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S A M E V A T T I N G 

In opvolging van ft vergadering van die Internasionale Atoomenergie= 
agentskap se Adviesgroep vir Uraangeologie in Latyns-Amerika wat in 
Desember 1978 in Lima, Peru, gehou is, is daar besluit dat Yi projek 
vir die korrelering van uraangeologie aan beide kante van die Atlantiese 
Oseaan noodsaaklik geword het. 

Die verteenwoordigers van die betrokke lande is versoek om in Julie 1980 
in Wenen te vergader en tussentydse verslae oor die vordering wat met 
die projek gemaak is, in te dien. Hierdie referaat verteenwoordig tt 
tussentydse verslag deur die Suid-Afrikaanse Werkgroep. Aspekte wat 
behandel word, is die passing van die twee vastelande, die aard en ver= 
spreiding van die Gondwana- en vroeër opeenvolgings, asook die aard en 
verspreiding van uraa.onoudende alkalikomplekse en graniete. 

A B S T R A C T 

Subsequent to a meeting of the International Atomic Energy Agency's 
Advisory Group on Uranium Geology in Latin America held in Lima, Peru 
in December 1978, it was decideo that a project involving the corre
lation of uranium geology on either side of the Atlantic was called 
for. 

The representatives of the countries concerned were asked to meet in 
Vienna in July 1980 and present interim reports on progress made in 
their respective countries on this project. This paper represents an 
interim report by the South African Working Group. The aspects dealt 
with cover the matching of the two continents, the nature and distri= 
bution of the Gondwana and earlier sequences, as well as the nature 
and distribution of uraniferous alkaline complexes and granites. 
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1. GENERAL STATEMENT 

At a meeting of the International Atomic Energy Agency's Advisory Group 
on Uranium Geology *n Latin America held in Lima, Peru in December 1978 
and at which South Africa was ^presented by P.D. Toens, it was agreed 
that there is excellent scope for cooperation between Latin American 
and African countries sharing a common geology and similar metallogenic 
trends. It was therefore felt that a concerted effort should be made 
to bring together geoscientists involved in uranium exploration and 
assessment, in order to clearly define metallogenic mooels for uranium 
ore deposits likely to have meaningful patterns within pre-drift Western 
Gondwana. 

A formula for cooperation between interested countries was devised under 
the auspices of the International Atomic Energy Agency. The proposed 
final objective of the South American/African correlation should be: 

(a) To draw a complete metallogenic map (or a series of two or 
four such maps) of pre-drift Western Gondwanaland at a scale 
of 1:10 000 000 showing all the known significant uranium 
deposits and occurrences. Only relevant geological and tec= 
tonic features should be shown on the map. 

(b) To make a brief summary of the known uraniferous deposits of 
Western Gondwanaland indicating age, ore-forming processes, 
mineralogy and relevant bibliography. 

(c) To make specific recommendations on furthering uranium explora= 
tion along preferred patterns on the two sides of the Atlantic. 
Preferred areas and exploration guides should be clearly 
defined. 

Each participating country was asked to form a Working Group to commence 
studies or projects, the results of which could eventually be incorpo= 
rated into a document which would deal with the whole of Western 
Gondwanaland. The South African Working Group is composed as follows: 
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P.D. Toens : Convenor 
J.P. le Roux 
W.J. van Biljon 
C.J.H. Hartnady 

(Atomic Energy Board) 
(Atomic Energy Board) 
(Rand Afrikaans University) 
(University of Cape Town) 

The first consultants' meeting is due to take place in Vienna during 
the period 21 - 25 July 1980, to which the following countries have 
been invited: 

Argentina 
Brazil 
France 
Germany 
Italy 
Nigeria 
South Africa 
Venezuela 

(Belluco or Rodrigo) 
(Cordani and Angeiras or Forman) 
(Bigotte) 
(Gatzweiler and Ballhorn) 
(Papadia) 
(Koutoubi) 
(Toens and Van Biljon) 
(Pasquali) 

Each participating delegation was requested to present a progress report 
at this meeting on studies carried out to date which may represent 
suitable material for incorporation in the volume dealing with the 
uranium geology of Western Gondwanaland. This paper, in the form of an 
interim report by the South African Working Group, represents progress 
made to date by the group and is tabled in the hope that it will lead 
to fruitful discussion. 

2. INTRODUCTION 

By the very nature of the project in hand, we are far more concerned 
with the extrapolation of mineral provinces across the Atlantic than 
with the actual mechanics of plate movement. Nevertheless, it is as 
well to review some of the pertinent studies by previous researchers in 
this field with special reference to the southern half of Africa and 
eastern South America. 

In 1927 A.L. du Toit published his "Geological Comparison of South America 
with South Africa". His findings had a considerable influence on geolo= 
gical thinking in South America and Africa and was translated into 
Portuguese in 1952. 
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The similarities in the stratigraphy of Gondwanaland established by his 
study are so striking that it remains one of the cornerstones on which 
the hypothesis of Continental Drift, which eventually led to the 
establishment of the concept of Plate Tectonics, is based. Maack (1934) 
added new data which were used by Du Toit (1937) in his book "Uur 
Wandering Continents". Much of Du Toit's data was subsequently updated 
by Maack (1953). 

Martin (1961) in his A.L. du Toit memorial lecture entitled "The Hypo= 
thesis of Continental Drift in the Light of Recent Advances of Geologic 
cal Knowledge in Brazil and in South '.Jest Africa" extensively reviewed the 
correlation of strata on either side of the Southern Atlantic. His 
conclusions were based on personal observations and this publication 
remains the classic reference for comparing the geology of the southern 
part of Africa with that of South America. 

Subsequent to Martin's investigations, many workers were active in the 
field and much of this information was tabled at a UNESCO/IUGS Symposium 
held in Montevideo, Uruguay in 1967. The papers were summarised by 
Wilson (1972) to which the reader is referred. The paper most pertinent 
to this study is one by Melcher et al (1967) which Wilson (1972) sum= 
marised as follows: 

Comparison between age provinces on either side of the South Atlantic 
Ocean shows detailed correlation in the region most closely sampled, and 
general compatibility over much of the remainder of the total length of 
coastline. 

When the continents are fitted together in a pre-drift reconstruction, 
the following correlations are noted. The 550 ( + ) Ma Cariri Qrogenic 
Belt of Northeastern Brazil agrees closely in age and structural trends 
with the region affected by the Pan-African orogenic cycle in Nigeria 
and neighbouring territories. Its western boundary near Sao Luis coin= 
cides with the equivalent western boundary of the Pan-African region. 
To the west of this boundary the rocks are uniformly in the range 2 000 
(+) Ma in both continents. Further west, in the Guiana Shield of 
Venezuela, some determinations close to 3 000 Ma in the Imataca Complex, 
appear to be matched by a sequence of similar ages found in Western Liberia. 
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Superimposed on the abovementioned 2 000 (•) Ma areas in West Africa and 
northern Brazil, there seems to be a narrow belt of Pan-African age that 
disappears at the coast of Liberia and reappears near the mouth of the 
Amazon River in Brazil. 

To the south of the Cariri Orogenic Belt, the Sao Francisco Craton 
reaches the coast abound Salvado and is at least 1 800 Ma old. This 
is matched on the opposite side in Gabon by rocks of similar age, but 
more geological work is needed to establish a possible correlation. 

Finally the Damara Belt of 500 (j) Ma age, which leaves the coast of 
Africa further south, is matched by rocks of the same age, belonging to 
the so-called Paraiba Orogenic Belt in Eastern Brazil. 

Other pertinent papers are those of Siedner and Miller (1968) who drew 
attention to the correlation of Kesozcic volcar.ics between South West 
Africa/Namibia and Brazil; Larson and Ladd (1973) presented evi= 
dence for the opening up of the Southern Atlantic in Early Cretaceous 
times; Allard and Hurst (1969) gave a detailed description of the link 
between tectonic provinces in Brazil and Gabon; and Hurley c* at (1967) 
who, in discussing a collaborative program between the University of Sao 
Paulo and the Massachusetts Institute of Technology, point out how a 
pre-drift reconstruction shows matching geologic age provinces in South 
West Africa/Namibia and Brazil. 

Rodrigues (1970) drew attention to the relation between tectonic aligns 
ment and alkaline intrusions in Angola and Brazil. Le Pichon and Hayes 
(1971) and Harsh (1973) presented a model that reaffirms that the South 
Atlantic opened in two staqes, the first beqinninq about 140 Ma and the 
second 80 Ma ago. 

Anderson and Schwyzer (1977) reviewed the geostratigraphy of the Permian 
and Triassic and presented evidence for the large-scale intra-Gondwana 
plate movements during the Carboniferous to the Jurassic. Crowell and 
Franks (1973) discussed Late Palaeozoic glaciation, while in the same 
year Martin (1973) presented structural and palaeontological evidence 
for a Late Palaeozoic sea between Southern Africa and South America. 
Romar (1973) discussed the intercontinental correlations of Triassic 
Gondwana vertebrate faunas. 
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Fyfe and Leonardos (1973) reviewed the ancient migmatite belts of the 
Brazilian and African coasts and explained why old mobile belts became 
the sites of future continental fission. Therefore the occurrence of 
the type of high-grade metamorphic rocks on the Atlantic margins of 
South America and Africa was not accidental. 

Simpson (1977), in discussing the evolution of the South Atlantic, 
clearly illustrates the evolutionary thinking regarding the development of 
plate tectonics. This is a most important contribution to the under= 
standing of the mechanics of separation of the South Atlantic. 

In recent years metallogeny, as related to plate tectonics, has received 
increasing attention. Guild (1972) points out that the study of the 
genesis of ore deposits in their total geological environment must neces= 
sarily take into account the rapidly evolving reinterpretation of earth 
history embraced in the new global tectonics. He proposed that many 
types of ore deposits form in environments that can be defined in terms 
of the postulated lithosphere plates. These include those forriitd at or 
near plate boundaries. The value of this approach for mineral search 
has been illustrated in numerous papers (Crawford, 1970) and it is now 
quite clear that the understanding of the emplacement of many mineral 
provinces necessitates the recognition of the earlier close association 
of geological features now widely separated geographically. Continents 
can no longer be studied effectively in isolation (Si 11itoe, 1972). 
Gableman (1971) provided further evidence that regional mineralised 
zones had been triggered by tensional taphrogenic faulting. He also 
noted the close relationship between the distribution of epigenetic 
mineral deposits and circumcontinental mobile belts. Favorskaya (1977) 
came to similar conclusions and expressed the opinion that multistage 
magmatic complexes and ore deposits had their sources at great depths. 

3. CORRELATION OF METALLOGENIC PROVINCES 

A metallogenic province, according to Schuiling (1967), may be defined 
as an area characterised by a conspicuous concentration of a certain 
element or group of elements, as compared with other areas. In such 
provinces the element or elements are commonly deposited by more than 
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one geological process and at different times. The concept of a metal= 
logenic province implies the existence of large-scale chemical inhomo= 
geneities in that part of the crust or the mantle from which the ore 
deposits were ultimately derived. 

Still (1965) noted that certain metals are preferentially concentrated 
in different layers of the stratified crystalline crust and in the outer= 
most part of the upper mantle by the differentiation processes which 
have fcrmed them. Magmas, rising from varying depths, therefore contain 
different combinations of metals and may five rise to correspondingly 
wide-ranging types of metallogenic provinces. 

The picture of metallogenic unity is comparatively convincing when 
Africa is fitted to South America. Petrascheck (1968), in his pioneer 
study of the correlation of the mineral provinces of the Southern At= 
lantic, noted that the gold province of Guiana corresponds to the pro= 
vince of the Ivory and the Gold Coasts, both rich in placers derived from 
quartz veins in Algonkian schists. The South West African/Namibian and 
the South Brazilian goldfields too, seem to be related. The apparent 
connection of the Brazilian Sn-W province with the Sn-W provinces of 
Nigeria, the Congo and areas farther north in the Sahara results in a 
5 000 km-long Sn-W belt. Minor metals like niobium, tantalum and beryl= 
1iurn are found in corresponding places on the two continents (Hurley, 
1973). 

The relationship of the Gondwanian metallogenic provinces becomes much 
less clear when we consider the other southern continents. Only deposits 
of similar age and metal associations can be recognised and the con= 
nection is veiled by the ice covering Antarctica. A possible junction 
to a belt might exist between the Hercynian Sn-W province in eastern 
Australia and Argentina, according to the relative position of these 
landmasses in Early Mesozoic times. 

Goodwin (1973) investigated the worldwide pattern of Precambrian sedi = 
mentary iron formations in general, and those of Early Proterozoic age 
in particular. Their deposition, according to some global plate 
boundary patterns, is generally subparallel to that, of modern oceanic 
ridges at accreting plate boundaries. 
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A study by Schuiling (1967) provided strong evidence that concentrations 
of workable tin deposits occur in the intersection of orogenic belts 
with zones of primitive enrichment of tin. In subsequent papers, 
Petrascheck (1973 and 1978) and Leube (1975) illustrate the analogies, 
mostly of Late Proterozoic age, between tin deposits of Africa and 
South America (Fig. 1 and Table I). 

FIG. 1 Metallogenic provinces of Western Gondwanaland 
(after Leube, 1976) 
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TABLE I Mineralised Areas in West Africa and Eastern South America 
(mostly after Leube, 1976) 

South America West Afr ica 

Sn-W Borborema Plateau 
Cu deposits of Goyas (Brazi l) 

! Pn-Zn-V in Acungui (Uruguay) 
i 

j Ta, Be, Li pegmatites 
' (S Brazil) 
Fe, Mn banded iron ores 
(Brazil) 
Fe banded iron ores 
(Guiana) 
Al lateritic bauxites 
(Guiana) 

Sn-W (Nigeria) 
Cu deposits in O'Kiep (Namaqualand) 
Pb-Zn-V Otavi Mts (South West 

Africa/Namibia) 
Ta, Be, Li pegmatites (South West 

Africa/Namibia) 

Fe, Mn (Gabon) 

Fe (Liber ia) 

Al bauxites (Sierra Leone) 

Toens (1974) and later Leube (1976) noted the similarity between certain 
uranium occurrences in Brazil and the Damara Belt of South West Africa/ 
Namibia, and a few years later Toens and Le Roux (1978), in describing 
the Permo-Triassic uranium deposits of Southern Africa within the 
Gondwanaland framework, reviewed the correlation of Gondwanaland sedi= 
ments on either side of the Southern Atlantic. Their paper also re= 
presents a first attempt to show the extent of the Permo-Triassic basins 
in South America and Africa, with postulated source areas and their 
relation to known uranium deposits. 

4. PRE-DRIFT RECONSTRUCTION OF WEST GONDWANALAND 

4.1 A'—uracy and Precision of Reconstruction 

Since the main objective of the uranium correlation program is the 
definition of metallogenic patterns common to both the South American 
and African continents, it is nec?ssary that the tectonic base-map on 
which those patterns are plotted be geographically accurate and precise. 
The degree of accuracy and precision associated with a continental 
reconstruction is governed by the accuracy and precision to which the 
three Euler rotation parameters are known, as well as by knowledge 
of the global distance from the Euler rotation pole to the particular 
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region of the continental reconstruction that is being considered. In 
general, if the Euler parameters are known only with a precision of approxi= 
mately 1°, then the spatial precision of the reconstructed map cannot be 
better than 100 km, whereas if the Euler parameter is known with a preci= 
sion of approximately 0,1° the precision of the map is of the order of 10 km. 
In this section an improved West Gondwanaland reconstruction is pre= 
sented which we believe is accurate and which achieves the latter de= 
gree of precision. 

4.2 Brief Review of Previous Reconstructions 

Although it was widely accepted for more than a decade as one of the 
most accurate continental reconstructions, the 500 fm bathymetric fit 
of South America and Africa by Bui lard oX al (1965), described by an 
anticlockwise (positive) rotation of South America through 57,0° about 
a pole at 44,0 °N, 30,6 °W, was known to have certain shortcomings. In 
the Southern African region of West Gondwanaland, the most serious pro= 
blem was the existence of a gap nearly 100 km wide between the preci= 
pitous northern escarpment of the Falkland Plateau and the equally 
steep south-eastern continental margin of South Africa. In a really 
accurate West Gondwanaland reconstruction, such a gap should not exist. 

This particular problem has been remedied in the recent reconstruction 
proposed by Rabinowitz and La Brecque (1979), for which the rotation is 
57,5° about a pole at 45,5 °N, 32,2 °W. In this reconstruction, the 
Falkland Escarpment not only fits snugly against the continental boun= 
dary segment of the Agulhas Fracture Zone, but it also produces a very 
tight fit along the west coast of Africa and the east coast of South 
America. Accordingly it exaggerates certain overlap problems which 
already existed in the earlier fit of Bullard eX at (1965). 

In the new reconstruction, the main constraint on the fitting of the 
Atlantic margins of West Gondwanaland is the location of a magnetic anomaly, 
G, interpreted as a continent-ocean boundary effect along both the 
Argentinian and southwest African margins. The fit obtained by rotating 
these geophysical lineaments until they are superimposed suggests that 
there was minimum continental stretching and consequent rigid plate 
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behaviour during the early opening of the southern South Atlantic Ocean. 
However, the Rabinowitz-La B^ecque reconstruction causes an overlap of 
approximately 50 km of the Precambrian Continental Basement southeast of the 
Nigeria Delta with an equivalent basement area south of the Teixeira 
Massif in Northeastev-n Brazil. This suggests that the Rabinowitz-La 
Brecque fit is also inaccurate and can be further improved. A summary 
of the rotations is given in Table II. 

TABLE II Finite rotations describing the relative motions of 
Africa and South America - Summary from 1968 to 1980 

I ! 
I Total reconstruction rotations (South America to Afr ica) i 

! Source and description Pole of rotat ion Rotation angle | 
1. Bul lard, qJt at (1965) j 

500 fm bathymetric f i t 44,0 °N 30,6 °W 57,0° i 
1 000 fm bathymetric f i t 44,1 °N 30,3 °W 56,1° I 

45,5 °N 32,2 °W 57,5° 

46,8 °N 32,7 °W 56,3° 

4.3 Proposed New Reconstruction 

In the new reconstruction of West Gondwanaland, the f i t between Southern 
and Central A f r i ca , on the one hand, and South America on the other, is 
constrained by at least three pre-Cretaceous tectonic features crossing 
from one continental mass to the other. These are ( i ) the Late Pre= 
cambrian transcurrent f au l t and mylonite belts of Pernambuco (Brazi l ) 
and Ka Borogop (Naoundere); ( i i ) the Triassic northern tectonic f ront 
of the Cape Fold Belt and the major morphological province boundary on 
the Falkland Plateau with which i t is closely l ined up; ( i i i ) the 
geophysically defined eastern and western boundaries of the submarine 
Jurassic Outeniqua Basin on the Agulhas Bank and the Malvinas Basin 
on the Falkland Plateau. In addi t ion, the bathymetrically defined, 
north-eastern boundary sal ient of the Falkland Plateau matches exactly 
with the re-entrant angle defined by the South African margin as 
evidenced by the steep south-east-facing continental slope of the 

2. Rabinowitz and 
• La Brecque (1979) 

; 3. Present study: 
Hartnady (1980) 
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Transkei Basin and the south-facing slope of the Tugela Cone. 

At the same time, the southwestern corner of the African continent fits 
neatly into the re-entrant defined by the east-facing Argentina conti= 
nental slope and the north-facing Falkland Escarpment. We are there= 
fore confident that the rotation parameters for this part of the West 
Gondwanaland reconstruction are accurate to within about 0,25° or better. 

The fit between Africa and South America is quite precisely determined 
in the northeastern Brazil-Cameroun region by the correlation of the 
Pernambuco fault system of Brazil with the Ka Borogop Mylonite Belt 
or Naoundere fault system of Cameroun (Vincent, 1968). The Pernambuco 
Fault trends E-W at about latitude 8 °S for over 700 km (de Almeida 
et al, 1976) where it, in part, forms the boundary between the Caririan 
or Northeastern Fold Region of the Braziliano orogenic cycle and the 
Pernambuco-Alagoas Massif. It is a major transcurrent or strike-slip 
fault on which the Braziliano movements seem to have been of a dextral 
sense. The Pernambuco Fault also appears to determine the northern 
limit of the Mesozoic-Cenozoic Oucano Basin (de Almeida eX aZ, 1972) 
which extends southwards as a straight trough to link up with the 
Cretaceous Sergipe-Gabon Basin of the Atlantic coast (Wardlaw and 
Nicholls, 1972). It is therefore possible that some reactivation of 
the Pernambuco Fault occurred in the Cretaceous, resulting in slight 
left-lateral displacement of the Pernambuco-Alagoas Massif away from 
the Caririan Belt and the Sao Francisco Craton during the opening of 
the Jucano Rift. 

In an accurate West Gondwanaland reconstruction, the Ka Borogop Mylonite 
Belt (Burke and Dewey, 1974), also known as the Nauondere Fault (Vincent, 
1968), is an exact continuation of the Pernambuco Fault system, as 
originally suggested by Vincent (1968) and Mascle (1975, 1976). It 
thus extends the length of the Pernambuco Fault system by a further 
500 km to a total of at least 1 200 km, making it one of the most 
extensive of known Late Precambrian transcurrent fault systems. Burke 
and Dewey (1974) appear to dispute the Late Precambrian age of the Ka 
Borogop/Naoundere System, suggesting that it v/as developed during the 
Cretaceous (Coniacian-Santonian) closing of the Benue Trough. It is 
certainly true that small Cretaceous sedimentary basins occur along 
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this fault system and have been affected by movements along it (Le 
Marechal and Vincent, 1972; Mascle, 1976), but this can be ascribed to 
reactivation of the fault as a major zone of crustal weakness. 

It is important to note that despite these good constraints on the 
southern part of the West Gondwanaland fit, the alignment of the western 
tectonic front of the Dahomeyan Orogenic Belt against the West African 
Craton and the equivalent front of the Caririan folded region against 
the San Luis Craton in South America is not exact. To improve it 
would require an eastward relative displacement of about 200 km for 
the Dahomeyan front. The immediate implication of this observation is 
that the rotation parameters for the northern part of the West Gondwana= 
land fit are significantly different from the southern fit parameters, 
and that at some sta de between the Early Cretaceous and the present, 
Africa has behaved as two separate rigid plates (Burke and [ewey, 1974). 
In addition to our new construction, the support of the Burke-Dewey 
two-plate hypothesis also provides, for the first time, a means of 
determining the finite displacement of northwestern Africa relative 
to south-central Africa across the Benue Trough and its northeast= 
ward extensions. 

Rotation parameters for reconstruction of the northwest African Shield 
relative to the southern part of West Gondwanaland have not yet been 
calculated. 

5. RELATIONSHIP BETWEEN MAJOR URANIUM METALLOGENIC 
PROVINCES AND GEOTECTONIC PROVINCES 

Because uranium is a heat-producing element, a sufficiently high uranium 
content will cause the melting of any body of rock that is below surface. 
Magmatic mobilisation, particularly of granitic rocks, is therefore 
a major mechanism for upward transport of the heat-producing elements 
(U, Th, K) and hence the transfer of uranium into the upper part of 
the continental crust. Erosion and exposure of the granites to surface 
weathering results in the uranium finding its way into sedimentary rocks. 

Fractionation within granitic magmas during their ascent causes 
a relative enrichment in the incompatible elements such 
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as uranium, thorium, the rare earth elements and also the vo la t i l e com= 
ponents l-LO and CCu. Liquid immiscib i l i ty in highly fractionated mag= 
mas has been proposed as a mechanism fo r deriving f lu ids in which the 
incompatible elements may be preferent ia l ly par t i t ioned. Uranium tends 
to fract ionate into the gaseous phases, par t icu lar ly in a f luo r ine- r i ch 
magma where i t forms f luor ide complexes. Interact ion between these 
hydrothermal f lu ids and surrounding rocks is an important aspect of the 
formation of mineralised vein deposits. For example, i f uranium is 
transported in an exogranitic hydrothermal f lu id/gas phase as a f luor ine 
complex, i t may be precipitated i f the complex reacts with Ca-rich rocks 
or minerals to form f l u o r i t e . 

Where f l u i d - and gas-rich melts of grani t ic composition actual ly reach 
the surface, Plinian eruptions of vast amounts of volcanic ash or tephra 
typ ica l l y occur, and the sedimentary fa l l ou t from such eruptions may 
extend for hundreds of kilometres in the downwind d i rec t ion . Af ter 

f l u v i a l transport and deposi t ion the unstable volcanic glass 
breaks down re la t ive ly easi ly under the action of c i rcu la t ing ground= 
water, and th is may l^ad to the further transport and eventual concen= 
t ra t ion of elements l i ke uranium. 

A model target area for sedimentary uranium deposits may accordingly be 
continental red-bed type sedimentary sequences adjacent to a contempo= 
raneously elevated volcanic and intrusive arc consisting mainly of 
rhyol i tes or granites. The North and South American Cordil leras provide 
classic examples of th is type of metallogenic province. On the 
eastern side of the Cordil leran Orogen in the Uestern United States, 
red-bed U and Cu deposits occur in Permian and later sequences in 
Wyoming, Utah, Colorado, New Mexico and Texas. 

Simi lar ly, in the central Andes, continental c las t ic sequences of molasse 
type, largely restr ic ted to the Altiplano-Puna region and to the eastern 
side of the Andean Orogen, contain red-bed Cu and U deposits ( S i l l i t o e , 
1976). The main deposits of Tertiary age in Peru and Bol ivia have Cu 
as the principal metal with only small amounts of U and V. In western 
Argentina, however, older deposits ranging in age from Permo-Carboni= 
ferous to Lower Tert iary have economic to sub-economic U contents 
(Stipanicic zt a.!, 1960). The source of the Cu and U is in some cases 
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believed to be horizons of tuff and lava interbedded in the red-bed se= 
quences, or the re J beds themselves, some of which are rich in volcanic 
tephra components. U and Cu are transported in chloride- and sulphate-
rich brines produced by groundwater solution of evaporite (gypsum and 
halite) deposits in the red-bed sequences. Metal precipitation is 
considered to have been facilitated by low-En conditions produced by 
sulphate-reducing bacteria present in the groundwater and nourished 
by carbonaceous matter (or hydrocarbons) related to the orebodies 
(Sillitoe, 1976). 

In the Mendoza Province of Argentina, the uranium deposits of the Sierra 
Pintada district are hosted by Permian continental sandstones, but it 
is thought that the source rocks of the uranium are a volcanic-plutonic 
complex of rhyolites, andesites, granites and granodiorites, similar 
tc that of Sierras de Cordoba and ranging in age from Devonian to 
Triassic (Stipanicic, personal communication to P.D. Toens, 1979). The 
probable tectonic correlation of this terrain with the provenance of 
thick fluviatile clastic deposits in the Main Karoo Basin of South 
Africa is discussed in a later section of this paper. 

To summarise: Continental-margin magmatic arc massifs are metallogeni= 
cally important for uranium concentration and transport to the upper 
crust. Because they are situated above active subduction zones they 
occur in regions of anomalously high heat flow and geothermal gradient. 
Hence the older continental crust is readily remobilised or partially 
melted at depth, and further concentration of incompatible elements 
like uranium can occur. There is also an extensive addition of new grano= 
dioritic magma from the upper mantle above the subduction zone, so 
that the magmatic arc massifs are generally zones of strong positive 
uplift. Subduction zone magmatism may also result in a primary 
concentration of uranium from undepleted or "fertile" upper mantle 
peridotite into the new continental crust. 

Strong positive uplift of arc massifs favours rapid erosion of the 
upper crust and particularly the superficial volcanic edifice which 
may be enriched in uranium. If climatic conditions about the orogenic 
arc are favourable, a major part of the erosional detritus may be 
carried into the region behind the rising arc (arc polarity being 
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such that the side facing the trench is "forward" and the side 
facing away from the trench is "behind" (Dickinson and Seely, 1979). 
Relative u p l i f t of the arc combined with the transfer of large masses 
of material from the arc zone to the adjacent continental platform leads, 
by isostat ic readjustment, to the development of a deep back-arc basin 
of continental red-bed character. The sedimentology of th is back-arc 
basin, i t s groundwater geohydrology and geochemistry are the major 
factors which may be crucial in fur ther uranium concentration. 

As far as the application of this metallogenetic hypothesis to the Pre= 
cambrian terrains of West Gondwanaland i s concerned, there would seem 
to be three necessary stages in the delineation of major uranium target 
areas. The f i r s t stage is the iden t i f i ca t ion and dating of subduction-
re lated, calc-alkal ine magmatic arcs of continental-margin or Cordil= 
leran type. In th is respect geochemical and isotopic studies of the 
granitoid terrains are essential to isolate and date primary mantle-
derived components. The second stage is the f i rm assignment of fore-
and back-arc po la r i t y , which ideal ly requires to be confirmed by the 
presence of oph io l i tes , high-pressure/low-temperature metamorphism, 
and t u r b i d i t i c greywacke deposits in the fore-arc zone. The th i rd 
and f ina l stage is the ident i f i ca t ion of favourably located back-arc 
basins of continental f l u v i a t i l e deposits which are the same age as, 
or s l igh t l y younger than, the igneous rocks of the magmatic arc. The 
grani t ic arc ter ra in and the associated back-arc basin environment 
together const i tute a potential uranium metallogenic province of 
major importance. 

6. PERMO-TRIASSIC GONDWANA BASINS 

6.1 Tectonic Setting 

The Gondwana ter ra in in Afr ica consists of several part ly interconnec= 
ted basins with intervening highlands, some of which were probably 
flooded at times. The area can be divided into two d is t inc t tectono-
sedimentary environments (Rust, 1973). An open basin-and-swell struc= 
ture characterises the western part of A f r i ca , while graben-controlled 
basins predominate in the east (Fig. 2 and Table I I I ) . 
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Two major structural directions are apparent. The Etjo, Ovambo, Angola, 
Barotse and Congo Basins trend northeasterly and are separated by the 
Windhoek and Choma-Kaloma Highlands from the Botswana, Mid-Zambezi, 
Luano-Luangwa and East African Basins, exhibiting a similar trend. 
These basins in turn are separated from the northeast-trending Main 
Karoo, Mozambique and Madagascar Basins by the Transvaal, Lumagundi 
and Malawi Highlands. A northwesterly alignment of basins is less 
conspicuous, but could include the Main Karoo, Botswana and Angola 
Basins on the one hand, and the Mozambique, Zambezi, Luano-Luangwa 
and Congo Basin complexes on the other. 

Sedimentation in these basins started with the Late Carboniferous Dwyka 
glaciation with major ice sheets advancing from the Windhoek, Lumagundi, 
Transvaal and Choma-Kaloma Highlands, and also from the east and west 
of the Main Karoo Basin. With the final retreat of the ice sheets 
during the Early Permian, isostatic rebound coupled with tectonically 
induced downwarps and uplifts produced the Ecca Basins. Towards the 
north a period of erosion prevailed before deposition of the Ecca. 
Sedimentary environments ranged from marine to deltaic and lacustrine, 
but the most characteristic feature was the development of widespread 
coal swamps. Beaufort sedimentation in the Main Karoo Basin was ini= 
tiated with further uplift in the source areas, but elsewhere low tec= 
tonic energy flux conditions predominated. Very little sedimentation 
took place over the western part of Africa, but terrestrial and swamp 
conditions prevailed throughout Beaufort sedimentation in the south 
and east. A major uncomformity separates the Beaufort sediments from 
the overlying Stormberg sediments over most of the Zambezian tectono-
sedimentary terrain indicating a long period of erosion ranging from 
the Late Permian to Middle Triassic. High energy fluviatile conditions 
existed during Molteno sedimentation in the Main Karoo and Zambezi 
Basins but slowed down during the deposition of the arid Elliot red-bed 
sequence and the Clarens aeolian sandstones. The Karoo sedimentation 
was terminated by the Drakensberg volcanic episode which started during 
the Jurassic and ended in the Cretaceous. 

The detailed tectonic correlation of Karoo basins in Southern Africa and 
Gondwana basins in South America is still problematical. New data on 
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the extent of marginal Hercynian orogenesis in South America (Dalmayrac 
eX at, 1980), as well as crustal structures in Patagonia (Urien zZ al, 
1976) provide us with the opportunity to review the tectonic controls 
on Gondwana basin development. 

The basement of the modern Central Andes is constituted by a Hercynian 
Fold Belt extending from Northern Peru to at least Central Argentina 
(Dalmayrac nt al, 1980). During the Palaeozoic, a deep trough, f i l l e d 
with 8 - 15 km of essential ly c las t ic marine sediments, was formed 
between the Brazi l ian Shield and a presumed western continental area, 
now part ly represented by the Arequipa Massif of Peru. U p l i f t of th is 
zone began with a major compressive deformation in the Carboniferous 
(350 - 330 Ma - the Eohercynian Phase). Orogenesis continued in the 
Peruvian (265 - 260 Ma - the Late Hercynian Phase), being less evident 
in the Peru-Bolivia region than in Northwest Argentina (Dalmayrac oX al, 
1980). This may indicate a southward migration of the orogenic focus 
along the western margin of Gondwanaland, and i f so may be related to 
the Permian-Triassic climax of orogenic deformational a c t i v i t y in the 
region of the Cape Fold Belt in South Af r ica . However, according to 
the maps of Dalmayrac eX al, (1980), the formations of the 
Sierra de la Ventana Basin are closely related to those of the Cape 
and Karoo Basins which remained undeformed during both phases of the 
Central Andean Orogenesis. 

The Hercynian structures of the Central Andes Fold Belt have subver= 
t i ca l axial planes and are simply symmetrical in s ty le . The Hercynian 
metamorphism is generally epizonal except local ly where syntectonic 
granitoids are associated with higher-grade metamorphism of low-pressure 
type (Dalmayrac oX al, 1980). The widespread occurrence of Lower Car= 
boniferous (Eohercynian) calc-alkal ine magmatic products ( tona l i t es , 
d io r i tes and granites) along the axis of the Central Andean Fold Belt 
probably indicates that th is margin of West Gondwanaland was active 
above, and east o f , a Palaeozoic subduction zone. This hypothesis, 
however, has yet to be confirmed by detailed geochemical and isotopic 
studies to show that the granitoids originated in the upper mantle and 
represent a juveni le Palaeozoic addit ion to the continental crust . 
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The southermost part of the Central Andean Fold Belt includes the 
Mendocino-Pampeano Belt which is exposed in the Sierra Pintada System 
of the Pre-Cordillera and Cordillera Frontal of Mendoza Province, 
Argentina (Dalmayrac et at, 1980; Crado Roque, 1972; de Almeida e.t al, 
1976). The Mendocino-Pampeano Belt appears to have developed by reacti= 
vation of structures related to the older Braziliano Cycle (de Almeida 
et at, 1976). The inliers exposing the Menodocino-Pampeano Belt and older 
structures on the North-Pampean plain are small, and therefore the south-
or southeastward extensions of the belt, south of the Sierra de la 
Ventana and Cape Fold Belts in a reconstructed West Gondwanaland, are 
difficult to trace. It seems to follow the southern limit of the 
South American Platform (as defined by de Almeida it at, 1976) roughly 
along a line in Argentina between San Rafael, close to the Sierra 
Transpampeanas, and Bahia Blanca on the east coast. 

The relationship of the main Patagonian Platform (de Almeida at ai, 1976) 
to the Mendocino-Pampeano Belt remains problematical because o p the 
scattered nature of basement exposure. Hetasediments, assumed to be of 
Precambrian age, constitute the exposed basement in the Provinces of Rio 
Negro and 'iequen en Chubut which were intruded by Palaeozoic granites 
ranging in age up to the Permian (Halpern, 1968). At present these 
rocks are considered as evidence for the existence of a Late Precambrian, 
Braziliano Cycle Orogenic Belt crossing Argentina and linking up beneath 
the Colorado River Valley with the Ribsina Orogen which extends along 
the east coast of South America (de Almeida e.t a(, 1976). The only 
direct evidence that pre-Braziliano rocks might be found in the Pata= 
gonian Platform comes from the Falkland Islands where an isotopic age 
of 1 000 Ma has been obtained on rocks of the Cape Meredith Basement 
Complex. 

East of the Precambrian Basement exposures of North Patagonia (Central 
Rio Negro Massif, Urien <?f at, 1976), low-grade Early Palaeozoic meta = 
sediments are sporadically exposed. Crustal geophysical studies re
lated to oil exploration assign these rocks to the North and Central 
Patagonian Palaeozoic Basins, separated by a buried extension of the 
Central Rio Negro Massif in the Northern Chubut Arch (Urien at at'. 
1976). Because the metasedimentary rocks in these basins are 
apparently not younger than Devonian and have been extensively intruded 
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by granites of mainly Carboniferous-Permian age (L. Dal 1 a Salda, per= 
sonal communication, 1979), i t is reasonable to assume that they re= 
present the furthest southeastern extensions of the Central Andes Fold 
Belt in South America. The fact that no Permian sediments are reported 
from this zone supports the hypothesis that th is part of the Central 
Andes Bel t , including the Precambrian Central Rio Negro Massif, became 
a re la t ive ly elevated magmatic arc terra in during the Carboniferous 
Eohercynian orogenic phase (Dalmayrac ef at', 1980). 

This hypothesis corresponds with evidence from the Karoo Basin in South 
Africa for an extensive up l i f ted provenance area to the south and south= 
west from Carboniferous times onward. Evidence for a Carboniferous un= 
conformity between the Cape and Karoo Supergroups has recently been 
summarised by Stapleton (1977) and supported by Dunlevey and H i l l i e r 
(1979), who argue for a major break in deposition in the Cape-Karoo Basin 
at th is time. The marine formations of the Middle-Late Devonian or 
ear l ies t Carboniferous Witteberg Group either wedge out or were sub= 
aer ia l l y eroded towards the south and southwest of the Cape Basin before 
the deposition of early Permian glacial sediments of the Owyka Group. 

The formation of an extensive unconformity over a wide area of South= 
western Gondwanaland by sutverial erosion during the Carboniferous can 
be explained by heating and thermal u p l i f t of the lithosphere above a 
continental margin subduction zone that was simultaneously responsible 
for generating the Eohercynian calc-alkal ine grani to id int rus ives. 
The Permian-Triassic Main Karoo Basin of South Afr ica and the Upper 
Carboniferous-Triassic Sierra Pintada sequence of Mendoza Province, 
Argentina, can be interpreted as a subsequent response to continued 
u p l i f t caused by subcrustal magmatic accretion beneath the axis of 
the main continental volcanic arc. According to Dickinson and Seely 
(1979), a continental margin arc-trench system may f a l l into one of 
two main categories: ( i ) ccntxacteJ, where tectonic or magmatic 
thickening of the crust within the arc results in the formation of a 
back-arc fo ld- thrust be l t ; or ( i i ) ncm-cvn-tiaeted, where crustal 
extension behind the arc leads to the development of a back-arc shelf 
sea. In the contracted case the excess surface load of the back-arc 
fo ld- thrust belt w i l l bend the continental l i thosphere to form a 
tectonic fore-deep into which erosional det r i tus from the magmatic arc 
and the r is ing back-arc bel t may be deposited. 
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The sedimentary and tectonic history of the Karoo Basin can be modelled 
along the latter lines. In this respect, the petrographic indication 
of a volcanic provenance and sedimentological/palaeocurrent evidence 
for deposition from southern uplands is decisive for the Ecca and Beau= 
fort Groups (Elliot and Watts, 1974; Martini, 1974; Lock and Johnson, 
1974; 1975; Ho-Tun, 1979; Kingsley, 1979; Hillier and Stavrakis, 1979; 
Stavrakis, 1979; Visser and Loock, 1979). Kingsley (1979) outlined a 
model of Ecca-Beaufort sedimentation in which a conformable sequence of 
turbidites, deltaic deposits and fluvial deposits can be explained by 
progradation of coalescing deltas into a land-locked lake. Cooper 
(1979) has recently drawn attention to evidence favouring an inland, 
brackish Caspian Sea-like environment during deposition of lower Ecca 
shales. All of this is perfectly concordant with the model of back-arc 
basin evolution outlined in the previous paragraph. 

An apparent problem with the back-arc basin model of Mam Karoo Basin 
tectonics and sedimentation is the 1 050 i-1a age of detrital zircons from 
the southern Beaufort Group reDorted by Moon (197 7). However, a 
similar age has been obtained from the Cape Meredith Basement Complex 
of the Falkland Islands (Cingolani and Varela, 1975) and it is therefore 
also possible that the underlying crust of the whole Patagonian Plat= 
form contains a considerable proportion of 1 000 Ma old rock. 

The southwestward extent of the Precambrian foundation to the Carboni= 
ferous Permian magmatic-arc massif of Patagonia and the location of the 
inner boundary of the fore-arc zone can be derived from the following 
considerations. Imbricated Carboniferous-Permian marine metasediments 
and amphibolites from the basement of the Madre de Dios Archipelago at 
50 °S on the Chilean coast are described as macromelange of tectonic 
origin (Forsythe and Mpodozis,1979). It includes the Demaro Complex 
of pillow basalts, metalliferous and radiolarian cherts, calcarenite 
and shale, which probably represents a pillow basalt/sediment section 
of the Late Palaeozoic ancestral Pacific Ocean floor. The Madre de 
Dios Basement Archipelago is therefore interpreted as a representative 
of an arc-trench-gap environment situated between a plutonic/volcanic 
arc and a subduction zone along the ancestral Pacific margin of Gondwana= 
land during the latest Palaeozoic or earliest Mesozoic. Inland from 
the area the basement of the Rio Mayo-Dungerres Arch (Urien ct at', 1976) 
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consists of Devonian metasediments and granitised schists of assumed 
Early Palaeozoic age (L. Dalla Salda, personal communication 1979). 

The furthest possible inland location for the inception of this Carbo= 
niferous subcjction zone is defined by the Palaeozoic-Jurassic, Agria-
Deseado Basin and its southeastern extension in the South Patagonian 
Basin (Urien ct ai, 1976). This is bordered on the northeast by a nar= 
row but pronounced positive element defined by the Nequen San Jorge Arch 
and the Deseado Malvinas Arc which includes the 1 000 Ma old Cape Mere= 
dith Complex exposure. The boundary between the Agria-Deseado Basin 
and the Nequen San Jorge Arch can be interpreted as the original conti= 
nental edge of the Patagonian Platform (and hence West Gondwanaland), 
and the entire region seaward of this boundary can be interpreted as an 
accretionary prism or subduction cr:nplex/fore-arc basin association. 
In this connection, it is relevant to note that this boundary is trace= 
able northwestward into the high-pressure metamorphic facies of coastal 
Chile (Gonzalez-Bonorino and Aguirre, 1970). 

The preceding review Indicates considerable support for a back-arc basin 
development model for at least these parts of the Gondwana Basin System 
which were created immediately backward of the prominent Carboniferous-
Triassic continental margin magmatic-arc massif. As indicated in 
Section 5, the geotectonic relationship is particularly relevant to 
models of Cordi1leran-type uranium metallogenesis (Si 11itoe, 1976) and 
has interesting implications for the correlation of deposits like those 
of the Sierra Pintada in Argentina and the Beaufort West area of South 
Africa. 

6.2 Description of Uranium Deposits in Gondwana (Karoo) Basins 

6.2.1 Main Karoo Basin 

The presence of uranium in the Beaufort sediments of the Karoo was first 
detected in 1967 during a regional exploratory drilling program by the 
Southern Oil Exploration Corporation. Two years later the first surface 
anomaly was discovered by Union Carbide near the town of Beaufort West 
during a regional carborne scintillometer survey. This company even= 
tually found the first potentially economic uranium deposit, not far 
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from their original discovery. Since 1970 more than a dozen companies 
have been engaged in exploration in the Karoo, with activities expanding 
to the Sutherland area in the west, Graaff Reinet in the east and 
Edenburg in the north. The Molteno and Elliot Formations of the Storm= 
berg Group in the Ficksburg, Harrismith and Lesotho areas also contain 
promising uraniferous zones. 

The uranium occurs mostly "'n fine-grained sandstones, which were deposited 
in meandering rivers, crevasse splays and possible terminal fans on a 
vast delta plane. The sediments were derived from granitic source areas 
similar to the Namaqualand Basement Complex in the west, south and souths 
east, which probably also supplied most of the uranium. Contemporaneous 
volcanism in the source areas contributed ash beds and volcanic debris 
to the sequence and possibly provided additional uranium. Most of the 
deposits consist of relatively small, stacked, tabular ore pods concen= 
trated at the base of sandstone channels, along their edges or associated 
with erosional scour surfaces within them. These pods are arranged in 
zones which tend to follow the palaeochannel in shoestring sands, but 
can be oblique to palaeocurrents in tabular sands. In the latter sand= 
stone type, possibly deposited in low-sinuosity rivers or sheet floods, 
the mineralisation tends to be more patchy and of lower overall grade 
than in shoestring sands, which show characteristics of medium- to 
high-sinuosity rivers. Carbon trash accumulation, permeable horizons 
and scour surfaces seem to be the main ore controls. The uranium was 
probably transported as a carbonate complex in solution in the river 
water, trapped within the sediments and deposited because of reducing 
conditions. Sulphate reducing anaerobic bacteria feeding on carbon 
trash and producing H ?S probably played a major role in establishing 
reducing environments. These conditions were possibly accelerated by 
the rapid burial of the sediments. The uranium was thus reduced from 
U + to U + and precipitated shortly after deposition as uraninite, 
coffinite and pitchblende. The main gangue mineral is calcite, which 
can constitute as much as 50 % by volume of the ore. Generally, however, 
it is of the order of 5 - 10 %. The calcite cement in association 
with manganese oxide/carbonate minerals gives rise to a very distinctive 
dark brown weathering crust. The rock is locally known as 'coffee stone' 
of which only some are mineralised. 
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Uranium is associated with organic carbon or calcite or both with the 
relationships being regionally controlled. The concentration of molyb= 
denum tends to favour pods ricn in organic material but is not exclusive 
to calcite-rich lenses (Jakob, personal communication). Other associated 
elements are Cu, As, Pb, Zn, Co, V, Mn and PoOc^ Below the water table 
the ore is normally in equilibrium but in the zone of weathering the 
uranium has been oxidised and redeposited as various secondary minerals 
along cracks, joints and bedding interfaces. The host sandstones, in 
this case, are normally bleached with numerous limonite liesegang struc= 
tures. No ore-rolls have been recognised as yet. 

Although the grade is variable, the average LLOfi content is probablv 
about 1 000 ppm over an average width of 1 m. Molybdenum is the only 
accessory element present which could attain economic importance. 

6.2.2 waterberg Basin 

In the Springbok Flats of the Transvaal, uranium is associated with coal 
seams in the Ecca Group and also occurs in the stratigraphically higher 
Cave Sandstone Formation in the Stormberg Group. A number of ill-defined 
subsidiary basins have been located by drilling, with the thickness of 
the coal seams reflecting the palaeotopography on which the strata were 
deposited. The uranium, as a rule, occurs in association with thinner 
coal seams, not only in lower grade coal or shaly material, but also 
in high-grade coal. In some cases the uraniferous zones occur a short 
distance above the coal. The coal appears to be suitable for a wide 
variety of uses including liquifaction to produce synthetic fuel. 

There is evidence to suggest that the source of the uranium in the coal 
was the Molteno Formation which derived its material from Basement 
Granite thus explaining the concentration of uranium near the flanks 
of subsidiary basins. 

6.2.3 Botswana Basin 

Outcrops of Karoo sediments are restricted to the eastern, western 
and southern edges of the basin, but drill-hole evidence shows that the 
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Middle Ecca or Auob Sandstone contains several important coal seams with 
traces of uranium mineralisation in places (Cameron, personal communi= 
cation). 

In the Gordonia District of South Africa, radioactive layers were dis= 
covered in 1979 by the Atomic Energy Board in the Dwyka Tillite Formation 
(Levin, 1980). It consists of a basal tillite overlain by blue or black 
mudstone and shale, with an upper tillite zone developed in places. 
The uranium mineralisation occurs mostly near the base of the Dwyka at 
depths between 200 to 250 m over an estimated area of some 100 km 2, 
having a concentration range from 30 - 250 ppm U,0g. The source of 
the uranium was probably a central ridge of Namaqualand granite-gneiss 
to the east of the anomalies. 

Uraniferous phosphatic nodules have been reported from the Dwyka of 
the Keetmanshoop area of South West Africa/Namibia and the Northern Cape 
in South Africa. 

6.2.4 Limpopo Basin 

Anomalous uranium concentrations have been found in boreholes drilled for 
coal in the Ecca of the Northern Transvaal. 

6.2.5 Mozambique Basin 

No information is available. 

6.2.6 Etjo Basin 

Uranium has been discovered on the Skeleton Coast in the Dwyka Shales. 

6.2.7 Ovambo Basin 

No information is available. 
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6.2.8 Mid-Zambezi Basin 

Exploration for uranium in the Mid-Zambezi Basin started in the early 
1950's, when many private individuals obtained Geiger counters and investi= 
gated, amonqst others, Karoo sediments. The first indications of uranium 
in Karoo sediments were recorded at liankie and Lubimbi in the northwest of 
Zimbabwe (Morrison, 1978). In the Gwembe Valley of Zambia, prospecting 
started with a carborne radiometric survey in 1958 which led to the dis= 
covery of a few anomalies (Money and Prasad, 1978). A country-wide air= 
borne geophysical survey in the late 1970's revealed a number of anomalous 
radiometric areas, of which the Mid-Zambezi Valley proved to be the most 
promising, and consequently prospecting activities have been concentrated 
in the vicinity of Lake Kariba. 

The Karoo Supergroup has locally been divided into a Lower and an Upper 
sequence, the Lower Karoo consisting of basal conglomerates overlain 
by fine elastics, and the Upper Karoo of arenaceous continental sedi= 
ments. The Upper Karoo, composed of the Escarpment Grit, is overlain 
by the interbedded Mudstone-Sandstone Formation and capped by the Batoka 
Basalts. It overlies the Lower Karoo Madumabisa Mudstone unconformably. 
The uppermost beds of the Escarpment Grit and the transition zone into 
the Interbedded Mudstone-Sandstone Formation, are the main hosts for 
the uranium. Low-order anomalies were recorded from the upper beds of 
the Interbedded Mudstone-Sandstone Formation. 

The Escarpment Grits display rapid facies changes typical of continental 
deposits. They are poorly sorted, medium- to coarse-grained gritty 
sandstones with intraformational mudstones and siltstones. A source 
area to the north-northeast, probably the Katanga and Basement rocks, 
provided the detritus for the Escarpment Grit, while the Interbedded 
Mudstone and Sandstone sediments were derived from the north-northwest. 
The provenance areas dre also thought to have supplied the uranium. 

The uranium occurrences are essentially similar to those of the Main 
Karoo Basin. The ore deposits are mostly concentrated in conglomeratic 
sandstones within scours and palaeochannels, and are localised wherever 
favourable traps and reductants dre present. As in the Main Karoo Basin, 
stacked ore pods seem to be common. The majority of uranium-bearing 
sandstones are bleached and contain secondary uraniferous minerals 
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filling pores, fractures, along bedding planes and in crossbeds, which 
seem to have influenced the localisation of the uranium. Other major 
ore controls are porosity, permeability, scour surfaces, mud pebble 
conglomerates and clays. Primary uranium mineralisation (pitchblende) 
occurs in a silicified and fault-bounded sandstone in the Chisebuka and 
Namakande areas. 

High permeability and redox reactions in the Upper Karoo played a major 
role in uranium reconcentration, with the redox surfaces being related 
to a fluctuating water table. The Madumabisa Mudstone of the Lower 
Karoo provided an impermeable barrier for uranium mobility. 

The uranium grade of these deposits ranges from low to medium, over a 
mean thickness of about 1 m. The ore appears to be mostly in equilibrium 
or positive disequilibrium within the host rock. 

Radioactive mineralisation also occurs in fault breccias associated 
with the Zambezi Trough in the Wankie District. The uranium is asso= 
ciated with fluorite and silica, and it has been suggested that it was 
derived from Karoo shales and redeposited in the northeast-striking 
faults by meteoric water. 

Mineralised armoured mudballs averaging 100 mm across , containing finely 
disseminated carbon trash and up to 20 % U^On, occur at Mutanga, Muyumbwe 
and Liarongo. 

In the vicinity of Sinamatella in Zimbabwe, strata-bound uraninite occurs 
in Karoo sediments preserved by downfaulting (Morrison, 1978). 

6.2.9 Lower-Zambezi Basin 

No information is available. 

6.2.10 Barotse Basin 

An airborne geophysical survey in the late 1970's revealed a number of 
low-order uranium anomalies, but these were not significant enough to 
warrant an immediate follow-up program (Morrison, 1978). 
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6.2.11 Angola Basin 

Radiometric anomalies were detected in the late 1960*s during an air= 
borne survey in the Iongo area east of Malange. As the Karoo strata 
are virtually horizontal, outcrops of uraniferous zones are entirely 
dependent on the topography. The mineralised beds are red to brown, 
finely laminated sandstones of the Fish Beds occurring just below the 
Plant Beds and about 100 m above the Lutóe diamictites. 

6.2.12 Luano-Luangwa Basin 

Systematic prospecting for uranium in the Luano-Luangwa Trough started 
in 1973, when a private company detected uranium anomalies of low mag = 
nitude in the eastern part of the Luangwa Trough, in Lower Karoo mud= 
stone and sandstone. Initial results, however, were not very encouraging 
(Money and Prasad, 1978). 

6.2.13 East African Basin 

Uraniferous occurrences are known in the small coalfields at Livingstone, 
where the radioactivity is associated with phosphatic layers. Although 
relatively high local values were found, no deposits have been proved 
(Cameron, personal communication). 

In the southern coastal areas of Kenya, an airborne radiometric survey 
has disclosed a number of prominent anomalies in Karoo sediments. These 
occurrences are in the coarse-grained, semi-silicified Shimba Grits of 
the Mazeras Sandstones which contain abundant fossiliferous-carbonaceous 
material. The same formations continue into the coastal region, north= 
east of Tanzania (Kingori Sandstone) and some evidence of radioactivity 
has been noted (Cameron, personal communication). 

6.2.14 Rukwa Basin 

No information is available. 
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6.2.15 Congo Basin 
No information is available. 

6.2.16 Gabon Basin 
No information is available. 

6.2.17 Parana Basin (Southern Brazil) 

An important uranium occurrence was located in the coal-producing region 
of Rio de Peixe, in the vicinity of Figuiera near the southeastern erlge 
of the Parana Basin. The Permo-Carboniferous sediments in this area 
are approximately 900 m thick, of which about 700 m are tillites of the 
Itararé Formation. The overlying Rio Bonito Formation is 100 to 150 m 
thick, and is composed of fluvial, deltaic and coastal swamp sediments 
showing a complex drainage system with a general northwesterly orien= 
tation. 

Uranium occurs mainly in sandstone just above the basal coal seam, 
usually as uraninite occupying interstices between quartz grains. It 
is also present in the form of organic complexes in pelitic sediments 
rich in organic materials. Uranium in the latter type has a syngenetic 
origin,having concentrations between 300 - 400 ppm U^CL. Molybdenite 
in the form of jordisite is also present. Remobilisation of uranium 
in coarser grained, fluvial channel sandstones resulted in the formation 
of higher grade deposits averaging 2 000 ppm LUOg over a thickness of 
1,3 m. 

The uranium is thought to have originated from reworked sediments of 
the Itararé Formation, which contain rock fragments of the underlying 
crystalline basement showing abnormal uranium values. 

6.2.18 Callingasta-Uspallata Basin (Argentina) 

Several epigenetic uranium deposits are found over a distance of more 
than 300 km from north to south, with the Sierra Pintada, San Juan, 
La Rioja and Tinogasta Districts showing the highest potential. The 
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deposits, which are mostly small in size, are generally associated with 
fossilised logs and other plant remains. Mineralisation is thought to 
have taker, place during the Upper Persian. 

7. URATÍIUH DEPOSITS RELATED TO CAR80HATITE AND 
ALKALINE INTRUSIONS 

7.! Tectonic Setting 

Alkaline igneous complexes in Africa (Fig. 3) form distinct Clusters or 
provinces. These include the Angola, Nanaqualand and Liideritz Provinces 
in the west, and the Transvaal, Zimbabwe and East African Provinces 
in the east. Most isotopic age determinations for the western provinces 
lie in the range of 12G - 135 Ka and 50 - 30 Ka. Uithin these provinces 
individual complexes seem to be located along ncrtheast-and possibly 
northwest trending lineaments (Rodrigues, 1970). 

Various models have been proposed to explain the lineaments, including 
fixed mantle plumes or hot spots over which the continental plates moved. 
Others have drawn attention to the coincidence of alkaline igneous acti= 
vity with regions cf crustal swelling. The most acceptable explanation 
offered yet, is that the alkaline complex lineaments are the continental 
extensions of major transform faults developed during the initial opening 
of the South Atlantic about 130 - 140 Ha ago (Marsh, 1973). These zones 
tend to be arranged along small circles about the pole of rotation of 
the African and South American plates, with some modification by pre
existing structures. A shifting of the pole of rotation northwards to 
its present position (approxirately 80 Fla ago) accounts for the younger 
ages of certain complexes. Older western intrusions (about 200 Ma) 
may not be connected to the rifting, this being implied by the fact that 
these complexes differ geologically from the younger ones. 

The Brazil and Uruguay Alkaline Provinces are extensions of the Angola 
and Liideritz Provinces on the other side of the South Atlantic. 

Alkaline complexes in the eastern part of Africa, although somewhat, 
clustered, do not show the same distinct alignment along individual 
lineaments, although a general nortn-northeasterly trend is apparent. 



FIG. 3 : Distribution of alkaline complexes and kimberlite in "inuthern Africa and 
South America 
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This is probably a result of pre-existing lineaments in the basement, 
for many of these complexes are Precambrian in age. The later rifting 
of Africa has apparently not been influenced by these lineaments. 

TABLE IV List of Alkaline Complexes in Africa south of the Equator 
as given in Fig. 3 

Angola Province Age Carbonatite Radioactive 
1. Uere (Ma) 
2. Lucenga 
3. Quicolo 
4. Zenza do Itombe 
5. Quilungo 
6. Quitota 
7. Cacuva 
8. Canata 
9. Chilesso 
10. Chieuca 
11. Capuia * 
12. Bail undo * 
13. Chianga * 
14. Cuito 
15. Longcnjo k 

16. Quizua 
17. Coola * 
18. Elonga (Monte Verde) * 
19. Sulima 
20. Nonga 
21. Chanja 
22. Vila da Ponte 
23. Lungo 
24. Chamaco (Catanda) * 
25. Cuacra * 
26. Lutala 
27. Chai 
28. Chitucubero 
29. Nejoio 
30. Chiuerinde 
31. Elonga 
32. Chicacimo 
33. Tchivira 112 + 8 * 
34. Bonga 112 ± 8 * 
35. Chimboa (Capunda) * 
36. Pocola 
37. Virylundo * 
38. Morro Vermel ho • 
39. Lupongola • 

40. Swartbooisdrif * 
41. Epenibe * 

* 
* 
* 

* 
* 

* 
* 

U-bearing 
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Damaraland Province Age Carbonatite Radioactive 
(Ma) 

1. Okorusu 
2. Etaneno 
3. Ondurakorume 
4. Kalkfeld 
5. Osongombo 
6. Otjisazu 
7. Paresis 
8. Otjihorongo 
9. Okonjeje 
10. Brandberg 
11. Doros 
12. Messurn 
13. Cape Cross 
14. Klein Spitzkop 
15. Gross Spitzkop 
16. Erongo 

Liideritz Province 

1. Hatzium 
2. Brukkaros 
3. Dicker Will em 
4. Keishone 
5. Teufelkuppe 
6. Kaukausib 
7. Drachenberg 
8. Pomona 
9. Granitberg 
10. Chamais 
11. Marinka 
12. Bremen 
13. Haruchas 
14. Weltevrede 
15. Mickberg 
16. Garub 
17. Grunau 

Transvaal Province 

* * 
* * 
* 

136 

164 

125 
123 

190+8 

* 
* 
* 
* 
* 
• 

130 + 2 

• 
* 

1. Vredefort 1 970 
2. Goudini * * 
3. Welgevonden * 
4. Roodeplaat-Derdepoort * * 
5. Zoutpan * 
6. Tweerivier * 
7. Kruidfontein * * 
8. Nooitgedacht * 
9. Bulhoekkop * 
10. Pilanesberg 1 400 U-bearing 
11. Glenover * 
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Age Carbonatite Radioactive 

(Ma) 

Transvaal Province (cont.) 

12. Spitskop 
13. Magnet Heights 
14. Phalaborwa 
15. Schiel 
16. Messina 
Zimbabwe Province 

1. Chishanya 
2. Nyashanu 
3. Shawa 
4. Dorowa 
5. Arcturus 
6. Katete 
7. Ngose 
8. Muambe 
9. Xiluvo 

East African Province 

1. Nkumbara Hill 680 + 25 
2. Mbozi 

Other Alkaline Complexes 

1. Salpeterkop 
2. Keikamspoort 
3. Zandkopsdrift 

7.2 Description of Uranium Deposits 

7.2.1 Phalaborwa, Transvaal 

The Phalaborwa Igneous Complex is a large pipe approximately 8 km long 
and 3 km wide, which invaded Archaean Basement Granites in the north= 
eastern Transvaal. The complex consists mainly of diopside-phlcgopite-
apat i te pyroxenite, with outcrops of syenite, f en i t e , mafic pegmatoid, 
carbonatite and phoscorite. The carbonatite intruded in two stages. 
The older is a medium- to coarse-grained sovi te-beforsi te with conspicuous 
magnetite banding paral le l ing the walls of the pipe. Contacts between 
the older carbonatite and phoscorite are usually gradational. The 
younger carbonatite cross-cuts older rocks and is especially abundant 
near the centre of the pipe (Loolekop), t a i l i n g off to the east and west. 
Part of th is rock is f ine-grained and loca l ly banded. 

1 300 - 1 400 * * 

1 950 * U-bearing 
* 
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Copper mineralisation is concentrated mostly in the younger carbonatite 
near the core of the pipe, where the rocks were repeatedly fractured, 
but it also occurs to a limited extent within the older carbonatite and 
phoscorite. Chalcopyrite is the principal sulphide, with minor amounts 
of bornite, chalcocite and other copper minerals. Magnetite is a major 
constituent of the ore, and is being mined along with the copper, apa= 
tite, vermiculite and baddeleyite. The copper mineralisation appears 
to have been introduced by hydrothermal solutions. 

Uranium, present in the carbonatite as uranothorianite, is recovered 
as a by-product. 

7.2.2 Pilanesberg, Transvaal 

The Pilanesberg Complex forms a series of concentric hills in the western 
Bushveld of Transvaal. With an outcrop area of 518 km2 it is one of 
the largest alkaline complexes known in the world (Lurie, 1979). The 
complex consists of a cover of alkaline volcanic and pyroclastic rocks 
with intrusive rings consisting almost entirely of foyaite and syenite. 
Only isolated fragments of the cover, which includes alkaline lavas, 
tuffs and very coarse breccias, remained after erosion. Some of these 
tuffs contain large tonnages of low-grade uranium associated with rare 
earth elements and thorium. The so-called Ledig foyaite also contains 
large tonnages of uranium (average = 150 ppm) and thorium but the low 
grades, coupled with extraction metallurgical problems, prevent its 
exploitation at present. 

7.2.3 Bonga, Angola 

The Bonga and Tchivira Alkaline Complexes lie some 90 km northwest of 
Sada Bandeira. The Bonga Complex consists of a carbonatite core about 
2 km in diameter which stands about 700 m above the surrounding country= 
side. It is rich in pyrochlore and contains uranium. 
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7.2.4 Pocos de Caldas, Brazil 

This large repheline syenite pipe, situated southwest of Minas Gerais 
along a SSE-NNW striking volcanic belt, forms a circular plateau 
about 1 500 m above sea level, having a diameter of 30 km. Two or more 
tectonic events followed by hydrothermal activity succeeded the intrusions 
of alkaline magma with molybdo-uraniferous mineralisation taking place 
in the rejuvenated areas. Agostinho and Cercado are the two main deposits 
located southwest of two large intersecting fault zones in the centre of 
the plateau. In the Agostinho deposit, uranium occurs as amorphous mine= 
rals disseminated in tinguaite breccia. It is associated with pyrite, 
fluorite, molybdenite and thorium. In Cercado the uranium occurs in a 
hydrothermally altered tinguaite breccia. Metamict zircon contains most 
of the uranium which is released from the crystal structure by metamic= 
tisation, hydrothermal metamorphism and weathering. 

8. PAN-AFRICAN-BRAZILIANO PROVINCES 

8.1 Tectonic Setting 

It is now more readily accepted that the Pan-African orogenic episode in 
Africa and the Braziliano orogenic cycle in South America represent the 
creation of West Gondwanaland by the process of collision of formerly 
separate continental masses. The opening of the South Atlantic 
Ocean is regarded as part of the destruction of West Gcndwanaland. 

Continental collision has been invoked to explain the Dahomeyan Belt of 
West Africa (Burke and Dewey, 1972) and the Pharusian Belt of Northwest 
Africa (Black eX ai, 1979). The locus of the geostructures between the 
West African Craton and the East Sahara-Congo Craton is identified by 
a combination of ultramafic ophiolite masses and a conspicuous positive 
gravity anomaly traceable along the western side of the Pharusian Belt. 
The same gravity anomaly is found in the Dahomeyan Belt to the south, 
being associated with serpentine lenses of the Tiele tectonic unit and 
the ultrabasic masses along the western border of the Berim Plain tec= 
tonic unit. The boundaries of the abovementioned tectonic units are 
major east-dipping overthrusts which strike across the African conti= 
nental margin near Accra, Ghana. 
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On the South American side, the same major geological boundary between an 
older Preoambrian craton and a late Precambrian mobile bel t is found 
along the eastern margin of the Sao Luis Craton, which has been recog= 
nised as a southern fragment of the West African craton (Hurley nt al, 
1967). As noted in a previous section, the exact tectonic boundary 
between the Sao Lui3 Craton and the Medio-Ccreau Fold System in the Cari= 
rian Orogenic Belt (de Almeida <U al, 1976) does not appear to coincide 
precisely with the overthrust contact between the West African Craton ?nd 
the Dahomeyan Belt in the Akwapin Range. Because of the confidence in the 
accuracy of the new reconstruction between South America and South-Central 
A f r i ca , the s l igh t m i s f i t between Northwest Afr ica and South America 
could be explained by involving a f i n i t e re la t ive displacement of about 
200 km between Northwest Africa and South-Central A f r i ca , which is 
taken up in the Benue Trough (Burke and Dewey, 1974). 

I f the Pharusian-Dahomeyan Geosuture extends across the South At lant ic 
margins and follows the par t ia l l y concealed southern margin of the Sao 
Luis Craton, i t separates the older West African Sao Luis continents 
from the palaeocontinental block of the Sao Luis-Francisco Craton (de 
Almeide nX al, 1976). Further to the southeast a zone of high-pressure, 
glaucophane-greenschist metamorphism with associated ultramafic masses 
has been ident i f ied in the Locantins Geosuture within the Paraguay-
Araguaia Orogenic Belt (Hasui tt al, 1977). This bel t separates the 
Sao Francisco and Guapore Cratons (de Almeida et al, 1976). 

I t seems most l i ke l y that there may be a d i rec t connection between the 
Tocantions and Pharusian-Dahomeyan Geosutures. I f the hypothesis 
could be confirmed by deep geophysical studies, i t could have very 
important implications concerning the d is t r ibu t ion of Late Precambrian 
palaeocontinents and palaeo-oceans. F i r s t l y , i t would imply that the 
West Afr ican, Sao Luis and Guapore Cratons were united in a single 
western palaeocontinental mass. I t apparently had a passive, A t lan t i c -
type, eastern continental margin along a palaeo-ocean of unknown width 
which was subducted beneath the western margin of a palaeocontinent on 
the opposite side. Secondly, i t also implies a single r i g id eastern 
palaeocontinent constituted by the East-Sahara, Congo and Sao Francisco 
Cratons. 



PER-58-46 

This is strongly supported by matching features in the new West Gondwana= 
land reconstruction. I t i s , however, at variance with the stra ight for= 
ward application of the Wilson cy I concept to the South At lant ic seam, 
which suggests that oceanic opening and closure recurs approximately 
along the same fracture between successive episodes. The idea that the 
present South At lant ic ocean is located on the s i te of a proto-South 
At lant ic Ocean, as typ i f ied by the westward-inclined co l l i s ion suture, 
most of which is hidden underneath the present continental shelves, 
has recently been advocated by Porada (1979). 

Porada speculates that th is Late Precambrian proto-South At lant ic Ocean 
may have been linked with a North African Ocean, situated along the 
Pharusian-Dahomeyan Geosuture, by the r ight la tera l transcurrent fau l ts 
of the Carir ian Belt or the Northeast Folded Region (de Almeida e.t at, 
1976). Previously i t was noted that one of these f au l t s , the Precambuco 
Fault , correlates exactly with a similar structure in Afr ica and there= 
fore provides an excellent constraint to the new reconstruction. These 
fau l ts are obviously major intracontinental shear zones and may be ex= 
plained as a Late Pan-African deformation ar is ing from an indentation 
in the softer eastern palaeocontinent by the r i g i d loading edge of the 
western palaeocontinent ( B a l l , 1980). I t is d i f f i c u l t to see why these 
structures should be preferred to the Locantins Geosuture as a southward 
extension of the Pharusian-Dahomeyan Geosuture. 

There are, however, some remarkable s im i la r i t i es in the geological his = 
tories of the Sao Francisco Craton and the Chai l l ie and North Gabon 
Massifs of the Congo Craton. The gap between the cratons is so narrow 
in the new reconstruction, that i t seems most improbable that they were 
ever separated by a Late Precambrian palaeo-ocean. Further elaboration 
of the matter, however, is beyond the scope of the present discussion. 

Another hypothesis of Late Precambrian continental col l ison in eastern 
Brazil is that of Pedreira (1979), in which he postulates a hidden eastward-
dipping col 1isional suture. Although both Porada (1979) and Pedreira 
(1979) advocate a continental co l l i s ion between the Congo and Sao Francisco 
Cratons, they adopt diametr ical ly opposed views concerning the l oca l i t y 
of palaeosubduction. However, there is no real evidence in the form of 
exposed ophio l i tes , high-pressure metamorphic be l t s , calc-alkal ine 
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andesite/rhyolite or equivalent piutonic associations, to justify either 
hypothesis. It could be concluded that most of the Ribeira Belt or 
Southeastern Folded Region, the West Congo Belt and the northern arm of 
the Damara Belt are intracontinental deformation zones, which are not 
directly related to plate-margin subduction processes (de Almeida eX al, 
1976; Porada, 1979). Furthermore, the West Congo Belt does not have a 
direct orogenic connection with the Dahomeyan Belt, but instead curves 
around to the east into the Aracuci Belt along the southern margin of 
the Sao Francisco Craton (de Almeida vX ai, 1976). 

The relationship between the southern part of the Ribeira Belt in South 
America and the southern part of the Damara Belt and the Gariep Belt 
in southwestern Africa is different (Fig. 4 ) . 

The Precambrian shield in the State of Rio Grande do Sol, Brazil, is 
divided into western and eastern halves by a system of major northeast 
trending faults. The western half is regarded as a marginal, exposed 
part of the Rio de la Plata Craton (de Almeida eX al, 1976; Hasui iX al, 
1977), the basement of which is the Cambai Group, dating back at least 
2 000 Ma to the Trans-Amazonian orogenic cycle. The eastern half is 
called the Pelotas Massif and is considered to extend northeastwards 
from Uruguay, through Rio Grande do Sol, and to re-emerge from beneath 
the Gondwana cover in the Parana Basin in the States of Santa Catarina 
and Parana. It is one of two median massifs of the Southeastern Fold 
Region or Ribeira Fold Belt. Most of the Pelotas Massif consists of 
older granitic gneisses and migmatites related to the Cambai Group, but 
locally extensive granitic intrusions of Late Precambrian age, such as 
the Don Feliciano (Cangucu) and Encruzilhada Granites, also occur 
(Carraro U al, 1974; Offield tX at, 1977). 

Wedged between the Pelotas Massif and the Rio de La Plata Craton in Rio 
Grande do Sol and Uruguay, are sequences of low-grade metamorphic 
and folded rocks which collectively form a geotectonic unit called the 
Tijucas Fold System (de Almeida eX al, 1976). In Uruguay, the Tijucas 
Fold System includes the Lavelleja-Rocha Group and related formations of 
Late Precambrian to Cambrian age. In Rio Grande do Sol, it includes the 
Porongos Group, Marica Formation, Don Jardim Group and Camaqua Group, 
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SB-E Sierra Ballena - Encruztthada Tectonic Line 
(Tijucas Fold System) 

OL-OL Okahandja Tectonic Line (DamaraBelt) 
G - B Grootderm Bogenfels suture (Gariep Belt) 
S -A Schlesien- Amerorgen suture (Damara Belt) 

TFS 
P 

Tijucas Fold System 

PeMos Massif 
(Ribeira Belt) 

KRZ Khomas Ridge Zone 
• 

CGZ Central Granite Zone - (Damara Belt 
NFZ Northern Folded Zone 

Fig 4: Relationship between the Ribeira Belt in South America, and 
the Damara and Gariep Belts of Southern Africa. 



PER-58-49 

ranging from Late Precambrian to tcpalaeozoic in age (Carraro \it at, 

1974). 

In both Uruguay and Rio Grande do S o l , the boundary between the Ti jucas 

Fold System and the Pelotas Massif i s a remarkable tec ton ic l ineament. 

Over most of i t s length in Uruguay, i t is marked oy the presence of the 

S ier ra 3a I lend Formation, which comprises an i ;i uer^d i d t i o n of f ine-gra ined 

c a t a c l a s t i c qua r t z i t es and amphibol i tes conta in ing : j iaucopriane w i th 

t y p i c a l c a t a c l a s t i c t e x t u r e s . Extensions of t h i s geotectonic boundary 

in Southern B raz i l co inc ide f o r the most par t w i th the Er.cruzilhada do 

Sol lineament which has been i n t e rp re ted k inemat i ca i l y as a major dex t ra l 

shear system (Ramos, 1977). The magnitude of t o t a l f i n i t e l a t e r a l d is= 

placement along t h i s 320 km l ineament has not yet been assessed bu t , as= 

suming the theory of d i s l o c a t i o n propagation and f a u l t leng th /d isp lace= 

ment r a t i o r e l a t i o n s h i p s , i t may be at l eas t several tens of k i l omet res . 

The synkinematic emplacement of the Late Precambrian C o r d i l l e r a and Cam= 

br ian Prestes grani tes along parts of t h i s shear system has been postu= 

la ted by Ramos (1977). 

In South West A f r i ca /Namib ia , the geotectonic model at present favoured 

f o r the Damara Orogenic Be l t by members of the Precambrian Research Uni t 

(Hartnady, 1975; 1978; B la ine , 1977; Kasch, 1979) involves subduction 

of an unknown width of oceanic c rus t beneath the southwestern margin of 

the Congo Craton before the orogenic cl imax of c o l l i s i o n and continued 

i n t racon t i nen ta l convergence between the Congo and Kalahar i Cratons. 

In t h i s respect , t he re fo re , i t i s appropr ia te to quote the conclusions 

reached by O f f i e l d eX oJi (1977) on the southwestward extension of the 

Damara Be l t i n the Precambrian Shie ld of Rio Grande do Sol Prov ince, 

B r a z i l . 

App l i ca t i on of cur rent meta l logenet ic models Lo the South B r a z i l i a n Shield 

may not be u n r e a l i s t i c . Probably the most appropr ia te model is one i n 

vo l v ing subduction a t a con t inen ta l p la te margin, w i th a general zonation 

of copper and gold deposits somewhat mingled w i t h , but genera l l y seaward 

of, the t i n - tungs ten depos i t s . I t has not yet proved tha t p la te tec torn sm 

was ac t i ve in the Precambrian, but i n the study area the presence of ophio-

l i t e masses (Cerro Mantiqueira Formation) and the d i s t r i b u t i o n and type 
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of mineral occurrences certainly make the area resemble zones of Tertiary 
plate convergence. 

The mineral zonation in Rio Grande do Sol is from gold in the west to 
tin in the east (Offield e£ al, 1977), which, according to models of 
Cordilleran metallogenesis, indicates that the postulated subduction zone 
must lie west of the shield area exposed at present. This, however, would 
not be consistent with the sense of subduction inferred for the Damara 
and Gariep Orogenic Belts, and the postulated existence of a suture zone 
to the east of the Pelotas Massif of Southern Brazil and Uruguay (Porada, 
1979). In the Gariep Belt, an ophiolitic geosuture with associated 
high pressure metamorphic indicators having a shallow westward incli= 
nation has been located (Kroner, 1975). It would therefore dip beneath 
the southern part of the Pelotas Massif in Uruguay when seen in the con= 
text of a West Gondwanaland reconstruction. 

8.2 Correlations 

8.2.1 Zaire deposits 

The Late Precambrian Katanga Sequence of Zaire and Zambia is host to 
important uranium and copper mineralisation. The Copper Belt of Zambia 
is located in the southeast-trending, eastern part of the Lufilian Arc, 
whereas the uranium province of Zaire occurs in the east-west-trending 
northern part of the same structure. The Lufilian Folding is simple and open 
in Zambia, but in Southeastern Zaire the folds are isoclinal and over= 
turned to the north or northwest with characteristic nappe structures. 
Uranium occurs only as isolated pods in the Zambian Copper Belt away 
from the main copper orebodies. There is still much uncertainty about 
genetic relationships and timing between the copper province of Zambia 
and the uranium province of Zaire, even though the same stratigraphic 
level within the Katanga Sequence, namely the upper part of the Roan 
Group, is the host formation in both cases. 

The sedimentology of the Roan Group in Zambia, and the origin of the 
associated syngenetic mineralisation, has been discussed by Clemmey 
(1974, 1977). From the base upwards the Roan Group is now subdivided 
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into the coarse Mindola Clastic Formation, the mixed fine-clastic/carbo= 
nate Kitwe Formation, and the dolomitic Bancroft Formation. The Kitwe 
Fetation, being the main ore horizon, is considered to have formed ir= a 
Persian Gulf-type sabkha environment (Clemmey, 1977). According to old 
stratigraphic nomenclature the Series Roche Augilo-Talquehise and the 
Series des Mines of Zaire can be correlated with the Kitwe and Bancroft 
Formations respectively, ihe basal Roan Group in Zambia is intruded by 
syntectonic pegmatites from which isotopic ages of SSS + 42 Ma and 34C 
+ 40 Ma have been obtained (Cahen, 1974). This established a minimum 
age for Roan Group sedimentation, and a depositional age of 1 000 - 1 050 
Ma is at present preferred for the main ore horizons of both Zambia and 
the Southern Shaba province of Zaire (Clemmey, 1976). 

According to Clemmey (1974), the Zambian copper sulphide deposits were 
syngenetic, being precipitated from groundwater by bacterial redox reactions 
in a sabkha environment. The uranium deposits of Zaire are of a hydro= 
thermal vein type (Rich ct ai, 1977) having a U-Pb age between 620 - 670 
Ma (Cahen e£ aX, 1971), which is younger than the minimum accepted at 
present by the host Roan Group. On the present evidence, therefore, it 
does not seem possible to argue in favour of a common episode of U-Cu 
and Cu-U metallogenesis to explain the Zairean and the Zambian minerali= 
sations respectively. 

A comprehensive summary of the Zairean uranium deposits is given by Rich, 
at al, (1977). The three major orebodies are located at Shinkolobwe 
(11,22 °S, 26,67 °E), Swambo (11,08 °S, 26,17 C E ) , and Kalongwe (11 ^S, 
25,25 °E). The Shinkolobwe deposits were discovered in 1915 and worked 
from 1921 to 1960. The metal association is Co-Ni-U-Ra-Pt with only a 
minor omount of copper. Most of the uranium mineralisation is concen
trated in dolomites and graphitic schists of the Systeme Schisto-Dolomitique 
which is equivalent to the Kitwe and Bancroft Formations of the Zambian 
Roan Group. Primary uraninite and associated minerals fill cavities and 
veins along bedding planes, fractures, joints and minor faults and can 
occur as breccia cements, replacement masses and nodules, and disseminated 
grains. Veins nny be from a few centimetres to 1 m thick and up to 10 m 
long, though most are 1 to 2 m in length. Gangue minerals include monazite, 
chlorite, dolomite, magnesite and minor quartz. The uranium ores above 
the water table are highly oxidised with secondary mineralisation being 
extensively developed. 
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into the coarse Mindola Clastic Formation, the mixed f ine- f last ic /carbo= 
nate Kitwe Formation, and the dclomitic Bancroft Formation. The Kitwe 
Formation, being the main ore horizon, is considered to have forraed in 
a Persian Gulf-type sabkha environment {Clemmey, 1977). According to 
old strat igraphic nomenclature the Series Roche Augilo-Talquehise and 
the Series dss Mines of Zaire car be -correlated with the Kitwe and 
Bancroft Formations, respectively. The Dasal Roan Group in Zambia is 
intruded by syntectonic pegmatites from which isotopic ages of 888 • 42 
Ma and 840 + 4C Ma have been obtained {Cahen, 1974). This established 
a minimum age for Roan Group sedimentation, and a depositiona 1 age of 
1 000 - 1 050 Ma is presently preferred for the niaiR ore horizons of 
both Zambia and the Southern Shaba province of Zaire (Clemney, 1976). 

According to Clemmey (1974) the Zambian copper sulphide deposits were 
syngenetic being precipi tated from groundwater by bacterial redox reactions 
in a sabkha environment. The uranium deposits of Zaire are of a hydro= 
thermal vein-type (Rich <ct aC, 1977) having a U-Pb age between 620 - 670 
Ma (Cahen eC ax, 1971) which is younger than the presently accepted 
minimum of the host Roan Group. On the present evidence, therefore, i t 
does not seem possible to argue in favour of a common episode of U-Cu 
and Cu-U metallogenesis to explain both the Zairean and the Zambian 
mineralisations respectively. 

A comprehensive summary of the Zairean uranium deposits i s given by 
Rich, i f ai, (1977). The three major ore-bodies are located at Shinkolobwe 
(11,22 "S, 26,67 °E), Swambo (11,08 SS, 26,17 ~E), and Kalongwe (11 "S, 
25,25 "E). The Shinkolobwe deposits were discovered in T9"5 and worked 
between 1921 - 1960. The metal association is Co-Ni-U-Ra-Pt with only 
minor copper. Most of the uranium mineralisation is concentrated in 
dolomites and graphit ic schists of the Systeme Schisto-Dolomitique which 
is equivalent to the Kitwe and Bancroft Formations of the Zambian Roan 
Group. Primary uranin i te and associated minerals f i l l cavi t ies and veins 
along bedding planes, f rac tures, jo in ts and minor faults and can occur 
as breccia cements, replacement masses and nodules, and disseminated 
grains. Veins may be from a few centimetres to 1 metre th ick and up to 
10 m long, though most are 1 to 2 metre in length. Gangue minerals 
include monazite, c h l o r i t e , dolomite, magnesHe and minor quartz. The 

uranium ores above the water table are highly oxidised with secondary 
mineralisation being extensively developed. 
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The primary mineralisation is at t r ibuted to hydrothermal f lu ids of 
grani t ic or ig in (Derriks and Vaes, 1956). The generalised paragenetic 
sequence is magnesite, uranin i te, rnonazite, molybdenite, quartz and 
f i na l l y the Co-Ni sulphides. Some chalcopyrite was introduced af ter 
tectonic f ractur ing of the ores with gold, and melanite being deposited 
much la ter . I t is suggested that the early formation of magnesite 
indicates mesothermal condit ions, while the close association of mona-
z i t e , molybdenite and gangue ch lor i te with the uraninite mineralisation 
indicates hypothermal conditions. 

Although the southwestern parts of the Lu f i i ian Belt were local ly invaded 
by grani t ic magmas, i t has not been conclusively established that they 
were the source of the uranium. An a l ternat ive hypothesis is therefore 
proposed. Two regional episodes of magmatic ac t i v i t y at 900 Ma and 
500 Ma could have provided the necessary hydrothermal gradient to mo= 
b i l i se uranium, possibly associated with the copper-rich sabkha sedi= 
ments in the Roan Group, and redepositing i t as veins in dolomite and 
graphit ic schists of the Systene Schisto-Dolomitique. 

8.2.2 Damara Belt (Rossing region) uranium deposits 

The Rossing uranium deposit is representative of a number of occurrences 
of uraniferous grani t ic rocks in the Central Granite Zone of the Damara 
Orogenic Bel t , South west Africa/Namibia (Berning ef al, 1976, Jacob, 
1978; Von Backstrom and Jacob, 1977; Jacob eX ai , in prep.) . These 
a lka l i - fe ldspar- r ich granites, commonly termed alaski tes, are pegmatitir. 
post-tectonic rocks which intruded af ter a regional metamorphic event 
at about 530 Ma. This metamorphic event had an anatectic, maximum 
temperature focus in the Swakopmund D is t r i c t of South West Africa/Namibia, 
just west of the zone in which the uraniferous granite^ are found (Hoffer, 
1977). Numerous K-Ar ages of b io t i t e show an average post-metamorphic 
cooling age of about 48b Ma with the Rossing a lask i t i c granite dated at 
468 + 8 Ma (Kroner and Hawkesworth, 1977; Kroner a al, 1978). 

The Rossing alaski te is emplaced near the southern end of a NNE-trending 
elongate dome structure. This "SJ Dome" (Smith, 1965) has a core of red 
granite-gneiss which is considered to represent remobilised older base
ment granitoids of the Abbabis Complex, dated at 1 900 Ma (Jacob e.t al', 

fc 



PER-58-54 

1978). The Rbssing orcbody is developed along the contact between the 
Khan and Dome Gorge Formations. This strat igraphic level corresponds 
local ly to a paraconformable t rans i t i on , but regional ly , i t is a dis= 
conformity between the Nosib and Swakop Groups of the Central Damara 
Bel t . 

The apparent relat ionship between the uraniferous alaskites and the 
strat igraphic levei in the Damara Sequence was noted by Smith (1965), 
whose concepts of granite generation in the Central Damara Belt were 
dominated by the then fashionable metasomatic or grani t isat ion hypo= 
thesis. He suggested that a proto-sedimentary uranium ore was remobi= 
l ised to form uranium-rich anatectic alaskites which intruded into and 
below the strat igraphic level of the Dome Gorge Formation. 

The a l ternat ive theory of RSssing-type uranium mineralisation involves 
a primary concentration by par t ia l melting of the Abbabis Basement as 
well as the overlying sediments of the Nosib Group. Uranium was concen= 
trated in the anatectic grani t ic melts by f ract ional c rys ta l l i sa t i on 
and f i n a l l y emplaced as f l u i d - r i c h , pegmatitic granites (Jacob, 1974b; 
Von Backstrbm and Jacob, 1978). 

The Rossing ore-body was described as a porphyry uranium deposit by 
Armstrong (1974}, which, although the term porphyry is not petrographical ly 
appropriate, implies that hydrothermal processes involving the boi l ing 
of the magma and the unmixing of a br ine-r ich vapour phase night have played 
an important role in uranium transport and concentration. The fact that 
b i o t i t e schist xenoliths and immediate country rock, including certain 
ca lc -s i l i ca te skarns, are frequently highly mineralised, is probably evi = 
dence of l imi ted metasomatic a c t i v i t y . 

Marble units wi th in the Dome Gorge Formation form impermeable barr iers 
to intruding a lask i t i c magma (Jacob, 1974b; Cuney, 1979). The geophy= 
sical ef fect of the duct i le marble layers, as structural t raps, was 
emphasized by Jacob (1974a), whereas Cuney (1979) considered the impor= 
tance of the geochemical reaction barr ier between igneous melts and 
carbonate layers which lead to the boi l ing of a lask i t i c magma and sub= 
sequent deposition of uranium. 



PER-58-55 

On a large scale, Corner (personal communication, 1980) has noted the 
spatial correlat ion between a number of uraniferous granites in the 
Rossing d i s t r i c t and a prominent NNE-trending magnetic pattern which he 
terms the Welwitschia Lineament. The major NE-trending structural 
fabric of the Central Damara Belt is generally associated with th i rd 
stage deformation (Smith, 1965; Jacob 1974a; Bunding, 1977; Blaine, 
1977; Sawyer, 1978). 

The Welwitschia Lineament corresponds to the NNE-trending fourth fo ld 
phase, which overprints the th i rd fo ld structures and may be part ly 
responsible for the formation of the character ist ic dome-and-basin 
interference pattern of the region. I t is noteable that the metamor= 

phic isoreactiongrad pattern, recently revised for the Central Damara 
Belt (Hoffer, 1977), shows the higher-grade isoreactiongrads to have 
MNE trends, oblique to the NE-trending Okahandja Tectonic Line and 
roughly paral lel to the Welwitschia Lineament. 

9. PRE-PAN-AFRICAN URANIUM PROVINCES 

The African Cratons exhibi t evidence of a number of Proterozoic. orogenic 
events. A strong orogenic episode, the Eburnian, occurred in the Middle 
Precambrian in Africa and the Transamazonia in South America. I t was 
associated with large mobile belts in which the sedimentary-volcanic 
pi les were affected by strong regional metamorphism and repeated grani= 
t ic inject ions at about 1 800 - 2 100 Ma. These events were succeeded 
by the Kibaran Episode (1 100 + 200 Ma), the We:t Congolian Episode 
(580 - 700 Ma) and the Damaran Episode (4»0 - 550 Ma), the last two 
belonging to the Pan-African event (400 - 700 Ma) (C l i f f o rd , 1967). 

9.1 Namaqua-Natal Mobile Belt 

Mobile Belts were very active and wide-spread in Africa during the 
Kibaran Episode, with the largest being the Naiiiagua-Natal Mobile Belt 
in South Af r ica. 

The major portion of the northwestern Cape Province is underlain by 
extensive development of porphyroblastic, pink and grey paragneisses 
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FIG. 5 Cratons and mobile belts of Southern Africa 
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which formed a basement complex of metasedimentary sequences of quart= 
zite, pelite and calc-silicate rocks preserved in refolded synforms. 
Collectively the^e rocks constitute the Namaqua-Natal Mobile Belt which 
extends southeastwards and eastwards into Natal under cover of the Karoo 
sedimentary sequence (Figs. 5 and 6). 

The largest portion of the belt developed on an old granitoid basement 
which may have been part of the Kaapvaal Craton and thus formed a large 
protoshield in Late Archean times (Kroner, 1975 and 1977). 

The early age of deformation is unknown, but in the opinion of most 
researchers in the field the deformation is probably associated with the 
wide-spread tectogenesis and granite formation on the African continent 
during the Late Archean Limpopo-Liberia Cycle (2 700 - 2 900 Ma) (Kroner, 
1977). The depositional age of the younger sequences, together with 
granitoid intrusives within the Namaqua-Natal Belt, is uncertain but 
geochronological data usually fall into the 1 200 - 950 Ma range, indi = 
eating a strong thermal episode and uplift during Kibaran times (Kroner, 
1977). 

Joubert (1974) and Blignaut (1972) described a WNW-trending shear zone 
which gave rise to a distinct grain in the structural pattern (Fig. 5). 
Within these structural features major sulphide orebodies were emplaced. 
The uraniferous granites and pegmatites developed in the open folds 
during the last phases of the 1 200 - 950 Ma tectonic cycle. 

9.1.1 Uranium potential 

A number of types of granite and granite-gneisses occur within the Namaqua-
Natal Belt. The older varieties contain between 5 and 10 ppm U-^CL, while 
the younger ones are enriched to between 40 and 50 ppm U 30o. 

Late phase differentiates of the younger granites are typically 
alaskitic containing an average of about 100 ppm ILOg over wide areas. 
An exploration program is currently under way in an attempt to locate 
areas of greater potential. Jacob zt al (in prep.) report that pegmatites 
are commonly found in northern Namaqualand, along the banks of the 
Orange River and in the Gordonia District. The presence of uranium and 
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thorium in many of these pegmatites has been recorded and values of up 
to 480 ppm UoOg are not uncommon. Uraniferous minerals include monazite, 
gadolinite and tantalite from which uranium is not readily extractable. 
Due to the erratic distribution of uranium in the pegmatites and their 
limited individual size,they are regarded as being of little economic 
significance. 

Dyke-like bodies bearing uranium and rare-earth elements have been found 
in association with large intrusive syenitic bodies in central Namaqua= 
land. These rocks consist of aggregates of apatite and allanite grains 
associated with quartz and alkali feldspar representing a complex peg= 
matitic phase. The radioactivity is associated with a uranium-bearing 
thorium silicate within the apatite aggregates. These rocks are, however, 
of limited economic potential in view of the erratic nature of the 
mineralisation, the limited tonnage of the host rock and the refractory 
nature of the uranium mineral. 

In conclusion, it can be said that the porphyroblastic gneisses and 
late-intrusive granites in the Northwestern Cape Province and Natal 
represent major sources of uranium for secondary surficial deposits. 
Smaller bodies of late-phase differentiates associated with younger 
granites may represent potentially economically viable deposits. 

9.2 Eburnian Mobile Belt 

The only uranium mineralisation of Eburnian age (1 800 - 2 100 Ma) known 
to date are the uraniferous conglomerates of Gabon. 

9.3 Ancient Cratons 

The basement of Southern Africa is comprised of a number of ancient 
cratonic areas consisting largely of granitic and gneissic rocks with 
inclusions of metasediments and volcanic rocks (Fig. 7). In the Kaap= 
vaal and Zimbabwean Cratons the granitic rocks can be divided into an 
older tonalitic group with ages ranging from 3 200 to 3 400 Ma and a 
younger, more potassic group with ages around 3 200 Ma. The metasediments 
and volcanics, known as the Swaziland Supergroup, have been dated at 
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3 400 Ma but some controversy exists as to whether the sediments 
were deposited on an ancient oceanic floor or on a granite basement. 
Recent age determinations by Barton (personal communication) in the 
Northern Transvaal have yielded ages of more than 3 800 Ma on dykes 
intruding granitic rocks. This woulc indicate that at least some granitic 
rocks did exist before the Swaziland rocks were formed. In South West 
Africa/Namibia a cratonic area with an age of around 2 200 Ma has been 
identified. 

The cratonic areas are surrounded by a number of mobile belts which are 
characterised by several periods of deformation and high grade regional 
metamorphism. 

On the Kaapvaal Craton a number of relatively undeformed sedimentary se= 
quences occur which are older than the mobile belts. These include the Pongola 
Group, the Dominion Group, the Witwatersrand Supergroup, the Ventersdorp 
Supergroup, the Transvaal and Griqualand West Sequences, the Uaterberg 
Group and the Olifantshoek Sequence. 

No uranium occurrences are known at present originating from the granitic 
rocks of the cratonic areas. The cover sequences, however, contain quartz-
pebble conglomerates hosting some of the largest uranium deposits in the 
world. Of these, those of the Witwatersrand are probably the best known. 
Similar deposits are found at Elliot Lake and Blind River in Canada, in the 
Moeda Formation near Belo Horizonte and in the conglomerates of the 
Jacobina District in the State of Bahia, Brazil (Lindsey, 1974). 

9.3.1 The Witwatersrand Triad 

Quartz-pebble conglomerates containing uranium occur in three sequences: 
the Dominion Group, the Witwatersrand Supergroup and the Ventersdorp 
Supergroup, collectively referred to as the Witwatersrand Triad. These 
sequences outcrop in the Southern Transvaal and have been traced under 
younger cover rocks into the Northern Orange Free State. The Dominion 
Group at the base rests unconformably on Basement granite-gneiss in= 
eluding schists, ultramafic rocks and metasediments of the Swaziland 
Supergroup. The ? 800 Ma Dominion Group was deposited on 3 000 Ma 
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floor rocks. Although the age of the Ventersdcrp Supergroup was formerly 
thought to be around 2 300 Ma, recent determinations have yielded an age 
of 2 600 Ma (Van Niekerk and Burger, 19/8). The age of the Witwaters= 
rand Triad can thus be placed at between 2 600 and 2 800 Ma. The nature 
of the rocks of these sequences, as well as the nature and origin of 
the gold and uranium, has been described in a great number of papers 
which have been summarised by Haughtcn (1964), Pretorius (1975) and 
Feather and Koen (1975). Two other classical papers are worth men= 
tioning. One is by Borchers (1961), which deals with the exploration 
of the Witwatersrand Supergroup and the other by Liebenberg (1955), de= 
scribing the mineralogy of the reefs. The uranium potential has been 
described by Whiteside (1966, 1970). It is therefore unnecessary to 
repeat the detailed description of the rocks and minerals of these gold-
and uranium-bearing sequences. The main features can be summarised 
as follows: 

1. The total thickness of the Triad is in excess of 15 000 m. 

2. The main rock types are mafic and acid lavas which cap basal 
quartzite and conglomerate, followed by more than 3 500 m of 
shale with interbeddeu quartzite and conglomerate. On top of 
the argillaceous unit follow about 2 500 m of quartzite 
and conglomerate including the most important mineralised reefs. 
Above this arenaceous unit follow at least 5 000 m of mainly 
andesitic lava with some acid lava and thin quartzite and 
conglomerate. 

3. Not all conglomerates are of economic importance. The gold 
and uranium contents of the conglomerate vary laterally and are 
correlated with ancient braided-river systems. It would appear 
that a high pebble density is one of the most important require= 
ments for high gold and uranium concentrations. 

4. The matrix between the pebbles consists mainly of quart;!, 
sericite, chlorite, pyrophyllite and chloritoid. Over 90 dif= 
ferent accessory minerals nave been described of which the 
following constitute more than 99 % of the total abundance: 
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gold, pyrite, uraninite, brannerite, arsenopyrite, cobaltite, 
galena, pyrrhotite, gersdorffite, chromite and zircon. 
Feather and Snegg (1978) pointed out that the brannerite con= 
tent may in some reefs be higher than originally thought. It 
1« also possible that some uranium may be contained in the 
structure of the phyllosilicates (S.A. Hiemstra, personal 
communication). 

5. Most reefs contain carbon, often present as continuous mineralised 
seams of up to 20 mm in thickness. The carbon is thought to be 
of biogenic origin (Hallbauer and van Warmelo, 1974). 

6. Local unconformities are common within the reef zone and con= 
glomerates often contain lenses of quartzite. 

7. The source of the gold and uranium is thought to have been the 
Basement Granites and rocks similar to the Swaziland Supergroup. 

8. The structural setting of the Witwatersrand Basin has not yet 
been studied in great detail. Brock and Pretorius (1964) and 
Pretoriu. (1966) postulated a yoked basin-type depository 
while Van Biljon (1976, 1980) postulated an environment re-
lated to an archean subduction zone. 

9. The average gold and uranium contents of all the ore mined in 
1978 was 9 ppm and 250 ppm U 30„ respectively. 

9.3.2 Other occurrences in South Africa 

Other quartz-pebble conglomerates similar to the Witwatersrand deposits, 
but of differert ages, are: 

1. Conglomerates in the tlitkyk Formation of the Pietersburg Schist 
Belt. These conglomerates are correlated with the Moodies 
Group of the Swaziland Supergroup and are believed to be 
older than the Witwatersrand rocks. Although they appear simi= 
lar the gold and brannerite concentrations are currently 
uneconomical (Muff and Saager, 1979). 
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2. Conglomerates in the Godwan Formation of the Eastern Transvaal. 
T h p y a r p c i m i l A r t n + h n c o n f t h o i.i i t u a t o v f c a i ' f K. i> m m - f , r n p n ' f i n l l u 
. . .w j f « . * . _ u i v~ k-MUj^ V-» I M i l l . • i l ^ V V U V V . l O Í V ^ I I ^ k/U I. , IK l / l C j p C V . l l I I , U I i V , 

their appearance resembles the Dominian Group conglomerates. 
It is not known at present whether they carry uranium. 

3. Conglomerates in the Mozaan Formation of the Pongola Group. 
These contain gold-bearing quartz-pebble conglomerates but no 
uranium minerals have as yet been reported. 

9.3.3 Brazilian quartz-pebble conglomerates 

Uranium and gold-bearing quartz-pebble conglomerates similar to those of 
the Witwatersrand occur within the Moeda Formation of the Caraca Group 
southeast of Belo Horizonte as well as in the Jacobina District of the 
State of Bahia. These have been described by Ramos and Fraenkel (1974), 
as well as by Bain (1972), Lindsey (1974) and in a NUEXCO report (1980). 
Briefly their characteristics can be summarised as follows: 

1. The Moeda Formation has a maximum thickness of 1 150 m and is 
part of the Caraca Group of the Minas Series. This Series, 
overlain by the Itabira Group, lies unconformably on the Nova 
Lima schists and phyllites of the Rio das Velhas Series which 
has a metamorphic age of 2 800 Ma. 

2. The Moeda Formation is composed of phyllite, quartzite and 
conglomerate and is followed by ferruginous sediments, phyllite 
and graphitic phyllite of the Betatal Formation. It outcrops 
over an area of more than 6 000 km 2, but if the recent discovery 
of similar conglomerates at Pitangué, 100 km west of Belo 
Horizonte belong to the same sequence, the distribution could 
be much more extensive. 

3. The rocks of the Moeda Formation were subjected to intense 
folding and thrusting from the east with consequent metamorphism 
increasing eastwards. 

4. The conglomerates range in thickness from less than half a metre 
to more than 2,5 m individually and constitute as much as 
75 m of the succession. 

http://jpCV.ll
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5. Tne conglomerates are frequently lenticular in shape and may 
contain quartzite lenses. 

6. The average gold and uranium concentrations are less than 1 ppm 
and about 200 ppm respectively. This is not considered econo= 
mically mineable at present. 

7. The heavy minerals found in the conglomerate are gold, uraninite, 
monazite, zircon, coffinite, pyrrhotite, chalcopyritr. rutile 
and xenotime. 

8. It is thought that the conglomerates were deposited in fluvial 
conditions although through facies changes the environment 
altered to littoral and marine to the south. Crossbedding 
measurements indicate transportation from the north, northeast 
and the southwest. 

9. Very little is known about the tectonic setting of the basin in 
which the Moeda sediments were deposited and from structural 
analysis, it is impossible to predict their distribution. 

10. Quartz-pebble conglomerates also occur within the Jacobina 
Quartzites of the Serra de Corrego Formation. Similar conglo
merates of Cretaceous age are found in the block-faulted 
Tucano, Reconcavo, Sergipe and Alagoas Basins along the north= 
east coast of Brazil. Little is known of the uranium potential 
of these conglomerates. 

9.3.4 Remarks 

From what is known at present concerning the formation of uranium-
and gold-bearing quartz-pebble conglomerates, i t would appear that the 
fol lowing requirements are necessary: 

1. The conglomerates should be older than about 2 200 Ma, i . e . 
before the atmosphere became ox id is ing. 



2. The conglomerates should be well sorted *n<j the Debbles iiell 
rounded .̂ ith a high packing density. 

3. The presence of primitive algae or lichens could be iraportant. 

4. Uranium and gold must have been present in the provenance area 
from .«here the sediments were derived. 

10. CONCLUSIONS 

There can be little doubt as to the usefulness of the study of regional 
metallogeny in combination with the concept of global tectonics. 
Mineralisation gradients are useful in determining the parent continent 
and hold great promise in the pursuit of a better understanding cf net 
only global tectonics, but also the distribution and concentration cf 
mineralisation in the earth's crust. 

Previous investigations pertaining to the extrapolation of ore provinces 
across the Atlantic have to a large extent been rather superficial and were 
never subjected to close scrutiny with a particular metal such as 
uranium in mind, as attempted i^ this exercise. The Dreser.? stuiy, ur.-jer 
thc auspices of the IAEA, will bring together scientists active not only 
in the fields of nuclear geology but also specialists in global tectonics 
and will represent the first international effort in this new and 
challenging field. 

It is hoped that the South African contribution to this meeting of 
consultants will stimulate discussion and assist in due course in at= 
taining the objectives as originally set out. 
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