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SCOPE AND OBJECTIVES

SCOPE AND OBJECTIVES 

The rare-earth elements (REE) have unique and diverse 
chemical, magnetic, and luminescent properties that 
make them strategically important in a number of high-
technology industries. Traditionally they have been used 
for car engine exhausts, magnets, catalysts, metallic 
alloys in metallurgy, and for colouring and polishing 
glass. However, their applications in many emerging 
technologies associated with the transport, information, 
environment, energy, defence, nuclear, and aerospace 
industries have gained rapid momentum in recent years. 
Dramatically increasing prices for the REE reflect this 
expanding range of applications and the narrow global 
supply base. Consequently, the REE are increasingly 
becoming more attractive commodity targets for the 
minerals industry. 

This report produced by Geoscience Australia1 reviews 
the distribution, geological characteristics, resources, 
and potential of Australia’s major REE deposits. 
With the exception of Barrie (1965), Towner et al. 
(1996), Cassidy et al. (1997), and Miezitis (2010), 
very few publications have described these deposits 
and compiled their resources at a national scale. In 
addition, there is a paucity of published documentation 
describing the geological features of key REE deposits 
in Australia similar to Lottermoser’s (1988, 1990, 
1991, 1994) comprehensive mineralogical-geochemical 
investigations on carbonatite-associated deposits. 
This report provides an up-to-date review of such 
deposits as a stimulus for future research into the 
geological characteristics of REE in Australia. In a 
mineral-systems framework, we examine the elements 
considered important for the formation of REE 
deposits and provide suggested exploration guidelines 
relevant to Australia. Also included is a compilation of 
recent products and national databases produced by 
Geoscience Australia that have potential applications in 
the exploration for REE deposits. The information and 
main messages presented in this review are intended to 
inform the public, students, and professionals. 

The review comprises five chapters that are structured 
as follows:

Chapter 1 is a general overview of the REE, and 
provides background information on the discovery, 
major properties, applications, and production and 
resource status of the REE from a global and Australian 
perspective. A brief summary of the major events 
relating to REE exploration in Australia concludes the 
chapter.

Chapter 2 is focused on the geochemical behaviour 
of the REE. Metal abundances in mantle-crustal 
environments, various host rock types and 
hydrothermal fluids, partitioning into magmas of 
different composition, and behaviours in hydrothermal 
fluids are discussed within a evolutionary geochemical 
cycle framework.

Chapter 3 summarises the geological settings 
and main features of the major REE deposits in 
Australia, including stratigraphy, age and source 
of REE, resources, economic significance, and the 
genesis of fourteen type deposits. This information 
is used to compile a classification scheme for all 
Australian deposits. 

Chapter 4 incorporates the information provided by 
the type examples described in Chapter 3 and assesses 
those criteria considered critical for the formation 
of each particular deposit type. This mineral-system 
approach differs from description-based classifications 
in that it can predict potential new areas and types 
of REE mineralisation.

Chapter 5 summarises exploration techniques for 
REE in Australia. It also provides information on some 
recent innovative digital national maps and databases 
produced by Geoscience Australia that could facilitate 
exploration.

Appendices 1 to 10 provide national and global 
REE data, exploration history, useful www links, and 
glossaries of resource and scientific terms.

The REE resource data used in this review for 
Australia’s deposits are from OZMIN (2011: Ewers 
and Ryburn, 1997)—Geoscience Australia’s national 
database of mineral deposits and resources.

1 Geoscience Australia (http://www.ga.gov.au/; formerly the Bureau of Mineral Resources, Geology and Geophysics; and the Australian Geological Survey 
Organisation) is the Australian Government’s geoscience agency which provides geoscientific information and knowledge to enable government and the 
community to make informed decisions about the exploitation of resources, the management of the environment, and the safety of critical infrastructure. 
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EXECUTIVE SUMMARY

E X E C U T I V E  S U M M A R Y

The rare-earth elements (REE) are a group of seventeen 
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), lutetium (Lu), in addition to 
scandium (Sc) and yttrium (Y), which show similar 
physical and chemical properties to the lanthanides. 
The REE have unique catalytic, metallurgical, nuclear, 
electrical, magnetic, and luminescent properties. 
Their strategic importance is indicated by their use 
in a number of emerging and diverse technologies 
that are becoming increasingly significant in today’s 
society. Applications range from routine (e.g., lighter 
flints, glass polishing mediums, car alternators), to 
high-technology (lasers, magnets, batteries, fibre-optic 
telecommunication cables), to those that have futuristic 
purposes (high-temperature superconductivity, 
safe storage and transport of hydrogen for a post-
hydrocarbon economy, environmental global warming 
and energy efficiency issues). Over the last two decades, 
the global demands of REE have significantly increased 
sympathetically with their dramatic expansion into 
high-technological, environmental, and economical 
environments.

REE are relatively abundant in the Earth’s crust, but 
known minable concentrations are less common than 
for most other exploited metals. Past demand for REE 
has been met by a small number of producers and 
mines. Since the mid-1990s, China has dominated the 
global supply of REE, with most production derived 
from the very large Bayan Obo iron-niobium-REE 
deposit (Inner Mongolia, China) and from lateritic 
clays (southern China). In 1992, China surpassed the 
United States of America (USA) as the world’s largest 
producer of rare-earth oxides (REO); being responsible 
for 95.5% of the world’s output in 2009. At the end 
of 2010, China held 55 million tonnes (48.3%) of 
the world’s economic resources of REO, followed by 
the Commonwealth of Independent States (former 

members of the Soviet Union) with 19 million tonnes 
(16.7%) and the USA with 13 million tonnes (11.4%). 
Australia’s global REE impact in 2009 amounted to no 
recorded production and total Economic Demonstrated 
Resources in 2010 were 1.65 million tonnes of REO 
(1.45% of the global inventory). 

Small-scale production of REE has taken place in 
Australia in the past with yttrium-rich minerals 
(gadolinite) first mined in 1913 from a pegmatite 
vein in the Cooglegong region near Marble Bar, 
Western Australia. Australia’s REE industry attained 
an international profile when REE-bearing heavy 
minerals (monazite and xenotime) were obtained as by-
products from beach sand mining activities in Western 
Australia, New South Wales, and Queensland. During 
the 1970s and 1980s, Australia’s annual production 
was about 12 000 tonnes of monazite and 50 tonnes of 
xenotime. Australia became the world’s largest producer 
of monazite when production peaked in 1985 with 
18 735 tonnes of monazite. Between 1952 and the 
‘temporary closure’ of the industry in 1995, Australia 
exported some 265 000 tonnes of monazite with an 
export value of $284 million (in 2008 dollars). Some 
beach sand mining projects are currently still operating 
in Western Australia (e.g., Cooljarloo) and Queensland 
(North Stradbroke Island). During the past decade 
there has been increasing industry interest in hard-
rock REE deposits as the demand and global prices 
for these strategic metals have significantly increased. 
A number of deposits with significant resources (e.g., 
Mount Weld, WA; Nolans Bore, NT; Toongi, NSW) 
in different geological settings are now at advanced 
stages of development. Their planned production 
contributions (e.g., starting dates of 2011 for Mount 
Weld, ~2013 for Nolans Bore) are likely to have a 
discernible impact on the global supply of REE.

REE 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-
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mineral sand deposits (beach, dune, offshore marine, 
and channel), carbonatite intrusions, (per)alkaline 
igneous rocks, iron-oxide breccia complexes, calc-
silicate rocks (skarns), fluorapatite veins, pegmatites, 
phosphorites, fluviatile sandstones, unconformity-
related uranium deposits, and lignites. The distribution 
and concentration of REE 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 REE (lanthanum to lutetium) and yttrium 
show a close genetic and spatial association with 
alkaline felsic igneous rocks, but scandium in laterite is 
associated with ultramafic-mafic igneous rocks.

A mineral-systems approach has been used in this 
review to classify the major Australian REE deposits 
according to various mineralising criteria and/
or associated geological events. This hierarchical 
classification framework has the advantage over more 
traditional descriptive classifications in that it attemps 
to understand the geological processes considered 
critical to the formation of a particular deposit type. 
It also has a more predictive capacity for identifying 
potential new areas and types of REE mineralisation. 
The highest level of the classification comprises 
four general ‘Mineral-system association’ categories—
Regolith, Basinal, Metamorphic, and Magmatic—and 
their sixteen ‘Deposit Type’ members, namely: 

1.	 Regolith—carbonatite-associated; ultramafic/mafic 
rock-associated;

2.	 Basinal—heavy-mineral sand deposits in beach, 
high dune, offshore shallow marine tidal, and tidal 
environments; phosphorite; lignite; unconformity-
related;

3.	 Metamorphic—calc-silicate; and 

4.	 Magmatic—(per)alkaline rocks; carbonatite; 
pegmatite; skarn; apatite and/or fluorite veins; and 
iron-oxide breccia complex.

The most commercially important REE deposits in 
Australia are related to magmatic and weathering 
processes associated with 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 REE 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 in other metals, such as zirconium, niobium, 
and tantalum. They also have the advantage of being 
easily mined by open-pit methods and they do not 
require extensive crushing and milling. Mesozoic 
alkaline volcanic provinces of eastern Australia provide 
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 REE-bearing phosphorites 
in Cambrian basinal successions have recently created 
exploration interest throughout eastern Australia. Large 
iron-oxide breccia complexes (e.g., Olympic Dam, 
SA) may be an important source of by-product REE 
that could be exploited in the future. The economic 
significance of less conventional exploration targets 
where the REE are hosted by lignite and bauxite 
accumulations is yet to be established. In addition, 
ionic-adsorption clay deposits that are mined in 
southeastern China represent a potential exploration 
target in Australia. 

The complex spatial distribution and concentration 
of REE in many Australian deposits reflect the subtle 
differences in physical and chemical behaviours of 
many elements (17 REE and associated metals) in the 
primary host rock and in the secondary weathering 
profile. Each orebody is ‘unique’ with different 
geological and metallurgical challenges. The pathway 
to production is project specific, and involves many 
intricate processing stages that often need to adapt 
during the life of the project. Some REE-bearing 
ores have associated abundances of uranium and 
thorium, thus environmental and competing land-use 
issues (e.g., heavy-mineral sand deposits along the 
coastal zone and National Parks) may also have to be 
considered. The development of a REE deposit from 
discovery to production may therefore be a protracted 
process involving many technical challenges and 
expensive commitments. Ideally, mining companies 
need a REE orebody with favourable geological-
geochemical-processing parameters, a careful approach 
to environmental considerations, high levels of different 
skills, and access to processing technologies and 
significant amounts of capital.
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