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INTRODUCTION

Overview

Australia is the world’s second-largest producer of 
rare-earth elements and has the world’s sixth-largest 
resource of rare-earth elements.1 Australia is also well 
endowed with other critical minerals, having some of the 
world’s largest resources of cobalt, lithium, manganese, 
tantalum, tungsten and zirconium. Australia’s potential to 
supply such minerals is further demonstrated in Figure 1 
which shows Australia’s deposits and major mines. With 
demand for these rare-earth elements and other critical 
minerals expected to grow with the increasing use of 
high-tech products, there are significant economic and 
strategic opportunities for Australia.

The Australian Government is developing a National 
Approach to the Australian Critical Minerals Sector 
(the Approach). As part of the Approach, Austrade has 
worked with Geoscience Australia and other Australian 
government agencies, including state and territory 
geological surveys, to develop this critical minerals 
‘Prospectus’. 

The Prospectus provides an overview of Australia’s 
resource potential for rare-earth elements and certain 
other critical minerals, and identifies mineral projects 
and operations, to help facilitate investment into the 
Australian critical minerals sector.

Figure 1: Critical Mineral Deposits and Major Mines in Australia 
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Detailed information is presented on projects and 
operations for rare-earth elements, as well as 
information on certain other critical minerals of which 
Australia has globally competitive geological resources 
and potential to supply, and which are of importance 
to Australia’s economic and strategic partners. 
The information is intended to complement other 
government and industry publications on rare-earth 
elements and other critical minerals.2 

The Prospectus provides a snapshot of Australia’s 
potential in the rare-earth elements and other 
critical minerals space. It is intended that a deeper 
examination of particular minerals, projects or 
operations covered in this Prospectus, or the analysis 
of additional minerals, can then be undertaken on an 
as-needed basis. 

The Prospectus presents Australia’s resource potential 
and does not extend to the processing of minerals, 
nor overseas resources in which Australian companies 
may have an interest.

What are Critical Minerals?

Geoscience Australia identifies critical minerals as 
metals, non-metals and minerals that are considered 
vital for the economic well-being of the world’s major 

and emerging economies, yet whose supply may be 
at risk due to geological scarcity, geopolitical issues, 
trade policy or other factors.3 Among these important 
commodities are metals and semi-metals used in the 
manufacture of mobile phones and computers, flat 
screen monitors, wind turbines, electric cars, solar 
panels, rechargeable batteries, defence industry 
technology and products, and many other high-tech 
applications. 

Criticality is a subjective concept and individual 
countries develop their own lists of critical minerals 
based on the relative importance of particular minerals 
to their industrial and strategic requirements. 
Assessments of criticality are also essentially 
snapshots at a particular time and are subject 
to change.

In May 2018, the United States Government issued 
Executive Order 13817 which specified a final list of 
Critical Minerals for 2018.4 This list comprised 35 
minerals, including rare-earth elements, and followed 
analysis by the United States Geological Survey and 
public consultation. 

While the United States’ list is one of the most recent 
analyses of critical minerals, other strategic partners 
of Australia, including the European Union, France, 
Japan, Korea, India and the United Kingdom, have also 
produced similar lists at different times.5
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Figure 2: Periodic table of the elements showing (a) metals, semi-metals (metalloids)  
and non-metals with sub-groups 

What are Rare-Earth Elements?

Rare-earth elements comprise a series of elements 
that are commonly grouped together as one or more 
critical minerals. For the purpose of this Prospectus, 
rare-earth elements are considered to be a group of 16 
speciality metals that comprise the lanthanide series of 
elements: lanthanum (La), cerium (Ce), praseodymium 
(Pr), neodymium (Nd), promethium (Pm), samarium 
(Sm), europium (Eu), gadolinium (Gd), terbium (Tb), 
dysprosium (Dy), holmium (Ho), erbium (Er), thulium 
(Tm), ytterbium (Yb) and lutetium (Lu), as well as 
yttrium (Y) which shows similar physical and chemical 
properties to the lanthanides.6 Variously referred to 
as ‘rare-earth metals’, ‘rare earths’, ‘rare-earth oxides’, 
and ‘total rare-earth oxides’, rare-earth elements have 
unique catalytic, metallurgical, nuclear, electrical, 
magnetic, and luminescent properties. 

The lanthanide series of elements can be further 
subdivided into light-rare-earth elements and heavy-
rare-earth elements. Light-rare-earth elements are 
generally more abundant, and less valuable than the 
heavy-rare-earth elements. 

A periodic table of the elements showing metals, semi-
metals (metalloids) and non-metals with sub-groups is 
shown in Figure 2 . The rare-earth elements as defined 
in this prospectus are contained within a red box. 

The major physical and chemical properties of the 
rare-earth elements is presented in Table 1. 
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Lanthanum La 57 138.90 6.146 918 3469 20 Rechargeable car batteries, high quality 
camera lenses, night vision goggles, to treat 
kidney disease and in hydrogen storage

Cerium Ce 58 140.11 8.160 789 3257 43 Catalytic converters, treatment of burns, 
self-cleaning ovens, carbon-arc lighting and to 
reduce UV transmission through glass

Praseodymium Pr 59 140.90 6.773 931 3127 4.9 High-intensity permanent magnets for electric 
motors / generators for electric cars and 
turbines, aircraft engines and specialised glass

Neodymium Nd 60 144.24 7.008 1021 3127 20 Powerful magnets for computers, phones, 
medical equipment, electric cars, turbines and 
audio systems, and laser crystals

Promethium Pm 61 145.00 7.264 1042 3000 <0.001 Thickness gauges and atomic batteries for 
spacecraft and guided missiles

Samarium Sm 62 150.36 7.520 1074 1900 3.9 Magnets for small motors, cancer treatment 
and nuclear reactors

Europium Eu 63 151.96 5.244 822 1597 1.1 Red and blue colours in LCD screens, anti-
forgery marks on banknotes and in nuclear 
reactor control rods

Heavy-rare-earth 
elements

Gadolinium Gd 64 157.25 7.901 1313 3233 3.7 Green phosphors in LCD screens, magnetic 
resonance imaging and in steel to improve 
resistance to high temperatures

Terbium Tb 65 158.92 8.230 1356 3041 0.60 Green phosphors in LCD screens, to combat 
banknote counterfeiting, to detect microbes, 
and magnets for electric cars and turbines

Dysprosium Dy 66 162.50 8.551 1412 2562 3.6 Magnets for electric cars and turbines, metal 
halide lamps, to treat rheumatoid arthritis and 
to measure exposure to ionising radiation

Holmium Ho 67 164.93 8.795 1474 2720 0.77 Nuclear control rods, sonar systems, data 
storage and laser materials

Erbium Er 68 167.26 9.066 1529 2510 2.1 Nuclear control rods, for pink colour in glass 
and ceramics, photographic filters, amplifiers, 
lasers and for skin treatments

Thulium Tm 69 168.93 9.321 1545 1727 0.28 Lasers, as a radiation source in x-ray machines 
and to combat banknote counterfeiting

Ytterbium Yb 70 173.04 6.966 819 1466 1.9 In portable X-ray machines, lasers, earthquake 
monitors and for improving strength of 
stainless steel

Lutetium Lu 71 174.97 9.841 1663 3315 0.30 Positron Emission Tomography (PET) scanners 
for 3D images of cellular activity, cancer 
therapy and for cracking hydrocarbons

Other rare-earth 
elements

Yttrium Y 39 88.90 4.469 1522 3337 19 Red colours in televisions, cancer treatments, 
satellites and superconductors

Table 1: Major physical and chemical properties of the rare-earth elements7

     Melting Boiling Crustal
  Atomic Atomic Density point point abundance
Element Symbol number weight (gcm-3) (°C) (°C) (ppm)8 Application examples9

Light-rare-earth elements

Heavy-rare-earth elements

Other rare-earth elements
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As the subject of detailed analysis by Geoscience 
Australia,11 the strategic importance of rare-earth 
elements is indicated by their use in a number of 
emerging and diverse technologies of increasing 
significance in today’s society. Applications range 
from routine (e.g. lighter flints, glass polishing 
mediums, car alternators) to high-tech (lasers, high-
strength permanent magnets, batteries, fibre-optic 
telecommunication cables, medical treatments) to 
those with futuristic purposes (high-temperature 
superconductivity, safe storage and transport 
of hydrogen for a post-hydrocarbon economy, 
environmental global warming and energy efficiency 
issues). In recent decades, global demand for rare-
earth elements has increased significantly with their 
dramatic expansion into high-tech, environmental and 
economic environments.

While rare-earth elements are relatively abundant in 
the Earth’s crust, known minable concentrations are 
less common than for most other exploited metals. 
To date, demand for rare-earth elements has been 
met by a relatively small number of producers and 
mines. Since the mid-1990s, China has dominated 
the global supply of rare-earth elements, with most 
production derived from the very large Bayan Obo 
iron–niobium–rare-earth elements deposit in Inner 
Mongolia, China and from lateritic clays in southern 
China. In 1992, China surpassed the United States as 
the world’s largest producer of rare-earth oxides and is 
now responsible for 81 per cent of the world’s supply, 
followed by Australia (11 per cent) and Russia  
(2 per cent).12 China is estimated to hold approximately  
44 million tonnes (37 per cent) of the world’s economic 
resources of rare-earth oxides, followed by Brazil with 
22 million tonnes (19 per cent) and Russia with  
18 million tonnes (15 per cent).13  

Rare-earth elements in Australia are associated 
with igneous, sedimentary, and metamorphic 
rocks in a wide range of geological environments. 
Elevated concentrations of these elements have 
been documented in various heavy mineral sand 
deposits (beach, dune, offshore marine, and channel), 
carbonatite intrusions, (per)alkaline igneous rocks, iron-
oxide breccia complexes, calcsilicate rocks (skarns), 
fluorapatite veins, pegmatites, phosphorites, fluviatile 
sandstones, unconformity-related uranium deposits, 
and lignites. The distribution and concentration of rare-
earth elements in these deposits are influenced by 
various rock-forming processes, including enrichment 
in magmatic or hydrothermal fluids, separation into 
mineral species and precipitation, and subsequent 

redistribution and concentration through weathering 
and other surface processes. The lanthanide series 
of rare-earth elements (lanthanum to lutetium) and 
yttrium show a close genetic and spatial association 
with alkaline felsic igneous rocks, while scandium 
in laterite is associated with ultramafic-mafic 
igneous rocks.

The most commercially important rare-earth element 
deposits in Australia are formed by weathering 
of carbonatites and alkaline igneous rocks, and 
secondary placer deposits such as heavy-mineral 
sand deposits. There is considerable potential for the 
discovery of high-grade, large tonnage polymetallic 
rare-earth element deposits in residual lateritic profiles 
of carbonatites and within alkaline igneous rocks 
in the Precambrian terranes of Australia. Residual 
laterite deposits associated with carbonatites are 
typically enriched with other metals such as zirconium, 
niobium, and tantalum. They also have the advantage 
of being easily mined using open-pit methods and do 
not require extensive crushing and milling. Mesozoic 
alkaline volcanic provinces of eastern Australia provide 
potential scope for lower-grade, polymetallic deposits 
in the primary zones of trachytic and associated 
alkaline rock complexes. The discovery of scandium-
bearing nickel-cobalt laterites associated with 
Phanerozoic ultramafic-mafic rocks, and rare-earth 
element-bearing phosphorites in Cambrian basinal 
successions have recently created exploration interest 
throughout eastern Australia. Large iron-oxide breccia 
complexes (e.g. Olympic Dam, South Australia) may be 
an important source of by-product rare-earth elements 
that could be exploited in the future. The economic 
significance of less conventional exploration targets 
where the rare-earth elements are hosted by lignite 
and bauxite accumulations is yet to be established. In 
addition, ionic-adsorption clay deposits similar to those 
mined in south-eastern China represent a potential 
exploration target in Australia.

Australian Critical Minerals Prospectus 07



Australia as an Investment Destination

The energy and resources sector has historically been 
a significant contributor to Australia’s economic growth. 
Features of the Australian energy and resources sector 
as an investment destination include:

 › Significant mineral resources of high quality

  Australia has the world’s largest resources of gold, 
iron ore, lead, nickel, rutile, tantalum, uranium, 
zinc and zircon. Australia’s resources of antimony, 
bauxite, black coal, brown coal, cobalt, copper, 
diamond, ilmenite, lithium, magnesite, manganese 
ore, niobium, silver, thorium, tin, tungsten and 
vanadium all rank in the top five globally. 

  Australia is the top producer of bauxite, iron ore, 
rutile and zircon.14 

 ›  An underexplored continent with ongoing 
discoveries of mineral deposits

  Australia has rich and underexplored resources  
with well-established mining regions covering just  
20 per cent of Australia. The remaining 80 per cent 
of the continent is underexplored.

  Discoveries continue to be made in both proven 
and under-explored or unexplored provinces. 
In 2017-18, mining exploration expenditure in and 
around known deposits was A$1307 million and 
expenditure for undiscovered mineralisation in 
frontier regions was A$666.4 million.15 

 ›  World-class pre-competitive 
geoscience information

  The Australian, state and territory governments 
recognise the importance of high-quality 
geoscience information in assessing mineral 
prospectivity and stimulating exploration. In support 
of this, Australia’s National Mineral Exploration 
Strategy (2017–22), the UNCOVER and Exploring 
for the Future initiatives, and MinEx Co-operative 
Research Centre (CRC), each contribute to 
identifying areas of resource potential, de-risking 
exploration investment by industry, and improving 
the effectiveness of exploration programs.

  Further information on these strategies, initiatives 
and agencies is set out in the ‘Current Initiatives 
and Future Information’ section on page 44 of 
this report.

 › Significant size of Australia’s mining sector

  Australia’s resources and energy exports amounted 
to approximately A$217 billion or 72 per cent of  
all export merchandise. Mining accounted for  
9 per cent of national GDP in 2017-18.16  

  Australia has attracted significant international 
companies due to the success of the mining 
industry. Many of the major mining companies have 
a presence in Australia including Anglo American, 
Barrick Gold, BHP Billiton, Glencore, Newmont 
Mining and Rio Tinto, along with an impressive 
presence of international Mining, Equipment, 
Technology & Services (METS) players such as 
Bechtel, Caterpillar, CIMIC Group, Downer EDI, 
Fluor and Komatsu.

 › World class METS sector 

  Australia’s strong METS sector generates  
$86.2 billion in gross value-add and provides 
employment for 503 000 Australians.17 

  Australian capital cities have creative METS hubs 
supporting the mining industry with 201 METS 
companies’ head offices being located in Sydney, 
186 in Perth and 149 in Brisbane.18 

 ›  Supportive federal, state and 
territory governments

  Australia’s federal, state and territory governments 
have supportive policies, incentives, programs and 
strategies for the mining industry, with dedicated 
resources and energy ministers to support 
the portfolio.

  These policies, incentives, programs and strategies 
include the Australian Government’s Major Projects 
Facilitation Agency which provides a single entry 
point for major project proponents seeking tailored 
information and facilitation of their regulatory 
approval requirements. Investors in major projects 
that have an expected capital expenditure of  
A$50 million or more, and meet the eligibility 
criteria, may apply for Major Project Status.19 

  States and the Northern Territory also have specific 
resources and energy strategies and initiatives 
with dedicated resources and energy ministers to 
support sector activities, including: 
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 › Queensland’s Strategic Resources Exploration 
Program 2017-2021

 › New South Wales’ New Frontiers Initiative 

 › Victoria’s Extractive Resources Strategy 

 › South Australia’s Plan for Accelerating 
Exploration PACE copper

 › Western Australia’s Exploration Incentive 
Scheme 

 › Northern Territory’s Resourcing the Territory  
2018-2022 

 › Tasmania’s Mining for Tasmania’s Future policy 

 ›  Strategic location with proximity to Asian 
markets 

  There is continuing demand from China for 
Australian commodities and near-neighbours 
India and Indonesia also have robust growth 
projections. Australia is very well placed to supply 
these nations with materials for their rapidly 
increasing development.

 › World-leading sustainable mining

  Australia is a world leader in sustainable mining 
with a history of implementing strong environmental 
and safety regulation and the adoption of voluntary 
standards and codes of practice.20 Due to its world-
leading sustainable mining practices, the Australian 
government has developed leading practice 
handbooks for sustainable mining.21 

 ›  Track record in innovation and  
cost-competitiveness 

  With challenging global commodity prices, 
innovation is the key to mining productivity and 
delivering value to mining operations. Over recent 
years, Australian METS companies are introducing 
miners to innovative solutions which are increasing 
project productivity. This includes solutions that 
automate or optimise mine operations, maximise 
equipment use, improve extraction, and reduce 
risks and operating costs.

 ›  Access to world class research 
and development

  The mining value chain is complex and segmented 
by technical discipline, function and market. 
Australian mining research and development (R&D) 
has resulted in breakthroughs across mineral and 
coal exploration, geophysics and geoscience, 
surface and underground mining, coal and mineral 
processing, materials handling and transport and 
logistics.22 

  There are currently 15 R&D facilities focusing on the 
resource sector with 18 CRCs linked to minerals 
and energy. Access to world-leading technologies 
and innovations in the sector (e.g. remote control 
and automation) are available in both Perth and 
Melbourne. In particular the MinEx CRC will receive 
A$50 million from the CRC program as part of a 
planned investment of almost A$220 million over  
10 years.23 

  The federal R&D tax incentive program and state-
specific programs also provide a platform for R&D 
opportunities in Australia.

 ›  Globally recognised as an attractive investment 
location for mining

  Australia continues to be an attractive place for 
mining investment, ranking number two in the 
world by the Fraser Institute, when both policy and 
mineral potential are considered.24
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CRITICAL 
MINERALS 

Methodology

The selection of ‘in-scope’ critical minerals for the 
purpose of this Prospectus seeks to balance the future 
mineral needs of Australia’s strategic and economic 
partners with Australia’s potential to supply such minerals. 

Specifically, the criticality of different minerals for 
Australia’s strategic and economic partners was 
examined, including the degree of criticality (where 
available) and the number of partners who had identified 
such minerals as being of a critical nature.  This list 
of minerals was then assessed against Geoscience 
Australia’s understanding of Australia’s geological 
prospectivity and potential to supply each mineral.

Prior to finalising the list of critical minerals to be 
assessed, certain minerals were excluded based on the 
deposits and markets for these minerals being relatively 
large, well-known and highly developed. Compared 
to other critical minerals, there is relatively less value 
in providing information on these minerals and any 
associated opportunities. 

Critical Minerals In-Scope

The 24 critical minerals selected for examination are set 
out in Table 2.

Dubbo Project.  
Image courtesy of Alkane Resources.
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1 Antimony Moderate 139 kt 1500 kt 4 9% 5.5 kt 150 kt 4 4% $185.2 China (32%)

2 Beryllium Moderate – – – – – 230 t – – $918.6 USA (74%)

3 Bismuth Moderate 4.93 kt – – – – 14 kt – – $69.2 China (79%)

4 Chromium High – 510 000 
kt

– – – 31 000 
kt

– – $4705.3 South Africa 
(49%)

5 Cobalt High 1164 kt 7100 kt 2 16% 5 kt 110 kt 3 5% $541.8 DRC (58%)

6 Gallium High – – – – – 495 t – – $918.628 China (–)

7 Germanium High – – – – – 134 t – – $918.628 China (66%)

8 Graphite Moderate 7100 
kt

270 
000 kt

- 3% 0 1200 
kt

0 – $1076.1 China (65%)

9 Hafnium High 756 kt – – – – – – – $918.628 –

10 Helium Moderate – – – – 4 hm3 160 
hm3

– 3% $591.0 USA (57%)

11 Indium High 0.11 kt (or 
105.4 t)

– – – – 0.72 kt – – $918.628 China (43%)

12 Lithium High 2730 
kt

16000 
kt

3 17% 14.4 kt 43 kt 1 33% $1430.6 Australia 
(33%)

13 Magnesium Moderate 1.17 Mt – 5 – 0 1100 kt 4 – $716.4 China (86%)

14 Manganese High 219 000 
kt

680 
000 kt

3 32% 3200 kt 16 000 
kt

3 20% $5443.7 South Africa 
(33%)

15 Niobium High 286 kt 4300 kt 2 7% – 64 kt – – $1709.529 Brazil (89%)

16 Platinum-
group 
elements

High 5.3 kt 69 kt Minor 8% 2.6 kt 200 kt Minor 1.3% $19 316.6 South Africa 
(53%)

17 Rare-earth 
elements

High 3430 kt 120 000 
kt

6 3% 14 kt 130 kt 2 11% $415.430 China (81%)

18 Rhenium Moderate 0.00016 
Mt (or 
1.6 kt)

2.5 kt – – – 52 kt – – $918.628 Chile (52%)

19 Scandium High 0.01716 
Mt (or 

17.16 kt)

– – – – – – – -30 China (28%)

20 Tantalum High 75.7 kt 110 kt 1 69% – 1.3 kt – – $1552.9 Rwanda 
(30%)

21 Titanium High Ilmenite: 
276 900 
kt Rutile: 

33 000 kt

Ilmenite: 
897 

000 kt 
Rutile: 

66 000 
kt

Ilmenite: 
1 

Rutile: 1

Ilmenite: 
31% 

Rutile: 
50%

Ilmenite: 
1400 kt 
Rutile: 
300 kt

Ilmenite: 
6700 kt 
Rutile: 
750 kt

Ilmenite: 
1 

Rutile: 1 

Ilmenite: 
22% 

Rutile: 
40%

$1609.9 China (35%) 
– metal 
sponge

22 Tungsten Moderate 391 kt 3591 kt 2 11% 0.11 kt 95 kt Minor 0.12% $164.0 China (83%)

23 Vanadium Moderate 2111 kt 20 000 
kt

4 11% 0 80 kt 0 – $1709.529 China (54%)

24 Zirconium High 52 662 kt 74 000 
kt

1 71% 600 kt 1600 kt 1 38% $1003.4 Australia 
(38%)

Table 2: Table of Critical Minerals (balancing the future mineral needs of Australia’s strategic and economic 
partners with Australia’s potential to supply such minerals)

 
 
Critical 
Mineral

 
Australia’s 
Geological 
Potential25

Australia’s 
Economic 

Demonstrated 
Resource26
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CRITICAL MINERAL SUMMARIES: 
CHARACTERISTICS, SUPPLY, 
DEMAND AND CRITICALITIES 
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ANTIMONY (Sb)

CHARACTERISTICS

Properties Silvery white, shiny, very brittle metal that is a semi-conductor and 
resistant to acids.

Usages Antimony is used in flame retardants, as an alloying material for Pb 
and Sn and in micro-capacitors.

Geological occurrence Crustal abundance is 0.2 ppm; major Sb-bearing minerals include 
stibnite and tetrahedrite.

Mineral system group Porphyry-epithermal, subaqueous volcanic-related, orogenic and 
basin-hosted.

Extraction Main product or co-product (with Au).

SUPPLY

Global production 150 kt

Major producing countries China (110 kt) 73%

Tajikistan (14 kt) 9%

Russia (8 kt) 5%

Global resources 1500 kt

Major resource holders China (480 kt) 32%

Russia (350 kt) 23%

Bolivia (310 kt) 21%

Australian production 5.5 kt 

Australian resources (EDR) 139 kt

Australian exports Not available

Australian potential for new resources Developments in processing technologies is allowing recovery from 
Zn-Pb-Ag ores and discovery of new Sb-Au deposits in orogenic 
mineral systems.

Recycling Small amounts recycled from Pb-acid batteries.

DEMAND Country Import value ($US)

Ores and concentrates China 149 038 144

India 14 381 676

Italy 9 224 291

Japan 6 945 802

USA 149 038 144

SUBSTITUTION Flame retardant substitutes are organic compounds and hydrated 
aluminium oxide.

Ores and concentrates

A summary of each selected critical mineral is set out below.
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Topcoat reactivation technology for re-coating Boeing 
airliners. Image courtesy of CSIRO.

BERYLLIUM (Be)

CHARACTERISTICS

Properties Steel grey, low density metal that is hard and brittle at room 
temperature, is highly toxic and has a high melting point (1287oC).

Usages Beryllium is used in telecom equipment, automotive electronics, 
aerospace and defence and industrial components.

Geological occurrence Crustal abundance is 1.9 ppm; major Be-bearing minerals include 
bertrandite, beryl, chrysoberyl and phenakite.

Mineral system group Granite-related.

Extraction Main product.

SUPPLY

Global production 230 t

Major producing countries USA (170 t) 74%

China (50 t) 22%

Madagascar (6 t) 3%

Global resources World beryllium resources are not sufficiently well delineated to 
report consistent figures for each country.

Major resource holders Not available

Australian production Not available

Australian resources (EDR) Not available

Australian exports Not available

Australian potential for new resources Discovery of new pegmatitic resources in the igneous-related 
mineral system.

Recycling Beryllium is recycled mostly from new scrap generated during the 
manufacture of beryllium products. About 19% of consumption is 
recycled from scrap.

DEMAND Country Import value ($US)

USA 400 787 290

Germany 191 572 154

Japan 163 771 912

China 63 997 658

United Kingdom 57 503 491

France 40 955 278

SUBSTITUTION A few substitutes are available for beryllium but are less effective.

No specific data for beryllium. Data 
are aggregated for Be, Cr, Ge, V, Ga, 
Hf, In, Nb, Re and Tl articles of metals 
including scrap, waste and powder.
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BISMUTH (Bi)

CHARACTERISTICS

Properties Silvery-white brittle metal that has low thermal conductivity and is 
diamagnetic.

Usages Bismuth is often used in free-machining steels, brass, pigments 
solders (as a non-toxic replacement for lead), pharmaceuticals, as 
an additive to enhance metallurgical quality in foundry applications 
and as a triggering mechanism in fire sprinklers. 

Geological occurrence Crustal abundance is 0.18 ppm; major bismuth-bearing minerals 
include bismuthinite, and bismuth can be an important trace to 
minor constituent in galena.

Mineral system group Porphyry-epithermal, granite-related, subaqueous volcanic-related, 
orogenic and basin-hosted.

Extraction By-product of lead smelting.

SUPPLY

Global production 14 kt

Major producing countries China (11 kt) 79%

Laos (2 kt) 14%

Mexico (0.54 kt) 4%

Global resources Not available

Major resource holders Not available

Australian production Not available

Australian resources (EDR) 4.93 kt

Australian exports Not available

Australian potential for new resources Recovery of bismuth from ore and concentrates from existing mining 
operations; minor potential for skarn and related deposit types in the 
porphyry-epithermal and granite-related mineral systems.

Recycling Bismuth is recycled from new and old scrap.

DEMAND Country Import value ($US)

USA 30 208 064

Germany 21 989 597

China, Hong Kong SAR 5 993 242

China 6 023 610

Republic of Korea 4 938 887

SUBSTITUTION Titanium dioxide coated mica flakes are substitutes in pigments; 
indium can replace bismuth in low-temperature solders; resins can 
replace bismuth in machining; and glycerine filled glass bulbs can 
replace bismuth alloys in fire sprinkler triggering devices.

Bismuth; articles thereof, including 
waste and scrap
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CHROMIUM (Cr)

CHARACTERISTICS

Properties Hard metal with a high melting point (1907OC) that is resistant to tarnish.  
Chromium is antiferromagnetic at room temperature and paramagnetic 
above 38oC. It is passivated by oxygen making it stable to acids.

Usages Chromium is used in stainless and heat resistant steels, super 
alloys, non-ferrous alloys and pigments.

Geological occurrence Crustal abundance is 135 ppm. Chromium bearing minerals include 
chromite.

Mineral system group Mafic-ultramafic orthomagmatic and surficial.

Extraction Main product.

SUPPLY

Global production 31 000 kt

Major producing countries South Africa (15000 kt) 49%

Kazakhstan (5400 kt) 17%

India (3200 kt) 10%

Global resources 510 000 kt

Major resource holders Kazakhstan (230 000 kt) 45%

South Africa (200 000 kt) 39%

India (54 000 kt) 11%

Australian production 0

Australian resources (EDR) 0

Australian exports 0

Australian potential for new resources Development of known deposits and discovery of new deposits in 
large igneous provinces.

Recycling Recycled from scrap chromium-bearing steel and alloys. 
Recycled chromium accounts for about 30% of consumption.

DEMAND Country Import value ($US)

Ores and concentrates China 4 443 177 603

Russia 175 496 183

Germany 52 176 156

USA 34 240 046

Netherlands 178 027

SUBSTITUTION Chromium has no substitute in stainless steel. Chromium-bearing 
scrap can substitute for ferrochromium in some metallurgical uses.
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COBALT (Co)

CHARACTERISTICS

Properties Ferromagnetic metal that is hard and lustrous.

Usages Emerging technologies that could use Co include Li-ion batteries 
and synthetic fuels. The most important present use is in 
superalloys, steel and pigments.

Geological occurrence Crustal abundance is 26.6 ppm; major cobalt-bearing minerals 
include cobaltite and cobaltian pyrite.

Mineral system group Mafic-ultramafic orthomagmatic and basin-hosted.

Extraction By-product, co-product of copper mining.

SUPPLY

Global production 110 kt

Major producing countries Democratic Republic of the Congo (64 kt) 58%

Russia (5.6 kt) 5%

Australia (5 kt) 5% 

Global resources 7100 kt

Major resource holders Democratic Republic of the Congo (3500 kt) 49%

Australia (1200 kt) 17%. Includes JORC and pre-JORC-compliant 
(390 kt) resources.

Cuba (500 kt) 7%

Australian production 5 kt (5%)

Australian resources (EDR) 1164 kt (16%)

Australian exports Not available

Australian potential for new resources Development of known deposits and discovery of new deposits 
in large igneous provinces. Extraction of cobalt from basin-hosted 
copper deposits.

Recycling Some recycling is currently available, however more widespread 
use of Lithium-ion batteries is likely to drive more advanced 
recycling methods.

DEMAND Country Import value ($US)

Ores and concentrates China 342 770 008

Zambia 180 808 056

Finland 17 537 609

USA 665 180

SUBSTITUTION Nickel-based superalloys can substitute for cobalt superalloys; 
various materials can substitute in steel and various substitutions 
are possible in batteries. In some applications substitution results in 
a loss of performance.
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GALLIUM (Ga)

CHARACTERISTICS

Properties Silvery white metal that has a low melting point (29.7oC), a high 
boiling point (2204oC) and is a semiconductor.

Usages Gallium is used in integrated circuits, laser diodes, LEDs, 
photodetectors and thin layer photovoltaics.

Geological occurrence Crustal abundance is 16 ppm; in nature gallium occurs as a trace 
element in bauxite and sphalerite.

Mineral system group Subaqueous volcanic-related; orogenic basin-hosted and surficial.

Extraction By-product of zinc mining.

SUPPLY

Global production 315 t (primary production); 180 t (refinery production)

Major producing countries Primary gallium: China, Japan, Republic of Korea, Russia, Ukraine

Refinery production: China, Japan, Slovakia, United Kingdom, USA

Global resources Quantitative estimates are not available. Gallium is a by-product of 
treating bauxite and from zinc-processing residues. Less than 10% 
of gallium in bauxite and zinc is potentially recoverable.

Major resource holders Not available

Australian production Not available

Australian resources (EDR) Not available

Australian exports Not available

Australian potential for new resources Extraction from ore and concentrates from existing mining 
operations, particularly bauxite and zinc mines.

Recycling Recycled from scrap generated in the manufacture of gallium-
arsenide-based products.

DEMAND Country Import value ($US)

USA 400 787 290

Germany 191 572 154

Japan 163 771 912

China 63 997 658

United Kingdom 57 503 491

France 40 955 278

SUBSTITUTION Organic compounds liquid crystals substitute for LEDs in visual 
displays, indium phosphide components can substitute gallium-
arsenide-based infrared laser diodes in some cases and silicon 
substitutes in solar cell technology.

No specific data for gallium. Data are 
aggregated for Be, Cr, Ge, V, Ga, Hf, 
In, Nb, Re and Tl articles of metals 
including scrap, waste and powder.
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GERMANIUM (Ge)

CHARACTERISTICS

Properties Grey-white metalloid that is hard, lustrous and semiconducting.

Usages Germanium is used in fibre and infrared optics, as a polymerisation 
catalyst and in electronic and solar electric applications.

Geological occurrence Crustal abundance is 1.3 ppm; in nature germanium occurs as a 
trace element in sphalerite and coal.

Mineral system group Subaqueous volcanic-related, orogenic and basin-hosted.

Extraction By-product of zinc processing.

SUPPLY

Global production 134 t refinery production (USA production not included).

Major producing countries China (88 t) 66%

Russia (6 t) 4%

USA not available

Global resources Data on the recoverable germanium content of zinc ores are not 
available.  

Major resource holders The USGS notes that USA reserves of zinc may contain as much as 
2500 t of germanium.

Australian production Not available

Australian resources (EDR) Not available

Australian exports Not available

Australian potential for new resources Extraction from ores and concentrates from existing mines 
particularly zinc mines and possible coal mines.

Recycling Germanium metal used in the optics industry is routinely recycled 
from new scrap. Worldwide approximately 30% of germanium 
consumption is from recycled materials.

DEMAND Country Import value ($US)

USA 400 787 290

Germany 191 572 154

Japan 163 771 912

China 63 997 658

United Kingdom 57 503 491

France 40 955 278

SUBSTITUTION Silicon substitutes for germanium in some electronic applications.  
Zinc selenide can be substituted in infrared applications but at 
a performance loss. Tantalum, antimony and titanium can be 
substituted as a polymerisation catalyst.

No specific data for germanium. Data 
are aggregated for Be, Cr, Ge, V, Ga, 
Hf, In, Nb, Re and Tl articles of metals 
including scrap, waste and powder.
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GRAPHITE (C)

CHARACTERISTICS

Properties Iron black mineral with a metallic-earthy lustre that is an electrical and 
thermal conductor, has high thermal resistance, is inert and can be 
used as a lubricant.

Usages Uses of graphite include carbon-graphite composites, electronics, 
foils, friction materials and special lubricants applications.  
Flexible graphite products and large-scale fuel cell application 
developments may become high users of graphite.

Geological occurrence Crustal abundance is 1800 ppm (total C). In nature graphite is one 
of a number of forms of carbon.

Mineral system group (Metamorphosed) basin-hosted.

Extraction Main production.

SUPPLY

Global production 1200 kt

Major producing countries China (780 kt) 65%

India (150 kt) 13%

Brazil (95 kt) 8%

Global resources 270 000 kt

Major resource holders Turkey (90 000 kt) 33%

Brazil (70 000 kt) 26%

China (55 000 kt) 20%

Australian production Not available

Australian resources (EDR) Not available

Australian exports Not available

Australian potential for new resources Development of existing resources and new discoveries in 
metamorphosed reduced-C basins.

Recycling Refractory graphite material is recycled into products including 
brake linings and thermal insulations. Recovery of high-quality flake 
graphite is technically feasible but not currently practiced.

DEMAND Country Import value ($US)

Natural mineral Japan 897 928 795

USA 61 414 835

Republic of Korea 43 862 236

Germany 43 533 597

China 29 367 408

SUBSTITUTION Graphite has few suitable substitutes. Synthetic graphite powder 
may be used in steel and some battery applications.
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HAFNIUM (Hf)

CHARACTERISTICS

Properties A shiny, silvery, corrosion resistant metal. 

Usages Hafnium is used in the control rods of nuclear reactors, in vacuum 
tubes and has been used as an alloying agent with iron, titanium, 
niobium and other metals. Hafnium oxide may be used as an 
electrical insulator in microchips.

Geological occurrence Crustal abundance is 5.8 ppm. Substitutes for zirconium, especially 
in zircon.

Mineral system group Heavy mineral sands, pegmatites, carbonatite intrusions.

Extraction By-product, co-product of zircon mining. 

SUPPLY

Global production Not available

Major producing countries Not available

Global resources World resources of hafnium are associated with those of zircon 
and baddeleyite. Quantitative estimates of Hf resources are not 
available.

Major resource holders Not available

Australian production Not available

Australian resources (EDR) Dubbo mineral project has Proved Reserves of 18.9 Mt with a grade 
of 0.04% HfO2 (hafnium oxide).

Australian exports Not available

Australian potential for new resources The Dubbo Zirconia Project proposes to produce zirconium 
carbonate and more than 200 tonnes per year of hafnium oxide, as 
well as niobium, rare-earth, and tantalum products.

Recycling Hafnium recycling is insignificant.

DEMAND Country Import value ($US)

USA 400 787 290

Germany 191 572 154

Japan 163 771 912

China 63 997 658

United Kingdom 57 503 491

France 40 955 278

SUBSTITUTION Silver-cadmium-indium control rods are used in lieu of hafnium at 
numerous nuclear power plants.

No specific data for hafnium. Data 
are aggregated for Be, Cr, Ge, V, Ga, 
Hf, In, Nb, Re and Tl articles of metals 
including scrap, waste and powder.
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HELIUM (He)

CHARACTERISTICS

Properties Colourless, odourless, tasteless, non-toxic gas that has the lowest 
boiling and melting points of all the elements.

Usages Helium is used in cryogenics, cooling systems, in MRI scanners, 
LCD and fibre optics.

Geological occurrence Helium, a product of radioactive decay of heavy elements, 
accumulates with natural gas in hydrocarbon traps.

Mineral system group Basin-hosted.

Extraction By-product of natural gas production.

SUPPLY

Global production 160 hm3 (hm3 = million cubic metres)

Major producing countries USA extracted from natural gas fields (63 hm3) 39%

USA (28 hm3) 18%

Algeria (14 hm3) 9%

Global resources World helium resources are not sufficiently well delineated to report 
consistent figure for all countries.

Major resource holders USA (3900 hm3)

Algeria (1800 hm3)

Russia (1700 hm3)

Australian production 4 hm3 (source USGS)

Australian resources (EDR) Not available

Australian exports Not available

Australian potential for new resources Extraction of helium from existing and new natural gas fields.

Recycling Helium is seldom recycled. Japan and western Europe recycle 
when economically viable.

DEMAND Country Import value ($US)

China 172 149 008

Republic of Korea 120 138 841

Germany 109 625 055

Japan 100 427 230

France 88 641 761

SUBSTITUTION There is no substitute for helium in cryogenic applications if 
temperatures are below -256oC. Argon can substitute in welding 
and in lighter than air applications.

No specific data for helium. Data are for 
rare gases other than argon.
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INDIUM (In)

CHARACTERISTICS

Properties Silvery white, dense metal that forms alloys with most other metals and 
generally increases strength, corrosion resistance and hardness. 

Usages Indium tin oxide (ITO) thin-film coatings are used for electrically 
conductive purposes in flat-panel, TV and smart phone devices. 
Other uses include electrical components and semiconductors, 
solders, alloys and compounds. 

Geological occurrence Crustal abundance is 0.052 ppm; In occurs mostly as a trace 
element in sphalerite. 

Mineral system group Subaqueous volcanic-related, orogenic and basin-hosted. 

Extraction By-product of zinc-lead, copper and tin mining and smelting.  

SUPPLY

Global production 0.72 kt

Major producing countries China (0.31 kt) 43%

Republic of Korea (0.22 kt) 31%

Japan (0.07 kt) 10%

Canada (0.07 kt) 10%

Global resources Not available

Major resource holders Not available

Australian production Not available

Australian resources (EDR) 0.11 kt (or 105.4 t)

Australian exports Not available

Australian potential for new resources Extraction from ores and concentrates from existing mining 
operations, particularly zinc mines. 

Recycling Indium is recycled from scrap tungsten-bearing steel and superalloys. 
Recycling is very inefficient and constitutes a very small (<1%) fraction 
of supply. 

DEMAND Country Import value ($US)

USA 400 787 290

Germany 191 572 154

Japan 163 771 912

China 63 997 658

United Kingdom 57 503 491

France 40 955 278

SUBSTITUTION Antimony can substitute for indium in ITO. Carbon nanotube 
coatings and organic compounds substitutes for ITO in solar cells, 
flexible displays and touch screens; hafnium can replace indium in 
nuclear reactor control rod alloys. 

No specific data for indium. Data are 
aggregated for Be, Cr, Ge, V, Ga, Hf, 
In, Nb, Re and Tl articles of metals 
including scrap, waste and powder.
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LITHIUM (Li)

CHARACTERISTICS

Properties Shiny, silvery, tough and soft metal that forms strong alloy, is very reactive 
and has the lowest density of all know solids at room temperature. 

Usages Lithium is used in batteries, ceramics and glass. 

Geological occurrence Crustal abundance is 16 ppm; lithium occurs mostly in spodumene 
and lepidolite, but also in salt lake and oil field brines. 

Mineral system group Intrusion-related and surficial. 

Extraction Main product. 

SUPPLY

Global production 43 kt (excludes USA production)

Major producing countries Australia (14.4 kt) 33%

Chile (14.1 kt) 33%

Argentina (5.5 kt) 13%

Global resources 16000 kt

Major resource holders Chile (7500 kt) 47%

China (3200 kt) 20%

Australia (2730 kt) 17%

Australian production 14.4 kt

Australian resources (EDR) 2730 kt

Australian exports Not available

Australian potential for new resources Identification of lithium resources associated with known and new 
pegmatite fields, and discovery of lithium enriched salt lakes. 

Recycling Small amounts of lithium were recycled from batteries, recycling is 
increasing. 

DEMAND Country Import value ($US)

Japan 218 603 702

Republic of Korea 132 536 916

Belgium 38 674 485

India 35 928 954

USA 28 562 739

DEMAND Country Import value ($US)

China 362 157 824

Republic of Korea 247 355 164

Japan 195 143 911

Belgium 91 066 358

USA 80 553 202

SUBSTITUTION Battery substitution includes calcium, magnesium, mercury and 
zinc. Various substitutions available for ceramics and glass. 

Lithium oxide and hydroxide

Lithium carbonates
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Mt Weld.  
Image courtesy of Lynas Corporation.

Australian Critical Minerals Prospectus 25



MAGNESIUM (Mg)

CHARACTERISTICS

Properties Shiny grey, light metal.

Usages Magnesium is used in aluminium alloys, die-casting (alloyed with 
zinc), removal of sulphur during the production of Fe and steel, and 
the production of titanium.

Geological occurrence Magnesium is the seventh most abundant element in the Earth’s 
crust at about 2.5%.

Mineral system group Metamorphosed mafic-ultramafic orthomagmatic and basin-hosted.

Extraction Extracted from dolomite, talc and magnesite; main product.

SUPPLY

Global production 1100 kt 

Major producing countries China (930 kt) 86%

Russia (60 kt) 5%

Israel (24 kt) 2% 

USA production data not available.

Global resources Magnesium metal is derived from seawater, natural brines, dolomite, 
serpentine, and other minerals. The reserves for this metal are 
sufficient to supply current and future requirements.

Major resource holders Not available

Australian production 0

Australian resources (EDR) 1.17 Mt

Australian exports Not available

Australian potential for new resources Australia currently produces talc, from which magnesite can be 
processed. Potential sources are abundant (e.g. serpentinised mafic 
magmatic rocks, dolomite) but must be cheap to produce.

Recycling Magnesium is recovered from both old and new scrap. 

DEMAND Country Import value ($US)

Germany 203 991 766

Canada 195 108 939

USA 158 795 520

Japan 100 108 591

Republic of Korea 58 442 764

SUBSTITUTION Aluminium and zinc may substitute for magnesium in castings and 
wrought products but the light weight of magnesium is an advantage 
over them however the high cost of magnesium is a disadvantage.

Magnesium metal including scrap and 
waste 
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MANGANESE (Mn)

CHARACTERISTICS

Properties Silvery-grey metal, that is hard, very brittle and paramagnetic. 

Usages Manganese is alloyed in steel and aluminium, and is used in 
batteries and fertiliser. 

Geological occurrence Crustal abundance is 770 ppm; the main manganese mineral is 
pyrolusite. 

Mineral system group Basin-hosted and surficial. 

Extraction Main product.

SUPPLY

Global production 16 000 kt

Major producing countries South Africa (5300 kt) 33%

China (2500 kt) 16%

Australia (2200 kt) 14%

Global resources 680 000 kt

Major resource holders South Africa (200 000 kt) 30%

Ukraine (140 000 kt) 21%

Australia (120 000 kt) 18%

Australian production 3200 kt manganese ore

Australian resources (EDR) 219 000 kt manganese ore

Australian exports 70% of ore is exported, remainder goes to the South32 TEMCO 
smelter in Tasmania.

Australian potential for new resources Further discoveries possible in shallow environments of marine 
basins.

Recycling Minor amounts of manganese are recovered along with iron from 
steel slag. 

DEMAND Country Import value ($US)

China 4 105 985 405

Republic of Korea 524 939 662

Japan 491 926 291

USA 182 983 786

Germany 137 905 292

SUBSTITUTION Manganese has no satisfactory substitute in major applications. 

Ores, concentrates, oxides, waste 
scrap (alloys and batteries not 
included)
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NIOBIUM (Nb)

CHARACTERISTICS

Properties Soft and ductile metal with good resistance to organic and inorganic 
acids. 

Usages Niobium is used in micro capacitors, steel and ferroalloys. 

Geological occurrence Crustal abundance is 8 ppm; niobium occurs as a minor element in 
minerals such as columbite, pyrochlore and euxinite. 

Mineral system group Granite-related and alkaline intrusion-related. 

Extraction Co-product, by-product. 

SUPPLY

Global production 64 kt

Major producing countries Brazil (57 kt) 89%

Canada (6 kt) 9%

Global resources >4300 kt

Major resource holders Brazil (4100 kt) 95%

Canada (200 kt) 5%

Australian production Not available

Australian resources (EDR) 286 kt (7%)

Australian exports Not available

Australian potential for new resources Production as a by-product of rare-earth element mining operations 
in alkaline intrusion-related systems and also from pegmatites from 
granite-related mineral systems. 

Recycling Recycled from scrap niobium-bearing steel and superalloys, 
possibly up to 20%. 

DEMAND Country Import value ($US)

China 901 116 059

USA 482 727 196

Germany 191 572 154

United Kingdom 68 328 892

France 65 757 828

SUBSTITUTION Substitution by molybdenum and vanadium in high-strength, low 
alloy steel and by tantalum and titanium in stainless and high-
strength steels is possible but it may involve higher costs and/or a 
loss in performance. 

No specific data for niobium. Data are 
aggregated for Nb, Ta, V or Zr ore and 
concentrates and Be, Cr, Ge, V, Ga, 
Hf, In, Nb, Re and Tl articles of metals 
including scrap, waste and powders.
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RARE-EARTH ELEMENTS (excluding scandium (Sc))

CHARACTERISTICS

Properties The 15 lanthanide elements plus yttrium are here grouped as rare-
earth elements (chemists often include scandium). The 16 rare-earth 
elements have a variety of properties. 

Usages Rare-earth elements are used in magnets, catalysts, metal 
alloys, polishing powders, phosphors, energy storage and 
superconductors. 

Geological occurrence Crustal abundances are 31 ppm (yttrium), 20 ppm (lanthanum),  
43 ppm (cerium), 4.9 ppm (praseodymium), 20 ppm (neodymium), 
3.9 ppm (samarium), 1.1 ppm (europium), 3.7 ppm (gadolinium),  
0.6 ppm (terbium), 3.6 ppm (dysprosium), 0.77 ppm (holmium), 
2.1 ppm (erbium), 0.28 ppm (thulium), 1.9 ppm (ytterbium), and 
0.30 ppm (lutetium). Rare-earth elements occur as minor to trace 
elements in many minerals, but major rare-earth element -bearing 
minerals include carbonates (e.g. bastnäsite), phosphates  
(e.g. monazite, xenotime) and silicates (e.g. allanite). 

Mineral system group Granite-related, iron-oxide copper-gold, alkaline intrusion-related, 
surficial (lanthanides). 

Extraction Main product, co-product. 

SUPPLY

Global production 130 kt REO (rare-earth oxides)

Major producing countries China (105 kt REO) 81%
Australia (14 kt REO) 11%
Russia (3 kt REO) 2% 

Global resources 120 000 kt REO

Major resource holders China (44 000 kt REO) 37%
Brazil (22 000 kt REO) 19%
Russia (18 000 kt REO) 15%

Australian production 14 kt REO

Australian resources (EDR) 3430 kt REO + Y2O3

Australian exports Not available

Australian potential for new resources Alkaline intrusion-related and iron-oxide copper-gold systems have 
high potential for rare-earth and associated elements. The Olympic 
Dam mine is one of the two largest rare-earth element deposits 
globally but currently these elements are not recovered. 

Recycling Small amounts mostly magnet scrap.

DEMAND Country Import value ($US)

Japan 254 482 778

USA 72 157 575

Germany 49 714 928

France 21 679 238

Republic of Korea 17 391 432

Alkali or alkaline-earth metals, 
scandium, yttrium, whether or not 
intermixed or interalloyed, excludes 
organic or inorganic compounds 

SUBSTITUTION Substitutes are available but less effective. 
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PLATINUM GROUP ELEMENTS 

CHARACTERISTICS

Properties Metals characterised by catalytic properties, resistance to wear, tarnish, 
and chemical attack, and by stable electrical properties. 

Usages Platinum and palladium are both used in catalytic converters. 
Platinum is used in electronic applications and fuel cells, and 
palladium is used in seawater desalination. 

Geological occurrence Crustal abundances of platinum-group elements are 0.57 ppb 
(ruthenium), 0.2 ppb (rhodium), 1.5 ppb (palladium), 0.041 ppb 
(osmium), 0.037 ppb (iridium), and 1.5 ppb (platinum). Platinum-
group elements occur as metallic alloys, sulfide and arsenide 
minerals. 

Mineral system group Mafic-ultramafic orthomagmatic, alkaline intrusion-related, and 
surficial. 

Extraction Main product, by-product. 

SUPPLY

Global production Platinum 200 t

Palladium 210 t

Major producing countries South Africa (218 t) 53%

Russia (102 t) 25%

Zimbabwe (27 t) 7%

Global resources 69 kt 

Major resource holders South Africa (63 kt) 91%

Russia (3.9 kt) 6%

Zimbabwe (1.2 kt) 2%

Australian production 2.6 t

Australian resources (EDR) 5.3 t

Australian exports Not available

Australian potential for new resources Greatest potential for platinum-group elements production is 
from mafic-ultramafic bodies associated with major large igneous 
provinces. Platinum group elements can be produced as by product 
from existing nickel mines. 

Recycling Recycling from industrial process catalysts and of platinum-group 
elements equipment. 
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PLATINUM GROUP ELEMENTS 

DEMAND Country Import value ($US)

United Kingdom 5 616 940 212

USA 2 485 753 168

Germany 2 013 582 038

China Hong Kong SAR 1 165 423 580

Japan 853 991 318 

United Kingdom 2 478 898 592

Japan 1 913 390 645

USA 1 495 170 763

Germany 922 852 070

China Hong Kong SAR 93 108 738

United Kingdom 107 523 560

Germany 75 773 456

Japan 35 353 763

USA 29 870 060

China Hong Kong SAR 28 950 977

Platinum, unwrought, semi-
manufactured, powder

Palladium, unwrought, semi-
manufactured, powder

Indium, osmium, ruthenium 
unwrought, semi-manufactured, 
powder

SUBSTITUTION Motor vehicles substitute palladium for platinum in catalytic 
converters. Some platinum-group elements can be substituted for 
the other platinum-group elements. 
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RHENIUM (Re)

CHARACTERISTICS

Properties Very dense metal with a very high melting point (3186°C). 

Usages Rhenium is used in superalloys for high-temperature turbine engine 
components and in catalytic converters. 

Geological occurrence Crustal abundance is 0.188 ppb; the major source of rhenium is as 
a minor element in molybdenite. 

Mineral system group Porphyry-epithermal and iron-oxide copper-gold. 

Extraction By-product. 

SUPPLY

Global production 52 t

Major producing countries Chile (27 t) 52%

Poland (9 t) 17%

USA (8.5 t) 16%

Global resources 2.5 kt

Major resource holders Chile (1.3 kt) 52% 

US (0.39 kt) 16% 

Russia (0.31 kt) 12.4% 

Australian production Not available

Australian resources (EDR) 0.00016 Mt (or 1.6 kt) 

Australian exports Not available

Australian potential for new resources Further discovery of molybdenum-rich deposits in the iron-oxide 
copper-gold mineral system, and possible recovery as a by-product 
from existing porphyry copper mines. 

Recycling Rhenium in spent platinum-rhenium catalysts are routinely recycled. 
Some rhenium is recycled from other alloys. 

DEMAND Country Import value ($US)

USA 400 787 290

Germany 191 572 154

Japan 163 771 912

China 63 997 658

United Kingdom 57 503 491

France 40 955 278

SUBSTITUTION Rhodium and rhodium-iridium can substitute in high-temperature 
thermocouples; numerous metals may substitute for rhenium in 
catalyst applications. 

No specific data for rhenium.  Data 
are aggregated for Be, Cr, Ge, V, Ga, 
Hf, In, Nb, Re and Tl articles of metals 
including scrap, waste and powder.
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SCANDIUM (Sc)

CHARACTERISTICS

Properties A silvery-white metallic element.

Usages Uses include in aluminium-scandium alloys, solid oxide fuel cells, 
ceramics, electronics, lasers, lighting, and radioactive isotopes. 
Scandium isotopes may be are used as tracing agents in oil refining.

Geological occurrence Average crustal abundance is 22 ppm.

Mineral system group Mafic-ultramafic igneous-related mineral systems.

Extraction By-product or main product.

SUPPLY

Global production Not available

Major producing countries Production in recent years in China, Kazakhstan, Russia and 
Ukraine.

Global resources Not available

Major resource holders Identified scandium resources occur in Australia, Canada, China, 
Kazakhstan, Madagascar, Norway, the Philippines, Russia, Ukraine, 
and the USA.

Australian production Not available 

Australian resources (EDR) 0.01716 Mt (or 17.16 kt)

Australian exports Not available

Australian potential for new resources Good potential in weathered mafic intrusions.

Recycling None.

DEMAND Country Import value ($US)

Japan 254 482 778

USA 72 157 575

Germany 49 714 928

France 21 679 238

Republic of Korea 17 391 432

SUBSTITUTION Titanium and aluminium high-strength alloys and carbon-fibre 
materials, may substitute in high-performance scandium-alloy 
applications.

Alkali or alkaline-earth metals, 
scandium, yttrium, whether or not 
intermixed or interalloyed, excludes 
organic or inorganic compounds 
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Worker at Nolans Project. 
Image courtesy of Arafura Resources.
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TANTALUM (Ta)

CHARACTERISTICS

Properties Blue grey, lustrous, hard, tough and ductile metal that is very 
resistant to corrosion from acids, has high thermal and electrical 
conductivity, and a high melting point (3107°C). 

Usages Tantalum is used in electronic micro-capacitors and medical 
technology. 

Geological occurrence Crustal abundance is 0.7 ppm; the major source of tantalum is 
tantalite and columbite, although there are a number of other rare 
tantalum minerals.

Mineral system group Granite-related. 

Extraction Main product, co-product, by-product. 

SUPPLY

Global production 1.3 kt

Major producing countries Rwanda (0.39 kt) 30%

Democratic Republic of the Congo (0.37 kt) 28%

Nigeria (0.19 kt) 19%

Global resources >110 kt

Major resource holders Australia (78 kt) 70%

Brazil (34 kt) 30%

Australian production Not available 

Australian resources (EDR) 75.7 kt

Australian exports Not available

Australian potential for new resources Reopening of historic mines, (e.g. Wodgina) and discovery of 
tantalum-bearing pegmatites in known and greenfield pegmatite 
fields. 

Recycling Recycling is limited, mostly from new scrap, tantalum-bearing steel 
and superalloys. 

DEMAND Country Import value ($US)

China 982 663 254

USA 323 060 571

Republic of Korea 84 411 743

Germany 82 579 864 

Japan 80 190 007

SUBSTITUTION Tantalum is difficult to substitute, with the possibility of performance 
loss. 

Nb, Ta, V, Zr ores and concentrates; 
Tantalum including waste, scrap

Australian Critical Minerals Prospectus 35



TITANIUM (Ti)

CHARACTERISTICS

Properties Low density metal with high mechanical strength, high melting 
point, low thermal expansion coefficient and a high resistance to 
saltwater and acids. 

Usages Titanium is used in titanium oxide pigments, carbides, chemicals 
and as an alloy in steel and superalloys. 

Geological occurrence Crustal abundance is approximately 0.43%; the major source of 
titanium is ilmenite but other significant titanium minerals include 
titanite and rutile (and other TiO2 polymorphs). 

Mineral system group Mafic-ultramafic orthomagmatic and surficial. 

Extraction Main product, co-product. 

SUPPLY

Global production Metal sponge 170 kt
Ilmenite 6700 kt TiO2
Rutile 750 kt TiO2 (excludes USA production)

Major producing countries Metal sponge (Ti): China (60 kt) 35%, Japan (48 kt) 28%
Ilmenite: Australia (1400 kt) 22%, South Africa (1300 kt) 91%, 
Rutile: Australia (300 kt) 40%, South Africa (160 kt) 21%

Global resources Metal sponge (Ti) 277 kt global production capacity.
Ilmenite: 897 000 kt
Rutile: 66 000 kt

Major resource holders Metal sponge (Ti): China (114 kt) 50%, Japan (68.8 kt) 25%
Ilmenite: Australia (276 900 kt TiO2) 31%, China (220 000 kt TiO2) 25%
Rutile: Australia (33 000 kt TiO2) 50%; India (13 000 kt TiO2) 20%

Australian production Metal sponge (Ti): Not available
Ilmenite: 1400 kt
Rutile: 300 kt

Australian resources (EDR) Metal sponge (Ti): Not available
Ilmenite: 276 900 Mt
Rutile: 33 000 kt

Australian exports Exported as ilmenite and rutile concentrates, also as synthetic rutile. 
No titanium metal is produced in Australia.

Australian potential for new resources Discovery of new heavy mineral sand deposits and lesser potential 
from mafic-ultramafic orthomagmatic systems. 

Recycling Titanium is recycled from scrap titanium-bearing steel and alloys.  

DEMAND Country Import value ($US)

China 551 522 180

USA 351 860 164

Germany 302 913 993

Japan 214 795 643

Belgium 188 810 897

SUBSTITUTION Substitution for high-strength applications includes aluminium, 
composites, intermetallics, steel, and superalloys. Corrosion 
resistance substitutions include aluminium, nickel, and zirconium 
alloys. Pigment substitutions are calcium carbonate, talc and kaolin. 

Ores and concentrates
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TUNGSTEN (W) 

CHARACTERISTICS

Properties Steel-grey metal that is brittle, has a very high melting point 
(3422°C), the lowest vapour pressure (at temperatures above 
1650°C) and the highest tensile strength. Tungsten has the lowest 
coefficient of thermal expansion of any pure metal. 

Usages Major uses of tungsten include electronic applications, lighting, 
construction, steel and alloys, and mining.

Geological occurrence Crustal abundance is approximately 1 ppm; the major source of 
tungsten is wolframite and scheelite. 

Mineral system group Granite-related and surficial. 

Extraction Main product. 

SUPPLY

Global production 95 kt

Major producing countries China (79 kt) 83%

Vietnam (7.2 kt) 8%

Russia (3.1 kt) 3%

Global resources 3591 kt

Major resource holders China (1800 kt) 50%

Australia (391 kt) 11%

Russia (160 kt) 4%

Australian production 0.11 kt

Australian resources (EDR) 391 kt

Australian exports Not available

Australian potential for new resources New discoveries and redevelopment of historic mines/districts, 
particularly in the Tasmanides Belt of eastern Australia. 

Recycling Recycled from scrap tungsten bearing steel and superalloys. 

DEMAND Country Import value ($US)

USA 84 408 088

Austria 45 495 809

China 27 408 223

Republic of Korea 5 127 898

Japan 1 547 828

SUBSTITUTION Substitutes for tungsten carbide include molybdenum carbide, 
titanium carbide, ceramics, ceramic-metal composites and tool steel. 
Molybdenum steel can substitute for tungsten steel, and there are 
several substitutes for tungsten in lighting. Depleted uranium can be 
substituted in armaments, and lead can be used for radiation shielding. 

Ores and concentrates
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VANADIUM (V)

CHARACTERISTICS

Properties Silver-grey ductile and malleable metal that is hard, not brittle, and 
has good resistance to corrosion and acids. 

Usages Vanadium is used as alloy in iron and steel, superalloys, chemical 
catalysts and batteries. 

Geological occurrence Crustal abundance is approximately 138 ppm; the major source 
of vanadium is from vanadium-bearing magnetite, although it also 
occurs as vanadinite, carnotite and other uncommon minerals. 

Mineral system group Mafic-ultramafic orthomagmatic, basin-hosted and surficial. 

Extraction Co-product. 

SUPPLY

Global production 80 kt

Major producing countries China (43 kt) 54%

Russia (16 kt) 20%

South Africa (13 kt) 16%

Global resources 20 000 kt

Major resource holders China (9 kt) 45%

Russia (5 kt) 25%

South Africa (5 kt) 25%

Australian production 0

Australian resources (EDR) 2111 kt

Australian exports 0

Australian potential for new resources Development of known vanadium-rich magnetite deposits,  
e.g. Windimurra and Balla Balla, and sediment hosted deposits,  
e.g. Julia Creek, and discovery of new deposits associated with 
large igneous provinces. 

Recycling The majority of recycled vanadium comes from spent chemical 
process catalysts, a small amount is recycled from vanadium-
bearing tool scrap metal. 

DEMAND Country Import value ($US)

China 901 116 059

USA 482 727 196

Germany 191 572 154

United Kingdom 68 328 892

France 65 757 828

SUBSTITUTION Manganese, molybdenum, niobium, titanium and tungsten are 
interchangeable with vanadium as alloying elements in steel to some 
degree. Platinum and nickel can replace vanadium compounds as 
catalysts. 

No specific data for vanadium.  
Data are aggregated for Nb, Ta, V or 
Zr ore and concentrates and Be, Cr, 
Ge, V, Ga, Hf, In, Nb, Re and Tl articles 
of metals including scrap, waste and 
powders.
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ZIRCONIUM (Zr)

CHARACTERISTICS

Properties Soft metal that is resistant to corrosion, with a melting point of 
1855°C, and a boiling point of 4371°C. 

Usages Zirconium metal is used for cladding nuclear reactor fuels and 
zirconium compounds are used in a variety of high temperature 
applications such as moulds for molten metals. 

Geological occurrence Crustal abundance is approximately 132 ppm; the major source of 
zirconium is zircon (ZrSiO4), although there are a number of other 
minor to trace zirconium-bearing minerals.  

Mineral system group Alkaline intrusion-related and surficial (heavy mineral sand deposits). 

Extraction Main product, co-product. 

SUPPLY

Global production 1600 kt (ZrO2)

Major producing countries Australia (600 kt ZrO2) 38%

South Africa (400 kt ZrO2) 25%

China (140 kt ZrO2) 9%

Global resources 74 000 kt (ZrO2)

Major resource holders Australia (47 000 kt ZrO2) 64%

South Africa (14 000 kt ZrO2) 19%

India (3400 kt ZrO2) 5%

Australian production 600 kt (ZrO2)

Australian resources (EDR) 78 600 kt

Australian exports Not available

Australian potential for new resources Discovery of new heavy mineral sand deposits; possible by-product 
of certain rare-earth element deposits.  

Recycling Most recycled from new scrap, during metal production and 
fabrication. Some old scrap is also recycled. 

DEMAND Country Import value ($US)

China 694 198 617

Spain 138 726 497

India 78 590 980

Italy 54 707 583

Japan 37 210 940

SUBSTITUTION Chromite and olivine can be substituted for some foundry 
applications. Dolomite and spinel can also substitute in high 
temperature applications. Niobium, stainless steel and tantalum 
provide limited substitution in nuclear applications. 

Ores and concentrates
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Mt Weld.  
Image courtesy of Lynas Corporation.
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AUSTRALIA’S SIGNIFICANT 
RESOURCE POTENTIAL FOR 
CRITICAL MINERALS

Overview

Australia is a vast continent with a long and varied 
geological history which has resulted in a rich 
endowment of most elements in the periodic table. 
There is a long history of mining and exploration 
resulting in a relatively detailed knowledge of 
Australia’s geological provinces. Further, most existing 
mining takes place in a small proportion of total area 
where rocks outcrop at surface; there are vast areas of 
thin to moderate cover rocks hiding likely extensions to 
known mineralisation or to new areas of mineralisation. 
This provides opportunities for investors.

Although a number of commodities are critical for 
the world’s major industrial economies, demand from 
Australian domestic manufacturing for most major 
and minor mineral commodities is relatively small and 
is far outstripped by Australian production of critical 
minerals. The ability for domestic manufacturing, 
defence and other industries to continue to operate is 
also not at immediate risk of supply constraints. 

The ability of the Australian mining industry to adjust 
to changing market demand is demonstrated by 
explorers and miners of lithium, where in the last eight 
years production of spodumene ores has tripled, 
making Australia the world’s leading lithium producer.

A Mineral Systems Perspective on 
Australia’s Resource Potential

Geoscience Australia, Australia’s pre-eminent public 
geoscience organisation, has undertaken significant 
work in collaboration with state and territory geological 

surveys to better understand Australia’s geology, 
including in relation to rare-earth elements and other 
critical minerals.

Geoscience Australia has identified that critical 
minerals tend to be geologically associated with three 
mineral system groups, with a fourth opportunity 
existing for critical minerals that can be produced as 
by-products from operations associated with other 
minerals.31

1.  Mafic-ultramafic igneous-related mineral 
systems (platinum-group elements, Cr, Co, Ti) 

Globally, the platinum-group element industry is 
very large yet known resources and production are 
concentrated in relatively few countries such as South 
Africa and Russia. Economic platinum-group element 
deposits are extremely rare and highly valuable. 
Australia’s resource potential is high for discovery of 
major mafic-ultramafic intrusion-hosted platinum-group 
element and chromium deposits. Areas of known and 
inferred resource potential for these commodities 
are shown in Figure 3. A key issue is that many of 
the prospective terranes for platinum-group element 
deposits are concealed by layers of cover rocks that 
may be metres to hundreds of metres thick. Improved 
knowledge and new exploration technologies mean 
that these previously unexplored areas now present 
opportunities for discovery of new mineralisation.

Australia also has major known resources of lateritic 
nickel, some of which are currently being exploited. 
There are potential opportunities to develop 
technologies for more efficient extraction of elements 
associated with nickel, like scandium, from these 
lateritic deposits. 
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2.  Intermediate to felsic igneous-related mineral 
systems (rare-earth elements, Be, Li, Nb, Ta, W, 
Bi, Sb) 

Minerals associated with intermediate to felsic 
igneous-related mineral systems are varied. The 
composition of magmas with which these systems are 
associated are also varied and include intermediate, 
evolved felsic and alkaline magmas. Unlike the mafic-
ultramafic igneous-related systems, resources and 
production of minerals associated with intermediate 

to felsic magmatism are much more widespread, 
with Australia possessing significant resources of 
many of the associated critical minerals. Australia is a 
major producer of lithium, is emerging as a significant 
producer of rare-earth elements, and has historically 
been a major producer of antimony, tantalum, and 
tungsten. Regions of current and historic production, 
some of which have significant identified resources, 
must also be considered regions with significant 
potential for additional discovery (Figure 4).

Figure 3: Distribution of mineral deposits associated with mafic-ultramafic magmatism (locations from  
Geoscience Australia) and the extents of mineralised igneous provinces.32  
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3.  Surface-related mineral systems, particularly 
heavy mineral sand deposits (Zr, Ti, rare-earth 
elements) 

The third mineral system offering significant resource 
potential for Australia is heavy mineral sands. These 
mineral systems not only host major industrial 
commodities such as titanium and zirconium but also 
contain significant resources of rare-earth elements. 
Figure 5 shows the distribution of major historic and 
existing mineral sand operations in Australia. 

Light rare-earth elements in mineral sand deposits 
represent very large resources that may be exploited 
in the future. The rare-earth elements in these deposits 
are mainly locked up in monazite and are not currently 
extracted. Monazite is returned to the pit in a dispersed 
form, as required by mining regulations. Extraction of 
rare-earth elements may be more viable where low-
thorium monazite is present in mineral sand deposits.

 

Figure 4: Distribution of mineral deposits associated with granitic and alkaline magmatism (locations from 
Geoscience Australia).33
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4.  Recovery of by-products from existing ores and 
concentrates 

Several critical commodities are produced as co-
products or by-products of major metal mining; 
platinum-group element recovery from some nickel 
ores is an example of co-production. Among those 
commodities assessed as having medium resource 
potential, antimony, bismuth and indium are by-
products of base metal and/or gold mining, and lower 
resource potential by-products include cadmium, 
gallium, germanium, mercury, rhenium, selenium, 
tellurium and vanadium. The Olympic Dam deposit 
is one of the largest rare-earth element resources in 
the world, but at present rare-earth elements are not 
recovered. Where recovery is currently uneconomic, 
improvements in mineral processing of ores containing 
significant concentrations of co-product and by-
product elements could result in major increases in 
supply which could be of great value to Australia.

For many Australian mines the minor-element 
compositions of ores and concentrates are not 
well known or not published. However, preliminary 
calculations by Geoscience Australia of several of 
Australia’s base and precious metal ore bodies indicate 
the potential for substantial resources of elements 
including antimony, gallium, germanium, indium 
and rhenium. In addition, it is known that gallium, 
germanium and rare-earth elements are enriched in 
some coal deposits.34,35,36 Finally, phosphate deposits 
are another potentially important source of rare-earth 
elements and other minerals; Australia is relatively well 
endowed with phosphate deposits such as those in the 
Georgina Basin (Northern Territory and Queensland), 
but the minor-metal compositions of these deposits 
are not well understood.

 

Figure 5: Distribution of mineral deposits associated with heavy mineral sand placer deposits 
(from Geoscience Australia).
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Figure 6: Distribution of operating mines illustrating the existing and potential recovery of  critical minerals as 
by-products. 

Current Initiatives and 
Future Information

The Australian Government, in collaboration with state 
and territory governments, invests in a number of 
initiatives to generate new pre-competitive geoscience 
information and a better understanding of Australia’s 
geology.  New pre-competitive information will help to 
identify areas of resource potential, de-risk exploration 
investment by industry, and improve the effectiveness 
of exploration programs. 

1. National Mineral Exploration Strategy (2017–22)

Australia’s overarching minerals strategy is the revised 
National Mineral Exploration Strategy (2017–22), 
which was endorsed by the Council of Australian 
Governments in July 2017. The primary objectives of 
the strategy are to drive ongoing investment in mineral 
exploration, generate new exploration opportunities, 

stimulate major new discoveries, and ensure the 
continuity and longevity of Australia’s mineral 
resources industry for the benefit of all Australians.

This strategy sets the framework for two major mineral 
exploration initiatives, UNCOVER and Exploring for the 
Future, as well as other work programs. 

This strategy will be delivered by Commonwealth, state 
and territory government geological surveys. It will be 
delivered in partnership with the resources industry, 
the research community, and the services sector.

For more information on the National Mineral 
Exploration Strategy (2017–22), please see  
www.coagenergycouncil.gov.au/publications/
national-mineral-exploration-strategy-
december-2012 . 
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2.  UNCOVER

Australia is harnessing its national mineral exploration 
capability through the UNCOVER initiative. This 
initiative is designed to focus Australia’s relevant 
geoscience effort on providing the knowledge base 
and technology that will substantially increase the 
success rate of mineral exploration beneath post-
mineralisation cover in Australia.  

The UNCOVER capability comprises experts from 
the minerals industry and its advocate groups, 
the geological surveys, the research community 
including Universities and CSIRO, the METS sector 
and the relevant CRCs. UNCOVER has galvanised the 
community to create a shared vision of the strategic 
priority needs of industry and has mapped the 
necessary activities, their sequencing and their costs. 
The activities include new geoscience data acquisition, 
compilation and delivery, new research, and new 
technology development.

The initiative is intended to be achieved through 
four themes:

 › Characterising Australia’s cover

 › Investigating Australia’s lithospheric architecture

 › Resolving the 4D geodynamic and metallogenic 
evolution of Australia

 › Characterising and detecting distal footprints 
of mineralisation

The initiative is being led by the Australian Academy of 
Science. A draft vision was developed in 2011 with the 
launch of the stage 1 UNCOVER roadmap in 2015 and 
the comprehensive stage 2 roadmap launched in 2017.  

For more information on the UNCOVER initiative, 
please see www.uncoveraustralia.org.au.

Nolans project drill core.  
Image courtesy of Arafura Resources.
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Image courtesy of Arafura Resources.

3. Exploring for the Future

Exploring for the Future is a $100.5 million initiative 
by the Australian Government dedicated to boosting 
investment in resource exploration in Australia. The 
program fits into the National Mineral Exploration 
Strategy under the theme of ‘Encouraging Investment’, 
which also includes the Mineral Exploration Investment 
Attraction Plan. 

The four-year initiative (2016-2020) focuses on 
northern Australia and parts of South Australia. Led 
by Geoscience Australia, the program is gathering 
new high-resolution geoscience data and information 
about the potential mineral, energy and groundwater 
resources concealed beneath the surface. The data 
will be analysed and integrated to provide a holistic 
picture of mineral, energy and groundwater resources.

Of particular relevance to exploration for rare-earth 
elements and other critical minerals, the initiative will 
deliver mineral potential maps for Iron Oxide-Copper-
Gold and Nickel-Copper mineral systems.

Along with pre-competitive data, the program will 
deliver integrated products through the ‘Exploring for 
the Future Portal’. The Portal is an online web-based 
application that will deliver products such as mineral 
potential maps and decision support tools to aid 

information discovery, visualisation and modelling of 
planning, and economic scenarios. Users will have 
access to the latest Exploring for the Future, national, 
state and territory datasets. This portal is currently in 
design and is anticipated to go live in 2019. 

For more information on the Exploring for the Future 
program, including pre-competitive data and other 
products, please see www.ga.gov.au/eftf. 

4. MinEx Co-Operative Research Centre

The MinEx CRC is the world’s largest mineral 
exploration collaboration, bringing together industry, 
government and research organisations. The $218 
million, 10-year research program will develop and 
deploy the next generation of drilling technology. 
It links closely to the UNCOVER initiative and the 
National Mineral Exploration Strategy. 

Geoscience Australia and state geological surveys 
are leading the National Drilling Initiative of the MinEx 
CRC. This is the world’s first project to systematically 
map the regional geology and architecture and define 
the potential for mineral systems in 3D.

For more information on the MinEx CRC, please see 
www.minexcrc.com.au.  
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PROJECTS AND 
OPPORTUNITIES

The following information provides an overview of existing projects that are located in 
Australian states and territories and which may represent opportunities for potential 
investors in rare-earth elements and other critical minerals. Greater detail is provided on 
rare-earth elements projects.37 

Rare-Earth Elements

Project Description  Lynas is a proven and profitable rare earths miner, processor and 
supplier.  Lynas’ vision is to lead the growth of the global rare earths 
industry by providing a reliable, fully integrated source of supply from 
mine to customer. 

 Lynas sources its rare-earth elements from its deposit at Mt Weld in 
Western Australia. Lynas operates a concentration plant at Mt Weld and 
a chemical processing (separation) plant at Gebeng, Malaysia.

 Lynas is the only significant miner and processor of rare-earths 
outside China.  Lynas is the second largest producer of Neodymium-
Praseodymium (NdPr) material in the world.  In FY2018, Lynas produced 
17 753 tonnes of rare earth oxide (REO) including 5444 tonnes of NdPr. 

Lynas exports rare-earths products to global customers in Japan, China, 
Europe and the US.

Project Company Mt Weld Mining Pty Ltd, a wholly owned subsidiary of Lynas 
Corporation Limited.

Location Mt Weld, approximately 35 kilometres southwest of Laverton, in the 
Kalgoorlie Gold Fields district, Western Australia.

Ownership Lynas Corporation Limited is an ASX 200 company (ASX: LYC) with 
approximately 24 000 shareholders.

Rare-Earth Elements Lanthanum, Cerium, Praseodymium, Neodymium, Samarium, Europium, 
Gadolinium, Terbium, Dysprosium and Yttrium.  

PROJECT NAME MT WELD
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Stage of Development Lynas has been producing finished rare-earth element products since 
2013.

Production (Current/Expected) Current production is approximately 22 000 t REO per annum.

Further expansion is possible based on the rich Mt Weld deposit. 

Scoping work on growth options is underway at present.

Infrastructure Operating mine and concentration plant at Mt Weld (Western Australia).

Operating Rare-Earth Separation Plant in Gebeng, Malaysia  
(near Kuantan).

Costs Total capex (at historical FX) is A$1043 million comprising:

 › Establishment costs and Phase 1 installations: A$749 million

 › Phase 2 expansion: A$259 million

 › “Project Next” optimisation and other smaller projects: A$35 million

Other The concentration of Lynas processing activities in Malaysia exposes 
Lynas to regulatory risk which can be mitigated by diversifying its 
industrial footprint.

Mineral Inventory  Mt Weld Rare Earth Deposit Mineral Resources 2018

 Mt Weld Rare Earth Deposit Ore Reserves 2018

Classification Mt TREO  TREO 
  (%) (‘000 tonnes)

Measured  17.5 8.0 1400

Indicated 12.0 5.5 660

Inferred 25.9 3.6 930

Total 55.4 5.4 3000

Classification Mt TREO  TREO 
  (%) (‘000 tonnes)

Proven  14.6 8.9 1290

Probable 5.1 7.7 390

Total 19.7 8.6 1690

TREO = total Rare Earth Oxides (La2O3, CeO2, Pr6O11, Nd2O3, Sm2O3, Eu2O3, Gd2O3, Tb4O7, Dy2O3, 
Ho2O3, Er2O3, Tm2O3, Yb2O3, Lu2O3) + Yttrium (Y2O3). Totals may not balance due to rounding of 
figures

PROJECT NAME MT WELD
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Project Description Arafura Resources is seeking, in the next few years, to become a long-
term, secure supplier of neodymium and praseodymium (NdPr) from its 
100%-owned, Northern Territory-located, Nolans project.

Project Company Arafura Resources Limited

Location 135 km NW of Alice Springs, Northern Territory.

Ownership Publicly listed (ASX: ARU) with market capitalisation of $33.9 million  
(A$ @ 31/12/18).

Rare-Earth Elements Nd and Pr

Mineral Inventory Resource:

 › 56 Mt @ 2.6% TREO, 11% P2O5

 › TREO of 1.45 Mt

 › Total “Magnet Metals” (Pr+Nd+Tb+Dy) of 0.39 Mt

 › Resource mine life of 35+ years

Reserve:

 › 19.2 Mt @ 3.0% TREO, 13% P2O5

 › Reserve mine life of 23 years

Stage of Development  › Definitive Feasibility Study (DFS) completed early 2019

 › Final mining approvals being sought

 › Project finance being sought

Production Following ramp up, expected steady state is:

 › Annual production of Rare Earth Oxide of 13 351 t

 › Annual Production of “magnet metals” of 4374 t

 › Annual Production other products of 136 kt merchant grade (54%) 
phosphoric acid

Infrastructure Project is located approximately 15 km from Stuart Highway (trans-
national highway between Adelaide and Darwin) and 135 km from Alice 
Springs, which has a population of 28 700 and daily commercial air 
services to most Australian capital cities. Process plant site is adjacent 
to Amadeus Basin-Darwin Gas Pipeline. Project is approximately 60 km 
from Adelaide-Darwin rail line which is accessible at Alice Springs and 
has six regular rail freight services per week to Darwin Port and Port 
Adelaide.

As part of the Project development the following will be developed:

 › Sealed site access road

 › Accommodation village (300 person)

 › Borefield for raw water supply 25 km south of process plant site

 › 35 MW gas fired power station

PROJECT NAME NOLANS
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Costs Capital costs: US$730 million (excluding sustaining capital)

Operating costs: US$26.32/kg for “magnet metals” (net of phosphoric 
acid credit)

Other Nolans is the only 100% Australian-domiciled “ore to oxide” rare-earth 
element project that offers full traceability on final products and waste 
management

Arafura welcomes investment at the corporate or project level.  
Access by appropriate parties under confidentiality to DFS possible 
from March 2019

PROJECT NAME NOLANS
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Classification Mt TREO Dy2O3 Y2O3 Tb407 HREO TREO
  % Kg/t Kg/t Kg/t %

Indicated 4.59 0.71 0.6 3.99 0.09 86 32,304,000

Inferred 4.48 0.56 0.46 3.18 0.07 86 25,001,000

Total 9.07 0.63 0.53 3.59 0.08 86 57,308,000

Stage of Development Pilot plant built; In commissioning phase.   
Expected to operate for ~3 years.

Production Pilot plant: 60 000 tpa operation to produce 49 000 kg dysprosium, in 
590 000 kg TREO contained in a mixed RE carbonate.

Once at full scale the Project is expected to process 585 000 tpa to 
produce 279 000 kg of dysprosium, contained within 3 098 000 kg 
TREO per annum (prior to yttrium rejection), in a mixed rare-earths 
carbonate.

Infrastructure Pilot plant, camp, airstrip and ancillary infrastructure will need to be built 
/ upgraded as project moves to full scale.

Costs Pilot plant: A$70 million.

Other Company welcomes discussions regarding financing or off-take.

Project Description Heavy rare earths project seeking to become the first significant 
dysprosium producer outside of China.

Project Company Northern Minerals Limited 

Location 160 km south east of Halls Creek in northern Western Australia.

Ownership Northern Minerals Limited (ASX:NTU) has 100% ownership and 
marketing rights for all tenements covering the WA portion of the 
Browns Range Dome. Northern Minerals owns 100% of the rare earth 
rights to tenements in the NT covering the Browns Range Dome. 

Rare-Earth Elements Predominantly heavy rare-earths including Dy, Tb and Lu.

 

 Browns Range Ore Reserve Statement as at 30 June 2018

Classification Mt TREO TREO Dy2O3  Dy2O3
  Kg/t Kg Kg/t Kg/t

Probable 3.293 6.78 22 339 000 0.59 1 948 000

Classification  Tb407 Tb407  Y2O3   Y2O3 

  Kg/t Kg Kg/t Kg

Probable  0.09 288 000 3.94 12 969 000

Mineral Inventory  Browns Range Mineral Resource Estimate as at 30 June 2018

PROJECT NAME BROWNS RANGE

Australian Critical Minerals Prospectus54



NdFeB magnets.  
Image courtesy of Arafura Resources.
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Project Description The Dubbo Project is a large in-ground resource of zirconium, 
hafnium, niobium, yttrium and other rare-earth elements. It is the most 
advanced poly-metallic project of its kind outside China, making it a 
strategic supply of critical minerals independent of China for a range of 
sustainable technologies and future industries. It has a potential mine 
life of 70+ years.

Project Company Australian Strategic Materials Limited

Location Located at Toongi, 25 km south of Dubbo (population 45 000),  
400 km northwest of Sydney.

Ownership Australian Strategic Materials Limited is a wholly owned subsidiary 
of Alkane Resources Limited, an ASX and OTCQX listed company 
(ASX:ALK). Largest shareholder (with approx. 23% of company) is Ian 
Gandel (Chairman).

Rare-Earth Elements Australian Strategic Materials is expected to produce a suite of 
separated rare-earth oxides and metals for up to 17 rare-earth elements. 
Initial production will focus on neodymium (Nd), praseodymium (Pr), 
dysprosium (Dy), terbium (Tb), gadolinium (Gd) and yttrium (Y), with the 
other elements produced based on market demand and processing 
options.

Overall, the project is estimated to have TREO of 0.556 Mt, producing 
6600 metric tonnes of rare-earth elements p.a. for 70+ years.

 Tonnes ZrO2 HfO2 Nb2O5 Ta2O5 Y2O3 TREO* 
 (Mt)  (%)  (%)  (%)  (%)  (%)  (%)

 75.18 1.89 0.04 0.44 0.03 0.14 0.74

 Tonnes ZrO2 HfO2 Nb2O5 Ta2O5 Y2O3 TREO* 
 (Mt)  (%)  (%)  (%)  (%)  (%)  (%)

 18.90 1.85 0.04 0.440 0.029 0.136 0.735

Mineral Inventory  Dubbo Project Mineral Resources (as at 30 June 2017)

 Dubbo Project Mineral Resources (as at 30 June 2017)

Stage of Development The project is substantially engineered and construction-ready, subject 
to financing, with the mineral deposit and surrounding land acquired. 
All major state and federal approvals are in place, and the project has a 
well-established flowsheet, with over 10 years of successful pilot plant 
operation. 

Production At present, the project is not yet constructed and is awaiting financing.

At full production, the project is expected to have a feed rate of 1 mtpa, 
producing:

 › Rare earths: 6664 tpa (including 237 tpa of Pr6O11, 921 tpa of Nd2O3, 
107 tpa of Gd2O3, 14 tpa of Tb4O7 and 122 tpa of Dy2O3)

PROJECT NAME DUBBO 
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Production  › Hafnium: 200 tpa

 › Zirconium: 16 374 tpa

 › Niobium: 1967 tpa

Infrastructure US$1 billion (for full plant to oxide production – to be located in 
Australia).

Costs Opex estimated to be US$246 million p.a.

Other Revenue estimated to be US$478 million p.a.

Detailed Engineering and financials update is available 
at www.investors.alkane.com.au/site/PDF/1967_0/
DUBBOPROJECTENGINEERINGampFINANCIALSUPDATE

PROJECT NAME DUBBO 
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Project Description A significant rare-earths project containing substantial Neodymium and 
Praseodymium resources.

Project Company Hastings Technology Metals

Location The Project is located in the Gascoyne region of Western Australia, 
some 250 km north east of Carnarvon.

Ownership In its own name and through wholly-owned subsidiaries, ASX-listed 
Hastings Technology Metals Limited (ASX:HAS) holds:

 › 100% interest in 6 Mining Leases, 2 Prospecting Licences,  
11 Exploration Licences, 5 General Purpose Leases and  
13 Miscellaneous Licences.

 › 70% interest in 3 Mining Leases, 8 Exploration Licences, and  
2 General Purpose Leases.

The tenements in which Hastings holds a 70% interest are in joint-
venture with UK-listed Cadence Minerals plc and Hastings carries all 
costs up to the decision to commission a Bankable Feasibility Study.

Rare-Earth Elements Whilst the Mineral Resources contains 16 rare earth elements, the DFS 
notes a combination of four elements (neodymium, praseodymium, 
dysprosium and terbium) as having most significant economic value in 
relation to growth expectations in the near and medium term. In particular, 
Nd and Pr account for approximately 85% of rare earth basket value. 

Mineral Inventory  Yangibana JORC Resource (2018)

 

  Based on a 2017 JORC Resource, geotechnical and metallurgical 
results, mining studies and predicted commodity prices, Snowden 
Mining Industry Consultants established Probable Reserves of  
7.74 million tonnes @ 1.13% TREO including 0.43% Nd2O3+Pr6O11.

  The established Yangibana reserves and resources are predominantly 
within tenements held 100% by Hastings.

Category Tonnes TREO Nd2O3+Pr6O11 
   (%) (%)

Measured 4,727,000 1.17 0.42

Indicated 8,652,000 1.24 0.41

Inferred 8,294,000 1.09 0.36

Total 21,673,000 1.17 0.39

Stage of Development DFS completed 2017.  Further drilling planned for 2019.

Production As per the DFS, the project is designed to mine 1 Mtpa of ore.

Initially (after the first six months of processing), the feed grade is expected 
to be relatively high (1.40% TREO). After production year 2, the ore feed 
grade drops to approximately 1.00% TREO for the remainder of the mine 
life.

PROJECT NAME YANGIBANA  
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Production The flowsheet developed in test work delivers a final concentrate above 
25% TREO at greater than 80% TREO recovery.

Infrastructure Road access, airstrip, accommodation village, power supply and fuel 
storage, water supply and treatment, and wet season access will be 
required to be constructed / upgraded.

Costs Pre-production capital estimated to be A$335 million (per DFS).

Opex cost estimated to be A$17.06/kg TREO (per DFS).

Other The Company signed four MOU offtake agreements, with Qiandong 
Rare Earths, China Rare Earth Holdings, Baotou Sky Rock Rare Earth, 
and Thyssenkrupp Raw Materials, representing approximately 73% of 
planned mixed rare-earths carbonate annual production. The Company 
is now in the process of documenting and negotiating detailed 
commercial agreements and has finalised an agreement with Baotou 
Sky Rock Rare Earth.

PROJECT NAME YANGIBANA  
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Project Description Hastings defines the Brockman project as Australia’s largest heavy rare-
earths project.

The project comprises a Mining Lease Application that covers ten 
Prospecting Licences, and one Exploration Licence.  

Project Company Hastings Technology Metals

Location The project is located 18 km south-east of the historical gold mining 
centre of Halls Creek in the East Kimberley Region, Western Australia.

Ownership The project is 100% owned by ASX-listed Hastings Technology Metals 
Limited (ASX:HAS).

Rare-Earth Elements The project containing significant Dysprosium and Yttrium plus rare metals 
Niobium and Zirconium resources. 

Mineral Inventory The project hosts JORC resources (2011 and 2015) totalling 41.4 Mt 
@ 2100ppm TREO including 1800 ppm HREO, 3590 ppm Niobium 
Pentoxide (Nb2O5) and 8990 ppm Zirconium Oxide (ZrO2) at a 1500 ppm 
Nb2O5 cut-off that equates to a 1000 ppm TREO cut-off (Indicated 32.3 Mt 
and Inferred 9.1 Mt at the same grade). It also contains large resources of 
the rare metals tantalum (Ta), hafnium (Hf) and gallium (Ga).

Stage of Development The project is estimated to have a resource but needs to undergo further 
exploration and studies before a determination can be made as to its 
economic viability.

Production N/A

Infrastructure N/A

Costs N/A

Other Hastings has made application for a Mining Lease to replace the ten 
Prospecting Licences.

PROJECT NAME BROCKMAN  
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Project Description Copper, gold and rare-earth elements project.

Polyphase hydrothermal magmatic breccia zones include the Prince 
Darwin Zone which has been the focus to date of exploration for rare-earth 
elements.

Project Company Corona Resources Ltd via subsidiary entity.

Location ~20 km south of famous Mt Lyell Copper mine and town of Queenstown, 
Tasmania, Australia.

Ownership 85% Corona Resources, 15% Pacifico Ltd (diluting).

Rare-Earth Elements Ce, La, bastnaesite, synchysite rimming allanite.

A single surface rock sample taken in 2013 assayed 17% TREO, and 
drilling in hole SDD005 produced intercepts of 30 m grading 2% TREO 
from 297 m downhole plus 50 m grading 0.4% Cu, 0.16 g/t Au from 317 m 
downhole in 2016. 

Mineral Inventory No resource calculation. Early drill holes included Ce (max. 8284 ppm) 
and W (max. 1232 ppm).

Stage of Development Early exploration (5 Holes) 3 holes in 2013 and 2 holes in 2016 for 1472 m.

Currently seeking $10 million for further exploration.

Production N/A

Infrastructure Queenstown Mining centre 25 km to the north.

A HydroTasmania owned and operated-hydroelectric power station is 
located on the King River about 15 km to the north.

Costs NA

Other Mt Reed volcanics: 137 known Cu and Au mineral occurrences not yet 
tested on the tenement.

PROJECT NAME SOUTH DARWIN  
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Project Description Alluvial sand mining and extraction to produce concentrate of monazite/
xenotime, with further refining to produce rare earth oxide/carbonates 
suitable for export to downstream high-purity product refiners. Potential 
by-products of industrial zircon and ilmenite/rutile. 

Project Company Crossland Strategic Metals Ltd (ASX: CUX).

Location 110 km W-NW of Alice Springs, Northern Territory.

Ownership Public company (ASX: CUX).

Rare-Earth Elements Monazite and xenotime minerals with potential to extract neodymium/
praseodymium, dysprosium/terbium, lanthanum/ yttrium/cerium and other 
mixed rare-earth carbonates. 

Mineral Inventory In April 2013, the Company published the Charley Creek Resource (2004 
JORC compliant) and Scoping Study summary with a total Indicated 
Resource of 387 Mt grading 295 ppm TREO, containing 114 050 t TREO. 

The Company will update their mineral inventory during H1, 2019 to meet 
JORC 2012 reporting standards.

Stage of Development The Company’s project development strategy remains focused on 
updating the resource and the 2013 Scoping Study as a necessary step 
for further funding of a project pre-feasibility study. Two significant work 
programmes are proposed:

 ›  The Company will undertake a 5000m air-core infill drilling 
programme at Cattle Creek. This information is necessary to re-
establish a 2012 JORC compliant resource. The new resource model 
will be the basis for mine planning and scheduling.

 ›  Large scale laboratory test-work, involving bulk material processing 
of samples obtained from the drilling programme. The test will obtain 
sufficient concentrate required for subsequent refinery test work.  
This test-work will serve as metallurgical and engineering ‘proof of 
concept’ for several of the concentration processes, test-work that 
is normally completed during the pre-feasibility stage. Using the 
products from the proof of concept study, additional refinery product 
testing is required to provide greater confidence in the proposed 
refining process, product yields and specification.  

With a revised Scoping Study, the Company hopes to present a business 
model and raise funds for the feasibility study programme from the 
investing public.

It is estimated current work programmes and the Stage 2 Scoping Study 
update will cost $1.5 million.  

Finance was secured in October 2018 for new in-fill drilling program which 
was expected to commence March 2019. 

Production Expected REO production (as mixed carbonate) of 3645t pa  
(2013 Scoping Study).

Infrastructure  › Planned mine and screening plant (at Cattle Creek)

PROJECT NAME CHARLEY CREEK  
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Infrastructure  › Planned wet and dry concentrators (at Cattle Creek)

 › Refinery (to be decided)

Costs Per 2013 Scoping Study:

 › Total Capex of $156 million

 › Total Opex of $85.4 million pa

Capex is expected to increase with the addition of a refinery and inclusion 
of a pre-concentration screening system. This increase will be offset by 
improved product value and greater overall operational efficiency resulting 
in reduced operational costs.

Other (Inc. Strategic Opportunities)  › Favourable project location:

     – free of encumbrances and obstacles

     – multiple potential site locations

     –  good access and proximity to critical resources  
(water, gas, Alice Springs services & suppliers)

 ›  Only a small fraction of the tenement area has been drilled and 
resource delineated 

 › Potential to duplicate successful operation

 › Negligible overburden with vast expanses of mineralised sand ahead

 › Potential for decades of sustainable mining

 › Low but consistent tenor of the alluvial fans

 › Simple low-cost operation with minimal environmental impact

 › Processing is mainly by gravity separation and the bulk waste by-
products are free of chemicals

 › Minerals have a high ratio of high value heavy rare earth minerals

 › Multiple products with a bright outlook for REOs and industrial 
minerals

 › Advanced development with years invested in project test work, 
studies and planning to ensure success

 › Low capital cost and long mine life expected

 ›  Scoping Study undergoing refinement and near-term advancement 
toward a high standard Pre-Feasibility Study is expected

PROJECT NAME CHARLEY CREEK  
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Project Description WIM Resource is an emerging major producer of zircon, rare-earth 
elements and ilmenite. The company’s flagship Avonbank Heavy Mineral 
Sands Project is currently at a final optimisation & approvals stage, with 
production is scheduled to commence from 2021. The Avonbank Project 
is expected to have a mine life of at least 30 years.

Project Company WIM Resource Pty Ltd.

Location The Avonbank project is approximately 15 km north of Horsham, Victoria.

Ownership WIM Resource Pty Ltd.

Rare Earth Elements The Avonbank rare-earths concentrate contains high praseodymium (Pr), 
neodymium (Nd), dysprosium (Dy) & terbium (Tb).

Mineral Inventory Avonbank Project – Global Mineral Resource (Optiro, 2017)

     % of THM 
Classification Mt THM %  Zircon Rutile Leucoxene Ilmenite Monazite Xenotime

Measured 300 4.3 20 15 8.5 26 2.0 0.6

Indicated 150 3.6 19 17 9.3 28 1.9 0.6

Inferred 40 3.0 21 16 9.0 27 2.3 0.6

Total 490 4.0 20 16 8.8 27 2.0 0.6

     % of THM 
Confidence Mt THM %  Zircon Rutile Leucoxene Ilmenite Monazite Xenotime

Proved 220.4 4.4 20.2 14.9 8.4 26.4 2.0 0.6

Probable 91.4 4.0 19.3 16.9 9.1 28.5 2.0 0.66

Total 311.8 4.3 19.1 15.4 8.6 27.0 2.0 0.6

Avonbank Project – Ore Reserve Statement as at 1 June 2018

Stage of Development WIM has commenced an approvals and optimisation stage for Avonbank 
Project and expects to bring the project into production by 2021. 

Production At Avonbank, WIM Resources expects to produce a very high grade  
rare-earth elements concentrate containing approximately 51 wt.% TRE+Y  
(62 wt.% TREO). WIM Resources expects to produce 10 000 tpa of  
rare-earths concentrate (55% REO).

Infrastructure Well serviced by existing rail, road, water and electricity.

Costs Expected to be low CAPEX due to existing power, water supply and a rail 
loading facility in centre of project and direct mine site to port access via a 
dedicated rail line.

Other For further information, see www.wimresource.com.au and  
www.wimresource.com.au/irm/PDF/1114_0/AvonbankMaidenJORCReserve.

WIM Resources’ Bungalally deposit, located near the Avonbank Project, 
also has potential for rare-earths. See http://www.wimresource.com.au/irm/
content/bungalally.aspx?RID=357 for further information.

PROJECT NAME AVONBANK
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Project Description The Mary Kathleen copper-gold and rare-earth elements project 
encompasses the northern third of the 2500 square kilometre Hammer 
Metals Mt Isa Project. The project includes the Elaine and Jubilee 
copper-gold deposits, the Black Rock Exploration Target and the Koppany 
Copper-Rare-earth Element Project.

Project Company Hammer Metals Limited

Location The project is located 50km to the east of Mount Isa and includes the 
Elaine and Jubilee copper – gold deposits, the Black Rock Exploration 
Target and the Koppany Copper – Rare-earth Element Project.

Ownership Hammer Metals Limited is ASX-Listed (HMX) with market capitalisation of 
$A5.16 million (as at 23/1/2019).

Rare-Earth Elements Light rare-earth elements, including La, Ce and Nd.

Mineral Inventory No Resource of rare-earth elements currently defined.

At Koppany project, maximum TREE in drilling of 0.52% containing 
predominantly light rare-earth elements.

At Elaine deposit, La, Ce and Nd have been found with levels approaching 
0.1% LREE.

Stage of Development Pre-Scoping Study.

Production N/A

Infrastructure N/A

Costs N/A

Other Seeking funding partners for development.

PROJECT NAME MARY KATHLEEN 
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Project Description The Project is considered prospective for porphyry molybdenum / copper 
and/or gold mineralisation, intrusive related gold mineralisation, breccia-
hosted gold mineralisation as well as other hybrid intrusive-related styles 
of mineralisation including carbonatite-related rare-earths mineralisation.

Project Company Stavely Minerals Limited

Location The project is located 90 km south of Townsville and 10 km west of 
Ravenswood in north Queensland. 

Ownership Stavely Minerals Limited is ASX-listed (SVY).

Rare-Earth Elements Potential for cerium, lanthanum, neodymium, praseodymium and 
samarium.

Mineral Inventory Stream sediment samples taken in the tributaries of the Barrabas and 
Elphinstone Creeks returned highly anomalous rare-earth element results. 
One sample in the vicinity of the high-grade gold results assayed  
0.19 g/t gold, 0.91% cerium, 0.43% lanthanum, 0.31% neodymium,  
926 ppm praseodymium and 514 ppm samarium.

Stage of Development Exploration.

It is anticipated that drilling at the Connolly North target in the 
Ravenswood West Project and at Area 8 in the Dreghorn Project will 
commence in the March 2019 quarter once a heritage survey has been 
conducted.

Production N/A

Infrastructure N/A

Costs N/A

Other N/A
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Australian Critical Minerals Prospectus66



Project Description Greenfield exploration for strategic metals and rare earth elements hosted 
by the peralkaline Narraburra Intrusive Complex. The project covers  
102.6 km2 within Exploration Licence 8436.

Project Company Paradigm Resources Pty Limited

Location Central NSW, around 10km north of Temora. 

Ownership Paradigm Resources Pty Limited is an incorporated joint venture between 
the New South Wales Aboriginal Land Council and Indigenous Energy 
Group Pty Ltd.

Rare-Earth Elements Paradigm is targeting rare earth oxides (including praseodymium, 
neodymium, gadolinium, dysprosium) and other rare metals (including 
yttrium, hafnium, niobium, and zirconium).

Mineral Inventory The last published Inferred Resource for the “Contour Prospect” was by 
Capital Mining in 2013 comprising 73 Mt @ 1250 g/t ZrO2, 146 g/t Y2O3, 
327 g/t REO, 45 g/t HfO2, and 126 g/t Nb2O5.

First-pass drilling by Paradigm at the “Pigeon Camp Prospect” in 2018 has 
identified a further 4.8Mt @ 0.1% REO, 171 g/t Y2O3, and 358 g/t ZrO2 of 
inferred resources. This prospect remains open laterally and below 30m 
depth. Paradigm’s is targeting a 50Mt resource at this locality.

Stage of Development Exploration.

Production N/A

Infrastructure N/A

Costs N/A

Other Both the Contour and Pigeon Camp prospects are shallow (<45m) with 
low strip ratios. Further drilling is expected to refine the lateral and depth 
extent of each deposit.  

Positive results from metallurgical test work on samples of weathered 
resource material from the Contour Prospect indicate that a saleable 
rare metal and rare-earth element concentrate could be produced by 
conventional treatment methods (Capital Mining, 2013).

PROJECT NAME NARRABURRA
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Project Description Iron ore copper-gold project.

Project Company Cloncurry Exploration & Development Pty Ltd.

Location Mount ISA region, Queensland.

Ownership Cloncurry Exploration & Development Pty Ltd currently holds 
approximately 52% and GBM 48% in the projects. 

Cloncurry Exploration & Development Pty Ltd is the Australian registered 
subsidiary of Pan Pacific Copper Co., Ltd., an alliance between JX Nippon 
Mining & Metals Corporation and Mitsui Mining & Smelting Co., Ltd.

GBM Resources is to continue as manager and retain its free carried 
interest of 10% through to completion of a bankable feasibility study.

Rare-Earth Elements N/A

Mineral Inventory The GBM Resources Annual Report 2017 states that the Milo IOCG 
system (on the Brightlands EPM), with an estimated resource of 97,000 
tonnes of copper, 14 million pounds of U3O8 and 108,000 tonnes of 
TREEYO, shows significant exploration upside.

Stage of Development Exploration. Cloncurry Exploration & Development Pty Ltd have completed 
a farm in phase covering the Mount Margaret, Bungalien and Chumvale 
(within the Brightlands) Project areas.

Production N/A

Infrastructure N/A

Costs N/A

Other N/A

PROJECT NAME PAN PACIFIC COPPER JOINT VENTURE PROJECTS
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Project Description Substantial holding (total of 13 tenements) spread throughout the highly 
prospective Eastern Succession, including 13 100% ActivEX tenements 
and one JV tenement.

The project package is only lightly explored.

Project Company ActivEX

Location The project is located south of Cloncurry in northwest Queensland.

Ownership ActivEX Limited is a Brisbane based, ASX-listed company (AIV) focusing 
on the acquisition, identification and delineation of quality mineral 
resource projects through active exploration.

Rare-Earth Elements N/A

Mineral Inventory Significant drilling intersections from the Sterling prospect include:

 › 23 m @ 97 ppm Mo, 648 ppm TREOY

 › 5 m @ 0.34% Cu, 0.12 g/t Au, 382 ppm Mo, 1118 ppm TREOY 

Stage of Development Exploration.  

Production N/A

Infrastructure N/A

Costs N/A

Other N/A
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Project Description Potential rare-earth elements target.

Project Company Galaxy Resources Ltd

Location 200 km east of Kalgoorlie in the eastern Goldfields region of Western 
Australia.

Ownership N/A

Rare-Earth Elements N/A

Mineral Inventory N/A

Stage of Development Exploration

Production N/A

Infrastructure N/A

Costs N/A

Other See ASX announcement at  
www.asx.com.au/asxpdf/20110404/pdf/41xtm3pytrql7t.pdf. 

PROJECT NAME PONTON
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Project Description The Hillside project comprises four contiguous exploration licence 
applications with a combined area of 102 km2. There, tin and tantalite 
minerals were mined previously from pegmatites reported to contain the 
lithium micas lepidolite and zinnwaldite.

Project Company Lithium Australia NL

Location The Project is located 80 km southwest of Marble Bar, Western Australia.

Ownership Lithium Australia NL is ASX-listed (LIT).

Rare-Earth Elements N/A

Mineral Inventory N/A

Stage of Development Exploration

Production N/A

Infrastructure N/A

Costs N/A

Other See www.lithium-au.com/pilbara-projects/. 

PROJECT NAME HILLSIDE (TRIGG HILL)
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Project Description Broughton Minerals is currently in exploratory partnership with Orion 
Metals to service the Broughton Creek project.

Project Company Broughton Minerals

Location The project area is in a 278 km2 active region within the Mount Isa Inlier.

Ownership N/A

Rare-Earth Elements N/A

Mineral Inventory N/A

Stage of Development Exploration

Production N/A

Infrastructure N/A

Costs N/A

Other N/A
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Project Description Orion Metals Ltd is an Australian based explorer for strategic metals,  
rare-earth elements and gold.  

Project Company Orion Metals

Location Tanamai West: 200 km southeast of Halls Creek, Western Australia.

Mt Surprise: Northeast of Mt Surprise, north Queensland.

Mt Ramsay: 200 km west of Gladstone, Queensland.

Ownership Tanamai West is held by Orion Metals (65%) and PVW Resources (35%).

Rare-Earth Elements Orion’s focus is on Neodymium, Gadolinium, Europium, Terbium, 
Dysprosium, Yttrium, Lanthanum and Cerium.

Mineral Inventory N/A

Stage of Development Exploration

Production N/A

Infrastructure N/A

Costs N/A

Other N/A
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Project Description A potential rare-earth element project associated with a phosphate 
deposit.

Project Company Australian Venus Resources Pty Ltd 

Location The project is located in northwest Queensland approximately 150 km 
southeast of Mount Isa.

Ownership Australia Venus Resource Pty Ltd  is/was a wholly owned subsidiary of 
Australia New Agribusiness and Chemical Group Limited which was 
previously ASX-listed (ANB).

Australia Venus Resource Pty Ltd  is/was to oversee management of 
mining operations across the project site.

Rare-Earth Elements N/A

Mineral Inventory Inferred Resource of 7 030 000 t @ 0.93 kg/t Y2O3 overlying rock 
phosphate deposit of 19.3 Mt @ 19% phosphate (per Qld Government).

Stage of Development Exploration.  

Production N/A

Infrastructure N/A

Costs N/A

Other N/A

PROJECT NAME KORELLA / KORELLA BORE
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Federation Squaer, civic and cultural 
precinct in Melbourne, Victoria.

1.  Australia’s Identified Mineral Resources (AIMR) 2017, Geoscience Australia, (www.ga.gov.au/scientific-topics/minerals/mineral-resources-and-
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