there has been A$2.5 billion of capital expenditure on non-energy 

minerals projects.9 There is a further A$23.5 billion of capital investment that has been committed to 

new projects.10 

The State of Western Australia underpins the national minerals industry. In 2009-10 approximately 

70 Western Australian based mining companies, produced approximatelȅ сн ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ 

total mineral production.  This includes a number of multi-national mining companies, including the 

ǿƻǊƭŘΩǎ ǘǿƻ ƭŀǊƎŜǎǘ ƳƛƴƛƴƎ ŎƻƳǇŀƴƛŜǎΣ .It .ƛƭƭƛǘƻƴ ŀƴŘ wƛƻ ¢ƛƴǘƻΣ ǿƘƛŎƘ ƘŀǾŜ ŀ ŎƻƴǎƛŘŜǊŀōƭŜ ǇƻǊǘƛƻƴ 

                                                           
6
 Australian Bureau of Statistics in: Nolan, A. (2010), Big State ς Big Projects: IPAA-Driving Sustainable 

Development through the WA Public Sector, Government of Western Australia Department of State 
Development 
7
 Minerals Council of Australia (2010) The Australian Minerals Industry and the Australian Economy 

8
 Australian Bureau of Agricultural and Resource Economics ς Bureau of Rural Sciences (2010), Minerals and 

Energy ς Major Development Projects ς October 2010 Listings, Canberra 
9
 Australian Bureau of Agricultural and Resource Economics ς Bureau of Rural Sciences (2010), Minerals and 

Energy ς Major Development Projects ς October 2010 Listings, Canberra 
10

 Australian Bureau of Agricultural and Resource Economics ς Bureau of Rural Sciences (2010), Minerals and 
Energy ς Major Development Projects ς October 2010 Listings, Canberra 
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of their respective minerals production portfolios located in Western Australia. As illustrated in 

Figure 3 below, the Western Australian minerals industry is a major supplier of raw materials to the 

global economy in its own right. 11 

 

Figure 3 - Western Australian Share of Global Minerals Production 

Table 112 below lists the value of Western Australian minerals production in 2009-10. 

 

 

 

 

 

 

 

 

 

 

                                                           
11

 Western Australian Department of Minerals and Petroleum, 2009-10 Product Statistics 
12

 Western Australian Department of Minerals and Petroleum, 2009-10 Product Statistics 
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Mineral Commodity 2009-10 Value of Production (A$m) 

Iron Ore 33,657 

Gold 6,560 

Nickel 4,083 

Alumina 3,810 

Copper 1,137 

Salt 417 

Manganese Ore 351 

Other Heavy Mineral Sands 309 

Diamonds 304 

Zircon 276 

Zinc 203 

Cobalt 189 

Aggregate 85 

Tin-Tantalum-Lithium 75 

Silver 60 

Ilmenite 60 

Lead 59 

Limesand-Limestone-Dolomite 29 

Sand 25 

Leucoxene 20 

Gypsum 18 

Silica-Silica Sand 12 

Rock 9 

Palladium and Platinum 9 

Clays 1 

Gravel 1 

Other Minerals 44 

TOTAL VALUE OF PRODUCTION 51.8 

Table 1 - Total Value of Western Australian Mineral Production 2009-10 

Of the eleven minerals industry capital expenditure programs completed nationally in 2009-10 

totalling approximately $2.5 billion, eight of those projects with a total value of $A1.9 billion were in 

Western Australia. Of the further $23.5 billion that has been committed to 25 new projects 

nationally, A$19.2 billion is committed to 15 projects in Western Australia. 

The pipeline of new projects in Western Australia is fed by a robust exploration sector, which in 

2009-10 expended approximately $360 million on minerals exploration13, representing 56 percent of 

all minerals exploration expenditure in Australia.14 A significant portion of this exploration 

expenditure is incurred by junior exploration companies. In many commodity sectors, the Western 

Australian production assets feed into increasingly sophisticated down-stream processing and 

logistics networks. Finally, the entire vertical Western Australian mining industry is serviced by a 

diverse and sophisticated mining services industry, which plays an increasingly important role in 

delivering innovation the all elements of the minerals value chain. 

Over the past decade production from mining projects in Western Australia with development costs 

totalling approximately A$10 billion came on stream.15 Over the next decade it is expected that 

production and downstream minerals assets with a total development cost of approximately A$50 

billion will come on stream in Western Australia. Table 2 below lists major Western Australian 

minerals industry projects that are under consideration, development or construction.  

                                                           
13

 Australian Bureau of Statistics, 2009-10 Mineral Exploration Statistics 
14

 Government of Western Australia Department of Mines and Petroleum (2010), Western Australian Mineral 
and Petroleum Statistics Digest 2009-10 
15

 [ŜǊƻȅΣ {Φ Ψ.ŜŀǘƛƴƎ ǘƘŜ ǘŀƭŜƴǘ ƎŀǇΩΣ Mining Technology Australia, 
(http://www.miningtechnologyaustralia.com.au/skills-shortage) Accessed 17 November 2010 

http://www.miningtechnologyaustralia.com.au/skills-shortage
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Project Commodity Owner Est. Capex (A$b) Est. Start Date Status 

Worsley Refinery 
Expansion 

Alumina BHP Billiton 2.5 2012 Construction 
commenced 

Ammonium Nitrate 
Plant 

Ammonium Nitrate Burrup Nitrates 0.6 2013 Engaged in 
approvals process 

Underground Mine 
Stage 1 

Diamonds Argyle Diamonds (Rio 
Tinto) 

1.2  Ongoing 
construction 

Cape Preston Iron Ore Citic Pacific 5.2 2011 Under construction 

Iron Ore Rapid 
Growth Project 5 

Iron Ore BHP Billiton 5.3 2011 Under Construction 

Iron Ore Rapid 
Growth Project 6 

Iron Ore BHP Billiton 2.1 2012 Engaged in 
approvals process 

Australian Premium 
Iron Joint Venture 

Iron Ore Aquila/AMCI 4.0 2015 FEED 

Cape Lambert 
Project 

Iron Ore MCCAH 3.7 2015 Pre- FEED 

Extension Hill 
Magnetite Mine 

Iron Ore Asia Iron 0.7 2011 Construction to 
commence 

Brockman 4 Iron Ore Rio Tinto 2.0  Under construction 

Karara Iron Ore 
Project 

Iron Ore Gindalbie 
Metals/Ansteel 

1.8 2011 Construction 
commenced 

Pilbara 330 Projects Iron Ore Rio Tinto 4.4 Na Under construction 

Roy Hill   7.2  Under consideration 

Magnetite Iron Ore 
Mine 

Iron Ore Australian Resources 2.7 2011 Under Construction 

Mesa A/Warramboo 
Iron Ore 

Iron Ore Robe River Mining 1.2 2010 Operational 

South Down 
Magnetite Mine 

Iron Ore Grange Resources 1.6 2013 Engaged in 
Approvals 

Weld Range 
Hematite Mine 

Iron Ore Sinosteel Midwest 
Corporation 

0.8 Tbc BFS to be completed 
in 2010 

Western Turner 
Syncline 

Iron Ore Rio Tinto 0.2 tbc. Under construction 

Spinifex Range Molybdenum-
copper mine 

Moly Mines 1.3 Tbc Seeking finance 

Yannarie Salt Project Salt PPT Asia Pacific 
Mining 

0.2 Tbc Under review 

Yeelirrie Uranium Uranium BHP Billiton  2014 Engaged in 
Approvals 

TOTAL VALUE   48.7 bn   

Table 2 - Major Western Australian Minerals Projects under Consideration, Development or Construction 

Figure 416 below illustrates the geographical distribution of major Australian mineral deposits, 

highlighting the concentration and scale of industry in Western Australia. 
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Figure 4 - Geographical Distribution of Major Australian Mineral Deposits 

 

Economic modelling indicates activity within the Western Australian minerals industry has a 

significant economic multiplier. The Association of Mining and Exploration Companies estimates that 

each direct employee in the minerals sector generates another 3.5 jobs elsewhere in the Australian 

economy.17 Another estimate suggests that there may be as many as six times the number of direct 

employees working on mining operations and as many as ten times more employed in auxiliary 

services to mining related industries.18 

In summation, the future sustainability and international competitiveness of the Western Australian 

minerals industry is central to the economic future of the State and prosperity of its citizens. 

 

  

                                                           
17

 Association of Mining and Exploration Companies in: Allen Consulting Group (2009), Earth Resources 
National Innovation Strategy (ERNIS): Scoping Study, Victorian Department of Primary Industries 
18

 (Broome, 1999) in: Allen Consulting Group (2009), Earth Resources National Innovation Strategy (ERNIS): 
Scoping Study, Victorian Department of Primary Industries 

7

Source: MinEx Consulting August 2010Note:  Major defined as >1 moz Au, >1mt Cu, > 100kt Ni or  equivalent

Excludes Bulk Minerals such as Coal, Bauxite and Iron Ore
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Strategic Rationale for Public Sector Investment in Research and 

Development for the Western Australian Minerals Industry  
¢ƘŜ ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅ ƛǎ ǘȅǇƛŎŀƭƭȅ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ŀ Ψƭƻǿ-ǘŜŎƘΩ ƛƴŘǳǎǘǊȅΣ ǿƘƛŎƘ ƭŜŀŘs to a misperception 

that the industry does not embrace technology and that technology is not important for the 

ƛƴŘǳǎǘǊȅΩǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ǇǊƻŦƛǘŀōƛƭƛǘȅΦ19 !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŦƻǊƳŀƭ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ Ψƭƻǿ-ǘŜŎƘΩ ƛƴŘǳǎǘǊȅ 

ǘƘŜ ƳƛƴƛƴƎ ƛƴŘǳǎǘǊȅ ƛǎ ƛƴŘŜŜŘ Ψƭƻǿ-tecƘΩΣ ǿƛǘƘ !ǳǎǘǊŀƭƛŀƴ ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅ ŜȄǇŜƴŘƛǘǳǊŜ ƻƴ wϧ5 ƻŦ 

just $2.5 billion in 200720 being a much smaller portion of its turnover, than is the case for the 

ΨƳŜŘƛǳƳ-ǘŜŎƘΩ ŀƴŘ ΨƘƛƎƘ-ǘŜŎƘΩ ǎŜŎǘƻǊǎ ǎǳŎƘ ŀǎ the various manufacturing sectors, clean-technology, 

information and communications technology and biotechnology. However, the minerals industry has 

a significant amount of R&D embodied in its capital and intermediate goods. Indeed according to 

this measure, the basic metals and other metallic mineral products sector has historically ranked 

among the highest of all industry sectors.21 

Innovation has always been critical to the sustainability and competitiveness of operators in the 

Western Australian minerals industry. Tight margins, long-term capital intensive investments and a 

continuous need to push down the cost curve in order maintain international competitiveness have 

ensured this. Much of this innovation has involved incremental improvement to operations. 

However, there have also been significant breakthroughs such as Carbon-in-Pulp (CIP) processing for 

low grade surface gold deposits and High Pressure Acid Leaching (HPAL) for the processing of nickel 

laterite ores. There has also been some very large scale minerals industry R&D programs in Western 

Australia such ŀǎ wƛƻ ¢ƛƴǘƻΩǎ Iƛ{ƳŜƭǘ ǇǊƻƧŜŎǘ ŀƴŘ .It .ƛƭƭƛǘƻƴΩǎ Iƻǘ .ǊƛǉǳŜǘǘŜŘ LǊƻƴ tǊƻƧŜŎǘΦ 

Innovation in the minerals industry will become more critical in the future as the industry cost curve 

steepens as a result of the emergence of scale operations in low cost structure jurisdictions, the 

lowering of trade barriers, the dominance of large multi-national minerals companies with 

significant production and marketing economies of scale22 and more technically challenging 

exploration, extraction and processing environments. 

The dynamic of the minerals industry will change dramatically over the next 15 to 20 years as a 

result of: 

Á Expected growth in global demand for minerals industry products, particularly from India 

and China; 

Á A concomitant need for growth in infrastructure to handle this increased demand; 

Á Rapidly accelerating skills and labour shortages in the industry; 

Á Growing internationalisation of competition and its impact on the competitive dynamics of 

the industry; and 
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 ¦ǇǎǘƛƭƭΣ DΦ ŀƴŘ IŀƭƭΣ tΦ όнллсύΣ ΨLƴƴƻǾŀǘƛƻƴ ƛƴ ǘƘŜ ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅΥ !ǳǎǘǊŀƭƛŀ ƛƴ ŀ Ǝƭƻōŀƭ ŎƻƴŜȄǘΩΣ Resources 
Policy (31), 137-145 
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 Australian Bureau of Statistics (2007), Business Gross Expenditure on Research and Development 
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 OECD (1999), Science, Technology and Industry Scoreboard, OECD 
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Á Existing and future pressures caused by climate change, ownership of assets, the carbon 

economy, water, environmental issues and indigenous rights.23 

Innovation in the minerals industry must rise to this challenge and to do so it must be driven by a 

robust and strategic R&D sector. 

This importance of this issue has been highlighted by the Australian Ministerial Council of Ministers 

for Petroleum and Resources (MCMPR): Ψ¢ƘŜ ŎǳǊǊŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘ όǘƘŜ Ǝƭƻōŀƭ ŦƛƴŀƴŎƛŀƭ ŎǊƛǎƛǎύ 

provides an impetus and an opportunity to think laterally and collectively to develop a national 

strategy for a resilient mining and petroleum industry that can weather the trends and also take 

advantage of upward cyclesΦΩ 

While a national strategy is both sensible and important, it must be developed with the 

understanding that the strategic issues facing each state from both an operational and economic 

relevance perspective are highly variable. Each State jurisdiction has its own strategic research issues 

that need to be addressed for the minerals industry generally, as well as for specific sectors that 

operate in that State for the {ǘŀǘŜΩǎ ƛƴŘǳǎǘǊȅ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ǇǊƻǎǇŜǊ. This is particularly important for 

Western Australia as the state has a much larger and diverse minerals industry compared to the 

other States and its economic prosperity is more dependent on the minerals industry than other 

States. 

The extent of the difference in key issues between States is highlighted in Table 3 below, which 

compares the Victorian minerals industry research agenda24 versus the comparative key issues 

raised for the Western Australia minerals industry in this report. 
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Factor Victoria Western Australia 

Key commodities Mineral sands, coal, construction materials 
and gold 

Iron ore, gold, bauxite-alumina, mineral 
sands, nickel, base metals, diamonds and 
uranium 

Project location issues Most densely populated State with 
communities in close proximity to natural 
resources 

Least densely populated State with 
geographically remote projects 

Environmental issues 70 percent of the State has been cleared of 
natural vegetation 

Projects frequently located in or adjacent to 
pristine environments 

Water Water shortages in many areas and short 
piping distances 

Absence of potable water in most areas 
with abundant supply of hypersaline water 
and long piping distances 

Energy supply 9ƴŜǊƎȅ ǎǳǇǇƭƛŜŘ ōȅ ΨŘƛǊǘȅΩ ōǊƻǿƴ Ŏƻŀƭ 
reserves 

Energy increasingly supplied by natural gas 
reserves 

Key research issues  across all sectors Reducing dependence on water, cost 
effective water cleaning technologies, 
improved recycling of water, finding and 
defining new resources, recognition of the 
Victorian industry as a protector of the 
environment, zero fatalities, zero injuries 
and zero incidents 

Finding new world class deposits under 
cover, effects of TDS on hydrometallurgical 
processes, managing corrosion caused by 
hypersaline water, automation and process 
control, reduction in comminution process 
energy consumption, integrating 
environmental issues in design and 
engineering, integration of mineralogy and 
processing, open pit wall stability, 
underground mine stability and recovery 
from high value tailings 

Key sector specific research issues Mineral sands ς advanced processing to 
remove impurities, standardising mineral 
characterisation and reducing dependence 
on water 
Gold ς finding new gold deposits, resource 
ŜǎǘƛƳŀǘƛƻƴ ƛƴ ΨƴǳƎƎŜǘǘȅΩ ŘŜǇƻǎƛǘǎΣ ŘŜŜǇ 
extraction, alternatives to cyanide 

Iron Ore ς Large volume handling systems, 
new methods for agglomerating ores, 
dewatering and water usage, upgrading of 
high impurity ores and exploration 
techniques for new deposits 
Gold ς Improvement to the cyanide 
leaching process and alternative leaching 
agents 
Nickel ς Reducing costs and process 
inefficiencies in HPAL, materials science for 
HPAL systems integrity and low-pressure-
low-temperature leaching 
Mineral Sands ς Improving efficiency of 
synthetic rutile plants and reducing tailings 
footprint 
Uranium ς Economic tank leaching of 
calcrete ore, alternatives to tank leaching 
and behaviour of radionuclides in tailings 
Copper-Lead-Zinc ς Discovery of new 
massive sulphide resources 
Diamond sector ς novel exploration 
indicator minerals 

Table 3 - Key Minerals Industry Research Issues - Victoria versus Western Australia 

It is a widely held policy view that the role of government intervention in R&D is to address market 

failure, and is necessary to either totally fund or incentivise private investment in R&D that is 

determined to be in the interests of society and that would not occur unless the government 

intervened. As illustrated in Figure 5 below25, the degree to which government needs to intervene to 

stimulate R&D that is in the interests of society is on a continuum which spans from fully 

government funded research that tends to have longer-term benefits to tactical commercial 

research that tends to be shorter term in nature. 
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Generally speaking, most R&D that is undertaken exclusively by industry is designed to provide the 

specific operators with competitive advantage.26 Industry is less likely to allocate significant 

resources to research that is pre-competitive in nature or which delivers longer-term benefits. 

 

Figure 5 - Case for Government Intervention in Industry Research and Development 

Many of the government funded research initiatives discussed in this paper are reliant on significant 

industry investment. This is important in the sense that it ensures there is industry interest and 

validation in the research projects that are undertaken by these organisations. However, it also has 

the potential to focus these organisations on shortςterm oriented research problems, resulting in 

longer term challenges not being adequately addressed by public research organisations.27 

Another argument for public sector intervention is that the public sector should fund fundamental 

and basic research and industry should fund applied research and experimental development. 

However, the risks in prototype development and scaling up of technology is greater than the risk of 

discovery in most cases because scaling up typically involves significantly greater investment in a 
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project for which most technical risk is yet to be mitigated.28 The argument here is that government 

can play a role in de-risking industry investment in technology development on the basis that it is in 

the interests of the State to ensure that its mining industry is sustainable and remains profitable. 

There are a number of arguments that support the notion that the Western Australian government 

should continue to encourage and support R&D in Western Australia that contributes to the future 

sustainability and competitiveness of the Western Australian minerals industry. The following 

subsections discuss some of the key arguments. 

A Long Term Sustainable and Profitable Industry  
Western Australia is fortunate to be endowed with extraordinary mineral wealth, providing it with 

the opportunity to prosper from this endowment well into the future. However, finding new 

deposits, extracting ore and processing ore is becoming increasingly difficult in Western Australia 

simply because the industry has found all of the easy to find resources, is mining all the easy to mine 

deposits and processing all the simple to process ores. The approprƛŀǘƛƻƴ ƻŦ ǿŜŀƭǘƘ ŦǊƻƳ ǘƘŜ {ǘŀǘŜΩǎ 

mineral endowments through employment and taxation receipts and the maintenance of Western 

!ǳǎǘǊŀƭƛŀΩǎ ŎƻƳǇŜǘƛǘƛǾŜ Ǉƻǎƛǘƛƻƴ ƛƴ ǘƘŜ Ǝƭƻōŀƭ ƳƛƴŜǊŀƭǎ ƳŀǊƪŜǘ ǿƛƭƭ ƛƴŎǊŜŀǎƛƴƎƭȅ ǊŜǉǳƛǊŜ ǘƘŜ 

development and application of new knowledge and technology. 

Table 4 ǇǊƻǾƛŘŜǎ ŜǎǘƛƳŀǘŜǎ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǇǊƻŘǳŎǘƛƻƴ ƭƛŦŜ ƻŦ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ƪŜȅ ƳƛƴŜǊŀƭ ǎŜŎǘƻǊǎ 

based on current known resources and production rates. 

Sector Estimated Mine Life (Yrs) Basis of Estimation 

Iron Ore 120 Known supergene enriched resource only at 
current production rates 

Gold 27 Known resources of 1.0 million ounces or 
greater only at current production rates 

Bauxite-Alumina 50 Company estimates 

Mineral Sands 20 Assumes production from Cataby resource 

Diamonds 8 Company estimates 

Rare Earths 20 Company estimates 

Uranium 45 Known resources and annual production 
from Olympic Dam as an estimated 
production rate 

Table 4 - Estimated Mine Life of Selected Western Australian Minerals Sectors 

AǇǇǊƻȄƛƳŀǘŜƭȅ ул ǇŜǊŎŜƴǘ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ƳƛƴŜǊŀƭ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŦǊƻƳ ƳƛƴŜǎ ŘƛǎŎƻǾŜǊŜŘ ƳƻǊŜ ǘƘŀƴ ол 

years ago.29 Large, high quality mineral deposits must soon be discovered and developed if the 

minerals industry is to have longevity and continue to deliver wealth to the Western Australian 

economy. As discussed later in this paper this is a significant challenge. Furthermore, given the 

emergence of new relatively under-explored mineral provinces (Africa, Asia and South America), the 

motivation for industry to invest significantly in improving the prospectivity of Western Australia is 

limited to invested infrastructure, political stability and proximity to market. 

The view that invested infrastructure, political stability and proximity to market will sustain 

ƛƴŘǳǎǘǊȅΩǎ ƛƴǘŜǊŜǎǘ ƛƴ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀ ƛǎ ǎƻƳŜǿƘŀǘ ǎƛƳǇƭƛǎǘƛŎ and not sustainable. Most certainly 

ǘƘŜǎŜ ŦŀŎǘƻǊǎ ŀǊŜ ŀ ƳŀƧƻǊ ŜƭŜƳŜƴǘ ƻŦ ǘƘŜ {ǘŀǘŜΩǎ ŎƻƳǇŜǘƛǘƛǾŜ ŀŘǾŀƴǘŀƎŜΦ IƻǿŜǾŜǊΣ ƛn an environment 

characterised by unprecedented demand, significant new emerging minerals provinces, increasingly 
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global companies and increasingly challenging exploration, mining and processing conditions in 

Western Australia, the future competitiveness of the Western Australian minerals industry will 

gradually lie less in its resource endowments and proximity to market and more in the application of 

knowledge, skills and experience that result in reduced pricing, reliability of supply and quality of 

product.30 

The minerals industry has limited scope for product differentiation, and as such the prices it receives 

for its product is determined by global commodity markets. This means that its main driver of 

investment in innovation is productivity improvement in exploration, extraction, processing and 

transportation. The productivity improvement that mining companies must achieve in order to 

maintain competitiveness is relatively predictable at around 3 percent per annum, driven by a long 

term downward trend in the real price of most mineral commodities and incremental process 

improvement that results in the medium to long term demise of inefficient companies.31 In a 

regulatory environment that is imposing, for good reason, new OH&S and environmental compliance 

costs and a National political environment that is moving progressively toward imposing new 

emissions management costs and potentially a resources rent tax on the industry, it can be argued 

that the State has a role in investing in an innovation system that supports mining companiesΩ ability 

to improve productivity beyond levels that have historically ensured competitiveness. 

One argument that is sometimes levelled against an overweighted allocation of State resources 

directed at innovation in the minerals industry is based on the notion that the State should be 

investing in diversification of the Western Australian economy. While industry diversification is a 

sensible policy goal for any economy that is highly dependent on one industry, industrial 

diversification is more likely to occur through new industries tƘŀǘ ΨǎǇƛƴ-ƻŦŦΩ ŦǊƻƳ ǘƘŜ Ƴŀƛƴǎǘŀȅ 

industry,32 as the information and communications industry in Western Australia has from the 

resources industries, than by government endeavouring to seed and support new stand-alone 

industries in areas where the State does not have an existing competitive advantage.  

It can be reasonably argued that the State Government has a role in investing in R&D that optimises 

the longevity of the Western Australian mining industry such that Western Australia receives 

maximum economic rents from the industry, but also to ensure ample opportunity for new 

ƛƴŘǳǎǘǊƛŜǎ ǘƻ ΨǎǇƛƴ-ƻŦŦΩ ǘƘŜ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀƴ ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅΦ  

Global Industry Trend toward Trading Technical for Sovereign Risk  
Western Australia competes with Canada, Africa, South America and Asia for mining and exploration 

investment. Many of these emerging mining regions have significantly lower cost structures relative 

to Western Australia.  In addition they are relatively underexplored using conventional exploration 

techniques and are highly prospective for minerals that are hosted in geologies that are more easily 

minable and present fewer processing challenges. They are also in commodity sectors that  compete 

directly with the Australian minerals industry. While many of the emerging mining regions represent 
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significant sovereign risk in the form of civil unrest or unpredictable government policy, we are 

seeing an increasing trend toward large multi-national companies increasing the weighting of these 

regions in their global exploration and production portfolios.  

It is less likely new world-class deposits will be found in developed mining regions such as Australia 

and Canada using conventional exploration techniques than  in emerging regions.  As a result mining 

companies are increasingly trading sovereign for technical risk. 33 ¢Ƙƛǎ ǘǊŜƴŘ ƛǎ ǊŜŦƭŜŎǘŜŘ ƛƴ !ǳǎǘǊŀƭƛŀΩǎ 

share of global mineral exploration expenditure which has decreased from 20 percent in 1996 to 13 

percent in 2009.34  

Furthermore, significant merger and acquisition activities in the mining industry over the past 

decade has resulted in the dominance of several multi-national mining companies that have the 

both the capacity to shift operations to regions that make the most operating sense35  and the 

balance sheets to manage the risk. Exacerbating this problem is the likelihood of the cost of 

exploration in Western Australia rising considerably in the future as targets become deeper and 

more complex. This in turn may place many exploration programs beyond the means of the junior 

exploration companies that have traditionally contributed significantly towards Greenfields 

discoveries in Western Australia. An environment where new Greenfields discoveries in Western 

Australia becomes dependent on the exploration initiatives of large multi-national companies would 

most likely see a further reduction in exploration investment in Western Australia. 

Western Australia will only remain competitive for exploration investment for so long as new 

significant deposits are discovered and exploration costs remain competitive.36  The State will only 

remain competitive for production investment for so long as advances in technology continue to 

unlock resources that are constrained by technical mining and processing issues.  

As long as large multi-national companies have access to more profitable and reliable resources 

elsewhere, there is limited motivation for them to invest substantially in improving the prospectivity 

of Western Australia or in the development of technologies that unlock resources of minerals they 

can more easily and simply mine in other jurisdictions. .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ƳǳǘƛƴŀǘƛƻƴŀƭǎΩ ŦƭŜȄƛōƛƭƛǘȅΣ ǘƘŜ 

trend toward trading sovereign for technical risk is a further argument for State investment in 

minerals industry R&D that is peculiar to operations in Western Australia. 

The Minerals Industry and the Social and Economic Fabric of Western 

Australia  
With the Pilbara Region oriented iron ore and natural gas sectors dominating the resources 

industries export earning and contributions toward State Domestic Product, it is easy to overlook the 

significance of the other sectors that comprise the Western Australian minerals industry and the 

impacts that they have on regional development.  

The gold, nickel, copper and base metals sectors in particular are significant economic contributors 

to the State in their own right and operations in these sectors are dispersed through most regions of 
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Western Australia. The ongoing prosperity and sustainable development of these sectors is 

important to the viability of many regional communities and the overall social and economic fabric 

of Western Australia.37 

The mining industry is also a significant employer of indigenous persons. For example, 25 percent of 

ǘƘŜ ǿƻǊƪŦƻǊŎŜ ŀǘ wƛƻ ¢ƛƴǘƻΩǎ !ǊƎȅƭŜ ŘƛŀƳƻƴŘ ƳƛƴŜ ƛǎ Ŏƻmprised of indigenous persons. Continued 

profitable operation of the exploration, mining and processing assets around the State will continue 

to create employment opportunities for indigenous communities. 

The State arguably has a role in investing in the prosperity and sustainability of the minerals industry 

such that regional Western Australia optimises the economic and social value provided by the 

industry to rural Western Australian communities. 

An Environmentally Sustainable Western Australian Minerals Industry  
Western Australia is endowed with substantial and widely dispersed minerals assets as well as a 

ǳƴƛǉǳŜ ŀƴŘ ǾŀƭǳŀōƭŜ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ CǊŜǉǳŜƴǘƭȅΣ ǘƘŜ ŜȄǇƭƻƛǘŀǘƛƻƴ ƻŦ ǘƘŜ {ǘŀǘŜΩǎ ƳƛƴŜǊŀƭǎ 

resources and the conservation of its environment are in conflict. 

²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀ Ƙŀǎ ŀƳƻƴƎ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ Ǌƻōǳǎǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǘƛƻƴ ŦǊŀƳŜǿƻǊƪǎ.  

Mining companies operating in Western Australia are among the most committed to environmental 

preservation and rehabilitation. Nevertheless, environmental risk remains with most minerals 

operations and environmental assessments, protection plans, monitoring and rehabilitation remain 

a significant operating cost for mining companies.  

The State clearly has a role in protecting the Western Australian environment. It can also be argued 

that the State has a role in helping Western Australian mining companies in meeting its stringent 

environmental protection requirements and ensuring that the Western Australian minerals industry 

remains competitive by investing in R&D that improves environmental protection and reduces the 

costs incurred by companies in implementing environmental protection. 

Maintaining a World -class Innovation System  
A review of private sector investment in mining R&D suggests that business intramural expenditure 

on R&D in mining and quarrying in Australia in 2005 was over four times greater than that in Canada 

and South Africa.38 

Western Australia is widely considered to be a world leader in mineral exploration and processing 

R&D, with the Parker CRC for Integrated Hydrometallurgical Solutions and the Centre for Exploration 

Targeting in particular, having global reputations for excellence in these fields.  

Exploration and processing research has the potential to pay large dividends. In the case of 

exploration, the discovery of new resources that are mineable with existing technology adds 

significantly to current reserves.  In the case of processing technologies, significant returns can be 

gained from improvements in productivity that result from incremental improvements in technology 
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by virtue of the large production volumes that are processed. Furthermore, significant resources of 

nickel and uranium in Western Australia exist, but are currently locked up by virtue of the fact that 

current processing technologies are sub-economic for these resources.39 As such, research in 

ŜȄǇƭƻǊŀǘƛƻƴ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ƛǎ ŘƛǊŜŎǘƭȅ ǊŜƭŜǾŀƴǘ ǘƻ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ŦǳǘǳǊŜ ƪƴƻǿƭŜŘƎŜ ŀƴŘ 

technology needs. 

While Western Australia has strength in exploration and processing R&D, limited research takes 

place in the State in mining extraction, save for the Australian Centre for Geomechanics. 40, 41 & 42 

There is an argument that the CRCMining addresses most of ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ mining research 

needs and as such Western Australia should focus on its strengths in exploration and processing and 

collaborate ǿƛǘƘ ǘƘŜ aƛƴƛƴƎ /w/ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ {ǘŀǘŜΩǎ ƳƛƴƛƴƎ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ 

needs.43,44 There is however, a valid alternate view that, as demonstrated in Tables 12 and 13 of this 

reportΣ ǘƘŜ /w/aƛƴƛƴƎΩǎ ǇǊƻƎǊŀƳǎ ŀǊŜ ƴƻǘ ŀŎǘƛǾŜƭȅ ŀŘŘǊŜǎǎƛƴƎ ǎƻƳŜ ƪŜȅ ƛǎǎǳŜǎ ŦƻǊ ƳƛƴƛƴƎ ƛƴ ²ŜǎǘŜǊƴ 

Australia.45 

Western Australia has an ideal setting to be the world centre of research in most areas of minerals 

R&D (including mining) as a result of its research capability in exploration and processing and the 

diverse range of operations through the value chain that exist in Western Australia with which 

research expertise can interact.  

Furthermore, the development and maintenance of a world-class minerals innovation system in 

Western Australia will result in the development of technical capability that can be exported.46 

As such, it can be argued that the State has an interest in investing in the maintenance and growth 

ƻŦ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ǊƻƭŜ ƛƴ ǘƘŜ Ǝƭƻōŀƭ Ƴƛƴƛng innovation ecosystem. 

Multinational Mining Company Adoption of Open Innovation Strategies  
Globally, large companies are increasingly adopting open innovation strategies, whereby corporate 

R&D activities are largely outsourced through a range of commercial relationships with public and 

private research providers. Large minerals companies are no exception to this trend. While many still 

maintain an in-house R&D function, increasingly this functionΩǎ ǇǊƛƳŀǊȅ ǊƻƭŜ ƛǎ ǘƻ ƳŀƴŀƎŜ outsourced 

R&D projects. 

Many of these companies are multinational and will seek the best-in-field from a global pool of 

external research capabilities. Over the past decade there has been a rationalisation of mining and 

geosciences disciplines across many Australian universities.47 As such, it is important that Western 

Australian research organisations are adequately resourced to attract world-class scientific expertise 

otherwise important industry investment in public R&D will go elsewhere. 
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Related to the maintenance of a world-class innovation system, the State arguably has a role in 

ensuring that Western Australian minerals R&D institutions are the target of large mining company 

open innovation strategic investment. 

 

Industry -wide Knowledge and Technology Needs  

Finding New World -Class Deposits in an Increasingly Challenging 

Exploration Environment  
The future challenge for exploration in Australia and indeed Western Australia can be summarised as 

follows: 

Á The depletion rate of Australian resources is currently outstripping the rate of resource 

replenishment via the discovery of new resources. 

Á There is a pervasive perception that minerals exploration in Australia is mature, despite the 

fact that much of the nation is largely underexplored and offers considerable potential 

opportunity. This in turn is resulting in decreased investment in exploration in Australia and 

Western Australia.48 This perception exists because there has been a depletion of residual 

search space (surface outcrop, near surface mineralisation and close proximity to existing 

mines). 49 

Á The fact is that much of the nation is largely underexplored because the majority of the 

bŀǘƛƻƴΩǎ ƭŀƴŘǎŎŀǇŜ (approximately 60 percent50) is characterised by extensive weathering 

and widespread cover, typically of unknown depth, that masks the subsurface where 

economic concentrations of minerals might be discovered.51 

Á Exploration in areas characterised by extensive weathering and cover is expensive and with 

current technology relatively ineffective. 

Á As a result, much of industry considers Australia technically difficult to explore when 

compared to some of the emerging provinces such as West Africa.52 

To address this challenge, the minerals industry will be forced to undergo a paradigm shift over the 

next ten years to a focus on seeking quality Greenfields discoveries, as the petroleum industry did 

over 30 years ago. This will require: 

Á Greater dependence on accurate conceptual targeting; 

Á Exploration systems that closely estimate probability of success and monitoring of 

performance; and 
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Á Concomitant development of exploration technologies that will facilitate the exploration of 

new search spaces cost effectively.53,54 

Figure 6 below55 demonstrates that most known major Australian mineral deposits exist in areas 

characterised by outcrop or shallow basement. 

 

Figure 6 - Major Australian Mineral Deposits and Estimated Depth of Cover 

Exploration expenditure in Australia has risen dramatically over the past decade, above the recent 

historical peaks in the late 1980s and mid 1990s. However, unlike the peaks in exploration 

expenditure in the late 1980s and mid 1990s, the recent peak (2004-2007) resulted in a much 

smaller number of discoveries. This is illustrated in Figure 7 below56. 

                                                           
53

 McCuaig, T., Guj, P., Hronsky, J. and Schodde, R. (2009), Fennoscandian Exploration and Mining 2009: 
Exploration Targeting in a Business Context, Centre for Exploration Targeting 
54

 Interview  
55

 Schodde, R. (2010), Depth of Cover Charts for the ACS Think Tank Report, MinEx Consulting 
56

 Schodde, R. (2010), Discovery Costs for the ACS Think Tank Report, MinEx Consulting 

6

Sources: MinEx Consulting August 2010

GeoscienceAustralia

Note:  Major defined as >1 moz Au, >1mt Cu, > 100kt Ni or  equivalent

Excludes Bulk Minerals such as Coal, Bauxite and Iron Ore

INDICATIVE DEPTH OF COVER

Outcrop & Shallow Basement

Basement depth <500m

Basement depth 500 to 1000m
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Figure 7 - Australian Exploration Expenditure and Minerals Discoveries 

The average cost for a moderate discovery has been US$90 million, US$220 million for a Major 

Discovery and US$800 million for a giant discovery. As a result of the limited discoveries associated 

with the most recent boom in Australian exploration expenditure, the cost of new discoveries in 

Australia has increased dramatically over the past decade. This is illustrated in Figure 8 below. What 

is particularly alarming with respect to this data is the dramatic decrease in the discovery of ΨgiantΩ 

(see definition in Figure 7 above) deposits over the past ten years, as historically most of the 

ƳƛƴŜǊŀƭǎ ƛƴŘǳǎǘǊȅΩǎ ǿŜŀƭǘƘ ƛǎ generated by a small number of Ψgiant Ψdeposits.57 
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Figure 8 - Australian Mineral Resource Discovery Costs 

Following World War II, new geochemical and geophysical exploration tools were developed that 

facilitated limited discovery of mineral deposits under cover. The limitations of these tools is 

evidenced by the fact that despite their existence, 50 percent of all discoveries over a range of sizes 

made over the past 60 years were under less than 15 metres of cover and only 10 percent were 

under more than 200 metres of cover.58 This is illustrated in Figure 9 below.59 
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Figure 9 - Depth of Australian Mineral Discoveries (1850 to 2010) 

Furthermore, as illustrated in Figure 10 below, most of the deep discoveries are clustered in areas 

ǿƘŜǊŜ ŘŜǇƻǎƛǘǎ ŀǊŜ ƪƴƻǿƴ ŦǊƻƳ ǎǳǊŦŀŎŜ ƻǳǘŎǊƻǇǎ ƻǊ ƘƛǎǘƻǊƛŎŀƭ ǇǊƻŘǳŎǘƛƻƴ όΨōǊƻǿƴŦƛŜƭŘǎΩ 

exploration). Figure 10 also demonstrates that much of Australia is underexplored and therefore, the 

challenge for exploration science is to develop effective and economic tools for deep exploration in 

ǘƘŜ ΨƎǊŜŜƴŦƛŜƭŘΩ ŜƴǾƛǊƻƴƳŜƴǘ ǘƘŀǘ ƛǎ Ƴƻǎǘ ƻŦ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ ƭŀƴŘǎŎŀǇŜΦ 

 

 

5

Discovery Year

Depth of Cover (Metres)

Source: MinEx Consulting August 2010Note: Excludes Bulk Minerals such as Coal, Bauxite and Iron Ore

Or equivalent size for other metals
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Figure 10 - Geographical Location of Australian Deep Discoveries 

Transported cover is particularly problematic, as three to five meters of transported cover is 

adequate to mask indicators of mineralisation beyond the sensitivities of existing surface detection 

technologies.60,61 Technologies with the ability to detect mineralisation under 5 to 300 metres of 

cover would create significant exploration opportunity.  

Historically, exploration has been deposit focused. As exploration moves into deeper geology that is 

under in-situ or transported cover the focus of exploration will need to move to the physical and 

chemical processes that lead to ore formation (mineralogy). Deeper deposits will need to be large 

and high-grade to be economic and only exploration based on mineralogy, that better targets 

drilling, is likely to facilitate the economic discovery of such deposits.62  

In response to this challenge the Australian Academy of Science has recommended three key 

research initiatives:63 

(i) National Cover Map  

A national map demonstrating depth to basement would identify priority areas for 

exploration under cover. Because cover depth can vary by orders of magnitude over 

a very small area (1km2) the map will need to be of high resolution to be an effective 

tool. Knowing how much of the continent is under shallow versus deep cover would 

also assist in the prioritisation of research programs as different detection methods 

are effective in shallow and deep cover. Furthermore, understanding the nature and 
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internal variations of the covering sequences will enable more effective exploration 

with standalone geophysical technologies because the masking effects of cover can 

be understood and modelled. 

 

(ii) National Map of the Deep Crust and Upper Mantle 

Crustal mapping with a 10 kilometre resolution to identify sources of deep ore 

bodies together with a detailed understanding of deep structures and hydrology 

would greatly assist in identifying possible deep deposits of minerals.64 

 

(iii) National Distal Footprints Program 

As exploration moves into covered areas, drilling costs increase dramatically. This 

will drive demand for increasingly sophisticated drill targeting tools. A National 

Distal Footprints program that provides detailed understanding of the distal 

signature of major ore deposits will provide the basis for detection of the subtle 

indicators of major ore systems preserved at and beneath the ancient land surface.  

A range of new exploration technologies will be required to capitalise on the knowledge created by 

these maps, including:  

1. New aerial sensing technologies that can collect data under cover and associated imaging 

processing technologies65;  

2. Interface sampling technologies66; 

3. More sensitive vegetation sampling technologies67; and 

4. New deep drilling technologies that both decrease the cost of drilling and increase the 

quantity and quality of data that is collected from a single borehole.68 Drilling comprises over 

50 percent of exploration expenditure in the current environment. Drilling costs have 

increased from approximately $100 a decade ago to between $130 and $180 per meter 

currently.69  Reducing the cost of drilling deep holes is likely to involve viable multilateral 

drilling capability, real-time downhole sensing70 and improvement in drill bits (wear of drill 

bits accounts for between 10 and 20 percent of drilling costs)71. 

Once developed, there is immediate opportunity to apply these technologies to areas that should be 

highly prospective for deep deposits such as much of the Goldfields and Northern and Eastern 

Yilgarn margins that remain unexplored as the result of relatively shallow cover.72 (The Sandfire and 
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Tropicanna deposits were both discovered under cover in regions that were previously considered 

over-explored.73  

Finally, some tools and methodologies for exploring undercover should also have application in 

other jurisdictions such as Canada where thick glacial overburden, lacustrine clays and sands blanket 

ƳǳŎƘ ƻŦ /ŀƴŀŘŀΩǎ northern Shield, and cover large regions of highly prospective geology.74 

Addressing the future exploration challenges is a major focus of current R&D activities in Western 

Australia. Table 5 below summarises the knowledge and technology needs relating to this theme and 

the research organisations that have current research programs endeavouring to address these 

needs. 
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Knowledge or 
Technology Need 

Timeframe for 
Practical/Implementable 

Solution 

Need Identifier Direct R&D Response 

Insitu and transported 
cover Map 

Medium to Long Term Researchers Centre for Exploration Targeting (Science 
needed to develop map) 
 
WA Centre of Excellence in 3D Mineral 
Mapping ς Sub-Surface Mineralogy (Science 
needed to develop map) 
 
WA Centre of Excellence ς Mineral Systems 

Deep crustal and upper 
mantle map 

Medium to Long Term Researchers Centre for Exploration Targeting (Science 
needed to develop map) 
 
WA Centre of Excellence in 3D Mineral 
Mapping ς Sub-Surface Mineralogy (Science 
needed to develop map) 

Distal footprints map Medium to Long Term Researchers Centre for Exploration Targeting (Science 
needed to develop map) 
 
WA Centre of Excellence in 3D Mineral 
Mapping ς Sub-Surface Mineralogy (Science 
needed to develop map) 

Aer/Space-borne and 
other sensing tools that 
can see under cover and 
to depth 

Medium to Long Term Researchers CSIRO Minerals Down Under ς Discovering 
!ǳǎǘǊŀƭƛŀΩǎ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜǎ 
 
Deep Exploration Technologies CRC ς Drill 
Targeting 
 
Centre for Exploration Targeting 
 
WA Centre of Excellence in 3D Mineral 
Mapping ς Surface Mineralogy 

Imaging processing 
capability from 
disparate deep geology 
databases 

Medium to Long Term Researchers CSIRO Minerals Down Under ς Discovering 
!ǳǎǘǊŀƭƛŀΩǎ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜǎ 
 
Centre for Exploration Targeting 
 
WA Centre of Excellence in 3D Mineral 
Mapping ς Information Systems 
 
WA Centre of Excellence in 3D Mineral 
Mapping ς 3D Mineral Mapping 

Interface sampling tools Medium to Long Term Researchers CSIRO Minerals Down Under ς Discovering 
AustǊŀƭƛŀΩǎ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜǎ 

More sensitive 
vegetation sampling 
tools 

Medium to Long Term Researchers CSIRO Minerals Down Under ς Discovering 
!ǳǎǘǊŀƭƛŀΩǎ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜǎ 

Multilateral drilling  Medium Term Researchers and 
Industry 

Deep Exploration Technologies CRC ς Drilling 

More robust drill bits Medium Term Researchers and 
Industry 

Deep Exploration Technologies CRC 

Real-time down-hole 
sensing 

Short to Medium Term Researchers and 
Industry 

CSIRO Minerals Down Under ς Transforming 
the Future Mine 
 
CRCMining ς Rock Fragmentation and 
Handling (production drilling) 
 
Deep Exploration Technologies CRC ς Real-
time Logging 

Table 5 - Future Knowledge and Technology Needs - Finding New World Class Deposits 
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Water Issues 
The Australian minerals sector accounts for less than 3 percent of national water use and adds 

between $25,000 and $86,000 per mega litre of economic value to the water it uses.75 Nevertheless, 

many mining operations are in locations that are characterised by scarce or unrenewable water 

resources and in many cases compete with community, other industry or environmental users of 

those water resources. 

Water is used for many aspects of the mining process from dust control in mining to the basis of the 

hydrometallurgical processes used to recover minerals from ore. Water is also produced in 

significant quantities from many mines that are producing ore from below the water table. 

Water available at most Western Australian mine sites either from the surrounding environment or 

from the mine is characterised by high levels of Total Dissolved Solids (TDS) such as salt, chlorine, 

aluminium and magnesium (saline water). In many cases very high levels of TDS (hyper saline water). 

High TDS water is problematic for mining from a number of perspectives: 

Á There is currently little understanding as to how the various TDS affect the efficiency of 

various hydrometallurgical processes and their presence may be detrimental from a number 

of perspectives such as reagent loss and recovery76; 

Á Saline and hypersaline water causes corrosion of processing circuits and other equipment77; 

Á Current bioleaching technologies are not feasible with hypersaline water as the 

microorganisms do not survive in high salt solution; and 

Á Even in dust control in the iron ore industry, chlorides in high TDS water cause problems in 

downstream steel mills. 

One way of using saline water is processing it through mechanical desalination upstream from the 

processing plant. However, only vary large operations such as Olympic Dam can justify the capital 

and operating costs associated with reverse osmosis desalination.   

The other aspect of water management is managing the environmental impacts of water discharge 

from mine sites and the impact of water reuse on the environment.78 

There is consensus among industry and the research community that water use minimisation and re-

use is a key issue for most sectors of the Australian minerals industry.79,80 

Table 6 below summarises the knowledge and technology needs relating to this theme and the 

research organisations have current research programs that are endeavouring to address these 

needs. 

 

 

                                                           
75

 CSIRO (2010), Minerals Down Under National Research Flagship: An Overview 
76

 Interview  
77

 Interview  
78

 Interview  
79

 Interview  
80

 Interview  



 

46 
 

 

Knowledge or Technology 
Need 

Timeframe Need Identifier Direct R&D Response 

Understanding the effect 
of TDS of efficiency of 
hydrometallurgical 
processes 

Short to Medium Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Driving 
Sustainability through Systems Innovation 
 
Parker CRC for Integrated Hydrometallurgy 
Solutions 

Managing corrosion 
effects of saline and 
hypersaline water on 
processing circuits and 
other equipment 

Short to Medium Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Driving 
Sustainability through Systems Innovation 

Water use minimisation Short Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Driving 
Sustainability through Systems Innovation 

Environmental impacts of 
water discharge 

Short Term Industry and 
Researchers 

None 

Environmental impacts of 
water reuse 

Short Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Driving 
Sustainability through Systems Innovation 

Table 6 - Knowledge and Technology Needs - Water 

 

Automation and Process Control  
Advancement in automation technology is important to the Western Australian minerals industry 

from three perspectives: 

Á The Australian and particularly the Western Australian minerals industry is embarking on a 

period of significant expansion. The Nation has a relatively small and aging population and 

ǘƘƛǎ ŘŜƳƻƎǊŀǇƘƛŎ ǇǊƻŦƛƭŜ ǿƛƭƭ ǇƭŀŎŜ ŎƻƴǎƛŘŜǊŀōƭŜ ǎǘǊŀƛƴ ƻƴ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ labour markets.  An 

investigation by the National Institute for Labour Studies for the Minerals Council of 

Australia has concluded that the workforce will need to increase by 68 percent by 2020 to 

sustain the sector. As such, there is a considerable need for improved efficiency (greater 

output with fewer units of labour). Automation is a key component of the solution to 

improving efficiency. 

Á As both underground and surface mines get deeper the operating environment becomes 

inherently more hazardous. This coƳōƛƴŜŘ ǿƛǘƘ ŀƴ ƛƴŘǳǎǘǊȅ Ǝƻŀƭ ƻŦ ΨȊŜǊƻ-ƘŀǊƳΩ ǇǊƻǾƛŘŜǎ ŀ 

strong impetus for the minimisation of persons in hazardous environments, particularly at 

the mine face in deep underground operations. 81 

Á Mining operations face a progressive cost curve which they have to meet to remain 

competitive. Western Australia is a relatively high cost operating environment82 and 

automation has the potential to significantly reduce costs, particularly in large volume 

sectors such as iron ore. 83 

Once information is available that allows real-time optimisation of mining and processing systems, 

the process control systems that tailor settings to the conditions will need to be developed. 
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There is consensus among industry and the research community that automation and process 

control is a key issue for the Western Australian mining industry.84  

Table 7 below summarises the knowledge and technology needs relating to this theme and the 

research organisations have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier Direct R&D Response 

Surface mine 
automation 

Short Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Transforming the 
Future Mine 
 
CRCMining ς Automation 
 
CRCMining ς Rock Fragmentation and Handling 
 
Rio Tinto Technology Group 

Underground mine 
automation 

Short Term  CSIRO Minerals Down Under ς Transforming the 
Future Mine 
 
CRCMining - Automation 

Process controls that 
optimise processing real 
time (including reliable 
sensors and automated 
diagnostics) 

Short to Medium Term Industry and 
Researchers 

None 

Processing Automation Short to Medium Term Researchers CSIRO Light Metals ς Alumina: Cleaner, More 
Efficient Production 
 
Rio Tinto Technology Group 

Table 7 - Knowledge and Technology Needs ς Automation and Process Control 

Reducing Energy Intensity  
The minerals industry is energy intensive, ǇǊƻŘǳŎƛƴƎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ф ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ 

Greenhouse Gas Emissions (GHG).85 This is problematic for the industry from two perspectives: 

Á The cost of energy in Western Australia is expected to increase significantly over the next 

few years86; and 

Á A carbon tax of some description is widely expected to be imposed on Australian industry in 

the short to medium term. 

The vast majority of energy used in the minerals production process is consumed by comminution 

activities. This is illustrated in Figure 1187 below that indicates that approximately 50 percent of 

energy is consumed by drilling, blasting, crushing and grinding activities. 
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Figure 11 - Contributions to Current Energy Usage by Equipment across the Mining Industry 

Grinding is the single most energy intensive component of the minerals processing circuit, 

accounting for approximately 38 percent of all energy cost. Furthermore, grinding is an inherently 

inefficient process. Table 8  below summarises the typical energy ulitisation of tumbling mills, 

demonstrating that approximately 85 percent of the energy used in grinding is lost as heat due to 

friction.88 

Use of Energy Contribution to Total Energy Usage 

Net energy used for rock breakage 0.6% 

Power loss in gears and drives 12.3% 

Power loss as heat due to friction 84.7% 

Others 2.4% 

Table 8 ς Typical Energy Usage in Ore Grinding 

Research that results in an implementable solution to the energy inefficiencies of grinding would 

make a considerable contribution toward allowing operations in Western Australia to absorb higher 

energy costs and minimise the impact of a carbon tax on their profitability. Contributions to energy 

savings in other high energy consuming aspects of mining such as handling materials and ventilation 

would also make a significant contribution. Capturing Green House Gas όΨGHGΩύ emissions from the 

mining process is also relevant but has a smaller economic impact on industry than substantially 

improving energy efficiency. 

The question of direct coupling of renewable energy sources to mining assets raises its head at this 

point. Current scale efficiencies of all renewable energy technologies limits their use to applications 

that do not require significant amounts of base load power, such as supplementing diesel power 
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generation for mining camp accommodation.89 The renewable resource that seems to have the 

greatest potential for broader application in mining is geothermal energy and the Centre of 

Excellence in Geothermal Research at the University of Western Australia and the CSIRO is 

investigating geothermal resources in Australia. A scoping study investigating the optimal 

deployment of existing renewable energy systems at Western Australian mine sites would be 

beneficial. 90 

Table 9 below summarises the knowledge and technology needs relating to this theme and the 

research organisations that have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier Direct R&D Response 

Blasting optimisation Short Term Industry and 
Researchers 

CRCMining ς Rock Fragmentation and Handling 
 
Sustainable Resource Processing CRC ς Energy 
Efficient Liberation and Comminution 
 
JKMRC ς Mineral Processing 
 
JKMRC ς Energy (eco) Efficient Liberation and 
Comminution 

Improving crusher 
efficiency 

Short Term Industry and 
Researchers 

CRCMining ς Rock Fragmentation and Handling 
 
Sustainable Resource Processing CRC ς Energy 
Efficient Liberation and Comminution 
 
JKMRC ς Mineral Processing 
 
JKMRC ς Energy (eco) Efficient Liberation and 
Comminution 

Improving milling 
efficiency 

Short Term Industry and 
Researchers 

CRCMining ς Rock Fragmentation and Handling 
 
Sustainable Resource Processing CRC ς Energy 
Efficient Liberation and Comminution 
 
JKMRC ς Mineral Processing 
 
JKMRC ς Energy (eco) Efficient Liberation and 
Comminution 

Improvement in 
materials handling 
efficiency 

Short Term  CRCMining ς Rock Fragmentation and Handling 
 

Improvement in 
ventilation efficiency 

Medium Term  None 

Scoping study for 
optimal application of 
current renewable 
energy technologies at 
Western Australian 
mine sites 

Medium to Long Term  None 

Investigation into the 
potential to deploy 
geothermal power for 
significant energy 
requirements on mine 
sites 

Medium to Long Term  None 

 

Table 9 - Knowledge and Technology Needs - Reducing Energy Intensity 
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Integration of Environmental Issues in Design and Engineering  
Effectively managing the environmental impact of the operations of a mine and associated 

processing facilities during operations, closure and post-closure has become a paramount issue for 

Western Australian minerals operations. Environmental considerations need to be built into the 

operations design phase and considered in the cost of mine life and post closure.91 

Table 10 below summarises the knowledge and technology needs relating to this theme and the 

research organisations that have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Integration of 
environmental issues in 
design and engineering 

Short Term Researcher Sustainable Resource Processing CRC ς Sustainable 
Development 
 
Sustainable Resource Processing CRC ς Impacts 
 
University of Western Australia School of 
Environmental Systems 

 

Table 10 - Knowledge and Technology Needs - Integration of Environmental Issues in Design and Engineering 

Mineralogy and Processing  
Traditional thinking in operations design and development is that the mine is the most important 

aspect and as such ore body data produced during exploration and development drilling has been 

used primarily to design the mine and determine mining sequence based on grade and tonnage. 

However, as the industry moves into the extraction of lower grade and more complex ores, more 

comprehensive chemical exploration and development data must be collected and used to better 

design and manage the processing components of the operations (i.e. chemical mapping of the ore 

body).92, 93,94 This is illustrated conceptually in Figure 12 below. 

 

Figure 12 - Integration of Exploration Data with Process Circuit Design and Optimisation 
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The processing of increasingly difficult ores and the reprocessing of tailings will require the ability to 

understand nanoparticle characteristics and their behaviour at various stages of the processing 

circuit . 95 This requires better characterisation of minerals at the exploration and development stage 

and the information gathered from this process integrated in both circuit design and optimisation. 

This will require the development of predictive models and processing systems with variability. 

Table 11 below summarises the knowledge and technology needs relating to this theme and the 

research organisations that have current research programs endeavouring to address these needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Techniques for chemical 
mapping of ore bodies 
during exploration and 
development data 
collection 

Short to Medium Term Researchers and 
Industry 

CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 
 
Parker CRC for Integrated Hydrometallurgy Solutions ς 
Base Metals 

Chemical 
characterisation 
modelling and 
monitoring through 
processing circuits 

Short to Medium Term Researchers and 
Industry 

CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 
 
CSIRO Minerals Down Under ς Transforming 
Productivity through Online Analysis 
 
CSIRO Light Metals ς Alumina: Cleaner, More Efficient 
Production 
 
Parker CRC for Integrated Hydrometallurgy Solutions ς 
Base Metals 
 
JKMRC ς Geometallurgical Mapping and Mine 
Modelling 
 
JKMRC ς JKSimFloat 
 
JKMRC - Mine-to-Mill Optimisation of Aggregate 
Production 
 
Ian Wark Research Institute  

Table 11 - Knowledge and Technology Needs - Mineralogy and Processing 

Open Pit Slope Stability  
Many open pit mines in Western Australia are in locations characterised by weak ground near the 

surface. Furthermore, open pit mines in Western Australia (and globally) will get increasingly deeper.  

As pits get deeper, current pit design constraints will result in progressively increasing stripping 

ratios resulting in larger waste dumps and higher mining costs.96 As such, there is a desire to develop 

pits with steeper walls. However, this increases the risk of pit wall failure, a significant OH&S and 

financial risk. 97 

The ability to steepen pit walls, which will most likely be facilitated by advanced automation and wall 

support technology, will result in safer deep pits that can be used to cost effectively extract deeper 

ore at reduced stripping ratios.98 
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Table 12 below summarises the knowledge and technology needs relating to this theme and the 

research organisations that have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Automation for 
extraction from steep 
deep pits 

Medium Term Industry None 

Wall support 
technologies for steep 
deep pits 

Medium Term Industry None 

Tools for monitoring pit 
wall integrity 

Medium Term  Australian Centre for Geomechanics 

Table 12 - Knowledge and Technology Needs - Open Pit Slope Stability 

 

Underground Mine Stability  
Underground mines in Western Australia will get progressively deeper. Many underground mine 

environments in Western Australia, particularly in the Goldfields region (Kalgoorlie, Leinster and 

Kambalda) are characterised by significant horizontal geomechanical stress. For example, horizontal 

geomechanical stresses at several Kalgoorlie mines at depths of approximately 1 kilometre are 

equivalent the horizontal stresses of several underground mines in South Africa at a depth of 3 

kilometres. Obviously, the rock bursts that can occur as a result of these geomechanical stresses are 

a significant OH&S risk for underground operations.99 

If commodity prices, particularly gold, remain high there will be a driver to produce more gold, 

which in the absence of new near-surface discoveries is likely to come from depth. This will 

accelerate the need for a solution to this problem. Furthermore, this is an issue that has wide 

industry application, particularly in the base and precious metals (and diamonds) sectors.100 

Table 13 below summarises the knowledge and technology needs relating to this theme and the 

research organisations that have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Automation for 
underground extraction 

Short to Medium Term Industry None 

Support for high 
geomechanical stress 
underground operations 

Short to Medium Term Industry Australian Centre for Geomechanics 
Curtin University Western Australian School of Mines 

Geomechanical stress 
monitoring technology 

Short to Medium Term Research and Industry Australian Centre for Geomechanics 

Table 13 - Knowledge and Technology Needs - Underground Mine Stability 

Low Capital Intensive ɀ Low Operating Cost Leaching  
There is currently a large number of low grade uranium, gold, nickel and copper projects that are not 

economically viable due the capital cost of a conventional leaching circuit. If effective systems for 

heap-leaching of these deposits could be developed, it is likely that the resulting reduction in capital 
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cost would render many of these projects economic. 101  This is particularly relevant to the large 

number of low grade calcrete uranium deposits in Western Australia (see later section). 

A potential solution to the prohibitive capital expenditure associated with tank leaching large low 

grade uranium deposits is heap-leaching. While heap-leach operations still require a back end 

solvent extraction circuit, it is expected that the capital expenditure for a heap-leach  based 

processing plant will be 50 to 30 percent lower than a conventional tank leaching circuit.102 

Furthermore, a heap leach operation can be retrofitted to the front of an existing circuit.103 

Technical challenges that common to most heap leaching tasks include: 

Á Yields are unacceptably low; 

Á The rate of leaching is too slow; 

Á Low grades mean that the leach heap is large, and in the soft-fryable ores that are 

commonplace in Western Australia maintaining the structural integrity of the heap is 

a challenge; and 

Á For many ores, systems need to be developed to maintain porosity during the 

leaching process.104 

Bioleaching of low grade deposits is practiced elsewhere, but not in Australia. The main barrier to 

bioleaching in Western Australia is the identification of suitable microorganisms that are saline 

tolerant to the extent that they can be used in a solution that is based on the hypersaline ground 

water that is commonplace in Western Australia.105 

It is generally acknowledged that in-situ leaching is not a viable option for most Western Australian 

uranium deposits, but may be viable for other minerals.106 

Table 14 below summarises the knowledge and technology needs relating to this theme and the 

research organisations that have current research programs that are endeavouring to address these 

needs. 
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Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Heap Leaching Short to Medium Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 
 
Parker CRC for Integrated Hydrometallurgy 
Solutions 

Bioleaching Short to Medium Term  CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 
 
Parker CRC for Integrated Hydrometallurgy 
Solutions ς Base Metals 

Identification of 
hypersaline tolerant 
bioleaching 
microorganisms 

Short to Medium Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Driving 
Sustainability through Systems Innovation 
 
 

In situ Leaching Short to Medium Term Researchers CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 

Low Temperature ς 
Atmospheric Leaching 

Short to Medium Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 
 
Parker CRC for Integrated Hydrometallurgy 
Solutions 

Improvements to 
Existing Leaching 
Equipment 

Short Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 
 
Parker CRC for Integrated Hydrometallurgy 
Solutions 

Table 14 - Knowledge and Technology Needs - Low Capital Cost - Low Operating Cost Leaching 

 

Tailings Management  
As processing technologies improve, cut-off grades become lower. The result is ore that was once 

passed-off to tailings dams because of grades below the cut-off grade become economic. However, 

recovery from tailings is frequently problematic because of the presence of residual reagents and 

the higher concentrations of gangue minerals relative to the target species.107 

At large operations such as the Superpit, tailings potentially represent a significant current and 

future resource. At present, the Superpit tailings resource is the only significant tailings resource in 

Western Australia. 108  However, as mining industries mature significant tailings resources from 

major operations emerge and form the basis of a sector of mining in their own right. For example, a 

company operates in South Africa exclusively to recover gold from tailings from the Witwatersrand 

gold mine.109 

As such, investigations into methods for recovering minerals from tailings may benefit the Western 

Australian minerals industry in the longer term. 

Increasingly stringent environmental management will require increasingly more detailed disclosure 

of the composition of tailings, particularly with respect to identifying toxic chemicals and controlling 

their release into the environment. 
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Table 15 below summarises the knowledge and technology needs relating to this theme and the 

research organisations that have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Recovery from high 
value tailings 

Medium to Long Term Researchers Parker CRC for Integrated Hydrometallurgy Solutions 

Tailings characterisation 
and chemical mapping 

Medium to Long Term Researchers None 

Managing Minor 
Elements in Tailings 

Short to Medium Term Researchers CSIRO Minerals Down Under ς Driving Sustainability 
through Systems Innovation 
 
Sustainable Resource Processing CRC ς Zero Waste 
and Minor Elements 
 
Parker CRC for Integrated Hydrometallurgy Solutions ς 
Gold 
 
 

Table 15 - Knowledge and Technology Needs - Managing Tailings 

 

Social Science Issues 

Management and Leadership  

The minerals industry in Western Australia faces some unique management challenges, including: 

Á The effective management of teams (task specific or general) that are geographically 

dispersed across operations within Western Australia, nationally and globally; 

Á Managing virtual teams across time, space and culture with scarce resources and political 

pressures; 

Á How to effectively implement leadership is an environment that is characterised by 

dispersed teams; 

Á Managing organisations and the organisational change that will be required as the industry 

engages in higher levels of automation; 

Á Managing motivation and productivity when a large portion of the workforce is comprised of 

subcontractors; 

Á Developing leadership skills in a highly mobile workforce that has a large subcontractor 

component in an industry that is rapidly expanding; 

Á Managing extensive collaborations across organisations that are widely dispersed (including 

operational and community joint ventures); 

Á Managing collaborations across cultures (including operational and community joint 

ventures); and 

Á Accelerated leadership development110, 111 

Table 16 below summarises the knowledge and technology needs relating to this theme and the 

research organisations that have current research programs that are endeavouring to address these 

needs. 
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Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Managing 
geographically 
dispersed teams 

Short to Medium Term Researchers and 
Industry 

University of Western Australia Business School 

Providing leadership to 
dispersed teams 

Short to Medium Term Researchers and 
Industry 

University of Western Australia Business School 

Effective leadership and 
motivation in a 
subcontractor 
workforce 

Short to Medium Term Researchers and 
Industry 

University of Western Australia Business School 

Managing 
collaborations across 
distance 

Short to Medium Term Researchers and 
Industry 

University of Western Australia Business School 

Managing 
collaborations across 
cultures 

Short to Medium Term Researchers and 
Industry 

University of Western Australia Business School 

Accelerated leadership 
development 

Short to Medium Term Researchers and 
Industry 

University of Western Australia Business School 

Table 16 - Knowledge and Technology Needs - Management and Leadership 

 

Accelerated Technology Adoption  

The social science of innovation adoption has long been the subject of academic and industry 

interest. This research suggests that the following factors explain 49 to 89 percent of the variance in 

the rate of adoption: 

Á Relative advantage - explains how much better a solution based on the innovation is to the 

current solution and the greater the relative advantage the more likely adoption will occur. 

Á Compatibility - explains how much the adopter has to change systems, processes and they 

way they think about a problem or business in order to adopt the innovation and the more 

compatible an innovation, the more likely adoption will occur 

Á Complexity - explains how complex the innovation is to understand and use and obviously 

less complex innovations are more readily adopted. 

Á Trialability -explains whether the adopter can trial the innovation before abandoning the 

current solution and innovations that can trialled with limited risk are more readily adopted. 

Á Observability -explains how attributable the relative advantage is to the adopted innovation 

and the more observable to attribution the more readily an innovation will be adopted 

Á Communication channels - explains how simple it is to reach the adopter and promote the 

innovation  

Á Nature of the market - recognises that some industries are more receptive to innovation and 

technology change than others.112 

The following inherent characteristics of the minerals industry create a unique adoption 

environment: 

Á Much of the value chain involves large long term investment in capital equipment, the Net 

tǊŜǎŜƴǘ ±ŀƭǳŜΩǎ ƻŦ ǿƘƛch are sensitive to unscheduled downtime, as such operators and 

project financiers are very reluctant to expose those assets to innovation risk; 

Á The sunk cost involved in that capital equipment provides limited scope for substantial 

process change over the life of a project113; and 
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Á Because many projects are characterised by large process throughputs, incremental 

improvements to efficiency can have a significant financial impact.114 

This implies that innovation targeted at a significant portion of the minerals industry value chain 

must present the following characteristics: 

Á If it is a breakthrough technology it must exhibit significant relative advantage and will be 

subject to protracted trialling and piloting processes (up to 20 years) before it is adopted; 

and 

Á Incremental innovation must be highly compatible with current processes and systems. 

Research into innovation adoption also suggests that in the market for any innovation there are 

different segments characterised by very different adoption behaviours. Of these segments the most 

important from an innovation marketing perspective are early adopters who are innovative firms 

that will take some innovation risk with the prospect of acquiring competitive advantage, and the 

early majority market who are very cautious with respect to innovation risk.115 A specific 

characteristic of the minerals industry is that large multi-national mining companies are rarely 

innovators in innovation, but rather fast followers once a competitor has demonstrated the relative 

advantage and compatibility of an innovation.116, 117, 118 

Technology development and management systems that facilitate accelerated rates of safe 

technology adoption in the mining industry would significantly increase the productivity of the 

industry.119 
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Iron Ore Sector Future Knowledge and Technology Needs  

Current State of Play and Sector Outlook  
/ǳǊǊŜƴǘƭȅΣ ƛǊƻƴ ƻǊŜ ŀŎŎƻǳƴǘǎ ŦƻǊ пу ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǘƻǘŀƭ ǾŀƭǳŜ ƻŦ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ƳƛƴŜǊŀƭǎ ŀƴŘ 

petroleum resources. The past eight years has seen a period of unprecedented growth in Western 

!ǳǎǘǊŀƭƛŀΩǎ ƛǊƻƴ ƻǊŜ ǎŜŎǘƻǊ (growth of approximately 28 percent per annum), fuelled primarily by 

demand from China. Figure 13 ōŜƭƻǿ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴǎ ƻŦ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ $33.7 billion 

of iron ore exports in 2009-10.120 

 

Figure 13 - Western Australian Iron Ore Exports (2009-10) 

²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ƭŀǊƎŜǎǘ ŎƻƳǇŜǘƛǘƻǊ ƛƴ ǘƘŜ /ƘƛƴŜǎŜ iron ore market is Brazil, which exported 

approximately 50 percent of the tonnage that was exported to China by Australia, followed closely 

by India.121 

The footprint of the Western Australian iron ore industry has increased dramatically during this 

period of expansion. Iron ore tenements have grown from 22,000 km2 to 132,000 km2 in the {ǘŀǘŜΩǎ 

principal iron ore province, the Pilbara Region.122 
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Rio Tinto  (and its various joint venture partners),  and BHP Billiton dominate production, accounting 

ŦƻǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ут ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ {ǘŀǘŜΩǎ ƛǊƻƴ ƻǊŜ ǇǊƻŘǳŎǘƛƻƴΦ CƻǊǘŜǎŎǳŜ aŜǘŀƭǎ DǊƻǳǇ ƛǎ ǘƘŜ third 

largest producer, with smaller producers including Cliffs Natural Resources, Mount Gibson Mining, 

Sinosteel Midwest Corporation, Crosslands Resources and Atlas Iron.123 

Historically, all iron ore mined in Western Australia has been hematite ore (direct shipping ore from 

supergene enrichment mineralisation), which runs at grades of between approximately 45 and 62 

percent iron and does not require costly concentration to make it saleable to the broader steel 

market.  Some Chinese steel mills have long used lower grade ores such as magnetite with well 

established front end processing at the mills to handle low grade ore and have been behind an 

unprecedented push to develop a number of magnetite projects in Western Australia. 124 

Figure 14 ōŜƭƻǿ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ƳƛƴŜǊŀƭƛǎŀǘƛƻƴ ƻŦ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ƛǊƻƴ ƻǊŜ ǊŜǎƻǳǊŎŜǎΦ 

The total supergene enrichment resource of 41.5 billion tonnes has a mine life of approximately 120 

years at current production rates of approximately 350 million tonnes per annum. If the current cut-

off grade is reduced by 5 percent, the mine life trebles.125 To put the size of this resource in context, 

ore is being used on roads in the Pilbara that if produced domestically would be adequate grade for 

direct feed into some Chinese steel mills.126  

Furthermore, the average cut-off grade is continuously decreasing. For example, ore that runs at 

58.5 percent iron was historically stockpiled, but is now mined and shipped.  It is expected that 

grades of less than 55 percent iron will be mined and shipped by the end of this decade.127 Finally, 

the extent of surface iron ore deposits in Western Australia implies that underground mining of iron 

ore in Western Australia, such as that which is undertaken at Kiruna in North Sweden, is unlikely to 

occur in the medium to long term.128 
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Figure 14 - Western Australian Iron Ore Resources by Primary Mineralisation Style 

The supergene enrichment resources are primarily owned by Rio Tinto (and its joint venture 

partners) and BHP Billiton. The largest supergene resources are hosted in Brockman-hosted iron 

formations which host current resources of 15.7 billion tonnes at an average grade of 61 percent 

iron. The major Brockman hosted projects account for approximately 14.3 billion tonnes of resource 

at a grade range of 58.9 to 61.5 percent iron. These projects are summarised in Figure 15 below.129 

 

Figure 15 ς Major Brockman-hosted Iron Resources 

The second largest supergene resources are pisolitic iron ore or CID which host current resources of 

12.2 billion tonnes at an average grade of 55 percent iron. The major pisolitic iron ore or CID hosted 
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projects account for approximately 9.2 billion tonnes of ore at a grade range of 43.9 to 58.1 percent 

iron. These projects are summarised in Figure 16 below.130 

 

Figure 16 ς Major Pisolitic Iron Ore or CID Resources 

The third largest supergene styled resource is that characterised by Marra Mamba-hosted iron 

mineralisation which hosts 11.3 billion tonnes at 60% iron. Major Marra Mamba hosted iron ore 

projects account for approximately 10 billion tonnes of ore at a grade range of 57.2 to 62.3 percent 

iron. These projects are summarised in Figure 17 below.131 

 

Figure 17 - Major Marra Mamba Iron Ore Resources 
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Smaller supergene resources are hosted in BIF in granite greenstone and clastic-hosted iron in 

sedimentary basin style mineralisation. 

Magnetite ores are of lower grade and as such require a higher capital and energy cost to process.132 

Most of the magnetite mineralisation is found in primary BIF style mineralisation, which hosts 14.7 

billion tonnes of ore at a grade range of 23.3 to 36.5 percent iron, for a total contained iron of 4.6 

billion tonnes. Figure 18 below summarises projects with primary BIF style magnetite resources. 

 

Figure 18 - Iron Ore Projects with Primary BIF Style Magnetite Resources 

A small amount of contained iron resource (341 million tonnes) is hosted in 1,387 million tonnes of 

Fe-V-Ti in mafic-ultramafic intrusive style magnetite mineralisation across three projects.133 

As the historical high quality ore Western Australian mines are being depleted, alternative lower 

grade resources are being accessed, developed and mined. These alterative resources are typically 

characterised by higher impurity levels. In contrast, enormous resources of high grade iron ore in 

South America, West Africa and India are currently being evaluated by major mining companies. In 

particular, Vale has resources in Brazil that are of similar size and quality to the Pilbara resources. 

While large high quality resources also reside in West Africa, supply risk is likely to remain in that 

jurisdiction for some time.134 In times of high demand, this is not such an issue for the Western 

!ǳǎǘǊŀƭƛŀΩǎ ƛǊƻƴ ƻǊŜ ƛƴŘǳǎǘǊȅΣ as proximity to market, guarantee of supply and infrastructure will 
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underwrite continued demand for Western Australian iron ore. However, as the demand for iron ore 

decreases two potential events could threaten the Western Australian iron ore industry: 

Á Steel mills that have been sourcing the high grade Western Australian iron ore may seek a 

higher quality product from other regions; and/or 

Á The smaller Chinese mills that are designed to process lower grade iron ore may either close 

or seek ore supplies from elsewhere.135 

The need for public sector research in the iron ore sector is far more acute for the small and medium 

size companies than for the large multinationals. Because BHP Billiton and Rio Tinto have significant 

weighting of their production portfolio in iron ore, they allocate a reasonable portion of the large 

returns they earn from these assets to innovation targeted at improving their competitiveness. 

Furthermore, the high grade resources being exploited by BHP Billiton and Rio Tinto have less direct 

need for technology to improve the profitability of those operations. The smaller single commodity 

operators tend to be developing lower grade deposits where there is a greater impetus to develop 

technology to reduce operating and capital costs. Typically, these operators do not have the 

resources to undertake the R&D necessary to develop this technology.136 

.ŜŎŀǳǎŜ ƻŦ ǘƘŜ ǎŜŎǘƻǊΩǎ ƭƻƴƎ ƳƛƴŜ ƭƛŦŜ ŀƴŘ ǘƘŜ ŎǳǊǊŜƴǘ ƭŜǾŜƭǎ ƻŦ ŘŜƳŀƴŘ ŦƻǊ ƛǘǎ ǇǊƻŘǳŎǘΣ ǘƘŜ ǎŜŎǘƻǊǎ 

short-to-medium term research needs primarily revolve around operational issues. Technologies to 

upgrade ores cost effectively and discover new deposits are less of a priority. 

Large Volume Handling Systems  
Because iron-ore is a high volume business, key operational issues revolve around efficiently 

handling high volumes (size and weight) of product as it progresses through the value chain, 

particularly at operational bottlenecks. This includes blasting optimisation, crusher optimisation, 

dewatering optimisation (see below) and ore transportation optimisation.137 

Furthermore, because of the high throughput, unscheduled downtime is extremely costly and as 

such, new systems need to be very reliable and predictable. Research in this area needs to revolve 

around accessing real-time data, processing that data and modelling based on that data. 138 

New Methods for Agglomerating  Iron Ores  
The biggest economic benefits in iron ore processing are gained from optimisation of blending ores 

from within a mine and in the case of multiple mine operations across mines.139 

Iron ores from AuǎǘǊŀƭƛŀΩǎ ƴŜǿŜǊ ŘŜǇƻǎƛǘǎ ŀǊŜ ƻŦǘŜƴ ŦƛƴŜ ƎǊŀƛƴŜŘ ŀƴŘ ŦǊƛŀōƭŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŀƳƻǳƴǘǎ 

for ultra-fines, goethite and magnetite. The gangue minerals and loss of ignition contents in 

Australian ores are also increasing. This mpacts adversely on the agglomeration process and 

potentially limits the use of future Australian ores in steel mills worldwide.  

As such, new models and methods for agglomerating ores would see optimal value derived from 

²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ƛǊƻƴ ƻǊŜ ǊŜǎƻǳǊŎŜǎΦ 
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Dewatering and Water Usage  
Water is an issue for all Western Australian iron ore operations.140 However, many of the new 

magnetite resources are located in river valleys, well below the water table. Given the size of these 

ore bodies, extensive dewatering is required. Current technologies to manage this include re-

injection, evaporative ponds and run-off via natural streams. Water is also used extensively in the 

separation of low grade material, via a wet gravity separation process. Unfortunately, hypersaline 

water is problematic in this process because high chloride levels in the ore cause problems with steel 

mills.141 The solutions to dewatering optimisation will most likely be found in advanced 

hydromodelling.142 

Upgrading of High Impurity Iron Ores  
Reserves of premium grade iron ore in the Pilbara are slowly being depleted. However, these 

resources are adjacent to enormous deposits of iron ore that contain high levels of phosphorous, 

silica and alumina which are problematic to most steel mills (However, some Chinese mills have built 

in pre-treatment for high phosphorous ores)143. 

Western Australian iron ores are classified as high phosphorous (>0.13% phosphorous), medium 

phosphorous (0.08% phosphorous to 0.13% phosphorous) and low phosphorous (<0.08% 

phosphorous). There are currently 8 billion tonnes of high phosphorous resources in Western 

Australia to which significant value can potentially be added if an economic means of upgrading this 

resource to medium or low phosphorous can be established.144,145 Generally speaking, Western 

Australian iron ores also have relatively high levels of alumina. The processing of high alumina 

content iron ore through a blast furnace requires higher energy and slag to remove it.146 

Current impurity removal practices revolve around dry processing and gravity separation methods of 

beneficiation. A step change in processes that decrease the capital and energy costs associated with 

upgrading ores would significantly extend the competitive life of the Western Australian iron ore 

sector.147,148 

Exploration Technique for New Iron Ore Discoveries  
As existing supergene enriched deposits and known magnetite deposits are depleted, the search 

must move toward new breeds of iron ore deposits if the industry is to have further longevity. The 

potential to apply petroleum exploration techniques (i.e. seeking basins) may open up new 

deposits.149  
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This is less of an issue for the large multinational mining companies as it is to the State, as the 

multinational mining companies have access to significant higher grade resources in other 

countries.150 This is also a longer term challenge. 

Table 17 below summarises the knowledge and technology needs relating to this theme and the 

research organisations have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Large volume handling 
modelling and 
management systems 

Short to Medium Term Industry BHP Billiton Internal Research 

New methods for 
Agglomerating ores 

Medium Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Securing the Future of 
!ǳǎǘǊŀƭƛŀΩǎ /ŀǊōƻƴ {ǘŜŜƭ aŀǘŜǊƛŀƭǎ LƴŘǳǎǘǊȅ 
 
BHP Billiton Internal Research 

Water usage in dust 
suppression 

Short to Medium Term Industry BHP Billiton Internal Research 

Hydromodelling for 
dewatering 
optimisation 

Short to Medium Term Industry  None 

Systems for upgrading 
high impurity ores 

Long term Industry CSIRO Minerals Down Under ς Securing the Future of 
!ǳǎǘǊŀƭƛŀΩǎ /ŀǊōƻƴ {ǘŜŜƭ aŀǘŜǊƛŀƭǎ LƴŘǳǎǘǊȅ 

Exploration techniques 
for new deposits 

Long term Researchers None 

Table 17 - Knowledge and Technology Needs - Iron Ore Sector 
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Gold Sector Future  Knowledge and Technology Needs  

Current State of Play and Sector Outlook  
In 2008-09 Western Australian gold production fell to its lowest level in 20 years, primarily as a result 

of lower production from large established mines and the closure of several old mines. However, in 

2009-млΣ ǘƘŜ {ǘŀǘŜΩǎ ƎƻƭŘ ǇǊƻŘǳŎǘƛƻƴ ƛƴŎǊŜŀǎŜŘ ōȅ нл ǇŜǊŎŜƴǘ ǘƻ рΦо Ƴƛƭƭƛƻƴ ƻǳƴŎŜǎ όмсп ǘƻƴƴŜǎύ of 

ƎƻƭŘ ǿƛǘƘ ŀ ǾŀƭǳŜ ƻŦ ϷсΦс ōƛƭƭƛƻƴΣ ǊŜǇǊŜǎŜƴǘƛƴƎ тм ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ bŀǘƛƻƴΩǎ ƎƻƭŘ ǇǊƻŘǳŎǘƛƻƴΦ151 

Of the 36 operational gold mines in Western Australia with resources of more than 1.0 million 

ounces (see Table 18 below), the ten largest gold mines in Western Australia accounted for 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ тл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ {ǘŀǘŜΩǎ ƎƻƭŘ ǇǊƻŘǳŎǘƛƻƴ in 2009-10. 2009-10 production from the 

{ǘŀǘŜΩǎ ǘŜƴ ƭŀǊƎŜǎǘ ƎƻƭŘ ƳƛƴŜǎ ƛǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ Figure 19 below. 

 

Figure 19 - Gold Production from the 10 Largest Western Australian Gold Mines 2009-10 

As illustrated in Figure 20 below, the vast majority of the StateΩǎ ƘƛǎǘƻǊƛŎŀƭ ƎƻƭŘ ǇǊƻŘǳŎǘƛƻƴ (total of 

201 million ounces to 2008) was from deposits in the Eastern Goldfields region, with the Murchison-

Southern Cross region also accounting for significant historical production. 
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Figure 20 - Cumulative Gold Production to 2008 by Broad Region 

Table 18 ōŜƭƻǿ ƭƛǎǘǎ ǘƘŜ {ǘŀǘŜΩǎ Ƴŀƛƴ ƎƻƭŘ ǇǊƻƧŜŎǘǎ ǊŀƴƪŜŘ ōȅ ŎƻƴǘŀƛƴŜŘ ƎƻƭŘΦ 
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Project Ore (Mt) Average Grade 
(g/t) 

Contained Gold 
(Moz) 

Boddington 1310.2 0.62 26.1 

Telfer 631.9 0.94 19.1 

Golden Mile 171.7 2.06 11.4 

Kambalda ς St Ives 87.1 2.62 7.3 

Plutonic 40.9 4.89 6.4 

Kanowna Belle 49.9 3.40 5.5 

Tropicana 75.2 2.07 5.0 

Gwalia ς Leonora 24.6 6.24 4.9 

Hill 50 ς Mt Magnet 48.7 3.10 4.9 

Paddington 62.0 2.12 4.2 

Moolart Well 116.5 0.99 3.7 

Central Norseman 20.8 5.46 3.7 

Sunrise Dam 36.7 3.08 3.6 

Granny Smith 18.7 5.10 3.1 

Lindsays Find 32.9 2.88 3.0 

Big Bell 32.4 2.35 2.4 

Marvel Loch 20.1 3.71 2.4 

Agnew ς Emu 12.7 5.41 2.2 

Davyhurst 27.1 2.53 2.2 

Tarmoola 58.0 1.14 2.1 

Bluebird 41.0 1.58 2.1 

South Kalgoorlie Mines 34.0 1.71 1.9 

Lawlers 10.5 5.52 1.9 

Laverton ς Barnicoat 34.5 1.44 1.6 

Edna May 42.1 1.11 1.5 

Jundee ς Nimary 6.3 7.41 1.5 

Mungari East 6.9 6.55 1.4 

Norseman 26.2 1.71 1.4 

Higginsville 11.4 3.59 1.3 

Coolgardie 18.1 2.21 1.3 

Wiluna 6.6 6.00 1.3 

Darlot 8.3 4.35 1.2 

Lancefield 9.6 3.48 1.1 

Fortnum 13.2 2.46 1.0 

Kalgoorlie West 20.7 1.56 1.0 

Carouse Dam 18.1 1.77 1.0 

TOTAL   144.9 

Table 18 - Major Western Australian Gold Projects 

With the exception of Telfer and Tropicana, which are hosted in Proterozoic sequences, all of the 

projects listed in Table 18 are hosted in Archean rocks. 

/ǳǊǊŜƴǘƭȅΣ LƴŘƛŀ ŀŎŎƻǳƴǘǎ ŦƻǊ ƻǾŜǊ ƘŀƭŦ ƻŦ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ƎƻƭŘ ŜȄǇƻǊǘs. A significant portion of 

Western Australian gold is also sold through the international gold market in London, which is 

reflected in the large quantity of gold exports to the United Kingdom. Figure 21 below demonstrates 

the breakdown of the $13.66 billion of gold exports from Western Australian in 2009-10. 
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Figure 21 - Western Australian Gold Export - 2009-10 

World gold production in 2009 was 2,570 tonnes. ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΩǎ ǎƘŀǊŜ ƻŦ с percent of this 

ǇǊƻŘǳŎǘƛƻƴ ǊŜƴŘŜǊǎ ƛǘ ǘƘŜ ǿƻǊƭŘΩǎ ǎŜŎƻƴŘ ƭŀǊƎŜǎǘ ǇǊƻŘǳŎŜǊ ƻŦ ƎƻƭŘΦ  

At current gold production rates of 5.3 million ounces, the top gold projects listed in Table 18 above 

have a collective mine life of approximately 27 years. However, this is somewhat misleading as Table 

18 excludes a number of mines that have resources of less than 1.0 million ounces, a number of 

expansion projects and new mines that are set to come on stream in the near future and gold miners 

rarely delineate long-term resources. 

aƻǎǘ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ƎƻƭŘ ƛǎ ǇǊƻŘǳŎŜŘ Ǿƛŀ ǘƘŜ ŎŀǊōƻƴ-in-pulp (CIP) process. The CIP process involves 

leaching the gold from its ore using an alkaline cyanide solution. The gold is then recovered from the 

solution by adsorption into activated carbon, which is then separated from the leached pulp by 

screening. The gold cyanide is then desorbed from the loaded carbon and metallic gold is recovered 

from the resulting high grade solution by electrowinning. In the case of complex ores, a pre-

treatment process upstream from the CIP process is typically required.152 

It is probable that the gold sector will be a major beneficiary of innovation that produces effective 

means of exploring under cover as a number of highly prospective gold regions in Western Australia 

such as the Eastern Goldfields and Yilgarn margins are characterised by relatively shallow cover. The 

gold sector is also likely to benefit from R&D that provides solutions to geomechanical pressures at 

depth as this is a specific challenge to deep underground mines in the Goldfields region. 

However, the short-to-medium term knowledge and technology needs of the Western Australian 

gold sector primarily revolve around improving the cyanide leaching process such that it is able to 
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effectively process increasingly lower grade and more complex ores and finding and implementing 

alternatives to cyanide as a gold lixiviant in face of potential regulatory bans on the use of cyanide. 

 

Improvements to the Cyanide Leaching Process  
A problem with cyanide leaching of many Western Australian gold ores is that the removal of high 

levels of contaminants in the process water buffer the pH at a lower range than is ideal, at the low 

end of the pH range for optimal effectiveness of cyanide leaching of gold.153 Another major issue is 

the presence of minor amounts of base metals such as copper, which consume cyanide and 

complicate the purification and gold recovery steps. As Western Australian gold ores continue to 

decrease in grade and become more complex a solution to this issue is necessary for those ores to 

be economic. 

Alternative Leaching Agents for Cyanide  
Cyanide is generally regarded as the best gold lixiviant. However, cyanide has three key issues: 

Á Refractory gold ores are very difficult to leach with cyanide;  

Á The cyanidation process can release significant amounts of heavy metal ions such as 

mercury, lead and copper and the breakdown of the cyanide anion also generates various 

inorganic and organic species causing environmental concerns; and 

Á The transportation and handling of cyanide is hazardous. 

Cyanide use in gold processing is currently banned in Turkey, Germany, Czech Republic, Costa Rica, 

Argentina, Greece and Ecuador.  Several states in the United States and Australia are also 

considering bans.154 

Over the past 20 years approximately 92 percent of total world gold production has involved cyanide 

leaching155.  An effective alternative to cyanide in gold leaching has global application and is a 

pressing issue for the global gold industry.156  

The processing of Western Australian refractory gold ores currently involves roasting as a means of 

liberating the gold. As energy prices rise and carbon taxes are implemented, such pyrometallurgy 

processes will become increasingly unviable. Hydrometallurgy processes for refractory gold ores are 

problematic.157 

Table 19 below summarises the knowledge and technology needs relating to this theme and the 

research organisations have current research programs that are endeavouring to address these 

needs. 
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Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Improvements to the 
cyanide leaching 
process in complex 
solutions 

Short to Medium term Industry and 
Researchers 

CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 
 
Parker CRC for Integrated Hydrometallurgy Solutions 

Alternative leaching 
agents to cyanide 

Short to Medium Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 
 
Parker CRC for Integrated Hydrometallurgy Solutions 

Viable hydrometallurgy 
processes for refractory 
gold ores 

Short to Medium Term Industry and 
Researchers 

None 

Table 19 - Knowledge and Technology Needs - Gold Sector 

 

Nickel Sector Future Knowledge and Technology Needs  

Current State of Play and Sector Outlook  
Western Australia is the only producer of nickel in Australia and in 2009-10 the Western Australian 

ƴƛŎƪŜƭ ǎŜŎǘƻǊΩǎ ƻǳǘǇǳǘ ǘƻtalled 117,033 tonnes of nickel.158 Table 20 below summarises current 

Western Australian nickel projects. 

Project Description Contained Nickel 

BHP Billiton, Nickel West Incorporating Mt Keith, Leinster and Kambalda nickel 
mines, Kalgoorlie Smelter and Kwinana Refinery. Largest 
ƴƛŎƪŜƭ ƻǇŜǊŀǘƛƻƴ ƛƴ !ǳǎǘǊŀƭƛŀ ŀƴŘ ǘƘŜ ǿƻǊƭŘΩǎ ǘƘƛǊŘ ƭŀǊƎŜǎǘ 
producer of nickel concentrate 

 

Minara Resource, Murrin Murrin Laterite operation located between Leonora and Laverton  

Mincor Resources, Carnilya Hill Incorporates Carnilya Hill, McMahon, Otter Juan, Mariners 
and Miitel nickel mines 

 

Western Areas, Forrestania Nickel Incorporate Flying Fox and Spotted Quoll nickel mines  

Panoramic Resources, Lanfanchi Incorporates four separate ore bodies ς Lanfranchi, Helmut 
South, Winner, Deacon, Lanfranchi Tramways and the 
Savannah nickel mine 

 

Xstrata, Cosmos Incorporates Alec Mairs, Cosmos South (Prospero) Tapinos 
and their Sinclair nickel mine 

 

Independence Group, Long Mine   

Kagara, Lounge Lizard .ŜƛƴƎ ŘŜǾŜƭƻǇŜŘ ŀǎ ǇŀǊǘ ƻŦ ²ŜǎǘŜǊƴ !ǊŜŀΩǎ CƭȅƛƴƎ CƻȄ 
underground operation 

 

Table 20 - Western Australian Nickel Projects 

In addition to the projects listed in Table 20, the following new projects are scheduled to come on 

stream in the near future: 

Á Fox Resources intends to return to production at its Radio Hill project; and 

Á First Quantum Minerals is scheduled to commence production from Ravensthorpe (acquired 

from BHP Billiton) in early 2011 

Additionally, there are a number of projects that have been mothballed due to economic and 

technical challenges, namely Bulong, Cawse and Black Swan. 
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The dynamics of the global nickel market are expected to change considerably over the coming years 

as production from new projects in Caledonia, Indonesia and Madagascar come on stream together 

with increased nickel pig iron production out of China. 

!ǇǇǊƻȄƛƳŀǘŜƭȅ тл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƴƛŎƪŜƭ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ƘƻǎǘŜŘ ƛƴ ƭŀǘŜǊƛǘŜ ƳƛƴŜǊŀƭƛǎŀǘƛƻƴ ŀƴŘ 

new sulphide deposits are becoming increasingly rare.159 Lateritic deposits have the advantage that 

they are typically near surface in relatively soft ground making mining cheap and simple. However, 

the processing of lateritic nickel is technically complex and unique to each particular ore.  

Furthermore, the primary technology used to recover nickel and cobalt from lateritic ore bodies, 

High Pressure Acid Leaching (HPAL), is a relatively new technology with respect to Australian ores 

that has significant room for improvement in terms of systems integrity, economics and recovery.160 

Indeed, Western Australia has had mixed success with nickel laterite processing operations.161 

Technology that improves the processing of lateritic nickel will be exportable to other laterite nickel 

provinces around the world.162 The future knowledge and technology needs of the Western 

Australian nickel industry revolve around improving the HPAL process and generating viable, lower 

cost alternatives to HPAL for lateritic nickel processing. 

Reducing Acid Related Costs and Process Inefficiencies in HPAL  
The HPAL process for recovery of nickel from laterite ores tends to require large amounts of acid for 

effective leaching which results in high operating costs.163, 164 

Furthermore, the high acid concentration results in large amounts of unwanted minerals also being 

leached into the solution. Current understanding of the aqueous solution chemistry in any HPAL 

circuit at a Western Australian lateritic nickel operation is poor. There is limited knowledge of the 

chemical species constituents of those solutions and how various species may impact on recovery 

and solvent losses in the downstream solvent extraction circuit. Models that allow operators to 

predict the constituents of the aqueous solution and what is happening in concentrated metals 

solution would provide the opportunity for process optimisation.165,166 

Materials Science and HPAL Systems Integrity  
Much of the capital cost associated with HPAL systems resides in the robust engineering required to 

contain the corrosive slurry at high pressures.  Leakages in HPAL circuits are a common occurrence 

that have to be managed. A solution to the high capital costs and leakage problems potentially lies in 

materials sciences where the application of exotic materials may reduce cost and provide improved 

containment of the process.167 
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HPAL circuits are also capital intensive, partly because they currently have a significant custom-made 

component. Knowledge that leads to a more modular standardised design would potentially 

decrease the capital intensity of HPAL circuits.168 

Table 21 below summarises the knowledge and technology needs relating to this theme and the 

research organisations have current research programs that are endeavouring to address these 

needs. See also Table 14 in the section that discusses capital and cost effective alternatives to 

leaching. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Reducing acid related 
costs and process 
inefficiencies in HPAL 

Short to Medium Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 
 
Parker CRC for Integrated Hydrometallurgy 
Solutions ς Alumina 

Materials Science and 
HPAL Systems Integrity 

Short to Medium Term Industry  None 

Low Pressure ς Low 
Temperature Leaching 

Medium to Long Term Industry and 
Researchers 

CSIRO Minerals Down Under ς Creating Wealth 
through Advanced Processing Technologies 
 
Parker CRC for Integrated Hydrometallurgy 
Solutions ς Alumina 

Standardisation of HPAL 
circuit design 

Short to Medium Term Industry None 

Table 21 - Knowledge and Technology Needs - Nickel Sector 
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Bauxite -Alumina Sector  Future Knowledge and Techn ology Needs 

Current State of Play and Sector Outlook  
!ǳǎǘǊŀƭƛŀ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǇǊƻŘǳŎŜǊ ƻŦ ōŀǳȄƛǘŜ ŀƴŘ ǎŜŎƻƴŘ ƭŀǊƎŜǎǘ ǇǊƻŘǳŎŜr of alumina.  In 2009-

млΣ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀ ŀŎŎƻǳƴǘŜŘ ŦƻǊ со ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ bŀǘƛƻƴΩs alumina production.169 

The production of alumina in Western Australia is focused on the south west of the State, where the 

{ǘŀǘŜΩǎ ǘǿƻ ōŀǳȄƛǘŜ ǇǊƻŘǳŎŜǊǎΣ !ƭŎƻŀ ŀƴŘ ²ƻǊǎƭŜȅ !ƭǳƳƛƴŀ ό.It .ƛƭƭƛǘƻƴύ ŜȄǘǊŀŎǘ ǊŜǎƻǳǊŎŜ ŦǊƻƳ ǘƘŜ 

Darling Scarp. 

Alcoa has been mining bauxite in the Darling Scarp since 1963. Its two current mines are Huntly and 

²ƛƭƭƻǿŘŀƭŜΦ  Iǳƴǘƭȅ ƛǎ ǘƘŜ ƭŀǊƎŜǎǘ ōŀǳȄƛǘŜ ƳƛƴŜ ƛƴ ǘƘŜ ǿƻǊƭŘ ŀƴŘ ǎǳǇǇƭƛŜǎ ŦŜŜŘǎǘƻŎƪ ǘƻ !ƭŎƻŀΩǎ 

Kwinana and Pinjarra refinery operations, while ²ƛƭƭƻǿŘŀƭŜ ǇǊƻǾƛŘŜǎ ŦŜŜŘǎǘƻŎƪ ǘƻ !ƭŎƻŀΩǎ ²ŀƎŜǊǳǇ 

refinery. Collectively, the three Alcoa refineries have a production capacity of approximately 10 

million tonnes of alumina per annum. 

Worsley has been mining bauxite in the Darling Scarp since the early 1980s at its mine near 

Boddington. Production from this mine is transported by a 51 kilometre conveyor belt to the 

ŎƻƳǇŀƴȅΩǎ ²ƻǊǎƭŜȅ ǊŜŦƛƴŜǊȅΦ ¢ƘŜ ŀƭǳƳƛƴŀ ƻǳǘǇǳǘ ŦǊƻƳ ǘƘŜ ²ƻǊǎƭŜȅ ǊŜŦƛƴŜǊȅ ƛǎ ǘƘŜƴ ǘǊŀƴǎǇƻǊǘŜŘ рл 

kilometres by rail and exported through the port of Bunbury. 

Alcoa has approvals for a $1.5 billion expansion of the Wagerup Refinery to increase alumina output 

capacity from 2.6 million tonnes per annum to 4.7 million tonnes per annum. However, the company 

has currently suspended these plans. The Worsley operations are currently undergoing an expansion 

and efficiency upgrade designed to increase production capacity of the refinery from 3.5 million 

tonnes per annum to 4.6 million tonnes per annum.  

Several other much smaller companies such as Bauxite Resources, have bauxite interests in Western 

Australia. 

As illustrated in Figure 22, the main export destinations for Western Australian bauxite are China, 

South Africa, Bahrain and UAE. 
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Figure 22 - Western Australian Alumina Exports 

At current production levels, Western Australian reserves of bauxite ore represent a mine life of 

approximately 50 years. Additionally, there are extensive undeveloped bauxite deposits in the 

Mitchell Plateau and Cape Bougainville regions in the northwest of the State. 

Similar to the {ǘŀǘŜΩǎ ƛǊƻƴ ƻǊŜ ƛƴŘǳǎǘǊȅΣ ǇǊƻŘǳŎǘƛƻƴ ŦǊƻƳ ǘƘŜ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀƴ ōŀǳȄƛǘŜ-alumina 

industry is dominated by two multi-national mining companies, Alcoa and BHP Billiton. Both of these 

companies have significant internal R&D capability focused on the aluminium industry, much of 

which is conducted in Western Australia in conjunction with Western Australian based research 

institutions. 

The knowledge and technology needs of the Western Australian bauxite-alumina industry primarily 

revolve around improving the efficiency and environmental impact of the Bayer process which 

converts bauxite to alumina.  

¢ƘŜ .ŀȅŜǊ ǇǊƻŎŜǎǎ ŦƻǊ ŜȄǘǊŀŎǘƛƴƎ ŀƭǳƳƛƴŀ ŦǊƻƳ ōŀǳȄƛǘŜ ƛǎ ǳǎŜŘ ǘƻ ǇǊƻŘǳŎŜ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ²ƻǊƭŘΩǎ 

alumina and is approximately 150 years old.170  The Bayer process involves the dissolution of the 

aluminium oxy-hydroxide minerals in bauxite ore using hot concentrated caustic solutions. The 

aluminium-laden liquor is separated from the waste solids, which are primarily iron oxides and 

silicates, before the aluminium is recovered as aluminium hydroxide by seeding and cooling the 

liquor. The aluminium hydroxide is then calcinated to alumina by heating.171 
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Increased Energy Efficiency from the Bayer Process  
!ǇǇǊƻȄƛƳŀǘŜƭȅ фл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŀƭǳƳƛƴŀ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ǎƳŜƭǘŜŘ to produce aluminium 

metal. Approximately 2 tonnes of alumina is required to produce one tonne of aluminium, rendering 

alumina the largest component of the cash cost of producing aluminium.172 

Furthermore, the Bayer process that is used to produce alumina from bauxite is a very large 

consumer of energy, with the aluminium industry being the single largest consumer of electricity in 

Australia. 173 With the price of energy expected to increase in Australia within the next three years, 

this is of major concern to aluminium producers. Solar, marine and wind renewable sources of 

power do not provide adequate efficiencies of scale or base-load power for the needs of the 

aluminium industry. Furthermore, while the process does expend waste heat, it is a low grade waste 

ƘŜŀǘ ǘƘŀǘ ŘƻŜǎƴΩǘ ƻŦŦŜǊ ƳǳŎƘ ƻǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ŜƴŜǊƎȅ ǊŜŎŀǇǘǳǊŜΦ174 

The high energy intensity of the aluminium industry also presents challenges in a carbon constrained 

environment. Using red mud as a carbon sink (see below) presents limited opportunity to reduce 

emissions and the low CO2 ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎΩ Ŧƭǳ-gases (approximately 6 percent) provide 

limited opportunity to reduce emissions. 

As such means of improving the energy efficiency of the Bayer Process are paramount. In the short-

to-medium term solutions will most likely be found in process improvements. However, a study into 

the economic viability of renewable sources, particularly geothermal would be a step toward 

improving  energy efficiency in the aluminium industry.175 

Improved Processing of Ore with High Levels of Organic Impurities  
The bauxite from which alumina is refined frequently contains organic carbon in the form of plant 

material or decayed plant and animal remnants. Organic contaminants reduce the efficiency of the 

Bayer process by: 

Á Reducing the productivity of the caustic soda solution used to dissolve alumina-bearing 

minerals, thus reducing yield from the Bayer Process. 

Á Affecting product quality  

Á Disrupting plant operation 

Á Causing volatile organic carbon emissions including noxious odours that are a regulatory and 

community relations challenge176 

Western Australian bauxite ore has relatively high levels of organic impurities, which is not the case 

for significant bauxite resources in other parts of the world such as Brazil.177,178   
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Reduction in Red Mud Footprint  
The majority of the footprint of an alumina refinery is the residue store (red mud). A number of 

options exist for utilisation of the residues, including: 

Á Using the residue as a carbon sink through a process known as residue carbonation, albeit 

this process only captures approximately 5 percent of the CO2 produced by a refinery 

Á Using the sand component of the red mud as clean-fill in applications such as road 

construction; and 

Á Using the fine portion of the red mud as a soil wetting, phosphate retaining and acidity 

decreasing soil additive for agriculture. This was the subject of a significant research project 

at the Western Australian Department of Agriculture.179 

The development of economic means through which these opportunities could be exploited have 

ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǊŜŘǳŎŜ ǘƘŜ ǎŜŎǘƻǊΩǎ ǊŜŘ ƳǳŘ ŦƻƻǘǇǊƛƴǘΦ 

Table 22 below summarises the knowledge and technology needs relating to this theme and the 

research organisations have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Increased efficiency 
from the Bayer process 

Short  to medium term Industry and 
Researchers 

CSIRO Light Metals ς Alumina: Cleaner, More 
Efficient Production 
 
Parker CRC for Integrated Hydrometallurgy 
Solutions ς Alumina 
 
Alcoa World Refineries Technology Group 

Scoping study into the 
future application of 
renewable energy 
sources 

Long term Industry None 

Improved processing of 
ore with high levels of 
organic impurities 

Short to Medium Term Industry and 
Researchers 

Parker CRC for Integrated Hydrometallurgy 
Solutions - Alumina 

Improved efficiency of 
red mud as a carbon 
sink 

Medium Term Industry and 
Researchers 

Alcoa World Refineries Technology Group 

Reduction of red mud 
footprint ς products 

Medium Term Industry and 
Researchers 

Parker CRC for Integrated Hydrometallurgy 
Solutions ς Alumina 
 
Sustainable Resource Processing CRC ς 
Bauxite Residue 
 
Alcoa World Refineries Technology Group 

Table 22 - Knowledge and Technology Needs - Alumina-Bauxite Sector  
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Copper-Lead-Zinc Sector Future Knowledge and Technology Needs  

Current State of Play and Sector Outlook  

Copper 

The total volume of copper sold out of Western Australia in 2009-10 was 148,553 tonnes at a total 

value of $1.137 billion. Table 23 below summarises Western Australian copper operations.180 

Mine Summary 

Nifty  Located 350 kilometres east of Port Headland producing 59,329 tonnes of copper concentrate 
from a large sulphide resource. The concentrate product is trucked to Port Hedland for shipping 
ǘƻ IƛƴŘŀƭŎƻ /ƻǇǇŜǊΩǎ 5ŀƘŜƧ ǎƳŜƭǘƛƴƎ ŀƴŘ ǊŜŦƛƴƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ƛƴ LƴŘƛŀ 

Telfer Located 310 kilometres north east of Newman, producing 34,814 tonnes of copper concentrate 

Golden Grove Located 55 kilometres south of Yalgoo in the Mid West, producing 30,850 tonnes of copper 
concentrate. Feasibility study currently underway for an open pit which has the potential to 
almost double output 

Boddington Producing 15,422 tonnes of copper concentrate 

Jaguar Producing 9,028 tonnes of copper concentrate 

Table 23 ς Major Western Australian Copper Projects 

Copper is also produced as a by-product from eight Western Australian nickel operations, with a 

total of 8,284 tonnes of copper concentrate being produced from these mines. 

Recently, a significant copper resource, DeGrussa, was discovered by Sandfire Resources NL, 

approximately 100 kilometres north of Meekatharra. As ŀǘ {ŜǇǘŜƳōŜǊ нлмлΣ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƛƴŘƛŎŀǘŜŘ 

and inferred resource was 10.67 million tonnes at 5.6 percent copper, representing one of the 

highest grade copper mines in the world. 

Zinc 

Golden Grove is the largest zinc producer in Western Australia, accounting for 80,195 tonnes of zinc 

concentrate in 2009-млΦ ½ƛƴŎ ƛǎ ŀƭǎƻ ǇǊƻŘǳŎŜŘ ōȅ WŀōƛǊǳ aŜǘŀƭǎ [ƛƳƛǘŜŘΩǎ WŀƎǳŀǊ ƳƛƴŜΣ ǿƘƛŎƘ 

produced 24,185 tonnes in 2009-10.181 

Lead 

Lead production in Western Australia for 2009-10 was 25,918 tonnes. There are two lead operations 

in Western Australia, Golden Grove which produced 7,415 tonnes in 2009-мл ŀƴŘ LǾŜǊƴƛŀΩǎ aŀƎŜƭƭŀƴ 

lead operation, which was placed on care and maintenance in April 2007 following lead 

contamination issues at the Esperance Port. Magellan began producing again in 2009-10 and is 

expected to produce 85,000 tonnes of lead when fully operational.182 

Processing of Refractory Base Metals Ores 
!ǳǎǘǊŀƭƛŀΩǎ ōŀǎŜ ƳŜǘŀƭ ŘŜǇƻǎƛǘǎ ǘŜƴŘ ǘƻ ōŜ ƘƻǎŜŘ ƛƴ ǎǳƭǇƘƛŘŜ ƻǊŜǎ ƻǊ ƭƻǿ ƎǊŀŘŜ ǎƛƭƛŎŀǘŜΣ ŎŀǊōƻƴŀǘŜ 

and hydroxyl-oxide hosted weathered surface ores. However, Australia also hosts significant 

                                                           
180

 Government of Western Australia Department of Mines and Petroleum (2010), Western Australian Mineral 
and Petroleum Production Statistics Digest 2009-10 
181

 Government of Western Australia Department of Mines and Petroleum (2010), Western Australian Mineral 
and Petroleum Production Statistics Digest 2009-10 
182

 Government of Western Australia Department of Mines and Petroleum (2010), Western Australian Mineral 
and Petroleum Production Statistics Digest 2009-10 



 

79 
 

resources of low-grade chalcopyrite (copper iron sulphide) ores which are quite refractory (resistant 

to leaching).183 The ability to economically process such ores would unlock considerable value. 

Discovery of New Massive Sulphide Deposits  
Western Australia appears unusually under-endowed with sulphide base metals deposits. For 

example it seems unusual that given the extent of sulphide mineralisation in Western Australia, 

Western Australia hosts a single lead mine, Magellan, which is a lead carbonate style of 

mineralisation, whereas the more common mineralogy of a lead deposit is a lead-zinc sulphide style 

of mineralisation.184 Indeed more massive sulphide base metal deposits in Western Australia may 

not exist, but it is at least as likely that they do and are currently masked by varying depths of cover. 

Table 24 below summarises the knowledge and technology needs relating to this theme and the 

research organisations have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

New processing 
technology for 
chalcopyrite hosted 
base metal deposits 

Medium to long term Researchers Parker CRC for Integrated Hydrometallurgical 
Solutions 

Discovery of new 
massive sulphide 
deposits 

Medium to long term Researchers CSIRO Minerals Down Under ς 5ƛǎŎƻǾŜǊƛƴƎ !ǳǎǘǊŀƭƛŀΩǎ 
Mineral Resources 
 

Table 24 - Knowledge and Technology Needs - Copper-Lead-Zinc Sector  
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Mineral Sands Sector Future Knowledge and Technology Needs  

Current State of Play and Sector Outlook  
Production of mineral sands in Western Australia has mainly been comprised of the titanium 

minerals ilmenite, leucoxene, synthetic rutile and rutile as well as zircon. Small quantities of mineral 

sands such as garnet and staurolite are also produced from Western Australian mineral sands 

operations.185 

Approximately 95 percent of the titanium minerals produced globally are used as feedstock in the 

production of titanium dioxide pigment, which is used in the manufacture of paints, paper and 

plastics. Most of the balance of titanium mineral production is used in the production of titanium 

metal. Zircon has a number of applications such as the manufacture of ceramic tiles, sanitary ware, 

zirconia flours and fused zirconia.  

Two producers account for 79 percent of mineral sands production in Western Australia, namely, 

Iluka Resources and the TiWest Joint Venture between Tronox Western Australia and subsidiaries of 

Exxaro Resources Limited. Other smaller producers include Doral Mineral Sands, Bemax Resources 

and GMA Garnet, whose operations are all concentrated in the South West of the State. 

LƭǳƪŀΩǎ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀƴ ƻǇŜǊŀǘions are comprised of minerals sands mines, processing plants and 

synthetic rutile production facilities concentrated around Narngulu in the Mid West and Capel in the 

South West of the State. Iluka has significantly reconfigured its Australian mineral sands operations, 

resulting in the closure of approximately half of its Western Australian operations since June 2009. 

The company has plans to commence mining operations at Tutunup South in 2010, supplying 

ilmenite for the Capel synthetic rutile plant.  

While Iluka still controls significant mineral sands resources in Western Australia (Cataby deposit has 

a 20 year mine life), mining activity is expected to increasingly focus on its assets in the Murray and 

Eucla basins. The Murray Basin in Victoria has an estimated resource potential of 60 million tonnes, 

including 8 million tonnes of rutile, 6 million tones of zircon and 30 million tonnes of ilmenite, with 

an in-situ value of approximately $13 billion.186 IƻǿŜǾŜǊΣ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǇǊƻŎŜǎǎƛƴƎ ŀŎǘƛvities in 

Western Australia are likely to survive its Western Australian mines with plans to process heavy 

ƳƛƴŜǊŀƭ ŎƻƴŎŜƴǘǊŀǘŜ ŦǊƻƳ ƛǘǎ 9ŀǎǘŜǊƴ {ǘŀǘŜΩǎ ƻǇŜǊŀǘƛƻƴǎ ƛƴ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΦ 

¢ƘŜ ¢ƛǿŜǎǘ Wƻƛƴǘ ±ŜƴǘǳǊŜ ǿŀǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ мфуу ŀƴŘ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ƛƴǘŜƎǊŀǘŜŘ ǘƛtanium 

dioxide project. Operations include the Cooljarloo mineral sands mine, a dry mill, synthetic rutile 

plant and a titanium dioxide pigment plant. Tiwest has also passed peak production from its current 

mines in Western Australia. However, the potential development of its resources in Jurien Bay and 

Dongara could supply feedstock to its processing facilities well into the future. 

As with the iron ore and bauxite-alumina sectors, production from the Western Australian mineral 

sands sector is dominated by two large producers who conduct their own competitive R&D. Short 

term knowledge and technology needs revolve around improving the efficiency of synthetic rutile 
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plants that are likely to survive Western Australian mineral sands mines, processing ore from Eastern 

States resources and providing those plants with the capacity to efficiently process variable 

feedstock. In the longer term, the ability to unlock value from more difficult to mine minerals sands 

deposits such as those under a limestone cap near Jurien Bay and Dongara will be relevant. 

Improving Efficiency and Effectiveness of Synthetic Rutile Plants  
It is likely that Iluka will continue to produce synthetic rutile from its Western Australian synthetic 

rutile plants using ilmenite feedstock that is shipped to the plants from its operations in the Eastern 

States to the ports of Geraldton and Bunbury. Synthetic rutile plants use considerable amounts of 

coal and are significant CO2 emitters.  

The ability to upgrade ilmenite feedstock cost effectively so that the plants can process ilmenite of 

various qualities would be beneficial.  

Furthermore, mineral sands deposits typically contain iron, uranium, thorium and other valuable 

minerals. The ability to economically recover these other mineral credits would be beneficial. 

Reducing Tailings Footprint  
Tailings from mineral sands processing are dewatered by solar evaporation, which requires a large 

surface area and therefore footprint. 

Table 25 below summarises the knowledge and technology needs relating to this theme and the 

research organisations have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Improving efficiency 
and effectiveness of 
synthetic rutile plants 

Short to Medium Term Industry  Iluka Resources Internal R&D 

Improving synthetic 
rutile plant feedstock 
tolerance 

Short to Medium Term Industry Iluka Resources Internal R&D 

Economic recovery of 
other mineral credits 
from tailings 

Medium to Long Term Industry None 

Reducing tailings 
footprint  

Medium to Long Term Industry None 

Table 25 - Knowledge and Technology Needs - Minerals Sands Sector 
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Diamond Sector Future Knowledge and Technology Needs  

Current State of  Play and Sector Outlook  
wƛƻ ¢ƛƴǘƻΩǎ !ǊƎȅƭŜ ƳƛƴŜ ŘƻƳƛƴŀǘŜǎ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀƴ ŘƛŀƳƻƴŘ ǇǊƻŘǳŎǘƛƻƴΦ ¢ƘŜ !ǊƎȅƭŜ ƳƛƴŜ Ƙŀǎ 

produced a total of 760 million carats since it commenced production in 1985 and currently accounts 

for approximately 20 percent of global diamond production. Open pit mining at Argyle is scheduled 

to conclude in mid 2012 when the operation will transition to an underground mine that is 

anticipated to operate until at least 2019.187 

!ǊƎȅƭŜΩǎ Ǉink diamonds represent less than 1 percent of ArgylŜΩǎ ƻǳǘǇǳǘΣ ōǳǘ ŀŎŎƻǳƴǘ ŦƻǊ 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ фл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǎǳǇǇƭȅ ƻŦ Ǉƛƴƪ ŘƛŀƳƻƴŘǎΦ !ǊƎȅƭŜΩǎ ǇǊƻŘǳŎǘƛƻƴ ŎƻǾŜǊǎ ŀ ǊŀƴƎŜ 

of colours and consists of 5 percent gem quality, 70 percent near gem quality and 25 percent 

industrial diamonds, with the gem and near gem quality diamonds accounting for more than 95 

percent of the value of production from Argyle. 

¢ƘŜ {ǘŀǘŜΩǎ ƻƴƭȅ ƻǘƘŜǊ ŘƛŀƳƻƴŘ ƳƛƴŜ ƛǎ ǘƘŜ YƛƳōŜǊƭŜȅ 5ƛŀƳƻƴŘ /ƻƳǇŀƴȅΩǎ 9ƭƭŜƴŘŀƭŜ ƳƛƴŜΣ млл 

kilometres east of the coastal town of Derby. As a result of weather patterns, the Ellendale mine can 

only produce for nine months of the year, with supply to the processing plant for the other three 

months provided from stockpiles produced during the nine months of mining. The international 

jewellery company, TiffŀƴȅΩǎΣ Ƙŀǎ ŜȄŎƭǳǎƛǾŜ ǊƛƎƘǘǎ ǘƻ ŀƭƭ ƎŜƳ ǉǳŀƭƛǘȅ ŘƛŀƳƻƴŘǎ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ǘƘƛǎ 

mine.188 Since commencement in mid 2002, the Ellendale mine has recovered approximately 1.9 

million carats of diamonds. During 2009-10, the Ellendale mine produced  approximately 194,000 

carats of predominately gem and near-gem quality diamonds, including some rare fancy and vivid 

yellow stones. 

The existence of economic offshore reserves of alluvial diamonds off the Kimberley coast, 

particularly in the Cambridge Gulf region, has from time to time been the focus of exploration 

activity. While alluvial diamonds have been identified in the Cambridge Gulf, economic deposits are 

as yet to be discovered. 

The medium to long term future of the diamond sector in Western Australia is dependent on the 

economic discovery of new diamond deposits. New deposits will either be in the extension at depth 

of the Argyle mine, new kimberlite pipe hosted deposits or on-shore or off-shore concentrations of 

alluvial diamond deposits. 

Exploration Indicators  
Considerable historical investment has been made in exploring for new kimberlite pipe hosted 

deposits or on-shore or off-shore concentrations of alluvial diamond deposits, the economic output 

of which has been the Argyle and Ellendale mines. The main challenge to effective diamond 

exploration in Western Australia is the fact that indicator minerals such as garnet that are used to 

identify targets in Canada and Africa are not present in Western Australia due to the extensive 

weathering of the topography. As such, chromite is used in Western Australia as an indicator mineral 

and chromite unfortunately occurs in many geological settings other than kimberlite pipes. The 
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identification and validation of more sensitive indicator minerals for Western Australian diamond 

deposits, would allow for more efficient diamond exploration.189 

Table 26 below summarises the knowledge and technology needs relating to this theme and the 

research organisations have current research programs that are endeavouring to address these 

needs. 

Knowledge or 
Technology Need 

Timeframe Need Identifier R&D Response 

Novel exploration 
indicator minerals for 
diamond exploration in 
Western Australia 

Medium Term Researchers CSIRO Minerals Down Under ς DiscoverinƎ !ǳǎǘǊŀƭƛŀΩǎ 
Mineral Resources 

Table 26 - Knowledge and Technology Needs - Diamond Sector  
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Uranium Sector  Future Knowledge and Technology Needs  

Current State of Play and Sector Outlook  
Australia has approximately 38 percent of the ǿƻǊƭŘΩǎ ǳǊŀƴƛǳƳ ǊŜǎƻǳǊŎŜǎΣ ōǳǘ ŀŎŎƻǳƴǘǎ ŦƻǊ ƻƴƭȅ 

approximately 15 percent of primary production. Anecdotal evidence suggests there are as many as 

200 companies in Australia with uranium projects at various stages of exploration and development 

endeavouring to take advantage of increasing global demand for uranium.190 

The lifting of the ban on uranium mining in Western Australia has driven a significant increase in 

exploration activity in Western Australia targeted at uranium mineralisation. This has resulted in the 

delineation of known resources of uranium oxide of 202,000 tonnes across 27 projects. As illustrated 

in Figure 23 ōŜƭƻǿΣ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ {ǘŀǘŜΩǎ ƪƴƻǿƴ ǳǊŀƴƛǳƳ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ƘƻǎǘŜŘ ƛƴ ŎŀƭŎǊŜǘŜ 

style mineralisation.191 

 

Figure 23 - Western Australian Uranium Resources 

Table 27 below lists the projects that currently comprise the known Western Australian uranium 

resource. 
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Carbonate-hosted 
0.39% 

Uncomformity-
related (vein type) 

17.52% 

Roll-front related 
26.03% 

Calcrete-hosted 
(surficial) 
56.06% 

Western Australian Uranium Resources 


















































































































