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HIGHLIGHTS OF URANIUM IN SOUTH AFRICA
1888 Sir William Crookes shows radioactivity to be the cause of the green fluorescence of minute diamonds recovered

from Witwatersrand gold ores.

1923 R A Cooper identifies uraninite in a heavy-mineral concentrate from the City Deep Gold Mine.

1944 W. Bourret and F. West visit South Africa as part of the Manhattan Project, to assess the uranium potential of the Wit-
watersrand gold reefs.

1946 Dr G. Bain, consultant to the Manhattan Project, and Dr C.F. Davidson, senior geologist for the British Atomic Energy
Board, visit South Africa to continue detailed investigations of reefs shown to be uraniferous by the previous sampling.

1948 Proclamation of the Atomic Energy Act and establishment of the Atomic Energy Board.

1949 Test pilot plant erected at Blyvcoruitzicht Gold Mine to develop a sulphuric-acid leaching process for the extraction
of uranium.

1951 First production of yellow cake at the Blyvoorultzlcht pilot plant.

1952 The Prime Minister, Dr D F Malan, opens South Africa's first commercial uranium plant at West Rand Consolidated
Mines.

1961 Dr T.E.W. Schumann, Chairman of the Atomic Energy Board, turns the first sod to start construction of the National
Nuclear Research Centre at Pelindaba.

1965 The South African Fundamental Atomic Research Installation reactor (the SAFARI-1) goes critical at Pellndaba.

1967 The Uranium Sales Organisation, later to become the Nuclear Fuels Corporation of South Africa (NUFCOR), Is
established to negotiate uranium sales contracts.

1967 Feasibility of a locally developed vortex-tube enrichment process demonstrated.

1970 Establishment of the Uranium Enrichment Corporation of South Africa (UCOR).

1971 Palabora Mining Company becomes the first company to produce uranium outside the Witwatersrand Basin.

1976 Site work started for Koeberg nuclear power station.

1978 Initiation of a project at Valindaba for the commercial production of enriched uranium.

1979 Commencement of a programme to locate a suitable radioactive waste disposal site.

1980 Peak production of uranium in South Africa - 6143 tonnes U (7 248 tonnes IPC-B).

1981 SAFARI-1 fuelled for the first time by fuel elements manufactured locally from locally enriched uranium.

1982 The Nuclear Development Corporation of South Africa (NUCOR) is established and takes over most aspects of the
research and development work of the Atomic Energy Board while the Atomic Energy Corporation of South Africa
(AEC) is created as the central governing body in respect of all state financed nuclear activities In South Africa.

1983 Ground acquired for the establishment of the Vaalputs Radioactive Waste Disposal Facility.

1984 Koeberg 1 synchronized into the Escom grid.

1985 Koeberg 2 synchronized into the Escom grid - 10% of South Africa's electricity now produced by nuclear means.

1985 South Africa becomes the second largest uranium producer In the non-communist world.

1985 NUCOR and UCOR are brought under the single banner of the AEC with Its three major programmes, namely
Nuclear Fuels, Nuclear Research and Development and Corporate Services. ;
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Wat hulpbronne en produksie betref,
beklee Suid-Afrika die derde posisie in
die wereld, met 'n aandeel van onge-
veer 14% in albei gevalle. Tot onlangs
was die rol van die land in die kernin-
dustrie beperk tot uraanproduksie, na-
vorsing en 'n mate van kommersiele
aktiwiteite. 'n Unieke, plaaslik ontwik-
kelde uraanverrykingsproses is egter
ontwikkel en maak dit vir Suid-Afrika
moontlik om selfversorgend ten opsigte
van sy kembrandstotbehoeftes te wees.
In 1984 het die KOEBERG-kernkragstasie
Suid-Afrika ook op die pad van kom-
mersiele kemkragontwikkeling geplaas.

Teen die einde van die vorige eeu is
die aanwesigheid van uraan in die
gouderts van die Witwatererand ont-
dek, maar eers na die ontwikkeling op
die gebied van kernenergie tydens die
2de wereldoorlog Ir met produksie
begin en wel in 1952 by die West Rand
Consolidated-myn. Teen 1959 het 26
myne erts aan 17 uraanaanlegte ge-
lewer, om die jaarllkse produksie tot op
4 9541U te staan te bring. Na 1959 het
die uraanbehoeftes vir die ontwikkeling
van kernwapens afgeneem terwyl die
kommersiéle aanwending van kem-
krag agterweê gebly het. Gevolglik het
die vraag na uraan, en gevolglik ook
die produksie daarvan afgeneem. Die
wéreiddiekrisis in die 1970's het die
noodsaaklikheld van die ontwikkeling
van kernenergie vir kommersiele krag-
ontwikkeling na vore gebring en dfe
vraag na uraan drasties laat styg. Suid-
Afrika se uraanindustrie U nierdeur in so
'n mate gestimuleer dat, teen 1980, die
jaariikse uraanproduksie (van die land)
tot 6143 t U gestyg het. Die tweede
oliekrisis van die laat sewentigerjare en
gepaardgaande energlebesparings-
maatreels het ook elektrisiteitsontwlk-
keling met behulp van kernkrag nade-
lig geraak en die vraag na uraan laat
daal. Gedurende 1985 was 14 uraan-
aanlegte met 'n totale produksie van
4 880 t U in werking. Daar word egter
verwag dat die marktoestande gelei-
delik sal verbeter en dat teen die
middel- 1990's die wereldvraag na
uraan die produksiekapasitelt met
ongeveer 7 0001U per jaar sal oorskry.

Goud was nog altyd die hoofteiken in
die prospektering van die kwartsrol-
steenkonglomerate van die WHwaters-
rand-supergroep, die Domlnlumrif-
groep, die Mozaan-groep en die

Swartrif-formasie. Die uraanpotenslaal
van die gesteentes speel geen werkllke
rol in die keuse van goudfeKengeblede
nie. Huidige vooruitgang In diepmyn-
bou-tegnologie veroorsaak dat al hoe
dieper riwwe toeganklik gemaak word.
Die eksplorasiekoste van hlerdie diep
riwwe is geweldig hoog en daarom ge-
bruik maatskappye deesdae die ge-
sofistikeerde vibroseismiese tegniek al-
vorens 'n boorprogram aangepak
word. Tans is 12 maatskappye aktief
met prospektering in die Witwaters-
randkom en hul sukses blyk uit die feit
dat die opening van vyf nuwe myne
gedurende die afgelope sewe Jaar
reeds aangekondig is en nog aanton-
digings verwag word. Daar word
geraam dat ongeveer R100 miljoen
gedurende 1984 aan eksplorasle In die
Wilwatersrandkom bestee Is. Hierdle
bedrag is hoofsaaklik bestee In die
soektog na gouddraende riwwe, maar
aangesien die meeste goudriwwe ook
uraandraend is, vind die uraanhulp-
bronne van die land ook baat by nuwe
goudontdekkings.

As gevolg van die daling in die uraan-
verkoopprys het die eksporasietempo
bulte die Witwatersrandkom tans 'n
laagtepunt bereik. Die meeste maat-
skappye hou hul opsies in stand maar
geen ekspolasle word uitgevoer nie.

Uraanminerallsasie kom in vyf goed
gedefinieerde tydperiodes in die Suid-
Afrikaanse geologiese geskledenls
voor. Die oudste tipe minerallsasle Is
dié wat gedra word deur die kwarts-
rolsteenkonglomerate wat in ouder-
dom wissel lussen 2 900 MJ en 2 400 Mj.
Alkali-komplekse beslaan 'n tydsduur
van 2 000 Mj (Phalaborwa) tot 1 400 Mj
(Pilansberg). Uraan kom ook voor in
granietgneise van die periode 1 950 MJ
tot 1 000 Mj. Uraan is grootllks afwesig
in die periode 1 000 Mj. tot 300 Mj,
maar maak weer sy verskynlng met die
begin van die Karoo-sedimentasie
waar dit voorkom in sowel sandsteen-
as steenkoolafsettlngs. Die jongste
uraanmineralisasle kom voor in ge-
steente van Tersiêre tot Resente tyd,
soos byvoorbeeld kalkreet, diatomee-
aarde, strandsand en fosfaat.

Hulpbronramlngs word in verskele kate-
gorie ingedeel, nl. Redellk Versekerde
Hulpbronne, Geraamde Bykomende
Hulpbronne, Kategoriee I en II, en
Spekutatfewe Hulpbronne. Hierdle
kategoriee dui op die sekerheidsvtak
van die ramlngs. Verdere Indeling in
kostekategoriee dul op geraamde
koste waarteen die hulpbronne ontgin
kan word.

Die grootste gedeelte van Suid-Arika
se uraanhulpbronne, naamlik 87%, kom
voor as 'n neweproduk van goud in die
kwartsrolsteenkonglomerate van die
Witwatersrandkom. Die prys van goud
speel dus 'n belangrike rol In die kos-
tekategoriserlng van die hulpbronne.
Vir die doel van die huidige herevalue-
ring is 'n goudprys van S370/ons en 'n
rand/dollar-wlsselkoers van Rl • $0,70
gebruik, wat 'n goudprys van ongeveer
Rl 70007kg Au daarstel.

Die uraanhulpbronne van Suld-Afrlka in
die Redellk Versekerde- en Geraamde
Bykomende-kategorie, herwinbaar
teen 'n koste van minder as $130/kg U,
beloop tans 483 000 tu .

Benewens die uraan afl<omstig van die
Witwatersrand-goudmyne, word 'n klein
hoeveelheid deur die Poiabora-koper-
myn geproduseer. Gedurende 1985
het die land se produksie 4880 t U
beloop.

Die kort- tot mediumtermynvoorurrslgte
vir die uraanmark voorslen nie 'n groot-
skaalse opswaai In die vraag na uraan
nie en daar word verwag dat Suid-
Afrika se uraanproduksie tot ongeveer
die mlddel-1990's om en by 5500 t U
per jaar sal beloop.

Suid-Afrika se maksimum produksle-
vermoê word teorettes op 12000 t U
per jaar gestel, maar 'n produksiepla-
fon van 10 000 t U is waarskynllk meer
realisties en dië produksietempo kan
tot In die volgende eeu gehandhaaf
word.
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This year, 1986, is the centenary of the
discovery of one of the great treasure
houses of the world, the Witwatersrand
Goldfields. In addition to gold, the Wit-
watersrand reefs were later proved to
contain sufficient uranium to place
South Africa among the top two ura-
nium producers of the Western World.

Bearing in mind the historic significance
of 1986, it is of interest at this time to
reflect on the contribution that the Wit-
watersrand has made to the economy
of the Western World and South Africa
in particular. From the inception of
mining on the Witwatersrand to the
end of 1984 almost 40 000 tonnes of
gold were produced, with a realized
value In excess of R90 x 109. At current
prices, the value of this gold would be
about Rl x 10'2 (current exchange rate
l?l = $0,45). In 1984 South Africa pro-
duced 59,5% of the non-communist
world's gold output, most of which was
exported and represented some 30%
of the total value of the country's ex-
ports.

Uranium is the most important by-
product of Witwatersrand gold mining.
Production of uranium in South Africa
commenced at the West Rand Consoli-
dated Mine in 1952, with many other
mines rapidly following suit. Up to the
end of 1984 a total of 136000 tonnes
of U3O8 had been produced by the
Witwatersrand gold mines with a minor
contribution from Palabora amounting
to 2 000 tonnes. It would not be in the
national interest to disclose the revenue
generated by the sale of uranium, but
suffice it to say that in 1984 the profits
derived from uranium production
amounted to R132 million. The decline
of the uranium market in recent years
has affected the local uranium industry,
but in spite of rationalization among
the producers, in 1984 and 1985 South
Africa was the second largest uranium
producer among the WOCA countries.

The contribution of the gold and
uranium mining Industry to the South-
African economy should not be mea-
sured only In terms of the revenue it
generates but also in terms of less
direct benefits. During the 1984 tax
year Government revenue contributed
by the industry amounted to R2,4 x 109.
At the same time the Industry employed

almost half a million people, paying
them a total of R2,8 x 109, and con-
sumer) i?3,7 x ? 09 worth of stores.

It Is evident that the gold and uranium
mines play an Important role In the
South African economy, and will con-
tinue to do so in the future. On the basis
of known reserves it is predicted that
the Witwatersrand Basin will continue to
produce gold and uranium well into
the next century. However, such predic-
tions have been made in the past, and
every prediction has placed the
demise of the Witwatersrand Basin
further into the future than the previous
one. New reserves are continually
being added as known reserves are
being depleted and it is possible that
the Witwatersrand Basin will continue to
produce gold and uranium for another
hundred years.

South African uranium resources are
evaluated on an ongoing basis by the
Atomic Energy Corporation (ACC) In
close co-operation with the mining
companies concerned which, In terms
of the Nuclear Energy Act of 1982, as
amended, make certain confidential
information available to the AEC. These
data are published in summary form
every two years and are also made
available to various International agen-
cies.

The success of this exercise is largely
due to the close working relationship
between the mining industry and the
AEC and it Is with pleasure that I pay
tribute to our mining Industry for their
willing cooperation.

J.W.L de Vllllers
Executive Chairman
Atomic Energy Corporation of SA
March 1986
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1 introdu!

Uranium is the last naturally occurring
element in the Periodic Table and was
discovered in 1789. It is a dense silvery
g.ey metal which is chemically highly
reactive and forms a number of brightly
coloured oxides and salts. Prior to ttie
1940s the only commercial use for ura-
nium was in the use of these salts to
colour glass and ceramics. It was es-
sentially only a scientific curiosity.

Uranium is one of the few elements with
naturally occurring radioactive isotopes
and one of its decay products is radium.
Early research into radium was carried
out by Madame Curie and the recogni-
tion of its therapeutic value in the early
part of the century resulted into sig-
nificant amounts of uranium ore being
mined to extract radium.

It was the development of the orlom
bomb which really brought uranium
into prominence. The potential tor the
use of uranium as an energy source
became apparent with the practical
demonstration of the theory of chain
reaction, but initially all nuclear de-

velopments were restricted to armament
applications, It was only in 1955 that
Russia brought Into operation the
world's first nuclear power station. This 5
MWe plant was the forerunner of a
now well-established and important
nuclear power generating programme.
At the end of 1984 a total of 346
reactors were operative in 38 countries
throughout the world. Their contribution
to the world's electricity supply was
220407 MWe, which represented about
13% of the world's total electricity-
generating capacity.

In addition to their use in power genera-
tion, reactors are used to produce a
host of radioactive isotopes. These iso-
topes find applications In various Indus-
trial fields, In particular, medicine and
food Irradiation.

South Africa Is a major nation In terms
of uranium resources and production,
being ranked in 1he top three nations
of the world for both, with about a 14%
share of each. Until recently the coun-
try's participation in the nuclear industry
was limited to the production of

uranium and research, with minor com-
mercial activities. The commissioning of
the Koeberg nuclear power station in
1984 placed South Africa firmly on the
path of commercial nuclear power
generation. A unique, locally de-
veloped uranium enrichment process
will enable South Africa to be self-suffi-
cient in its nuclear-fuel needs.

Foreseeing the need to cope with
radioactive waste arising from its
nuclear industry, South Africa Initiated a
detailed investigation in 1979 to locate
a suitable disposal site. This culminated
In 1983 with the acquisition of land for
the establishment of the Vaalputs
Radioactive Waste Disposal Facility. Ini-
tially only low-level and intermediate-
level waste will be stored at the facility,
but ultimately it is intended to license
the site for the disposal of all levels of
radioactive waste. In time South Africa's
burgeoning industry will encompass all
aspects of the nuclear fuel cycle.

SAFAM-1, the research reactor at PeHndaba (AEC)



The first clues regarding the presence
of uranium in South Africa were unco-
vered late in the last century when the
green fluorescence of minute diamonds
recovered from gold ores of the Wit-
watersrand was shown to be caused
by radioactivity. Some years later
uraninite was identified in heavy-
mineral concentrates from the City
Deep Gold Mine, but because of its
lack of commercial value, this raised
little interest. A world-wide investigation
into sources of uranium, following the
development of the first atom bomb,
focussed attention on South Africa.

Uranium production commenced in
1952 at the West Rand Consolidated
Mines and this was followed closely by
the commissioning of four more uranium
plants in 1953. Production accelerated
rapidly until 1959, when 26 mines were
feeding 17 plants for a total production
of 4954 tonnes U. In the early years
South Africa's entire output was com-
mitted to supplying the Western World's
nuclear armaments programmes. After
1959 the needs of these programmes
declined and uranium production in
South Africa followed suit, reaching a
nadir of 2 262 tonnes U in 1965.

At this time the relative abundance
and cheapness of fossil fuels did little to
encourage development of the em-
bryonic nuclear power industry. The
situation changed drastically in the
1970s with the advent of the world oil
crisis, and demand' for uranium rose
rapidly. The resultant steep rise in price
stimulated South Africa's uranium indus-
try to the extent that by 1980 it had
almost trebled its production, to 6143
tonnes U.

Many decades of gold-mining activities
gave rise to vast tailings deposits which
contained substantial reserves of ura-
nium. The favourable uranium price led
to the initiation of three large tailings-
treatment operations in the East Rand,
Klerksdorp and Welkom areas, with all
three becoming significant uranium
producers. In 1982 South Africa's first
primary uranium-producing mine, the
Seisa Mine, was brought on stream.

The boom in the nuclear power industry
received a severe blow in 1979 when
the Three Mile Island incident triggered
an anti-nuclear backlash. In the wake
of this the growth of the nuclear power
Industry declined, with a number of
planned nuclear plants being can-
celled In various parts of the world,
Demand for uranium dropped and
consequently so did Its price, which, by
the end of 1984, had fallen to about a

third of its peak level, attained in 1978.
The result of this was a substantial
rationalization of the South African
uranium Industry. At the end of 1985,14
uranium plants were in operation and
produced 4880 tonnes U during the
year.

The no. 9 shaft at Vaal Reefs mine - South Africa's largest Uranium producer
(Anglo American Corp)'



3 urcmiui

The spot market is frequently used as a
reference to uranium price trends, but it
must be bom in mind that only about
10% of world trade in the metal is
conducted through the spot market.
During 1984 the average uranium spot-
market price, as quoted by Nuexco,
decreased from $22,98/1 b U3O8

($59.78/kg U) in 1983 to Si 7,27/1 b U3O8

($44,93/kg 10. Long-term contracts ac-
counnt for 90% of trade, and contract
prices are currently in the $25 to $30/lb
U3O8 ($65 - $78/kg U) range.

A study by Colorado Nuclear Corpo-
ration (CNC) projects that i* Is unlikely
that the spot-market price will rise
above $20/1 b U3O8 ($52/kg U) over the
next two years, after which a gradual
increase will occur. It is also projected
that the contract price will steadily
Increase from 1987 onwards, to reach
a level of $37/1 b U3O8 ($96,26/kg U) by
the mid-1990s.

The WOCA (World Outside the Centrally
Planned Economies Area) Installed
nuclear capacity will increase by 82%
from the current level of 174 GWe to
317 GWe by the end of 1995. WOCA's
natural uranium demand will corres-
pondingly increase from the current
37 000 t U/a to about 50 000 t U/a, an
increase of 35%. The Western World
production capability as projected by
NUKEM will increase from 37300 t U/a
to 43 5001 U/a by 1994. Fig. 1 compares
the projected annual uranium demand
and production capability of the
Western World, as published by CNC
and NUKEM respectively. CNC esti-
mated the uranium inventories being
held by WOCA countries to be in excess
of 76000 t U, or about two years of
forward demand.

From Fig. 1 It is clear that as from 1986
the annual uranium demand to fuel
reactors will be higher than the annual
production capability. Taking congni-
sance of the stockpiles, it is not ex-
pected that the shortfall in production
capability will influence the market in
the short term, but by the early to
middle 1990s additional production
capacity will be necessary to satisfy the
increasing demand.

WOCA - ANNUAL URANIUU DEMAND IN TONNES U - CNC
ANNUAL PRODUCTION CAPABILITY IN TONNES U - NUKEM

Fig. 1 Comparison of projected annual
uranium demand
and production capability of
WOCA

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994



Uranium has always been of secondary
importance to gold as a target com-
modity in the exploration of the quartz-
pebble conglomerates of the Witwaters-
rand Supergroup, Dominion Group,
Mozaan Group and Black Reef Forma-
tion. A marked increase in the price of
uranium in the late 1970s brought the
metal into greater prominence and
led to the establishment of two primary
uranium producers, the Beisa Section
of St Helena Gold Mines and the Afri-
kander Lease. The subsequent slump in
the uranium price caused the untimely
closure of both these operations. The
latter ceased operations in 1982 with-
out ever having produced any uranium,
and is on a care and maintenance
basis, whereas the former was shut
down completely in 1984. Currently,
the very favourable gold price in rand
terms has stimulated extensive explo-
ration in various parts of the Witwater-
srand Basin but the uranium potential is
of little importance in determining tar-
get areas and levels of expenditure. A
significant factor in determining target
areas is the advances in deep-mining
technology, making deeper and
deeper reefs accessible for exploita-
tion. A result of this is the rapid esca-

lation in the costs of exploring for these
deep reefs, and recently companies
have been making extensive use of the
sophisticated vlbro-seismic technique
to define targets more accurately prior
to drilling. In all, twelve companies are
currently active within the Wltwatersrand
Basin. The success of these activities is
attested to by the fact that announce-
ments of the opening of five major
mines have been made over the last
seven years, with more believed to be
imminent.

The presence of uranium in Karoo sedi-
ments was first noted In 1967 during
drilling for oil. One year later, in 1968,
the application of a Colorado Plateau-
type model resulted in exploration
being started in the southern Karoo.
This escalated rapidly and spread to
other parts of the Karoo Basin, and at its
height 12 companies were active in
the area. A number of deposits were
identified but the drastic slump in the
uranium market in the early 1980s led
to a decline in exploration and by 1982
only one company was still active, with
all work terminating in early 1985. A
similar fate overtook the uraniferous

SPOT MARKET PRICE - DOLLAR/POUND URANIUM OXIDE
EXPLORATION EXPENDITURE - MILLION RAND

coal deposits of the Springbok Rats,
where exploration Is currently at a
standstill. During 1985 only three com-
panies explored for uranium In South
Africa outside the Witwatersrand Basin,
all operations being at a relatively low
level, but encouraging uranium results
were obtained. A further four compa-
nies held ground with known uranium
mineralization but did no exploration.

The cost of exploration is escalating
continuously, both because of inflation
and the increasing difficulty in finding
new orebodies. In the Witwatersrand
Basin alone It is estimated that in excess
of Rl 00 million was spent on exploration
during 1985. This was spent primarily in
the search for gold but as many of the
gold reefs are uraniferous, new uranium
resources are being discovered con-
currently with those of gold. Exploration
for uranium outside the Witwatersrand
Basin is at a low level, with little expendi-
ture. Historic expenditure in the Karoo,
when compared with the spot-market
price of uranium, indicates that explo-
ration philosophy has been of a short-
term nature (Fig. 2). The close similarity
between the two graphs suggests that
future market perceptions, and thus
funds allocated for exploration, are
based on time periods shorter than the
lead time required to bring a new mine
into production. It also suggests that
any significant Improvement in the
uranium market will be followed closely
by a resurgence In exploration for
uranium as a primary commodity.

FtQ-2 Annual uranium spot-market price
against the annual exploration
expenditure In the Main Karoo Basin

1076 1076 1977 1978 1970 1980 19B1 1982 1083 1984



Uranium mineralization Is present in
rocks '.vhich encompass almost the
whole of the getogical history of South
Africa. However, significant minerali-
zation is restricted to five fairly well-de-
fined time periods. Each period is
characterized by a distinct type or
combinations of types of mineralization.
The oldest type is that hosted by quariz-
pebble conglomerates which fall in the
time range from 2900 Ma to 2 400 Ma.
Uranium-bearing alkaline complexes
cover a wide time scale, from 2 000 Ma
(Phalaborwa) to 1400 Ma (Pilanes-
berg). Uranium is also found in granite
gneisses which span a similarly large
time period, from 1 950 Ma to 1 000 Ma.

A hiatus in the occurrence of uranium
in South Africa exists between 1 000 Ma
and 300 Ma. It Is only with the onset of
Karoo sedimentation that uranium mine-
ralization reappears in the South African
stratigraphlc column. Uranium occurs
both in coal seams and sandstones of
the Karoo Sequence. The youngest ura-
nium mineralization occurs in a variety
of Tertiary to Recent sediments, which

include calcretes, peaty diatomaceous
earths, beach sands and phosphates.
The distribution of uranium provinces In
South Africa is shown In Fig. 3.

5.1 Quartz-p»bbt» Conglomerates

Uraniferous quartz-pebble conglome-
rates in South Africa are found in four
distinct sequences of rocks, namely 1he
Pongota Sequence, the Dominion
Group, the Witwatersrand Supergroup
and the Transvaal Sequence. The Pon-
gola Sequence is the oldest, having
been dated at ± 3 000 Ma, and is the
least important of the four. The
sequence has two subdivisions, and
uranium associated with gold Is known
to occur In a conglomerate at the
base of the uppermost Mozaan Group.
The Sequence has only been Investi-
gated to a limited extent, and virtually
no resources have been identified.

Considerably more important is the
Dominion Group, which forms part of

the Witwatersrand Province and Is
somewhat younger than the Mozaan,
having an age of ± 2800 Ma. It is
restricted to the northwestern part of
the Witwatersrand Province, rests on
Archaean granites and is overlain by
the Witwatersrand Supergroup. Two
conglomeraTe horizons occur near the
base of the Group and these carry
gold and uraninite mineralization,
which was exploited in the past. Sub-
stantial resources have been proved
and more are believed to exist, but the
latter are largely in the speculative
category.

The Wffwatersrand Supergroup is di-
vided Into the lowar West Rand Group
and the upper Central Rand Group
(Fig. 4). Both Groups have uraniferous
and auriferous quartz-pebble conglo-
merates but the latter Group is by far
the more important, having the majority
of the uranium and gold resources of
the Witwatersrand Supergroup, and
containing 87% of South Africa's
uranium resources in i,ie lower cost
categories.
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Fig. 3 Locality maps of uranium provinces In South Africa.
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Utnostratigraphlc columns of the Witwatersrand Supergroup and Dominion Group In the Central Rand, Kletksdorp and Orange free
State Goldfields, with major uranium-bearing reefs Indicated.

The West Rand Group was deposited
mainly under tidal and subtidal condi-
tions and conglomerates are uncom-
mon. Significant amounts of uranium
are found only In one zone of conglo-
merates in the Government Subgroup.
The sediments of the Central Rand
Group are generally coarser than those
of the lower Group, having been depo-
sited in a fluvial-fan environment, and

conglomerates are more common. Six
major fluvial fans have been identified
along the northwestern margin of the
basin and these constitute the Evander,
East Rand, West Rand, Carletonville,
Klerksdorp and Welkom Goldfields.
From the bottom upwards the major
uranium-bearing conglomerate reefs
In these fans are the Beisa Reef at
Welkom, the Carbon Leader in the
Main Conglomerate Formation, a

number of the Bird Reefs on the West
Rand, with their equivalents the Vaal
Reef at Klerksdorp and the Basal Reef
in the Welkom Goldfleld, and the Els-
burg Reefs of the West and East Rand
Uranium can also be profitably ex-
tracted, as a by-product of gold, from
other reefs such as the Commonage
and Kimberley Reefs.
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Monitoring oW Omat dorr* of the Ergo operation on the E«t Rand (Anglo American Corp.).

The Black Reef Formation of the
Transvaal Sequence was mined in the
past for gold. The mineralization is
hosted by quartz-pebble conglome-
rates which are also uraniferous In
places. The reefs ore simitar to those of
the WHwatersrand Supergroup but
have a lower uranium grade, generally
below 0.05 kg U3Cyt.

Mining for gold on the WHwatersrand
has been in progress for almost 100
years and vast amounts of toWngs have
been generated. A significant propor-
tion of these tailings, especially those In
the older dumps, contain economic
albeit low concentrations of gold,
uranium and pyrHe. Three large opera-
tions are currently reworking selected
dumps for these minerals and a
number of smaller concerns are ex-
tracting only gold.

5.2 ANccrikw Complex**

Several alkaline complexes occur in
Southern Africa, two of the more impor-

tant ones being the Phalaborwa Igneous
Complex situated In the Republic of
South Africa and the Ptlanesberg Com-
plex situated in the neighbouring Re-
public of Bophuthatswona.

The PKonesberg Complex forms an
almost perfectly circular outcrop and Is
the largest of a number of bodies of
alkaline rocks found In Southern Africa.
It is situated within Bophuthatsvana
obout 60 km NNW of Rustenburg, at the
Junction of the granites and maflcs of
the Buthveld Igneous Complex. The
complex has an east-west diameter of
28 km, a north-south diameter of 24
km, and covers an area of approxi-
mately 530 km2, tt has been dated at
1400 Ma and was emplaced by an
involved sequence of volcanic explo-
sions, lava flows and ring fracturing with
upweMng of magma,

Like similar complexes elsewhere, espe-
cially In Africa and Greenland, some of
the Pllanesburg rocks contain concen-
trations of elements such as beryllium,
strontium, yttrium, rare earths, zirconium,

hafnium, niobium, tantolum, zinc and
also uranium ond thorium. PreUmNary
Investigations have indicated that the
complex has considerable potential as
a major source of these elements, pro-
vided that economically viable metal-
lurgical extraction techniques can be
developed under suitable market con-
ditions.

It is estimated that the in situ resources
of the Ptlanesberg Complex amount to
25000 tonnes U per 100 m depth
below surface, These resources are
classified as Estimated Additional Re-
sources - Category II, as defined by
the Nuclear Energy Agency of the Or-
ganization for Economic Co-operation
and Dev«lopment/lnterna1lonal Atomic
Energy (NEA/IAEA) Working Party on
Uranium Resources. The costs of recover-
ing the uranium are estimated to be
between $130 and $260/kg U with the
proviso 1hat some of the other con-
tained metals can be recovered pro-
fitably as co-products.

The Phalaborwa Igneous Complex
(2 000 Ma), located in the Archaean
shield of the north eastern Transvaal
and geomorphotoglcally expressed as
a low hill called Lootekop, attracted
the attention of prospectors more than
a century ago, The entire surface of the
hill was riddled with primitive workings.
Bantu and possibly more ancient
people had gouged out surface con-
centrations of malachite and azurite
and had recovered copper in small,
clay smelting ovens, Carbon dating
Indicates that the mining and smelting
covered a time span of at least 1200
years.

Prospecting by Dr Hans Merensky
during the early 1900s led to the exploi-
tation of apatite from the pyroxenlte
surrounding Lootekop. The presence of
vermicuHte was discovered during the
course of these early mining activities,
but Its economic significance was
realized only several years later, and
production of vermlcullte commenced
In 1946, The presence of the radioactive
mineral uranothorianlte In Lcotekop
was established In 1952 by a unit of the
Geological Survey of South Africa and
triggered a prospecting programme
by the then Department of Mines. Inves-
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Fig. 5 Geological plan of the Phalaborwa Igneous Complex.



tigoiions showed the deposits of radio-
active minerals to be economically
unattractive, but resulted m Ihe dis-
covery of a very large low-grade, dis-
seminated copper orebody hosted by
the coffoonaffle and surrounding fosko-
rite. The presence of considerable
quantities of the zirconium mineral,
baddeteyrte, was also identified.

The State owned the mineral rights of
the copper deposit and it was decided
that its exploitation was a matter for
private enterprise. A joint venture com-
prised of Rio Tlnto Zinc Corporation and
Newmont Mining Corporation pro-
cured a prospecting lease and the
Palabora Mining Company (PMC) was
consequently formed in 1956 to pros-
pect and develop the ore deposit.

No attempts were made to exploit the
radioactive mineral deposits until 1967,
when studies were undertaken by PMC
into possible methods of recovery. To-
wards the end of 1969, following the
development of novel and successful
gravity-concentration and chemical
extraction techniques, feasibility studies
were completed and the construction
of a full-scale plant commenced. This
was completed by mid-1971 and pro-
duction of uranium oxide began in
August of that year.

The Phataborwa Igneous Complex re-
sulted from an alkaline intrusive cycle
which emplaced. In several successive
stages, a suite of rocks ranging from
ultramafic to peralkallne in character

(Figs. 5 and 6). The first phase of the
Instrusive cycle culminated in the
emplacement into the Archaean gneis-
ses of a massive ultramafic vertical
plpellke body consisting mainly of pyro-
xenite, a rock composed of variable
proportions of diopside, phtogopite,
and apatite. This was followed by an
crtcaline phase, during which pluglike
bodies of syenite were intruded at vari-
ous centres on the periphery of the ultra-
mafic pipe and away from ir. it appears
that a lengthy non-violent Intrusive
cycle of partly metasomatic nature en-
sued, which resulted in 1he formation of
ultrabasic pegmatolds at three locali-
ties In the ultramafic body and some

Fig. 6 North-south geological section through Ihe core of Phataborwa Igneous Complex.
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The open pit at Palabora mine (Palabora Mining Co.).

fenitization of the surrounding Archaean
gneisses. During this latter stage the
foskorfre (magnetits olivine-apatite
rock) and banded carbonatife of the
central pegmatoid body were em-

placed. The final phase of the intrusive
cycle saw the forceful injection of a
younger transgressive carbonatite into
the shattered core of the Loolekop
pipe.

TABLE I
PALABORA MINING COMPANY'S HISTORICAL PRODUCTION

YEAR

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
TOTAl

TONNES U

52
119
111
106
106
121
75
119
103
144
198
219
185
135
185

1978

% OF RSA PRODUCTION

1,59
3.72
4.06
3,91
4.26
4,39
2.23
3,00
2,15
2.34
3.23
3.77
3.05
2.36
3,78

AVERAGE* 3,18

The carbonatite and foskorite are hosts
to the copper sulfide minerals, apatite,
titaniferous-magnetite, baddeleyite
and uranothorianite. Although both
uranothorianite and baddeleyeife are
present only in small amounts, they are
economically recoverable owing to the
large scale of mining and ore treat-
ment.

The uranothorianite concentrate, con-
taining approximately 5% U3Oe, 14%
ThO2 and 65% ZrO2, is processed
through the chemical extraction plant.
Extraction of uranium and thorium is
achieved by leaching with hot nitric
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acid. The unctarified pregnant liquor Is
settled and then polished through a
centrifuge before being fed to the sol-
vent-extraction section. Provision is
made for recovery of thorium sulphate.
The ThO2-.U3O8 ratio is of the order of
2,5:1 so that thorium could become an
important by-product should its poten-
tial as a nuclear fuel ultimately be
realized.

PMC is the only South African uranium
producer outside the Witwatersrand
Basin, and a total of 2000 t U was
extracted as a by-product of copper
mining up to the end of 1985. Table I
shows the Palabora mine's historical
uranium production.

Original projections of the life of the
mine extended through 1992. In August
1979, following extensive engineering
studies, PMC announced plans to en-
large the openpit in all dimensions to
extend the life of the project to 1999.
The openpit will be expanded by an
overage of 200 m in diameter and to a
final depth of 725 m below surface.
PMC will therefore be able to produce
approximately 200 t U/a till the year
2000.

Through the years PMC has conducted
various studies to investigate the viability
of an underground mine below the
openpit. Exploration boreholes down to
1400 m below surface proved sufficient
mineralization to sustain an under-
ground mining operation for a period
of 20-30 years, extending production to
the year 2030. A decision to implement
such a venture has as yet not been
taken. However, if an underground
mining operation is proved to be feas-
ible, it is expected that uranium produc-
tion will be of the order of 1001 U/d,

It should also be noted that the depth
extremity of the Phalaborwa carbona-
trte plug has not been encountered. If It
extends down to 2 000 m the life of the
mine would be extended considerably.

5.3 Karoo Sanditon*

The Karoo Sequence of Permo-Triasslc
age covers approximately 66% of South
Africa The presence of uranium in the
Karoo was first noted In 1967 during
radlometrlc logging of boreholes drilled
by SOEKOR. Union Carbide was the first
exploration company which showed
Interest in the Karoo, and discovered
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Figure 7

Stratigraphy of the Karoo Sequence, with the known uranium deposits Indicated

uranium mineralization during 1969 in
Lower Beaufort sediments near Boa: •fort
West. This discovery coincided with ths
ensuing oil crisis and initiated large-
scale exploration programmes. To date,
uranium deposits and occurrences have
been located in a broad arc of some
1200 km stretching from Aberdeen
through Beaufort West to Sutherland In
an east-west direction, and from the
southern Karoo through the southern
Orange Free State to the eastern Orange
Free State and Qwa-Qwa. In the eastern
Orange Free State uranium was disco-
vered In the Motteno Formation a id in
Qwa-Qwa In the Elliot Formation, The
stratigraphy of the Karoo Sequence, with
the uranium deposits Indicated, is pre-
sented in Fig. 7.

Uranium mineralization in the southern
ond central Karoo occurs in rocks be-
longing to the Adelaide Subgroup. The
Abrahamskraal and Teekloof Formations
of this Subgroup consist of alternating
units of sandstone and mudstone and/or
slltstone. The average Ihtekness of
sandstone is 15 m, and that of the mud-
stone/sistone Is 22 m.

Mineralization generally occurs in the
thicker parts of channel sandstones,
especially In the lower part where they
frequently contain discontinuous siltstone
and mudstone lenses or interflnger with
argillaceous rocks. Mineralized sand-
stones are dark grey to black and often
calcareous, less commonly bleached
white or yellowish-brown.

15
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Fig. 8 Three-dimensional presentation of the number of deposits and their resources
per grade range - Southern Karoo.

Mineralized zone: are discontinuous
and seldom e.\ceed a tew metres In
extent. Their thicknesses vary from a
few centimetres to a maximum of
about 7 m. Within individual channel
sandstones mineralization may be pre-
ferentially associated with certain
sedimentary structures, and car-
bonaceous debris is almost Invariably
present. Thus, local permeability differ-
ences and the availability of carbona-
ceous debris are two of the more
important controls on the location of
mineralization. Uranium, mainly In the
form of coffinite, is associated with or-
ganic carbon or calcite or both, with
the relationship being regionally con-
trolled. The concentration of molyb-
denum tends to favour organic-rich
pods but is not exclusive to calcite-rich
lenses. Other associated elements are
Cu, As, Pb, Zn, Co, V, Mn and P2O5.

Grades vary from trace amounts to
more than 20 kg ikCVt, with an av-
erage of about 1 kg O^OeA over a 1 m

thickness. Molybdenum is the only ac-
cessory element present which could
attain economic importance.

Fig. 8 shows the number of deposits
discovered in the southern Karoo in the
different grade categories, with the
estimated tonnages indicated.

5.4 Karoo Coal - Springbok Flats

The Springbok Flats constitutes a sub-
sidiary basin of Karoo age situated in
the Northern Transvaal, Coal desposits
with associated uranium mineralization
were discovered In the Roedtan, Settlers
and Warmbad areas during the mid-
1970s. This coal basin, approximately
200 km long and 60 km wide, has an
irregular ovoid shape and Is almost
entirely surrounded and underlain by
Bushveld granite and felslte which form
a subdued palaeomorphological
system within the Springbok Flats Basin.
Coal seams of F.cca age were depo-
sited between the felsitic palaeoridges,

This was followed by the deposition of
the Beaufort Group and the filllng-in
and compaction of the coal swamps.
The uranium was brought Into the
Springbok Flats Basin from the sur-
rounding granites, possibly during the
deposition of the Motteno Formation.
The Karoo sedimentation was then
completed by the deposition of the
Elliot and Clarens Formations. Uranium
grades In the Sprinbok Flats are similar
to those found in the Karoo sandstone-
type deposits. There is no decision as
yet as to how and when to exploit this
dual energy resource.

5.5 Granite G M I S M S

Uranium occurs In low concentrations
either In disseminated form or associa-
ted with fracture zones In the granitic
and metamorphic rocks of the Nama-
qua/Natal belt (1 000 Ma) in the north-
western Cape, in southern Natal and
within the Bushveld Complex (1 950
Ma). There are large tonnages of low-
grade mineralization, approximately
0,1 kg U3<Vt, in a number of localities
in the northwestern Cape.

Hydrothermal monazite deposits are
hosted by Archaean granite gneisses
in the Steenkampskraal area near Van-
rhynsdorp, and these are currently
being reinvestigated.

5.6 Younger Surflclal Scdhrwnts

Tertiary to Recent (10 Ma - 0,1 Ma)
surficial uranium occurrences have re-
ceived much attention in South Africa
following their discovery in Australia and
South-West Africa/Namibia during the
early seventies. Exploration started in
South Africa during the mid-1970s,
employing largely airborne radiomefric
surveys. In South Africa the occurrences
are located within the pataeodralnages
of the major river systems of the north-
western Cape. All are tributaries of the
Orange River and flow In a northerly
direction away from a transcontinental
warp axis, The whole area lies within
the 200 mm isohyet, which appears to
be one of the main limiting factors
regarding the distribution of the occur-
rences. The uranium Is derived from the
underlying granitic and metamorphic
rocks, and also from the Dwyka tilHte of
Permian age.



The uroniferous surficial deposits occur
either in calcrete deposits formed
under oxidizing conditions or in asso-
ciation with a peaty diatomaceous
earth deposited under reducing condi-
tions. In the calcrete type the uranium
mineralization occurs largely in 1he,form
of camotite as grain coatings around
pebbles or associated with the finer
matrix material. In a number of localities
in the northern Cape uranium occurs in
association with diatomaceous peaty
earth representing palaeo-marsh or
bog conditions, which resulted from
ponding within the channels. The
mineralization is usually associated with
organic-rich bands. Uranlnlte Is the
main uranium mineral, but some ura-
nium may occur as an organo-com-
ptex. Most of the deposits investigated
to date appear to be of too limited an
extent or too low a grade to justify
exploitation at present. Average ura-
nium grades range between 0,1 and
0,5 leg u3O8/t.

5.7 Heavy-mineral Sands

Extensive deposits of black sands lie
immediately to the north of Richards
Bay, stretching about 20 km northwards
to Lake Htobane, and are confined to
a 2 km wide dunal strip that parallels
the coastline.

The heavy-mineral suite of the deposit
Is being exploited primarily for llmenite,
ruffle, zircon and monazfte. The mona-
zlte concentrate, which is exported, has
uranium grades of less than 0,3 kg
UsOfi/t. None of the radioactive mine-
rals are, however, extracted.

5.6 Matin* Phosphate*

Phosphorite nodules of Tertiary age
occur between the 0 and 1 000 m iso-
bath, varying from oval to slabshaped
in form, and are up to 300 mm In dia-
meter. The thickness of the nodule layer
is estimated to be 100 mm. The phos-
phate content varies from 7% P2O5 to
slightly more than 20% P2O5, with an
average grade of 16% P2O5. Areas
with grades of more than 20% P2O5
occur on the western and southern
part of the Agulhas Bank. Uranium is
associated with the phosphorite
nodules and the uranium content varies
from 10 to more than 360 ppm U.
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Fig. 9 Approximate correlations of terms used in major uranium resource classification
systems.

In order to facilitate reporting to interna-
tional agencies, South Africa conforms
in broad terms to the terminology and
definitions recommended by the NEA/
IAEA Working Party on Uranium Resour-
ces as detailed in this section. The
NEA/IAEA requested national authori-
ties to submit their resource estimates in
terms of uranium metal recoverable
from mineable ore, i.e. In addition to
accounting for mining losses, expected
processing losses were to be deducted
from the resource estimates. Most of
the major producing countries have
complied with this request in submitting
their resource estimates,

6.1 Terminology and Definitions

Resource estimates are divided into
separate categories that reflect diffe-
rent levels of confidence in the quanti-
ties reported. As yet uniformity of
nomenclature and category definitions
has not been achieved among the
countries submitting resource estimates
to the NEA/IAEA. Fig. 9 represents the
approximate correlation of terms used
by the major uranium-producing coun-

tries and the NEA/IAEA. The terminology
used by the latter is defined as follows;

Reasonably Assured Resources (RAR)
refers to uranium that occurs in known
mineral deposits of such size, grade
and configuration that it could be reco-
vered within the given production cost
ranges with currently proved mining
and processing technology. Estimates
of tonnage and grade are based on
specific sample data and measure-
ments of the deposits and on know-
ledge of deposit characteristics.
Reasonably Assured Resources have a
high assurance of existence and in the
cost category below S80/kg U are con-
sidered as reserves for the purpose of
this report.

Estimated Additional Resources -
Category I (EAR-I) refers to uranium in
addition to RAR that is expected to
occur, mostly on the basis of direct
geological evidence, In extensions of
well-explored deposits and in deposits
in which geological continuity has been
established but where specific data
and measurements of the deposit and
knowledge of the deposits' characterls-

I - •'••



tics are considered to be inadequate
to classify the resource as RAR. Such
deposits can be delineated and the
uranium subsequently recovered, all
within the given cost ranges. Estimates
of tonnage and grade are based on
such sampling as is avaUatV. and on
knowledge of the deposit characteris-
tics as determined in the best-known
parts of the deposit or in similar de-
posits. Less reliance can be placed on
the estimates in this category than on
those for RAR.

Estimated Additional R M O W C M -
Category II (EAR-II) refers to uranium in
addition to EAR-I that is expected to
occur in deposits believed to exist in
well-defined geological trends or areas
of mineralization with known deposits.
Such deposits can be discovered, deli-
neated and the uranium subsequently
recovered, all within the given cost
ranges. Estimates of tonnage and
are based primarily on knowledge of
deposit characteristics in known de-
posits within the respective trends or
areas and on such sampling and geo-
logical, geophysical or geochemical
evidence as may be available. Less
reliance can be placed on the esti-
mates in this category than on those for
EAR-I.

Spacutoltv* R M O W C M (SR) refers to
uranium, in addition to Estimated Addi-
tional Resources - Category II, that Is
thought to exist mostly on the basis of
indirect evidence and geotogicol extra-
polations in deposits discoverable with
existing exploration techniques. The lo-
cation of deposits envisaged in this
categoiy could generally be specified
only as being somewhere within a
given region or geological trend. As
the term implies, the existence and size
of such resources are highly specula-
tive.

The resource categories are further
separated into levels of exptoitability
based on the estimated cost of their
exploitation. The cost brackets are: Less
than $60/kg U (S30/lb U3O8), $80-130/
kg U ($30-50/lb U3Oe) and $130-260/
kg U (S50-100/lb U3O8). In conformity
with the classification recommended
grade by the IAEA, the cost categories
refer to the cost of production Inclusive
of capital costs. Fig. 10 indicates the
inter-relationship of the resource and
cost categories defined above within
the total resource context. The hori-
zontal axis expresses the level of as-
surance about the actual existence of
given tonnages and grades, while the
vertical axis espresses the economic
feasibility of exploitation.

As Indicated by the shading, EAR-II and
SR are distinct from RAR and EAR-I
because of the much lower degree of
confidence that can be placed In the
amounts reported. Outside the shading
are resources recoverable at costs
greater than $130/kg U since there is
less assurance that these will be exploit-
ed. The clashed lines between RAR,
EAR-I and SR In the $130-260/kg U cost
categoiy indicate that the distinctions
of level of confidence are not always
applicable. The shaded area Indicates
that, because of the degree of confi-
dence in their existence, RAR and EAR-I
recoverable at less than $130/kg U are
distinctly important: they are referred to
In the text as itie principal resource
categories.

Resource estimates are expressed in
terms of tonnes of uranium metal (t U)
recoverable after due allowance for
ore dilution, and for mining and milling
losses.

6.2 RMourc* Estimates

A major part (87%) of South Africa's
uranium resources is present as a by-
product of gold in the quartz-pebble
conglomerates of the WHwatersrand
Basin. The price of gold is thus of
Importance in categorizing these ura-
nium resources, as Is the dollar/rand

Fig. W NEA/IAEA classifi-
cation scheme fa
uranium resources.
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TABLED
URANIUM RESOURCES AS AT 1 JANUARY 1985

PRINCIPAL
DEPOSITS OR
PROVINCES

Witwatersrand
Basin
Cooglomefates

Wftwatersrand
Basin
Tailings

Pholatoorwa

Karoo Sequence

Surflclal

TOTAL

TONNES U

REASONABLY ASSURED RESOURCES

(BAR)

Recoverable
at costs

less than
S80/kgU

199300

34100

5600

17700

256600

Recoverable
at costs

of
$80-130/kgU

55000

16700

29700

700

102100

ESTIMATED ADDITIONAL RESOURCES

CATEGORY 1 (EAR-D

Recoverable
at costs
lessfhan
$80/kgU

90600

6900

97500

Recoverable
at costs

of
S80-130/kgU

25100

1600

400

27100

exchange rate. Both these factors have
exhibited considerable volatility, thus,
for the purposes of this evaluation, the
gold price was set at $370/oz and Rl =
$0,70, giving a price of approximately
R17000/kgAu

On 1 January 1985 the South African
uranium resources in the RAR and EAR-I
categories, recoverable at costs less

than Si 30/kg U, were 483 3001U (Table
II). This is 23300 t U higher than the
resources reported for 1 January 1983
and represents a 5,1% increase. During
1983 and 1984 South Africa produced
11 793 t U and taking 1hls into account
a total of 351001U have been added
to South Africa's resources since 1
January 1983.

TABLE III
HIGHER-COST URANIUM RESOURCES AS AT 1 JANUARY 1985

PRINCIPAL

DEPOSITS OR

PROVINCES

Witwatersrand

Basin

Conglomerates

Witwatersrand

Basin

Tailings

Karoo Sequence

Surflclal

Marine Phosphates

TOTAL

TONNES U

Recoverable at costs of SI 30-$260/kg U

REASONABLY ASSURED

RESOURCES

23900

16500

51200

800

92400

ESTIMATED ADDITIONAL

RESOURCES - CATEGORY 1

110600

13100

2500

178600

304800

The Intensive exploration in the Wit-
watersrand Basin contributed a signifi-
cant proportion of the increase, but
also Important was the falling dollar/
rand exchange rate. This effectively cut
mining costs in dollar terms and resulted
in resources moving into lower cost
categories. The Patabora Mining Com-
pany is investigating the viability of
commencing underground mining
once the current open pit reaches its
ultimate depth early in the next century.
To cater for this, 1he company reassess-
ed its resources, resulting In a significant
Increase - from 2 0001U to 71001U -
in its uranium resource inventory in the
above-mentioned categories.

The resources in the RAR and EAR-I
categories recoverable at costs be-
tween $130 and $260/kg U are pre-
sented In Table III.

In addition \o the above resources,
estimates have been made of EAR-II
and SR which are believed to be
present in South Africa (Table rV). The
resources assigned to -these categories
are by definition very speculative and
should be viewed with circumspection.

The Dominion and Wttwatersrand Basins
are the most likely environments for the
discovery of further resources in the
cost categories below $130/kg U The
presence of gold is a strong incentive
for exploration and further important
deposits will undoubtedly be disco-
vered.

The Karoo still remains to be fully
explored and an upturn in the uranium
market would certainly stimulate further
exploration both for sandstone and
coattype deposits. Further discoveries
could be confidently expected, but will
probably be In the higher cost catego-
ries.

Uranium mineralization has been iden-
tified in other geological environments
in South Africa, but possible resources
In these environments are generally
believed to fall In the higher cost
categories. In order of decreasing im-
portance these environments are the
granitic and metamorphlc terrains of
Namaqualand and Natal, quartz-
pebble conglomerates of the Mozaan
Group and Black Reef Formation, the
surflclal deposits of the northwestern
Cape and the marine phosphate de-
posits of the Agulhas Bank.



All of South Africa's uranium is produced
os a by-product; 1tie majority from the
Wrtwatersrand gold mines and a small
proportion from the open-pit copper
mine at Phalabcrwo. As a resutt, the

level of production Is not entirely de-
pendent on uranium-market forces as
is that from primary uranium producers.
This can clearly be seen in the historical
part of Fig. 11. where there Is no retation-

TABUIV
ADDITIONAL CONVENTIONAL RESOURCES AS AT 1 JANUARY I9S5

PRINCIPAL
DEPOSITS Of?
PROVINCES

Wflwatersrand
Basin
Conglomerates

Mozaan Basin
Conglomerates

Basement Rocks and
Namaqua/Natal Meta-
morphicBett

Karoo Sequence

Northwestern Cape Surficial

Marine Phosphates

Phataborwa

TOTAL

TONNES U

ESTIMATED ADDITIONAL
RESOURCES

Category II (EAR-II)
Recoverable at costs
less than Si 30/kgu

470200

8500

4300

483000

SPECULATIVE
RESOURCES

(SR)
Cost category

uncertain

647 700

15500

100000

189800

9000

178600

1 140600

ship between gold production and ura-
nium production. In spite of the fact
Ihat uranium Is a by-product of gold.
This, coupled with the fact that Ihe
majority of production is committed to
long-term coniracts, cushions the South
African uranium industry to a certain
extent from fluctuations in the uranium
market.

The localities of the operating uranium
plants in the Witv/atersrand Basin are
shown In Figure 12, and Table V sum-
marizes Ihe production capacities of
all the operating plants in the Republic
of South Africa

7.1 1984/65 Production

The parlous state of the uranium market
over the last few years has caused
some rationalization within the South
African uranium Industry. As a result, the
1985 production of 4 880 t U (5758 t
U3O8) is 14,87% lower than the 1984
production of 5 732 t L! (6764 U3Oa)
(Table Vj). This continues the declining
trend of uranium production experien-
ced in South Africa since 1981, except
for a weak reversal which occurred in
1983.

URANIUM PRODUCTION

_L i X . _L _L _L

POSTULATED TECHNICALLY
ATTAINABLE PRODUCTION (RAR +EAR)

/ URANIUM PRODUCTION FORECAST
,S_ FROM CURRENT PRODUCERS

J I
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

Fig. 11 South Africa's historical gold and uranium production and uranium production capability projections to the year 2030.
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TABLE V
PRODUCTION CAPACITY

Uranium 1984 Production
Company ptonts

a n d opera- t
Property ( i o n a l tre°ted

31-12-84

(A) GOLD MINING BY-PRODUCT
ANGLO AMERICAN CORP.
Voal Reefs 3 8540

Western Deep 1 1606
Levels

ANGLOVAAL
Harfebeest- 1 3103
fonteln

t pro-
duced

(U)

1664

123

381

GENERAL MINING UNION CORPORATION
Buffelsfon- 1 3115
tein

St Helena- 630
Beisa

GOLD FIELDS OF SA.
Driefontein 1 1 103
Cons.

520

306

135

JOHANNESBURG CONS. INVESTM. CO.
Rondfonfein 1 3334
Western Areas 1 675

RAND MINES
Blyvooruit- 1625
zicht

Harmony 2 5 734

502
259

197

421

(B) TAILINGS MINING CO- ft BY-PRODUCT
ANGLO AMERICAN CORP.
East Rand 1 19014
Gold&
Uranium

Joint Metal- 1 3903'
lurgical
Scheme

GENERAL MINING UNION CORP.
Chemwes 1 3584

(C) COPPER MINING BY-PRODUCT
Palabora 1 ±21603

TOTAL 15 58153

139

506

444

135

5732

Uranium
plants
opera-
tional
as at

31-12-8S

3

1

1

1

1
1

2

1

1

1

1

14

1985 Production

t
treated
(000)

8572

623

3100

3238

741

3199
676

5705

19263

5233=

2197

±21603

54 707

t pro-
duced

(U>

1594

46

363

605

74

516
264

361

133

510

229

185

4880

Oret/d
(000)

24-31

6,7-7

9-10

8-9

3-5

9-11
3-3.3

14-16

50

15-20

8-9

50

Produc-
tion
tU/a

1000-
2000

150-300

200-500

500-
1000

200-500

500-1 000
150-350

100-700

100-250

500-1 000

200-500

100-250

Start-up
date

1953,
1956
1977
1970

1956

1957

1956

1954
1982

1955

1978

1977

1979

1977

Type of
Production

Underground and reclaimed
slimes from surface
accumulations
Underground and reclaimed
slimes from surface
accumulations

Underground and reclaimed
slimes from surface
accumulations

Underground and reclaimed
slimes from surface
accumulations
Underground

Underground and reclaimed
slimes from surface
accumulations

Underground
Underground

Underground and reclaimed
slimes from surface
accumulations
Underground and reclaimed
slimes from surface
accumulations

Reclaimed slimes from surface
accumulations. Nineteen old
slimes dams, 380 Mt to be
processed over 20 years
Mosily reclaimed slimes from
surface accumulations but
some current residues from
gad plants treated for
uranium. The complex is fed
by 4 gold mines, i.e. Free
State Geduld, President Steyn,
President Brand, Western
Holdings

Reclaimed slimes from
surface accumulations

Open-pit copper mining.
Uranium a minor by-product.

1. Includes 363 000 tons of concentrates from pvrlte plant.
2. Includes 430 000 tons of concentrates from pyrtte plant.
3. Gravity concentrate sent to uranium plant.



Aerial view of the Joint Metallurgical Scheme
plant in the Welkom Gold Field (Anglo
American Corp.)

Two South African producers ceased
production. Seven producers recorded
declines in production and five showed
increased production. During 1984
Beisa Mine closed down completely
and Blyvooruitzicht ceased uranium
production, while in 1985 Western Deep
Levels also ceased producing uranium
and Chemwes reduced its throughput
to 60% of capacity. These events were
the primary reasons for the substantial
drop in production of 852 t U. The
closure of the Merriespruit plant at
Harmony took place early in 1984, thus
the major decline In production there
took place between 1983 and 19*84.
The decrease at Driefontein Consoli-
dated can be attributed to the exhaus-
tion of surface slimes, with the feed
from underground being lower In both
tonnage and grade.

Palabora reported the most substantial
rise in production, which resulted from
the exploitation of areas with higher
than normal uranium grades. The only
other producer to increase production
significantly was Buffelsfontein, where a
higher tonnage was treated and a
better recovery grade achieved.

To conform with the companies' state-
ments and annual reports, the produc-
tion figures for each producer are ex-
pressed in tonnes U3O8 (t U3Oa). The
yearly totals, however, are converted to
tonnes U (t 10.

TABLE VI
URANIUM PRODUCTION FOR 1984 AND W85

y

' / . • •

,

PRODUCERS

Blyvooruitzicht
Butfeisfontein
Chemwes
Driefontein Consolidated
East Rand Gold and Uranium
Harmony
Hartebeestfontein
Joint Metallurgical Scheme
Randfontein Estates (Cooke)
St. Helena (Belso)
Vaal Reefs
Western Areas
Western Deep Levels
Palabora

TOTAL tU308

TOTAL t U

1984 PRODUCTION

tu3o8

233,092
613,500
523,700
159,638
164,247
496,680
449,060
596,787
592,776
360,737

1 962,977
305,403
145,632
159,769

6 763,998

5 732,202

%0f
total

3,45
9,09
7,74
2,36
2,43
7,34
6,64
8,82
8,76
5,33

29,02
4,52
2,15
2,36

100,00

Rank

10
2
5

13
11
6
7
3
4
8
1
9

14
12

1985 PRODUCTION

• U3O8

0,000
713,500
269,700

86,705
156,892
426,300
428,367
602,104
609,332

0,000
1 881,828

311,836
54,036

217,829

5758,429

4880,025

%of
total

• 0,00
12,39
4,68
1,51
2,72
7,40
7,44

10,46
10.58
0,00

32,68
5,42
0,94
3,78

100,00

Rank

2
8

1)
10
6
5
4
3

1
7

12
9

3IFFERRENCE IN PRODUC-
TION BETWEEN 1984/85

tL!3O8

-233,092
100,000

-254,000
-72,933

-7355
-70,380
-20,693

5,317
16,556

- 360,737
-81,149

6,433
-91,596
58,060

-1 005,569

-852,177

% change

-100,00
16,30

-48,50
-45,69

-4,48
-14,17

-4,61
0,89 '
2,79

-100,00
-4,13 ;
2,11

-62,90 :
36,34

-14,87

-14,87

i



TAILEVII
SHORT-TERM URANIUM PRODUCTION CAPABILITY FROM EXISTING

PRODUCTION CENTRES O N THE BASIS OF CURRENT URANIUM RESOURCES
(RAR + EAR-I) RECOVERABLE AT COSTS OF LESS THAN $130/kg U

YEAR

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

TONNES U/YEAR

4882
4882
4882
4882
4882
4882
4882
4882
4882
4882
4862

TABLE VIII
MAXIMUM URANIUM PRODUCTION CAPABILITY PROJECTIONS FROM EXISTING,

PLANNED AND PROSPECTIVE PRODUCTION CENTRES O N THE BASIS OF THE URANIUM
RESOURCES IN THE RAR AND EAR-I CATEGORIES RECOVERABLE AT COSTS OF

LESS THAN $130/kg U*

YEAR

1985
1990
1995
2000
2005
2010
2015
2020
2025

TONNES U/YEAR

EXISTING
CENTRES

4882
4882
4 882
4533
3-S69
3327
3062

959
866

PLANNED AND
PROSPECTIVE CENTRES

480
2587
7611
7819
6 765
7917
7 003
5185

TOTAL

4862
5362
7469

12144
1 i 488
11202
10979
7962
6051

7.2 Plann^l Production Capability
Pro)«c1iont

The Resource Evaluation Division of the
Atomic Energy Corporation of South
Africa Limited (AEC) developed a com-
puter program to forecast production
capabilities of a given region using the
available resources in specified cost
categories. The program is sufficiently
flexible to allow production forecasts
for any sized region, from Individual
mines to the whole world, as long as
the resources are known for the selected
area. Various future scenarios are used
to produce production capability fore-
casts, both for South Africa and the

world, in order to study the possible
effects of differing uranium market con-
ditions.

For the purposes of this projection only
the 14 producing plants were consi-
dered. The perceived outlook for the
uranium market is poor, and it was ferf
unlikely that there would be a suffi-
ciently significant upturn to warrant the
reopening of any of the mothballed
plants or the establishment of any new
plants before the end of the forecast
period. The RAR and EAR-I resources
recoverable at costs of less than $130/
kg U associated with the currently pro-
ducing plants were used in arriving at
the projection shown In Table VII,

7.3 Maximum Production Capability
Projection!

The AEC, in arriving at its estimates, has
taken Into consideration RAR + EAR-I
resources which lie beyond the con-
fines of the mining areas. In making
these projections the production capa-
bilities of 57 plants were considered. Of
these, 14 are the currently producing
operations, and five are the mothballed
plants referred to above. Three further
plants have been considered as plan-
ned, because preliminary feasibility
studies indicated their viability within
the given cost category. Commitments
to construction, however, have been
deferred pending improvements in the
market. The remaining 35 plants are
prospective centres. The resources
committed to them are judged to be
of sufficient size and quality to support
a viable operation, but no feasibility
studies have been undertaken as yet.
In order to protect company confiden-
tiality, details of the planned and pros-
pective plants cannot be made avail-
able.

In arriving at these projections, it has
been assumed 1hat favourable market
conditions exist and that production
would occur err optimum levels until
2025, or until the resources in the RAR
and EAR-I categories at costs of less
than $130/ikg U tributary to the centres
are depleted or, in the case of by-
product or co-product sources, until
production would be expected to
cease (Table VIII).

Although a production peaking at over
12000 t U/a Is theoretically attainable,
it is considered, from market projec-
tions, that a production ceiling of 10 000
t U/a would be more realistic (Fig. 11).
South Africa's gold and uranium pro-
duction since 1920 and 1952 respec-
tively, and the uranium production
capability projections until the year
2030, are also presented in Fig, 11.



URANIUM*

y
Fig. 13 Geographical distribution of RAR and EAR-I resources exploitable at costs less than $130/kg U In tonnes U as at I January 1985.
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TAKE DC
WOCA'S URANIUM RESOURCES IN THE RAR + EAR-1 CATEGORIES

EXPLOfTAUE AT COSTS O f LESS THAN $130/kg U
AS A T I JANUARY 1965

COUNTRY

Australia
South Africa
Niger
Canada
USA
Brazil
SWA/Nomibia
France
Rest

TOTAl

TONNES U x 1 000

RAR

526
359
182
214
398
163
155
67

175

2239

EAR-1

377
124
300
197

93
18
45

149

1303

TOTAL

903
483
482
411
398
256
173
112
324

3542

%

25
14
14
12
11
7
5
3
9

100

8.2 WOCA's Uranium Production

WOCA's uranium production for 1985
has fallen by over 2 0001U In compari-
son with that of 1984, but is expected to
recover steadily in the future. Canada
is the largest producer by far, with an
output more than twice that of South
Africa which occupies second position
with 13% of the total. As with resources,
relatively few countries control the
majority of the total. The top five pro-
ducers, I.e. Canada South Africa, USA
Australia and SWA/Namibia, produce
over three quarters of WOCA's total
production (TABLE X).

Source.-OECD (1986)

8.1 WOCA's Uranium Resources

Australia with its mammoth Olympic
Dam deposit, has maintained and im-
proved its pre-eminent position in
WOCA uranium resources. South Africa
has risen to second position, holding
13% of WOCA's total, after the USA's
resources fell substantially, resulting in It
now trailing behind Australia, South
Africa Niger, and Canada. Between
them these five countries control almost
three quarters of WOCA's known ura-
nium resources. (TABLE IX AND FIG. 13)

TAUEX
SUMMARY OF WOCA'S 1905 URANIUM PRODUCTION

COUNTRY

Canada
South Africa
USA
Australia
SWA/Namibia
Europe
Niger
Gabon
Rest

TOTAL

PRODUCTION
tonnes U

11290
4880
4510
3680
3650
3570
3300

920
450

36250

SHARE OF WORLD
PRODUCTION IN %

31
13
12
10
10
10
9
3
1

100

Source: NUKEM Market Report 1/86

-Pi



9 Nation

South Africa's national policies affecting
the production and export of uranium
are given expression In the Nuclear
Energy Act, 1982, as amended. No per-
son may prospect or mine for uranium
without the permission of the Minister of
Mineral and Energy Affairs, but such
permission may be withheld only if the
Minister is satisfied that the security of
the State could be endangered if the
applicant were given permission to pro-
ceed.

There are no restrictions on foreign
participation In uranium prospecting
and mining, and foreign-based opera-
tions are subject to the some legal
requirements as domestic companies.
In a practical sense, uranium pros-
pecting and mining are subject to the
mining laws and regulations generally
applicable.

The State does not actively undertake
prospecting operations, but limits its
activities to geological mapping, air-

borne surveys and regional hydrobgi-
cd, gecchemical and geophysical In-
vestigations.

The Nuclear Energy Act also provides
that no person may dispose of uranium
or export it from South Africa, except
under the authority of the Minister. In
exercising this control, the Minister is
required to consult the Atomic Energy
Corporation of South Africa Limited
(AEC), the members of which represent
various national Interests, Including the
uranium mining industry. In practice the
Minister's functions are exercised by the
chairman of the AEC.

A section of the uranium
enrichment plant
atVaHndaba(AEC).
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