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SUMMARY. Australia has 654 000 tonnes uranium (U) in Reasonably Assured Resources (RAR) recoverable
at <US$40/kg U, which is the largest of all national resource estimates reported in this category. Australia also
has the world's largest resources in RAR recoverable at <US$80/kg U, with 29% of world resources in this
category. Other countries that have large resources in this category include Kazakhstan (19%), Canada (14%),
South Africa (10%), Brazil (7%), Namibia (6%), Russian Federation (6%), and United States (5%).

In 2000, the main developments in Australia's uranium mining industry were that production reached a record
level of 8937 t U3O8 (75791U), and commercial operations commenced at the new in situ leach operation at
Beverley during November. Australia's total production for 2000 was 27% higher than for 1999. Uranium oxide
was produced at the Olympic Dam (45001U3O8), Ranger (4437 t U3O8) and Beverley operations, although
production from Beverley for the year was not reported. Australia's share of the world's annual uranium
production has increased steadily from about 10.8% (3,712 tonnes U) in 1995 to 21.9% in 2000. Throughout this
period Australia has maintained its position as the world's second-largest producer of uranium, behind Canada.

Introduction

This paper reviews Australia's uranium resources
and production and considers these in a global
context. It also outlines the major styles of uranium
deposits in Australia and the world, and comments
on exploration trends.

These are all matters that AGSO - Geoscience
Australia is well able to comment on given that it:
• prepares annual estimates of Australia's uranium

resources within categories defined by the OECD
Nuclear Energy Agency (OECD/NEA) and the
International Atomic Energy Agency (IAEA).
These are incorporated in periodical updates
(usually every two years) of world uranium
resources. These updates are published in
Uranium Resources, Production and Demand,
commonly known as the 'Red Book'
(OECD/NEA & IAEA, 2000),

• provides advice to Government on uranium
exploration and discovery under the Atomic
Energy Act 1954, as amended; and

• provides technical advice to Government on
uranium mining proposals.

Australia's uranium resources

Under the NEA/IAEA resource classification
scheme, resource estimates are divided into the
following categories that reflect the level of
confidence in the quantities reported:

• Reasonable Assured Resources (RAR),
• Estimated Additional Resources — Category I

(EAR-I),

• Estimated Additional Resources — Category II,
• Speculative Resources.

The resources are further separated into categories
based on the cost of production: <US$40/kg U;
<USS80/kg U; and <US$130/kg U. The <US$40
category was introduced into the NEA/IAEA
scheme to reflect a production cost range that is
more relevant to uranium market prices which have
prevailed since the mid-1990s.

Table 1 shows the estimates for Australia's RAR of
uranium at December 2000. The majority of
Australia's total uranium resources in RAR
recoverable at <US$40/kg U are within six deposits
(Fig. 1):
• Olympic Dam (SA), which is the world's largest

uranium deposit,
• Ranger, Jabiluka, Koongarra in the Alligator

Rivers region (NT),
• Kintyre and Yeelirrie (WA).

World uranium resources

National agencies from each country provide
estimates of uranium resources in response to
questionnaires distributed by the NEA/IAEA
Uranium Group.

All the estimates of resources are expressed in terms
of tonnes (t) of uranium (U) recoverable from
mineable ore; i.e. the estimates include allowances
for ore dilution, mining and milling losses.
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Australia's uranium resources in RAR recoverable at
<US$40/kg U are the largest of all those countries,
which have reported resources in this category
(Table 1). Australia also has the largest resources in
RAR recoverable at <US$80/kg U, with 29% of
world resources in this category (Fig. 2). Other
countries that have large resources in this category
include Kazakhstan (19%), Canada (14%), South
Africa (10%), Brazil (7%), Namibia (6%), Russian
Federation (6%), and United States (5%).

Table 1. Reasonably Assured Resources, as at
December 2000 (t U).

Australia
Brazil (b)
Canada
France
Gabon
Kazakhstan (b)
Mongolia (b)
Namibia
Niger
Russian Fed.(b)
South Africa
Ukraine (b)
USA
Uzbekistan
Others (c)
Total
Total adjusted
for losses (d)

Cost Ranges (a)
<USS40/kgU

(<US$15/lb
U3O8)

654 000
56 100

284 560
NR

4 830
320 740

10 600
67 240
43 590
64 300

121000
-
NR

65 620
5 860

> 1 698 440
> 1570 000

<US$80/kgU
(<US$30/lb

UjO«)

667 000
162 000
326 420

12 460
4 830

436 620
61600

149 270
71120

140 900
232 900
42 600

106 000
65 620
95 970

2 575 310
2 334 000

<US$130/kg U
(<US$50/lb

U3O8)

697 000
162 000
326 420

14 240
4 830

598 660
61600

180 510
71 120

140 900
292 800

81000
355 000

83 090
117 830

3247 000
2 945 000

Sources: Data for Australia compiled by AGSO — Geoscience
Australia as at December 2000. Estimates for all other countries
are from OECD/NEA & IAEA (2000).
(a) Resources in <US$80 category include those resources in
<US$40 category. Resources in <US$130 category include those
resources in <US$80 category.
(b) In situ resources with no allowances for mining and milling
losses.
(c) Algeria, Argentina, Bulgaria, Central African Republic, Czech
Republic, Greece, Italy, Islamic Republic of Iran, Mexico,
Slovenia, Somalia, Spain, Sweden, Zaire, Zimbabwe.
(d) Totals have been adjusted by OECD/NEA and IAEA to
account for milling and/or mining losses not incorporated in the
estimates for Brazil, Kazakhstan, Mongolia, Russian Federation,
Ukraine and certain countries grouped under 'Other Countries'.
NR: not reported

Types of uranium deposits and their economic
significance in Australia and worldwide

The OECD/NEA and IAEA (2000) have classified
uranium deposits worldwide into fifteen deposit
types on the basis of their geological setting. They
are listed below in the order of their approximate
economic significance in Australia. The
approximate economic significance worldwide of
the seven most important types is shown in brackets.

• Depositor prospect
A Currtnt pmdtxar
A fomstpnxtuctr

Fig. 1 Australian uranium deposits and prospects

70OT

• RAR recover**; in rangs US$40 -

QRARrecovodfea <LS$40/kgU

Fig. 2 Distribution of reasonably assured
resources among countries with major resources.

Fig. 3 shows the proportion of Australia's resources
in each of these deposit types.
1. Breccia complex deposits; (3)
2. Unconformity-related deposits; (1)
3. Sandstone deposits; (2)
4. Surficial deposits; (6)
5. Metasomatite deposits; (7)
6. Metamorphic deposits;
7. Volcanic deposits;
8. Intrusive deposits; (5)
9. Vein deposits;
10. Quartz-pebble conglomerate deposits; (4)
11. Collapse breccia pipe deposits;
12. Phosphorite deposits;
13. Lignite;
14. Black shale deposits;
15. Other types of deposits.

24



Breccia complex deposits
Breccia complex uranium deposits formed from
hydrothermal systems associated with high-level
felsic - mafic intrusions and coeval volcanics in
intra-continental environments. The main
representative of this type of deposit worldwide is
the Olympic Dam deposit in South Australia. Other
significant deposits and prospects of this type in the
same area include Wirrda Well, Acropolis and Oak
Dam, and there are breccia hosted uranium deposits
and mineralisation in the Mount Painter area to the
east.

The Olympic Dam copper-uranium-gold deposit
has the world's largest resource of low-cost
uranium. As at December 2000, the deposit
accounted for approximately 65% of Australia's
reserves plus resources (Fig. 3). Together with past
production of 22 022 t U3O8 to December 2000, the
total initial global uranium resources amounted to
about 2510 Mt containing an estimated 1 003 2801
U3O8 (850 780 t U). The deposit is also a major
copper and gold producer. Silver is another
important co-product and the deposit has significant
amounts of rare earth elements (lanthanum and
cerium), and has an iron content of about 26% Fe.
The overall grades of the resource are about 1.3%
copper, 0.4 g gold per tonne and 2.9 g silver per
tonne.

The Olympic Dam deposit occurs in a hematite-rich
granite breccia complex in the Gawler Craton. It is
overlain by approximately 300 m of flat-lying
sedimentary rocks of the Stuart Shelf geological
province. The breccia complex is associated with a
Mesoproterozoic plutonic intrusion and co-
magmatic continental felsic volcanics.

The breccia complex is entirely within the granite
intrusion, and consists of a variety of breccia types
ranging from granite-rich breccias, through
hematitic granite breccias, to hematite-rich breccias.

There is a broad zonal distribution of the major rock
types within the breccia complex. The central core
of the complex is barren hematite-quartz breccias,
with several localised diatreme structures. The
hematite-quartz core is flanked to the east and west
by zones of intermingled hematite-rich breccias and
altered granitic breccias. These zones are
approximately 1 km wide and extend almost 5 km in
a northwest-southeast direction. Virtually all the
economic copper-uranium mineralisation is hosted
by hematite-rich breccias (Reeve & others, 1990).
This broad zone is surrounded by granitic breccias
extending up to 3 km beyond the outer limits of the
hematite-rich breccias. The outer limits of the
breccia complex are gradational with the Roxby
Downs Granite.

Unconformity related
20.4%

Sandstone uranium
6.7%

Surficial (calcrete)
4.9%

Broccia complex
65.5%

Fig. 3 Distribution of Australia's uranium
resources within deposit types.

Unconformity-related deposits
Unconformity-related deposits occur immediately
below and above major unconformities that separate
crystalline basement from overlying clastic
sandstones of either Proterozoic or, less commonly,
Phanerozoic age. The overlying sandstones are
usually flat lying, but in some cases they have been
folded (McKay & Miezitis, in press).

Approximately 20% of Australia's uranium
resources are contained in unconformity-related
deposits, which occur in two main uranium
provinces that contain Proterozoic unconformity-
related deposits:
• Alligator Rivers uranium field (NT)

encompassing Ranger 1, Nabarlek, Jabiluka,
Koongarra and Ranger 68 deposits; and

• Rudall Complex (WA) which contains the
Kintyre deposit.

Worldwide, the distributions of the grades and sizes
of the deposits are related to their setting with
respect to the unconformity and type of host rocks.
Large high-grade uranium (1-14% U3Og) or
polymetallic deposits (U+Ni+Co+As) occur directly
at or slightly above the unconformity (e.g. Cigar
Lake, McArthur River (Canada)). Large but medium
to high-grade uranium (0.3-1.0% U3O8) deposits are
found below the unconformity (eg. Rabbit Lake
(Canada), Jabiluka 2) and small low-grade deposits
may be up to 200 m above the unconformity (eg.
Maurice Bay (Canada)). The style of high-grade
unconformity-related deposits at the unconformity,
as seen at Cigar Lake, have not been found in the
Pine Creek Inlier to date although such deposits
could be completely concealed by the cover
sandstones.
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Sandstone deposits
Sandstone uranium deposits are in fluvial or
marginal-marine sandstone. This type of deposit
contains a large proportion of the world's known
uranium resources, although they are commonly of
low to medium grade (0.05 to 0.4% U3O8). In each
province or basin there are usually many small to
medium-size deposits, some of which can contain up
to 50 0001 U3O8. The cumulative tonnage in the
province or basin is often very large — up to several
hundred thousand tonnes (Dahlkamp, 1993). Major
sandstone uranium provinces include the Powder
River Basin in Wyoming, Colorado Plateau, and
Gulf Coastal Plain of the USA, and the Tim Mersoi
Basin of Niger.

Sandstone deposits comprise approximately 7% of
Australia's total uranium resources. Deposits of this
type occur in the Frome Embayment (Beverley,
Honeymoon, East Kalkaroo, and Goulds Dam),
McArthur Basin (deposits in the Westmoreland
area), Gunbarrel Basin (Mulga Rock), Carnarvon
Basin (Manyingee), Canning Basin (Oobagooma),
Amadeus Basin (Angela, Pamela), and Ngalia Basin
(Bigrlyi and Walbiri).

Surficial deposits
Surficial uranium deposits are broadly defined as
young (Tertiary to Recent) near-surface uranium
concentrations in sediments or soils. Uranium
deposits in calcrete (calcium and magnesium
carbonates) are the largest of the surficial deposits.
Calcrete deposits form in regions where uranium-
rich granites were deeply weathered in a semi-arid to
arid climate.

Calcrete deposits represent approximately 5% of
Australia's total reserves and resources of uranium.
The Yeelirrie deposit (WA) is by far the world's
largest surficial deposit. It contains 52 5001 U3OS in
resources averaging 0.15% U3O8. Other significant
deposits in Western Australia include Lake Way,
Centipede, Thatcher Soak, and Lake Maitland.

Quartz-pebble conglomerate deposits
Quartz-pebble conglomerate uranium deposits occur
in conglomerates deposited in the age range 3070-
2200 Ma, ie. Archaean and Palaeoproterozoic age
(Roscoe, 1995). The quartz-pebble conglomerate
deposits make up a major proportion of the world's
uranium resources, eg. Witwatersrand gold-uranium
deposits in South Africa, where uranium is
recovered as a by-product of gold mining.

Quartz-pebble conglomerates containing very low
levels of uranium (and gold) are known to occur in
four provinces in Western Australia: Hamersley
Basin, Yerrida Basin, Halls Creek Province and the
Pilbara Craton. However, to date, uranium or gold

concentrations of commercial significance have not
been discovered.

Only a minor proportion of Australia's total uranium
resources are in Metasomatite type (eg. Valhalla and
Skal deposits, Mt Isa region), Metamorphic type (eg.
Mary Kathleen deposit), Volcanic type (eg. Ben
Lomond and Maureen deposits, Qld), Intrusive type
(eg. Radium Hill and Crocker Well deposits, Olary
region SA), and Vein type deposits.

Collapse breccia pipe, Lignite, and Black shale
deposit types - these types of deposit are of minor
economic significance, and there are no known
significant examples in Australia.

Australia's uranium production

In 2000, the main developments in Australia's
uranium mining industry were that production
reached a record level of 8937 t U3O8 (7579 t U),
and commercial operations commenced at the new
in situ leach operation at Beverley during
November. Australia's total production for 2000 was
27% higher than for 1999. Uranium oxide was
produced at the Olympic Dam (4500 t U3O8),
Ranger (4437 t U3O8) and Beverley operations. Nil
production was reported from Beverley for the year.

Olympic Dam
Production from Olympic Dam was 41% higher than
for 1999, and in terms of annual production, it is
now the world's second largest uranium mine. This
increase in production resulted from the major
expansion of the project, which was completed in
1999 at a final cost of A$ 1.94 billion. The expansion
has increased annual production capacity to 200 000
t of refined copper, 4600 t U3O8 and commensurate
increases in gold and silver output.

WMC Ltd announced plans to further increase
copper production to an annual rate of 235 000 t
refined copper by optimisation of operating
processes within the metallurgical plant. It is
proposed to complete this expansion by 2003.

Ranger
Mining of the Ranger No. 3 Orebody open pit
continued throughout the year with 2.4 Mt of ore
and 4.5 Mt of overburden being mined. Energy
Resources of Australia (ERA) Ltd reported that
mining of the No. 3 Orebody is expected to be
completed in 2007, which will meet the
requirements for this open pit to be utilised as a
tailings repository from 2008. It is anticipated that
processing of Ranger ore will be completed by 2010.

The company's performance at both Ranger and
Jabiluka continues to be closely scrutinised by the
Supervising Scientist and the Northern Territory
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Government. The Supervising Scientist reported in
the 1998/1999 Annual Report:
'Assessments showed that the environmental
management regime at Ranger continues to operate
in a way that poses no immediate nor long-term
substantial threat to the surrounding environment of
Kakadu National Park'.

In August 2000, Rio Tinto Ltd gained a majority
ownership of ERA Ltd through the takeover of
North Ltd.

Recent uranium developments in Australia

Jabiluka
Construction of the decline, interim water
management pond and surface facilities were
completed in 1999. As with Ranger, Jabiluka is
surrounded by, but is not part of, Kakadu National
Park (KNP). In view of World Heritage concerns
about the impact of Jabiluka's development on KNP,
ERA Ltd has agreed that Jabiluka and the nearby
Ranger operation would not be in full operation
simultaneously. In line with this approach, ERA
announced in April 2001 that it would consider
further development of the company's mining
operations on a progressive basis in consultation
with all key stakeholders, including Aboriginal
interests. In the meantime, Jabiluka will remain in a
stand-by and environmental maintenance phase as it
has since October 1999.

Beverley
Beverley is Australia's first in situ leach (ISL)
operation to mine uranium. Annual production is
approximately 1000 t U3O8, and ion exchange
technology is used in the uranium recovery plant.

Development of the project was approved by both
the Commonwealth and South Australian
Governments in March 1999 following a joint
assessment of the Environmental Impact Statement
(EIS). As part of the assessment process the
Commonwealth Environment Minister required the
company to carry out further work to confirm that
there is no hydraulic connection between the highly
saline Beverley aquifer and other surrounding
aquifers, including the Great Artesian Basin aquifer.
This was necessary in order for approvals to be
granted for the disposal of liquid wastes by re-
injection into the Beverley aquifer.

Honeymoon
The draft EIS for the proposed development of the
Honeymoon project (SA) was released in June 2000.
Southern Cross Resources proposes to develop a
commercial ISL uranium operation, based on the
Honeymoon and East Kalkaroo deposits. The
nominal production rate is planned to be 1000 t
U3O8 per year. Uranium will be recovered in the

processing plant using solvent extraction technology
mainly because of the very high salinity of
groundwaters in the Basal Sands aquifer.

The various options for disposal of liquid wastes
from the proposed operation were outlined in the
draft EIS. The company's preferred method for
disposal is to re-inject the liquid wastes into the
Basal Sands aquifer via disposal wells.

The draft EIS and the Response Supplement were
assessed jointly by South Australian Government
agencies and the Commonwealth Department of
Environment and Heritage (Environment Australia).
In February 2001, the Environment Minister
announced that before he could make a final
decision on the proposal, further detailed
information would be required on the hydrology of
the Honeymoon aquifers. With reference to the
disposal of waste liquids by re-injection into the
Basal Sands aquifer, the Minister stated that he must
be confident about the characteristics of any
migration of re-injected waste, and also that
detrimental environmental consequences would not
occur.

Following consultations between Geoscience
Australia, the Bureau of Rural Sciences and South
Australian Government agencies, the Minister
released the Terms of Reference for the additional
work in March 2001. It was recommended that the
company should:
• carry out pump tests and stratigraphic drilling to

assess the hydrogeological boundaries and
characteristics of the aquifer and confining beds,
including any leakage between the aquifers,

• characterise the chemical processes, which may
occur in any liquid waste plume, to determine the
chemical and physical changes and the probable
rate of return to values comparable to the natural
groundwaters in the aquifer,

• demonstrate the effectiveness of the monitoring
system to detect possible excursions as a result of
ISL operations, and liquid waste injection into
the Basal Sand aquifer, and groundwater
extraction from the Upper Sand aquifer.

The work required to collect the additional
information was carried out in three phases:
stratigraphic drilling, aquifer test pumping, and
groundwater flow and quality simulation. The
numerical modeling was generated using
commercial computer simulation packages and
project data accumulated over many years of testing.
Reports on the results of this additional work were
delivered to Environment Australia in July and are
currently being considered.
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Table 2. World natural uranium production by country, 1999-2001 (Sorted according to production in
2000).

Country

Canada
Australia
Niger
Namibia
Uzbekistan
Kazakhstan
Russia
United States
Ukraine
South Africa
China
Czech Republic
Subtotal
Others2'
TOTAL

1999
Tonnes U

7,896
5,984
2,918
2,689
2,130
1,367
1,500
1,871
1,200

981
500
313

29,349
1,460

30,809

Share of
Total (%)

25.6
19.4
9.5
8.7
6.9
4.4
4.9
6.1
3.9
3.2
1.6
1.0

95.3
4.7

100.0

2000
Tonnes U

10,682
7,579
2,898
2,715
2,010
1,771
1,500
1,493
1,200

817
500
323

33,488
1,198

34,686

Share of
Total (%)

30.8
21.9
8.4
7.8
5.8
5.1
4.3
4.3
3.5
2.4
1.4
0.9

96.5
3.5

100.0

2001"
Tonnes U

10,522
8,200
2,900
2,600
2,150
1,800
1,500
1,119
1,200
1,268

500
330

34,089
1,084

35,173

Share of
Total (%)

29.9
23.3

8.2
7.4
6.1
5.1
4.3
3.2
3.4
3.6
1.4
0.9

96.9
3.1

100.0
Source: Data for all countries other than Australia are from Nukem (2001).
]) Estimates
2) Others include: Argentina, Belgium, Brazil, France, Gabon, Germany, Hungary, India, Pakistan, Portugal,

Romania and Spain

World uranium production

Since 1998 the world uranium production has been
fluctuating between 30,809 tonnes U in 1999 and
34,686 tonnes in 2000. The production is projected
to increase to about 35,000 tonnes U in 2001 before
declining to about 32,000 tonnes U in 2002.
Australia's share of the world's uranium production
has increased steadily from about 10.8% (3,712
tonnes U) in 1995, 14.3% (4,894 tonnes U) in 1998,
to 21.9% (7,579 tonnes U) in 2000. Throughout this
period Australia has maintained its position as the
world's second-largest producer of uranium, behind
Canada. Australia's uranium production is projected
to surpass that of Canada in 2002, with an increase
to about 8,790 tonnes U or about 27% of world
production. In 2000, total production from Canada
(30.8% of world production) and Australia
accounted for more than 50% of the world's
uranium production. In 2000, uranium was produced
in 21 countries with Niger (8.3%), Namibia (7.8%),
Uzbekistan (5.8%) and Kazakhstan (5.1%) being
some of the more significant producers.

By end of 2001, uranium production is expected to
cease in France, Germany, Spain and Portugal. In
some of these countries and in Hungary, minor
quantities of uranium are extracted as part of
decommissioning processes involving clean-up
activities and water treatment, which may continue
for some years. Uranium production in Argentina

has also been placed on stand-by because of low
uranium prices.

The largest production centres in 2000 were Key
Lake/McArthur River (Canada), Olympic Dam and
Ranger. Canada's Cigar Lake project is projected to
start up in 2005.

World natural uranium production for 2000 was
derived from several general types of mining
operations: Conventional mining (underground and
open cut) 70.0%; in situ leach 14.3%; co-product of
copper mining 11.0%; by-product 2.1%; and
others/unknown 2.6%.

World uranium production in 2000 was sufficient to
meet about 56% of the annual demand for fuel for
electricity generation by nuclear reactors. The
balance of the fuel requirements are met from other
sources and include stockpiles, reprocessing of
weapons grade material, and by uranium and
plutonium recovered from reprocessing of spent
nuclear reactor fuel. Such secondary sources of
uranium are likely to continue to supplement the
demand for nuclear reactor fuel for the next few
years.
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Uranium exploration in Australia

AGSO — Geoscience Australia undertakes an annual
survey of uranium exploration in Australia. Total
expenditure on uranium exploration in Australia for
2000 was $7.59 million, 21% lower than for 1999.
The main areas for exploration during 2000, and
deposit types being targeted were:
• Arnhem Land (NT) - exploration for

unconformity-related deposits in
Palaeoproterozoic metasediments below a thick
cover of Kombolgie Sandstone,

• Frome Embayment (SA) - exploration for
sandstone type deposits in Tertiary sediments,

• Mount Painter region (SA) - exploration for
uranium and gold mineralisation in hematite-rich
granitic breccias.

Virtually all of Australia's significant deposits were
discovered during the period of elevated exploration
expenditures between 1969 and 1980 (Fig. 4). This
was followed by a long period of low exploration
expenditures from 1982 onwards, and during this
period only one deposit (Kintyre) was discovered.
Although Australia's low-cost resources continued
to increase after 1982, this was only due to the
delineation of resources at the known deposits.

'— Uranium exploration expenditure
— — - Reasonably Assured Resources recoverable at less than

US$80/kg U

Fig. 4 Comparison between annual expenditures
on uranium exploration, the discovery of deposits
and growth in Australia's uranium resources
(McKay & Miezitis, in press).
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