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EXECUTIVE SUMMARY OF E.S. CHENEY'S EVALUATION OF THE
URANIUM POTENTIAL OF THE BUSHVELD COMPLEX

by D. Twist

The approach adopted by E.S. Cheney in this study can be considered as
following three distinct phases. The first phase involved the assembly
of an integrated data base (including all the available geological,
geochemical and geophysical data, as well as information on known
uranium occurrences) in order to appreciate the various geological
environments in the Bushveld region. The second phase involves applying
models of known types of uranium mineralization to the geological
environments of the Bushveld, in order to identify which exploration
models might be the most appropriate. Finally, after considering both
the geological environments and exploration models recognized in the
earlier phases of the study, Cheney screens the data and then selects
the most promising exploration targets.

One of the most significant points to emerge from the study is that the
available information, particularly the radiometric data, is totally
inadequate for the purpose of enabling a satisfactory evaluation of the
uranium potential of the Bushveld area. It is therefore imperative that
more background data of all types be acquired. In particular, Cheney
emphasizes that the existing radiometric surveys are "practically
worthless" and argues strongly that the foremost aim of any future
exploration initiative must be to publish a decent and comprehensive
survey.

Because of the serious limitations noted in the previous paragraph,
Cheney emphasizes that his recommendations place an undue reliance upon
fitting models of uranium ore deposits to the geology of the Bushveld
area. Nevertheless, the following evaluation was reached.
1.

The crystalline basement rocks of the region have a very low tenor
of U and show virtually no potential for uranium deposits.

2.

The sedimentary rocks of the Transvaal Sequence may have a slightly
higher potential than the basement rocks, most notably in the
pegraatitic/migmatitlc zones directly beneath the Bushveld Complex.

3.

The Rooiberg Felsite has a high potential as a source of leached
uranium, which may have been re-deposited within or without the
felsites. The felsltes themselves may contain caldera-related
uranium ores, and are also a possible target for giant uranium
deposits of the Olympic Dam type. Rooiberg Felsite research should
focus on identifying caldera environments, where the uranium ores
are most likely to occur.
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The Rashoop Granophyre Suite may have slight potential for low-grade
deposits of the Bossing type, but only if the granophyres are true
partial melts derived from the Rooiberg Felsite. Such an origin may
lead to concentration of uranium.
The Rustenburg Layered Suite has no potential for uranium ores.
The Lebowa Granite Suite contains unusually high U-contents and
therefore has good potential for the typical, granite-related
hydrotheciual deposits. However. _ich deposits would probably be
very small. The uranium-enriched /ein system at the Albert Silver
Mine should be carefully investigated as a possible type example of
such a deposit. If the results are positive, orientation surveys
should be carried out in order to acquire information that will be
useful in discovering similar deposits.
Irrespective of their potential for small hydrothermal U-deposits,
the granites are z potential source of leached uranium that could b»
re-deposited in an entirely different environment (for instance, in
the Waterberg strata).
The Loskop Formation, and especially the Waterberg Group, are the
logical hosts for giant unconformity/vein-type uranium deposits such
as those known in Canada and Australia. The Loskop and Waterberg
strata occur in five unconformity-bounded sequences. Three of the
unconformities within the Waterberg merit particularly close
attention as uranium exploration targets.
The alkaline complexes and the Karroo coals are well-known for their
uranium potential. However, grades are likely to be low and, with
regard to the alkaline rocks, serious problems in metallurgical
extraction remain to be overcome. These deposits were therefore not
fully evaluated.
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SUMMARY AND CONCLUSIONS

The poor quality of the airborne radiometric >urveys and the lack of
exploration geGChemicaT lata i n the public domain prevent a satisfactory
assessment of t^e uraniu 1 potential o

f

the B-shveld area.

Undue reliance

must be placed upon f i t t i n g models of uranium ore deposits to the geology
of the Busnvcld a^ea.
Deposits ind-fgeneous to >aroo coals, Archaean c r y s t a l l i n e t t r r a n e s , the
Transvaal System, and alkalic/carbonatitic igneous complexes were not
;

considered in this stuf y.

Rossinc-tyne and pegmatitic uranium deposits

might occur in the jpper and lower contact zones of the Rustenburg Layered
sequence, e-~ecially in the Pretoria Group.
Although th«? Bushveid u n i t e s have an unusually high background of
uranium UO tc K pom), they probably only host small vein-type deposits.
The vein ut tue Albert Silver mine snould be investigated as a type
example to determine i f i t is only economic in the narrow interval of
supergene enrichment.
Research should be directed toward determining the extent and timing of
the leaching of uranium from the Bushveid granites and the Rooiberg
Group.

Geochemical evidence for any such leaching needs to be augmented

by mineralogical cmnges.

None the less, recognition of potential giant

uranium deposits is more important than determining the source of the
uranium.

Accordingly, geological, geophysical, and geochemical mapping
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shou ^ be concentrated in prospective rc:'< units.
The Roolberg Group his considerable poter.tlal for caldera-related deposits
and for uranium-be' ring sulphide deposits (Including Olympic Dam-type
deposits) in sedimentary Interbeds.

Regional reconnaissance geological

mapping 1s recommended to recognize the geological environments within the
Roolberg in which such deposits might occur.
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The Loskop Formation appears to be correlative with the Glentig and lower
Swaershoek formations of the Waterberg area. Because these formations
are (1) red beds, (2) contain minor volcanic and coarse volcaniclastic
layers, and (3) lie astride major zones of faults and fractures, they
should be prospected for the giant Olympic Dam-type deposits.
The Waterberg Group is the logical host to investigate for giant
unconformity/vein-type uranium deposits like those in Canada and
Australia.

In the main area of its occurrence the Waterberg consists of

5 unconformity-bounded sequences, the lowest of which is Loskopequivalent.

Hence, 4 "basal" unconformities occur in tfc° Waterberg only

one of these appears to be unprospective, because it is overlain by silty
(non-permeable) rocks. The apparently great thickness U 8 km) and age
( > 1900 Ma.) of the Waterberg may have discouraged exploration.

Because

f

the Waterberg consists of four uncon ormity-bounded sequences, it is
rarely more than 3 km thick;
1770 Ma.

all of the sequences could be younger than
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INTRODUCTION

PURPOSE
The purpose of this study is to recommend the types of research that
would promote the dis^very of economic uranium deposits in Bushveld and
related rocks.

The Bushveld area is the l a s t major portion of the

Republic that has not been systematically studied by government and
industry for i t s uranium potential (von Backstrom 1976; Joint Steering
Group on Uranium Resources, 1980; NUCOR Resource Evaluation Group, 1984).

The ultimate reason for assembling information on this frontier area is
to promote the long-term production of uranium.

Presently, 97% of the

country's production comes from the Witwatersrand gold mines;

this has

averaged about 7 000 metric tons of U3O8 in recent years (NUCOR
Resource Evaluation Group, 1984).

Because gold production seems l i k e l y

to decline in a decade or two, production of uranium also is l i k e l y to
decrease (NUCOR Resource Evaluation Group, 1984, Figure 9 ) .

This could

happen while the demand for nuclear power i n the country and the world Is
increasing, thereby creating a shortage of uranium in South Africa.

DEFINITION OF AREA
Figure 1 shows the area studied in this report.

Three c r i t e r i a were used

to define this area:

(1)

The geographic extent of the Bushveld and related rocks, including
the Rustenburg Layered Suite, areas of abundant s'lls in the
footwall rocks, Bushveld granitic rocks, Rooiberg felsitic rocks,
and the Loskop and Waterberg sedimentary sequences

(2)

Geological mapping available at a scale of 1:250 000 or larger,
such as the 1:250 000 Geological Series of the South African

Geological Survey (Figure 1}
(3)

The airborne radiometric surveys evaluated by Minty (1977), and Day
(1980) (see Figure 2)

METHODOLOGY

Generative Stage of Exploration

The present study is part of an

efficient exploration programme.

It corresponds to the preliminary

"Program Design Phase" of the "Generative Stage" (Snow and McKenzie 1981,
Figure 2).

Three types of information are assembled during the

generative stage: an integrated data base, models of ore deposits to be
used in conjunction with the data base, and an assessment of what
additional information is required before the data base and models are
complete enough to utilize in the field. After assembling the available
geological, geophysical, and geochemical information on uranium
occurrences in the Bushveld and related rocks, these data were screened
(to generate uranium anomalies) by eliminating (1) geologically
unfavourable environments, (2) areas determined by previous field
examinations to be uneconomic, and (3) airborne radiometric anomalies
caused by topography etc.

Models of uranium ore deposits were used to

identify both geologically unfavourable environments and those
environments in which giant ore deposits might be found.

Geologically Unfavourable Environments

An example of a geologically

unfavourable environment 1s the ferruginous quartzltes of the Pretoria
Group. A large number of weak to moderate airborne radiometric anomalies
occur in these rocks (Richards, 1980).

Because the original airborne

surveys did not correct for ground clearance (Minty, 1977; Day, 1980),
and the quartzltes commonly form topographic highs (Appendix II; Haynes
and Schutte, 1979), or at least crop out compared with the surrounding
rocks, many anomalies are caused by topography. The ferruginous
quartzltes typically are 0,4 to 4 m thick and can be traced along strike

for 100 m to a kilometre or «ore (Haynes and Schutte, 1979; Callagan,
198J; Richards, 1980).

The radioactivity «ay be caused by thorite and

thorogummite (Moon, 1976a; Richards, 1980). A correlation exists between
the iron content cf a quartzite and its radioactivity (Haynes and
Schutte, i979), but Callaghan (1980) found that scintillometers and
spectrometers are adversely affected within 2 m of magnetic bedrock.
Despite numerous investigations peak values seem to be 355 ppm el^Og
(Callagan, 1980) and more commonly less than 60 ppm eu^Og (Richards,
1980).

Clearly these quartzites are uneconomic.

Mineralization in the quartzites occurs not only in the area of study but
in the eastern Transvaal (Callagan, 1980) and northwest Cape Province
(Richards, 1980).

The apparent stratabound nature of the mineralization

and its wide distribution suggest that it is not related to the Bushveld
and associated rocks. For this reason and the numerous unfavourable
reports, this type of mineralization is not considered further in this
report (other than to note its occurrence). Richards (1980) did
recommend that further studies be undertaken to determine the mineralogy,
tenor, and origin of these deposits because they might provide suitable
source material for later concentration into more viable deposits.
Likewise, the radioactive alkalic complexes and carbonatites associated
with the Bushveld rocks are merely noted (Figure 3) in this report.
Alkalic Igneous rocks commonly have up to 300 to 400 ppm U3O8, which
is equal to or greater than that of the alaskitic rocks being mined at
Rossing (SWA/Namibia). The Pocos de Caldas alkalic complex of Brjzil
contains up to 0.2% u^Og (Nash et al. 1981).

The maximum content 1n

the Pllanesberg Complex appears to be 100 to 150 ppm 1n foyaltes
(McDonald and Herzberg, 1975; Toens et al. 1980).

The alkalic rocks

may be the uranium ores of the distant future, but major problems of
extractive metallurgy remain to be solved (Hambleton-Jones and Toens,
1983).
Carbonatites tend to have less than 75 ppm uranium (Nash et al., 1981).
The carbonatUe at Palabora has 40 ppm uranium (Von Backstrom, 1976),
which is enough to recover as a by-product of copper mining, but not
enough to be economic by Itself.

17

Omission of deposits in the Karoo coals

Although the details are

proprietary, the presence of uranium in coals of the Ecca Formation of
the Karoo sequence underlying Springbok Flats is well known (NUCOR,
Resource Evaluation Group, 1984).

The tenors of uranium in these coals

are similar to those in the sandstone-type uranium deposits in the Karoo
Sequence of the Cape Province, which is about 0,11 ( A E C , Resource
Evaluation Group, 1984). Exploitation of the uranium deposits in the
coals evidently awaits the development of an economically viable, solvent
extraction process that would recover the coal as a synthetic hydrocarbon
and the uranium in some soluble form (in the present high-temperature
SASOL process the uranium would be "tied up" in the ash). Because these
uraniferous coals are well known, but have this extractive metallurgical
problem, they were not studied during this geological investigation.

The

presence of these uraniferous deposits obviously indicates that uranium
may have been available in the Bushveld area for concentration into other
types of economic deposits.
Giant Deposits

A giant uranium deposit is one containing 45 000 tonnes

or more of economically recoverable U3O8 (Cheney, 1981).

Several

types of uranium deposits contain giants, but, obviously, not all
examples of a certain type are giants. Research and exploration
programmes should not be aimed at the types of geological environments
that routinely produce only midgets. Vein-type deposits at unconform
ities between middle Proterozoic red beds and crystalline basement rocks
in Saskatchewan (Canada) and Northern Australia are some of the world's
giants. Conversely, veins associated with granitic batholiths and
stocks, such as those in the Massif Central of France, are midgets.
Thus, in the Bushveld area, more attention should be paid to the middle
Proterozoic Waterberg red beds than to the Bushveld granites.

Tï

ORGANIZATION OF THIS REPORT

The next section of this report describes the data availe^e for
evaluating the uranium potential of the Bushveld.

In succeeding sections

each geologic environment (basement rocks, Rooiberg Group, Rustenburg
Layered Suite, Rashoop Granophyre Suite, Lebowa Granite Suite, and the
red beds) is assessed. For the sake of continuity, recommendations are
made in several places in the text;

the last section of the report

compiles these -ecommendations.

POTENTIAL TYPES OF URANIUM DEPOSITS

Given the geological environments in and around the Bushveld Complex, the
following types of uranium deposits might be found:
(1)

Rossing-type in or near migmatitic portions of the basal and upper
contact zones of the Rustenburg Layered Suite and the upper cmtact
of the Bushveld granites.

Rossing is a giant uranium deposit.

(2)

Vein-type deposits in Bushveld Granites;

these will be midgets.

(3)

Sandstone-type deposits In the overlying Karoo Sequence. Such
deposits usually are midgets.

(4)

Unconformity-vein deposits beneath the Waterberg red-beds.

This is

the environment in which giants might be found.
(5)

Sulphidlc zones in permeable rocks such as the red beds and the
clastic Interbeds In the Rooiberg fel sites.

Such deposits can be

of any size, Including the giant Olympic Oam Cu-U deposit.
Deposits like Olympic Dam might occur 1n the Rooiberg, Loskop, and
possibly the Waterberg.
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CONTRIBUTIONS OF THIS REPORT

The aain contributions of this report are:

(1)

The greatest potential for uraniua Is not in the Bushveld
granites, as is comnnly supposed, but in the Roolberg fel sites
and in the Middle Proterozoic red beds that overlie the Bushveld
Coaplex and older rocks.

(2)

The airborne radiometric surveys presently available are totally
Inadequate to assess the Bushveld area for deposits that crop out.

20

DATA BASE

INTRODUCTION

A certain amount of data Mist be assembled before any area can be
evaluated. The Mere assembly and evaluation of such data can save
subsequent investigators considerable time and effort. Table 1 lists the
sources of data for this study. These sources are available as 1:250 000
maps (see Appendix I for details). Figures 1 and 2 show the areas of the
1:250 000 geological and airborne radiometric maps. Appendix II
describes and evaluates the airborne radiometric data. Appendix III
discusses uranium and molybdenum occurrences.
Figure 3 is a compilation of much of the data. The figure consists of
six overlays, one for each of the 1:250 000 areas shown in Figure 1. The
data on the overlays includes (1)

known uranium prospects (other than those in Pretoria quartzites
and the alkalic/carbonatite complexes),

(2)

known uranium and molybdenum occurrences,

(3)

geochemical data useful for exploration,

(4)

the location of aerial and ground radiometric surveys, and

(5)

unevaluated airborne radiometric anomalies, some of which might be
genuine.
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PROSPECTS

Other than the Pretoria Group quartzites and the alkalic/carbonatite
complexes, only three uranium prospects are known in the scudy area:
(1)

The Karoo coals of the Springbok Flats area near the centre of the
Nylstroom sheet (Figure 3-4) and in the southwestern corner of the
Nylstroom sheet and the northern portion of the adjacent Pretoria
sheet (Figure 3-2)

(2)

The former Albert Silver Mine on farm Roodepoortjie 250 JR in
Bushveld granite near the centre of the Pretoria sheet (Figure
3-2)

(3)

The Gatkop prospect on farm Buffelshoek 446 KQ in the southeastern
part of the Thabazlmbi sheet (Figure 3-3)

URANIUM AND MOLYBDENUM OCCURRENCES

Because they are not readily available elsewhere, uranium and molybdenum
occurrences are plotted on Figure 3. The sources of these data are
listed in Table 1 and Appendix I. Molybdenum is included because
molybdenite or jordisite are common in uranium deposits in feldspathic
rocks; thus, molybdenum might be used as a pathfinder element 1n
geochemical prospecting.
Figure 3 indicates 69 known uranium occurrences but Indicates that many
are airborne anomalies, rather than known mineral localities. All but 11
of the 69 occurrences can be eliminated (Figure 3 and Appendix III)
because (1) they either occur in alkalic/carbonatitlc igneous complexes
or in the Timeball Hill and Daspoort quartzites, or (2) they have been
investigated radlometrically on the ground and are not anomalous. Of the
11, four are recommended for investigation on the ground (Appendix III,
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Table 1 ) . These are (1) Buffelshoek 446 KQ and Uaterval 443 KQ because
they are in the Gatkop prospect, (2) Doornrivier 86 KS because it is
associated with an airborne anomaly (875 W) over the Wolkberg Group,
(3) Allemansdrift 164 JR because it is coincident with a molybdenum
occurrence in the Selonsrivier Formation of the Rooiberg Group, and
(4) Knopjieslaagte 385 JR because it may be over the Black Reef
quartzite.
Molybdenum occurrences do not seem to be very useful pathfinders for
uranium;

instead, molybdenum occurrences appear to correlate with tin

deposits or Bushveld granites (Appendix III). The only occurrence that
is given a high priority for investigation is Allemansdrift 164 JR,
mentioned above.

GEOCHEMICAL DATA
Whereas airborne radiometric surveys only have the potential for
evaluating the upper 15 to 30 cm of the Earth's crust, geochemical
surveys have the potential of finding buried deposits.

Unfortunately

multi-elemental analysis of groundwaters, stream sediment, soil, or rock
chips (similar to those now being published by the SA Geological Survey
for the northwestern Cape Province) are not publicly available for the
Bushveld area. Many such data probably do exist in corporate files. A
major recommendation of this report is that NUCOR generate, acquire, or
stimulate the production of these geochemical data for the public domain.

AIRBORNE RADIOMETRIC SURVEYS
Because of the lack of published geochemical surveys, the major sources
of data for generating uranium anomalies are the airborne radiometric
anomalies of Minty (1977) and Day (1980), the known occurrences of
uranium and molybdenum shown 1n Figure 3, and previous ground surveys of
these anomalies and occurrences.

Only the airborne anomalies that

survived the screening described in Appendix II are plotted on Figure 3.
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Analysis of the airborne radiometric evaluations of Day (1980) and
Callaghan (1980) did reduce the area of study. Because the Bushveld
Complex extends into the western-most parts of the Pilgrim's Rest and
Barberton 1:250 000 sheets, the western quarters of these sheets were
initially included in the study area (Figure 1 ) . As indicated in
Appendix II, Callaghan (1980) showed that most of the airborne anomalies
in these areas are over quartzites of the Pretoria group.

By rejecting

these anamolies, the western quarters of the Pilgrim's Rest and Barberton
sheets were deemed unworthy of further study.

From a geological

viewpoint, it is worth noting that these areas do not contain Bushveld
granite, Rooiberg Felsite, Loskop Formation or Waterberg Group.
Unfortunately the airborne radiometric surveys utilized by Minty (1977)
are inadequate to evaluate most of the area because of the following
reasons:
(1)

The surveys were flown by different contractors using different
equipment so that the results from different areas are not
directly comparable.

(2)

The 1:50 000 and 1:250 000 airborne radiometric maps were
published as total count maps (K+U+Th) so that it is impossible
for the user to evaluate the contribution of K, U, or Th or to use
potentially important ratios, such as U/Th. Minty (1977) and Day
(1980) had to visually inspect the analog radiometric tapes and
then plot apparent anomalies on 1:250 000 sheets. These anamolies
were never published on 1:50 000 sheets.

(3)

No corrections were made for interaction between channels.

(4)

Remarkably, no corrections were applied for variations in the
ground clearance of the aircraft.

A major recommendation of this report is that either the surveys be
reflown, or that a considerable effort be made to reprocess the data of
the previous surveys. The surveys were flown before the South African
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Geological Survey had the computers necessary for such processing.
Computer processing will require visual inspection of the K, U, Th
counts, ground clearance, U/Th ratios, and perhaps more.

If the surveys

are to be reflown, certain areas can now be eliminated (the Karoo in
Springbok Flats, and probably the Bushveld Granites).

As indicated

below, the direction of the flight lines in some areas should be
different than in the original surveys.
Some of the major companies may have already reprocessed the data, and
have reflown certain areas, but these data are not available in the
public domain.

Thus, an alternative recommendation to re-flying the area

would be to convince the companies to contribute their surveys to a joint
compilation and reprocessing project.

GROUND RADIOMETRIC SURVEYS
During the past three decades many ground surveys have been made over
radioactive or potentially radioactive areas. Many of these were
conducted to test the airborne radiometric anomalies recognized by Minty
(1977).

These areas are outlined on Figure 3 by squares and by an

accompanying code that identifies the rock type and the author. The
authors of these surveys failed to find any indication of mineralization
that was worthy of additional prospecting.
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BASEMENT ROCKS

MODELS OF ORE DEPOSITS
The basement rocks to the Bushveld Complex are the Archaean crystalline
rocks and the Transvaal Sequence. These rocks could contain uranium
deposits unrelated to the Bushveld Complex. The most likely types of
Bushveld-related uranium deposits are Rossing-type or pegmatitic types.
Indigenous deposits

Because the uranium content of the ancient

tonalitic gneisses appears to be about 1 ppm (Simpson and Plant, 1984),
the possibility of economic pegmatites or Rossing-type deposits (see
below) in these gneisses seems remote. However, Simpson and Plant (1984)
suggested that granitic plutons less than 3 Ga. old in the basement may
have contained 12 ppm uranium and may have been the source of the
uraninite in the Witwatersrand palaeoplacers;

thus, a remote possibility

exists that late differentiates of these granites, or vein deposits in
them, may be of ore grade.
A more likely possibility is that subeconomic concentrations of uranium
in the Daspoort and Timeball Hill quartzites (Haynes and Schutte, 1979;
Callaghan, 1980; Richards, 1980) are indicators of economic uranium
mineralization elsewhere in the Transvaal Sequence. For examples, see
Knopjieslaagte 385 JR and Doornrivier 86 KS of Table 1 of Appendix III.
Dames and Moore (1978) reported anomalous radioactivity in the Selati
Formation of the Wolkberg Group in the Strydpoortberge of Lebowa, and
suggested that this radioactivity might be due to Witwatersrand-type
conglomerates. Alternatively, the occurrences of volcanic rocks 1n the
Wolkberg Group might suggest the presence of Olympic Dam-type (see below)
mineralization. Martini (1979) has recognized a stromatolltlc
copper-bearing unit 1n the Pretoria Group;

such a unit might also

contain uranium.
Tyler (1979) inferred that the Buffalo Springs Group southwest of
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Thabazimbi is equivalent to the Wolkberg Group, rather than to the
Vent^ridorp as shown on the Thabazimbi 1:250 000 geological sheet.
Interestingly, Minty identified 7 anomalies over this G<-oup (472N,
T803WU), 484S, 488N, 493S, and 495SU).

As shown in Table 5 of Appendix

I I , all except 472N probably are largely due to topographic relief.
However, these anomalies may indicate that Wolkberg-equivalent rocks do
have some potential.
Rossing-type deposits

The Rossing uranium deposit in South West Africa

consists of disseminated uraninite (55%) and uranophane + betafite (45%)
in alaskitic dykes.

The uranophane and betafite also occur in the

enclosing metamorphic rocks.

The ore grade originally was thought to be

0,035% (Nash et a ! . , 1981) but in 1983 was 0,031% (Anonymous 1984).
Recently the grade has been increased 18% by various methods of grade
control (G. Freeman, personal communication, November 1984).

The open

pit mine and mill have a capacity of 55 000 tons of ore per day.
The large, low-grade nature of the ore body and its occurrence in
alaskitic rocks invites comparisons with porphyry copper deposits.
Armstrong (1974), using Rossing as an example, believed that such
"porphyry" uranium deposits were late-stage differentiates of granitic
magmas. This prompted many exploration groups to seek large, low-grade
deposits in hypabyssal intrusions similar to those that host porphyry ore
deposits.

Perhaps this model also stimulated exploration of the Bushveld

granites.
Berning et a l . (1976) provided the first real description of Rossing and
stated that the alaskites occur in migmatitic or ultrametamorphic rocks.
Consequently, Rossing has been described in various review articles (Nash
et a l . , 1981; Cheney, 1981; Young, 1984) as being in ultrametamorphic
or migmatitic rocks.

However, on the scale of a hand specimen or an

outcrop, the metamorphic rocks are not migmatitic:

the rocks (except for

the marbles) are fine-grained poorly foliated gneisses (calc-granulltes)
with minor schists and amphlbolites (Smith, 1965).

Only on a map scale

of about 1:10 000 (Berning et a l . , 1976, Figure 5) do the subparallel
dykes impart a migmatitic pattern.
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Marlow (1985) pointed out that the alaskitic rocks of the Damaran belt of
South West Africa are the youngest of the post-tectonic intrusions and
that Rossing alaskite has the youngest age (458 _+ 8 Ma) and highest
initial strontium isotopic ratio (0,759) of the entire belt. Thus,
Miller (1985) concluded that the uraniferous alaskites were generated
during prolonged anatexis of the basement rocks beneath the metamorphic
rocks that now host the Rossing deposit.
Róssing is economically viable, despite its low grade, for a variety of
reasons:
(1)

Uranophane and betafite (which constitute 45% of the ore in the
present open pit, Berning et a!., 1976) appear to be supergene.
Open-pit mining (instead of more costly and selective underground
mining) is possible. One reason is that the alaskitic dykes that
contain the uraninite are closely spaced. Additionally, the
uranophane and betafite (which appear to be due to supergene
enrichment related to the present or past arid climate, Cheney,
1981;

Nash et a!., 1981) occur in all of the rocks near the

surface.
(2)

Marble, which would consume expensive amounts of the sulphuric acid
used for leaching, is only a minor rock type that can be removed by
selective mining.

(3)

Although the uraninite is generally less than 0,1 mm, it occurs on
grain boundaries, so only a minimum of grinding (70% minus 20 mesh)
is needed before tiie ore is leached with sulphuric acid.

Pegmatites

Although nearly all complex pegmatites mined for metals or

rare earths are zoned, uranium deposits tend to occur in unzoned
pegmatites. Most uraniferous pegmatites are in migmatitic terranes; the
pegm^i'tes appear to be similar to Rossing, and the migmatitic terranes
appear to be similar to the basement rocks at Rossing.

Some of the

better known localities are Bancroft, Ontario (McMillan, 1977) and Idaho
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Springs, Colorado (Sims, 1963). Many suteconomic pegmatites occur in the
metamorphic core complexes of the American Cordillera (Cheney, in press).
Pegmatitic deposits are small. The best deposits at Bancroft (Ontario)
had reserves of 4 400 tons of U3O8, averaging 0,141 (McMillan, 1977).
Other settings

Not all alaskitic or pegmatitic deposits are in

migmatitic rocks. At Mount Spokane, Washington, a Cretaceous biotitic
quartz monozonite is cut by a mylonitic zone within the Spokane dome
metamorphic core complex (Cheney, in press) and has been metasomatically
altered to muscovitic quartz monzonite. The muscovitic quartz monzonite
contains up to 25% alaskitic pegmatite (Wesissenborn and Weiss, 1976).
Small deposits of fracture-controlled autunite (presumably derived from
the oxidation of some hypogene tetravalent uranium-bearing irineral) were
mined at the Daybreak mine.

POTENTIAL OF THE BASEMENT ROCKS

If pegmatitic/migmatitic zones occur beneath the Bushveld Complex, they
might be the hosts for veins and pegmatites, or Rossing-type alaskites.
Conditions at the base of the Rustenburg Layered Suite were suitable for
anatexis, and the chemical composition of some rocks in the contact
metamorphic aureole suggest that this happened (Nell, 1985).

Evidently

migmatitic zones do occur where the Rustenburg Layered Suite intrudes the
Pretoria Group:
(1)

Such rocks, complete with ptygmatic folds, are common but poorly
studied in the eastern Transvaal (Sharpe and Chadwick, 1982).

(2)

Hybrid rocks occur east and west of Pretoria; in the east they
include hornblende-microgranite (Explanation to Pretoria 1:250 000
Sheet).
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(3)

Drill holes along the covered contact on the Potgietersrus limb
penetrated over 100 m of inter-fingering magmatic &nd sedimentary
rocks (Hulbert, 1983).

The magmatic rocks are coarse grained,

granitic, and locally vuggy (M.R. Sharpe, personal communication,
March, 1985).
The lack of documentation of similar features adjacent to the granitic
basement rocks could be due to the extensive alluvium over the contact on
the Potgietersrus limb. Hulbert (1984) described the contact in an
exploration adit on Overysel 815 LR as blocks of granite, a few centi
metres to several metres in diameter, in fine-grained norite;

this zone

is tens of metres wf^c.
None the less, efforts to find Rossing-type or pegmatitic deposits should
be concentrated along the contact with the Pretoria Group because (1)

migmatitic rocks are known to occur;

(2)

the sedimentary rocks probably have a higher indigenous uranium
content and U/Th than the rocks of the granitic basement, and

(3)

contacts with these rocks are better exposed than contacts with the
granites.
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ROMBERG GROUP

FELSITES AS A SOURCE OF URANIUM
On the basis of unusually low U/Th values, Twist and Simpson (1985)
concluded that the upper 1,5 km of felsltes in the Loskop Dam area have
been leached of 2 to 3 ppm of uranium. Because these rocks have only
been mapped about 5 km along strike (Twist, 1984), the total amount of
uranium leached from the felsltes 1s unknown. However, Twist and Simpson
did report that a normal (unleached) value of 6 ppm U occurs in
correlative felsltes 20 km to the east.
The geographic extent of this leaching 1s an Important unanswered
question.

If only a 2,5 km radius of felslte has been leached, about 200

thousand tons of uranium were available for deposition (total precipita
tion of this uranium, would only amount to 4+ giant uranium deposits).
Conversely, If an area with a 10 km radius has been leached, approxi
mately 1 200 thousand tons of uranium were potentially available.
The mlneraloglcal effect of the leaching of uranium from these rocks
needs to be determined.

Mlneraloglcal variations (such as various zones

of alteration) are likely to be much easier and cheaper to map than
U/Th. Geologic mapping of such alteration could determine the cause of
the Teaching. For example, if leaching of the fel sites were shown to be
restricted to areas overlain by the Loskop Formation, the Implication
would be that the leaching was related to the Loskop contact (perhaps by
former deep circulation of ground water In this fluvial system) and that
the uranium was not available for concentration in the Waterberg strata
or In unconformity-type veins beneath the Waterberg.

MODELS OF URANIUM DEPOSITS
Two types of uranium mineralization might occur 1n the Roolberg felsltes:
(1)

Caldera-related hydrothermal deposits (which are generally small), and
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(2)

potentially large deposits in sedimentary and volcaniclastic strata
interbedded with or distal to the felsites. Some of these deposits
•ight have formed from uranium leached from the felsites.

Caldera-related deposits

With the one possible exception of the

Olympic Dam deposit of South Australia, no major uranium deposits are
known in terrestial felsic volcanic rocks. Typical small deposits,
generally less than 10 000 tonnes of U3O8, that might have analogues
in the Rooiberg are:
(1)

Rexpar, British Columbia, in lithic tuffs and breccias (Curtis,
1981)

(2)

Lakeview, Oregon, in a rhylotic dome (Castor and Berry, 1981)

(3)

Aurora, Oregon, in scoriaceous flow tops (Roper and Wallace, 1981)

(4)

Spor Mountain, Utah, in ring faults and tuffs (Lindsey, 1981)

(5)

Marysvale, Utah, in a porphyry ore system (Kerr, 1968, Steven et
a K , 1981)

(61

Pena Blanca, Chihuahua, in stratigraphic and structural sites in
ignimbrite overlying unrelated organic-rich marine sedimentary
rocks (Goodell, 1981)

Most of these deposits are in or adjacent to calderas. Calderas are the
sites of mineralization for the following reasons:
(1)

They are the sites of felsic plutons, as at Spor Mountain,
Lakeview, and Marysvale, which may be either the focus of
mineralizing hydrothermal solutions or the sites of mineralization

(2)

Ring faults and other fractures associated with the caldera are
Important sites of mineralization, as at Spor Mountain
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(3)

Calderas are topographic lows in which lacustrine and fluvial
sediments accumulate and maintain the reducing environments that
are necessary for the generation and preservation of uranium (and
sulphide) deposits. The Aurora deposit is an example of this
environment.

Pena Blanca is not spatially related to a caldera but

the reductants were supplied by the underlying organic-rich
Cretaceous rocks (Goodell, 1981).
Twist (1983) pointed out that many other types of ore deposits
(especially epithermal precious metal deposits) also occur in or near
calderas. However, Twist and French (1983) noted that no unequivocal
examples of calderas are known yet in the Rooiberg felsites.

It follows,

then, that the discovery of uranium and other types of ore deposits might
be considerably enchanced if research could be directed toward finding
such calderas. A regional mapping programme should look for such
caldera-related features as 1

thickening and coarsening of outflow tuffs (toward the caldera);

2

intra-caldera tuffs (as indicated by the abrupt thickening of
tuffs, their increased content of lithic fragments, especially
megabreccias, and increased amount of welding and lithification due to devitrification);

3

small to large intrusions of almost any grain size;

4

mineralized areas;

5

hydrothermally altered areas, including potassium metasomatism
(Bethke et a ! . , 1985) apparently unrelated to mineralization;

6

complexly faulted areas (in gently dipping rocks these might be
recognized as Unears or curvilinears);

7

and

abrupt termination of thick water-laid units.
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Twist and French U983) noted three areas within the Rooiberg Felsite
that have some of these characteristics-

The most promising would appear

to be the area between Potgietersrus and Warmbaths. Discontinuous and
diversely oriented blocks of quartzite up to 100 m long that occur in
volcanic rocks just below the Union Tin Shale (Twist and French, 1983,
p. 231) might be a megabreccia (feature (2) above);

the discontinuous

Union Tin Shale might be an example of feature (6). Conversely, the
felsites resting upon non-volcanic Pretoria Group strata at Rooiberg and
Marble Hall (Twist and French, 1983, p. 226) should be investigated for
comparison as possible examples of the more distal or out-flow facies.
The presence of large areas of Bushveld granitic rocks in the felsites
may indicate that the level of erosion is too deep for the preservation
of calderas and associated ore deposits. In gently dipping rocks, the
presence of an areally extensive gravity low might indicate the presence
of an underlying granitic pluton (and preserved caldera).
Extensive field work on a regional scale was required to recognize the
now famous calderas in the nearly flat-lying Oligocene San Juan volcanic
rocks of southwestern Colorado, USA

The great handicap facing South

African geologists is that few of them have ever seen Tertiary calderas
and the field relationships and textures of associated rocks (including
ore deposits). Accordingly, one or more South African geologists
probably will have to be sent to such an area to see these features
before much progress can be made in finding the calderas and possible
associated ores in the Rooiberg.
Olympic Dam-type

The Olympic Dam deposit, South Australia, is esti

mated to contain 450 million tonnes averaging 2,5% Cu, 0,08% U3O8,
0,6 g/t Au, plus significant credits in silver and rare earths (Roberts
and Hudson, 1984). Thus Olympic 0am could produce more uranium than most
giant deposits. The Acropolis prospect, 25 km to the southwest, has a
66 m intercept of 0,70% Cu and 0,32% U30g, suggesting that a major
Cu-U province exists (Kile, 1982).
Olympic Dam does not crop out, occurring below 350 m of unconformably
overlying sedimentary rocks. The deposit was discovered in 1975 using
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geophysical and geological models that are now known to be Invalid
(Roberts and Hudson, 1983).

At the time Roberts and Hudson wrote their

major article in 1982, all observations and interpretations were based
solely on the results of diamond drilling;

so the deposit was poorly

known.
The deposit occurs in Proterozoic arkosic rudites and volcaniclastics
that probably are younger than 1 580 Ma. The clasts range up to 12 m,
but most are 1 to 3 cm. Roberts and Hudson suggest that these rudites
occur in a graben and were derived from fault scarps; however, facies
changes are so abrupt and hematite-sericite-chlorite alteration is so
intense that the detailed stratigraphy is poorly known. Thus, the
presence (and importance) of a graben and its role during sedimentation,
although popular concepts (Maiden and Hughes, 1984), probably are still
unknown. The strata do fine upward.
Two types of mineralization occur. Stratabound mineralization is the
more extensive and has the zonation of pyrite to chalcopyrite to bornite
to chalcocite characteristic of sediment-hosted copper deposits (such as
the Zambian belt, White Pine, and Spar Lake, USA, etc.) Unlike such
deposits, this zoning is reversed with chalcocite at the top of the
deposit. According to Roberts and Hudson (1983), the chalcocite is not
due to supergene processes. Some sulphides are clasts up to 5 cm;

other

sulphide clasts occur in graded beds.
A zone of "transgressive mineralization" consisting of veins and
irregular lenses of chalcocite and bornite occurs within the chalcocitebornite zone of stratabound mineralization.

The transgresslve zone is at

least 6 km long and 0,7 km wide. The transgresslve zone, like veins in
so many other types of low-grade deposits, might be derived from the
disseminated mineralization.
In decreasing abundance, the uranium minerals are pitchblende, cofflnlte,
and brannerlte. Because the pitchblende replaces the sulphide minerals
(Roberts and Hudson, 1983; Kile, 1982), the sulphides may have acted as
the geochemical trap in the process proposed by Granger and Warren (1969)
and Cheney and Trammel 1 (1973).
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All the rocks are heaatitic. Hematite replaces the sulphide minerals,
suggesting that an original sulphide deposit has been variably oxidized.
The sulphides are most abundant in matrix-rich rudites, which implies
that the sulphides are preserved in the less permeable rocks.
Gangue in the stratabound mineralization consists of hematite + quartz +
sericite-fluorite.

Fluorite, barite, and siderite are common gangue

minerals in the stratabound mineralization.
occur in the matrix of the strata.

Bastnaesite and florencite

The unusual association of copper,

iron, uranium, and rare earth elements, together with traces of barite,
fluorine, and bastnaesite suggest derivation from alkalic plutons.
Any hypothesis of origin is still speculative. Olympic Dam is most
likely either a sediment-hosted stratabound deposit (Maiden and Hughes,
1984), or a volcaniclastic one.

If volcaniclastic, perhaps it is related

to the feisic ignimbrites of the 1 550 to 1 450 Max Gawler Range volcanic
rocks. Feisic lavas and tuffs do occur in the rudites of the Olympic Dam
deposit.

If the sulphidic clasts are reworked fragments of thin bands of

exhalative (massive) sulphides (a possibility proposed by Roberts and
Hudson), they may be akin to the "sulphide wackes" associated with some
massive sulphide deposits (such as at the Kidd Creek deposit described hy
Walker et al., 1975).

Following deposition, the stratabound deposit was

fractured to generate the transgressive mineralization.

Because Olympic

Dam and copper deposits in younger Adelaidean rocks to the southeast
define a NNW linear, if major fracturing of the basement did promote
mineralization, it may have been recurrent (Knutson et al., 1983).

After

mir^ralization, the Olympic Dam deposit was extensively hematitized.

Because Adelaidean strata obscure both, the exact temporal and genetic
relationships between the strata hosting the Olympic Dam deposit and the
Gawler Range volcanic rocks are unknown (Rutland et al., 1981).

None the

less, the Gawler Range volcanic rocks appear to have several similarities
to the Dullstroom and Rooiberg volcanic rocks. According to Rutland et_
aj^. (1981) the Gawler Range volcanic rocks were erupted subaerially in a
continental environment and are still relatively flat-lying and undeformed, outlining a basin-like feature. The initial phases consisted of
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basaltic and andesitic flows dated at 1 525 +_ 15 Ma. Later eruptions
were dominated by thick rhyodacitic to dactic ash flows, which have
obscured any calderas. Some of the dacite is 1 511 +_ 11 Ma;

other

dacites are intruded by granites dated at 1 478 ^ 38 Ma.
Anderson-type

Sherborne et al. (1979) described the Anderson deposits

of Arizona as being related to uranium-bearing, felsic tuffaceous
sediments deposited in a Miocene lake. During compaction of the
sediments the uranium-bearing fluids derived from the tuffs were reduced
in carbonaceous beds within the lacustrine sequence. The deposit
averages 0,07% U30g and contains less than 10 000 tons of uranium.
Meta-volcanic deposits

The Michel in deposit in central Labrador

contains nearly 8 000 tonnes of uranium at an average grade of 1,1%
U3O8 (Curtis, 1981).

The deposit is peneconcordant in greenschist

and amphibolite fades rocks that range from recognizable felsic
volcaniclastic rocks and well-laminated tuffs to quartzofeldspathic
gneisses and schists. The rocks yield metamorphic ages of about 1 600 Ma
(Gandhi, 1978).

Enrichment of Na£0 occurs in parts of all of the meta-

rhyolitic rocks that are mineralized (Gandhi, 1978).
The Michel in deposit does little to define the environment of deposition
of uranium.

It does show that significant amounts of uranium can occur

in middle Proterozoic felsic volcanic rocks, and indicates that
mineralization may be accompanied by alkali metasomatism.

POTENTIAL OF THE ROOIBERG GROUP

No uranium deposits are known in the Rooiberg felsltes.

None the less,

the felsites potentially could be the host for caldera-related deposits
and those similar to Olympic Dam. Because i t 1s premature to discuss the
potential for caldera-related deposits until calderas have been recog
nized, only the potential for Olympic Dam and Anderson-Uke deposits 1s
discussed here.
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Olympic Dam-type.

The Rooiberg has a potential for hosting an Olympic

Dam-type of deposit because of tne following reasons:
(1)

The Rooiberg Group probably accumulated during the period in which
the Earth's atmosphere changed from non-oxidizing to oxidizing
(Twist and Cheney, 1985).

If so, the deposition and preservation

of sulphidic deposits may have been more favourable in this
volcanic pile than in the younger ones (such as the Gawler Range
felsites and the Tertiary rocks of North America) upon which models
of uranium deposits in felsic rocks are based.

Specifically, if

the Damwal Formation formed prior to an oxidizing atmosphere and
hydrosphere (Twist and Cheney, 1985), it has the best potential for
sulphidic deposits.
(2)

Although volumetrically small compared with the felsic volcanic
rocks, subaqueous sedimentary and volcaniclastic interbeds do occur
in the Rooiberg Group (Twist, 1984).

In the area of Loskop Dam,

Twist demonstrated (field trip, October 1984) that these include
quartz sandstones, siltstones, agglomerates, interbanded siltite
and chert, bedded chert (possibly an exhalite), and graded beds of
tuff passing upward into chert (a typical feature of the sediment
ary intervals associated with volcanogenic massive sulphide
deposits).

Chalcopyrite, pyrite and galena do occur in amygdales

in some of the nearby volcanic rocks. Perhaps the source of these
sulphide minerals was the interbedded sedimentary rocks.
(3)

Exploration has shown that significant strike lengths of
agglomerates in the Rooiberg Group contain up to 4 weight percent
combined pyrite, sphalerite, and galena.

(4)

If significant amounts of uranium have been leached from the
felsites or the Bushveld granitic rocks (see below), the fluids
that transported this might have flowed through permeable zones
within the Rooiberq Group such as the sedimentary and
volcaniclastic strata.
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(5)

The Olympic Dam deposit consists of sulphide and hematite-bearing
rocks.

Felsites of the Selonsrivier Formation also are sulphidic

and hematitic (D. Twist, personal communication, February, 1985).
Anderson-type

The Anderson mine occurs in Miocene carbonaceous

lacustrine strata (Sherborne et a!., 1979).

Organic material and

sulphides probably did not form in Proterozoic lakes, but they may have
been present in the marine environment.

Thus, any Anderson-type

mineralization probably would be restricted to distal portions of the
Rooiberg Group.
Proposed research

The biggest potential for large uranium and base

metal deposits in the Rooiberg Group would appear to be in the interbedded sedimentary and volcaniclastic rocks.

Therefore research is needed

on the stratigraphy, sedimentology, and mineralogy of the Rooiberg
strata;

equally important is the distribution of sulphide minerals,

organic material and anomalous occurrence of uranium and base-metal
elements.

Every effort should be made to acquire more information on the

Olympic Oam Cu-U deposit and to supply this knowledge toward finding
similar environments in the Rooiberg Group and other rocks.

As noted

previously, other research should be directed towards the recognition of
calderas and the zone of leaching of uranium in the Rooiberg.

RESULTS OF AIRBORNE SURVEYS

Minty (1977) recognized 21 airborne anomalies in the Rooibetg Group.
Field investigations by L.S. Labuschagne and by Haynes (1979) eliminated
7 and 4 of these, respectively (Appendix I I ) ;

none of the anomalies

investigated on the ground had anomalous mineralization.
original anomalies only 4 remain to be tested:

Of the 21

73S, 81N, and 98S on the

Pretoria 1:250 000 sheet and 869(W)l on the Nylstroom sheet.
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The airborne surveys may not have been adequate to test the potential of
the Rooiberg.

Unlike those over the granites, the surveys sponsored by

the SA Geological Survey may not have been confirmed by surveys flown for
private exploration companies. Furthermore, the surveys of the eastern
part of the Pretoria 1:250 000 sheet (Blocks 15/73 and 21/74) and the
Hammanskraal area (2528A0) in blocks 12 & 13/71 were flown north-south
parallel to the stratigraphy.
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RUSTENBURG LAYERED SUITE

MODELS OF URANIUM DEPOSITS

No uranium deposits are known in mafic igneous rocks.

POTENTIAL OF THE RUSTENBURG

The Rustenburg Layered Suite has no potential for uranium deposits.
Airborne anomalies over the mafic rocks (Minty, 1977) are due to syenitic
dykes or to alluvium derived from more radioactive rocks, such as the
Pilanesberg alkaline complex (Haynes and Schutte, 1979).

RASHOOP GRANOPHYRE SUITE

MODELS OF URANIUM DEPOSITS
No significant uranium ore deposits are known in granophyric rocks, but
this could be due to the restricted geologic occurrence of granophyres in
the world.

POTENTIAL OF THE GRANOPHYRES
Von Gruenewaldt regarded the granophyres as the products of partial to
complete melting of rocks (predominantly Rooiberg Felsite) by the
Rustenburg Layered Suite.

In contrast, Walraven (1982b) concluded that

most of the granophyres are pre-Bushveld intrusions that intruded their
own volcanic pile (the Rooiberg Group). Conceivably, pegmatitic or
Rossing-type deposits might occur if the granophyres are due to partial
melting.
Von Gruenewaldt (1972) suggested that leptites in the eastern Transvaal
are contact metamorphosed fel sites and that the numerous veins of granite
and granodiorite and sheet-like bodies of granophyre in leptite are
products of partial melting of the leptite by intrusion of the Rustenburg
Layered Suite. The irregular veins and pockets of granite and
granodiorite range in thickness from a few centimetres to a few metres
and give the rock a migmatitic appearance (Von Gruenewaldt, 1972, plates
4 and 5).

Coarse-grained granophyres in the eastern Transvaal form

sheets up to 2 500 m thick and may represent wholesale melting of
leptite; however, thinner bodies of microgranophyre may represent partial
melting (Von Gruenewaldt, 1972).
Conceivably, partial melts might be enriched in uranium in a manner
analogous to the alaskites at Rossing.

Whether such enrichment has

occurred in the granophyres is unknown. According to Twist and Simpson
(1985), the felsites originally had about 6 ppm U. To upgrade this
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concentration to that of Rossing (about 350 ppm) would require the method
of concentration to be very efficient. The supergene enrichment of
hexavalent uranium minerals that occurred in the arid environment of
Rossing should not be expected in the Transvaal.

Economic concentration

should not be expected in rocks that are 20?. veins and 80% or more
leptite over minimally viable mining widths:

such rocks are likely to be

diluted by the presumably low concentration of uranium in the leptites.
Nor can a significant concentration be expected in rocks that represent
wholesale melting (the coarse-grained granophyres). The most likely
candidates for a Rossing-like deposit are the thin sheets of
micro-granophyre.
No airborne radiometric anomalies were recognized by Minty (1977) in the
granophyres in the area investigated by Von Gruenewaldt (1972). None of
the known airborne anomalies in granophyre elsewhere (Pretoria sheet,
Block 12 4 13/71: 6S, 24S, 71S, 136N; Thabazimbi sheet, Block 10/71:
802E(1), 802EÍ2);

Rustenburg sheet, Block 7/69: 2S) survived the

screening procedures (Appendix II, Table 5 ) . Of course thin sheets of
granophyre with more than 350 ppm U3O8 might have escaped detection
in the surveys evaluated by Minty (1977).
A few chemical analyses or ground radiometric surveys of granophyres and
related rocks would quickly determine if the granophyres have any
potential.

Unfortunately, Wairaven (1982) did not include uranium or

thorium in the suite of minor elements he determined for numerous samples
of granophyre.

Perhaps, his data could be used to model the

concentrations of uranium and thorium by the technique of Simpson and
Plant (1984).

Unless values in excess of 200 ppm uranium are common, the

granophyres can be dismissed as uneconomic.
Any such investigation should include granophyres (and related rocks) of
different presumed origins. Granophyres derived from sedimentary rocks
might be expected to have higher uranium and higher U/Th than those
derived from or related to fel sites.
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LEBOWA GRANITE SUITE

GRANITES AS SOURCE ROCKS

Granitic rocks average about 4 ppm U and range from 2 to 15 ppm.
granitic bodies rarely average 20 ppm (Young, 1984).

Large

Background values

of some Bushveld granites in excess of 20 ppm (Table 2) have suggested to
some observers that these granites might be good hosts for ore deposits,
or the source for uranium ores in nearby rocks.
Many authors have suggested that uranium becomes concentrated in late
stage differentiates as a granitic magma crystallizes.

These

differentiates, whether silicate liquids or hydrothermal solutions, might
generate ore-grade aplitic to pegmatitic bodies, hydrothermally altered
zones, or vein-type deposits in the granites or their roof rocks.
However, the ground investigations of airborne radiometric surveys
(Haynes, 1979; Swindell, 1979a, 1979b, 1979c, 1980b) suggest that no
large bodies of ore grade now exist within the granites.
Alternatively, uranium may have been leached from the granites and
deposited elsewhere.

The following investigations have been used to show

uranium depletion in granites:
(1)

Unusually low U/Th, similar to the study by Twist and Simpson
(1985) on the Rooiberg fel sites,

(2)

comparison of uranium with respect to thorium and other trace
elements in granite;

normalized to primordal mantle (Simpson and

Plant, 1984), and
(3)

using U-Pb and Th-Pb apparent ages to show that the U/Pb ages are
geologically much too old, thereby indicating the leaching of U
(Rosholt and Bartel, 1969).
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Any research on depletion of uranium must consider when such a process
occurred.

One model of magmatic differentiation (Haynes in Swindell,

1980b, Kleemann, 1985) suggests that as magma differentiates, it becomes
more oxidizing, so that uranium is oxidized to the hexavalent state.
Then, because hexavaiert uranium is even less able to enter the lattices
of silicate minerals than tetravalent uranium, the hexavalent uranium is
partitioned into the hydrothermal phase.

If this process occurs, the

depletion of uranium in the granites should be accompanied by
mineralogical changes.

For example, perhaps uranium-depleted (but

hydrothermally unaltered) granites have ilmenite instead of magnetite or
+

+

some other mineralogical indication of an increased Fe^ /Fe^ .

This

and other models of leaching uranium from granitic magmas or rocks should
be susceptible to mineralogical and geochemical testing.

If uranium was leached by former or present ground waters, the depletion
should not be reflected in the types of magmatic minerals.

In addition,

such leaching probably was a skin-effect related to a former (or the
present) unconformity or erosion surface.

Samples adjacent to such

surfaces might show depletion, whereas samples from the deepest possible
mines and drill holes would not.
Any leaching of the granites may be related to (or overshadowed by)
recent leaching.

The existence of the uraniferous swamp on the farm

Uyskraal near Marble Hall (Moon, 1975) suggests that uranium has been
leached from the surrounding Nebo Granite or the nearby Pretoria Group
quartzites.

Unless one can sample granites directly overlain by the

relevant sedimentary rocks, it may be difficult to distinguish
Proterozoic and Karoo leaching from recent leaching.

Perhaps the

argument will degenerate to rationalizing that if leaching is occurring
today, it may have occurred in the past.
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MODELS OF URANIUM DEPOSITS

The suggestion that high background values of uranium in granites might
be indicators of significant uranium ore deposits in the granites is not
compelling. No giant uranium deposits occur in granitic stocks and
batholiths; vein-type uranium deposits in granitic plutons are small.
The best studied examples are those in France, the largest of which the
Bois Noirs deposit, only produced 7 000 tonnes of U (Ziegler and Dardel,
1984). Because these deposits are some of the largest in Europe, and
because some European nations (especially France) wished to be
self-sufficient in uranium, these deposits have been studied and
exploited far more vigorously than their small size would otherwise
justify. Deposits with little more than 100 tonnes of contained uranium
were mined (Ziegler and Dardel, 1984). Accordingly, research on the
distribution and abundance of uranium in granitic rocks (Simpson et a!.,
1984) is not likely to promote the discovery of medium-sized to giant
deposits, but might indicate which granites were potential source rocks.
The French vein deposits in granitic rocks are well described by Ziegler
and Dardel (1984). These deposits appear to occur in shear zones within
the granitic rocks. Some deposits are little more than shear zones.
Others have quartz-sericite alteration envelopes (the "episyentites" and
"two-mica granites") and abundant gangue, especially quartz. Although
those associated with quartz-sericite alteration clearly are hydrothermal
(330 to 140 °C) and Paleozoic, many of the deposits were supergene
enriched during the Tertiary.

POTENTIAL OF THE GRANITES

Albert Silver Mine
granites (Sm1t, 1977).

Several base-metal vein deposits occur 'n Bushveld
Because the former Albert Silver Mine has been

explored for uranium as well as base metals, i t 1s a possible type
example.

The Albert Silver Mine is on Roodepoortje 250 JR (sheet 2528B0).

It is

one of several easterly trending, nearly vertical veins cutting coarsely
porphyritic /erena granite. The deposit was discovered in 1885 and
worked intermittently until 1905 (Van Zijl, 1965).

It was intensively

explored for copper and silver (1967 to 1969) and for uranium (1978-1980)
by Anglo American Corporation (Voet, 1981).
The vein is about 600 m long (van Zijl, 1965). A diabase dyke separates
it into western (240 m) and eastern (210 m) portions, with the remainder
of the vein occurring east of the eastern portion (Voet, 1981). The best
mineralization and most abundant data are from the western portion. East
of the dyke the thickness of the vein decreases significantly, and the
silver values are not persistent (Voet, 1981).

In the western and

eastern portion, the vein varies from 1 to 21 m wide (Champion, 1971),
and (based upon 14 interceptions by drill holes) averages 3,2 m (Voet,
1981).
Quartz is more abundant than specularite in the vein. The quartzspecularite is cut by veiniets generally less than 12 ram wide, consisting
of quartz, pyrite, and other sulphide minerals (Champion, 1971).

The

specularite probably is hypogene, but locally replaces magnetite
(Champion, 1971);

the specularite is oxidized to limonite up to depths

of 30 to 60 m below the surface (Champion, 1971).

Table 3 lists the

tenors for various parts of the western portion of the vein.
No significant alteration occurs in the granitic rocks on the surface
south of the vein, but quartz-sericitic alteration of the feldspars
occurs up to 30 m north of the vein. Within 5 m north of the vein, the
biotite in the granitic rocks is altered to chlorite and the grains of
igneous quartz are deeply embayed (Champion, 1971).

This zone adjacent

to the vein does contain low grade mineralization (Voet, 1981).

Based on

13 intercepts by drilling, this mineralized alteration zone averages
9,0 m in the subsurface (Voet, 1981), with the greater part of this
thickness being on the north side of the vein.
Voet estimated that the vein averages 100 g/l^Og.
uranium samples occur on 80 m

2

Much higher grade

of the dump. These samples were the

source of the metazeunite described by Champion (1973) but consist
primarily of pitchblende.

The average of 77 samples collected on 1 m

centres by Voet (1981) was 1,3 kg/t U3O3, with a maximum value of
15 kg/t. Such high grades were never encountered by Anglo American
during the sampling and drilling of the vein, but must occur somewhere on
the old 21, 46, or 76 levels.
A number of criteria, not one of which is yet unequivocal, suggest that
the vein has undergone supergene enrichment.

The most Intriguing is

Champion's observation that covelite, bornite, and chalcocite replace
chalcopyrite, and that limonite replaces specularite. Because neither
Champion (1971) nor Voet (1981) correlated such mineralogical variations
with depth and with assays of Cu, Ag, and U3O8, the depths of
leached, supergene uranium and sulphide, and hypogene sulphide zones
cannot be mineralogically defined.
Another way to recognize supergene enrichment is to examine assays with
depth. However, supergene variations must be distinguished from hypogene
ones.

In the absence of mineralogical information, the ratio of Ag, Cu,

and U3O3 with respect to Pb should be most informative because Ag,
Cu, and U3O8 commonly undergo supergene enrichment; whereas Pb
usually does not.

If the high assay for silver in Borehole 6-2 is

ignored, the assays and ratios of Table 3 suggest that a zone of
supergene enrichment occurs more than 12 and less than 46 m below the
surface in various parts of the Albert Silver Mine.
Other information suggests that supergene enrichment has occurred or that
the environment is suitable for Its generation:
(1)

The high-grade uranium samples on the dump must be from one of the
old shallow levels.

(2)

Champion's observation (based on fewer data than Voet's in Table 3)
that Ag, Cu, U, Ag/Pb and Cu/Pb tend to increase with depth.
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(3)

The quartz-sericite alteration adjacent to the vein should promote
supergene uranium and sulphide enrichment (feldspathic wall rocks
generally prevent supergene enrichment).

(4)

The presence of pyrite and arsenopyrite in the vein should promote
supergene enrichment.

Voet's data (1981) from the better mineralized western portion (Table 3)
indicate that the reserves are too low in Ag, Cu, and Pb to be economic.
If the mineralization is supergene, ore grades should decrease
significantly 50 to 100 m below the surface. Voet estimated that the
eastern and western portions to a depth of 75 m contain just over a
million tons averaging 75 g/t Ag, 0,43% Cu, 0,27% Pb and about 100 g/t
U3O8. Such grades might be economic in a huge deposit that could be
mined by open-pit methods. For the Albert Silver Mine to be economic at
today's prices of metals, the tenor of one of metals would have to be ten
times higher.
As implied by Table 3, ore grades ten times higher might be found in a
zone of supergene uranium and sulphide enrichment.

However, if such a

zone does exist somewhere between 12 and 46 m depth at the Albert Silver
Mine, its tonnage would only be about 1/3 of that calculated by Voet
(1981) for a depth of 75 m.

Such a small deposit probably would be

uneconomic for most large mining companies.
Additional research is required to determine whether supergene uranium
and sulphide enrichment actually exists at the Albert Silver Mine.
Documentation of such enrichment would prove the very small size of this
and any other similar deposits. Perhaps Anglo American Corporation could
provide samples and assays along various cross-sections of the vein. A
study that correlated mineralogical changes of ore minerals and silicates
(such as clay minerals) with depth and with the assays should be
conclusive.
The airborne radiometric survey evaluated by Minty (1977) failed to
"discover" the Albert Silver Mine.

Lines 63 and 62 crossed the vein, and

lines 64 to 67 crossed other veins. Line 63 passed within 0,25 km of the
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dump that has the samples averaging 1,3 kg/t U3O8. The airborne
survey described by Swindell (1979a) also failed to "discover" the Albert
Silver Mine; 4 lines crossed the deposit, with oniy the westernmost line
recording a small 0,2 km uranium anomaly;

the next line to the east

passed within 100 m of the dump but did not detect the uranium samples
upon it.
Failure to "discover" the Albert Silver Mine indicates (1)

ti.e tenor of uranium is very low;

(2)

the uranium (including daughter products) has been leached from the
surface of the vein;

(3)

the uranium is in radioactive disequilibrium (perhaps, because it
is a recent supergene precipitate) so that it is not very
radioactive;

(4)

the vein is covered by enough alluvium and soil to prohibit the
detection of gamma radiation;

(5)

the area (80 rn^) of the dump with uraniferous samples is too
small to detect;

(6)

or

any combination of the above.

The failure of the airborne surveys to discover the Albert Silver Mine
indicates that exploration for similar unknown deposits would require a
different approach.

The obvious alternatives would be geochemical

sampling of soil or stream sediment, ground radiometric surveys, and
looking for fragments of quartz-hematite Oimonite) veinlets while
conducting the geochemical and radiometric surveys.
Rooibokkop-Boschhoek prospect

The Rooibokkop-Boschhoek deposit 12 km

northeast of Marble Hall has been described by Smlts (1977).

It is

marked by a distinct gossan in Nebo Granite. The system of veins is up
to 4 km long and 700 m wide. Drilling in 1977 revealed that the veins
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are primarily siderite and quartz with pyrite, pyrrhotite and subecononric
amounts of chalcopyrite, sphalerite, and galena.

The veins are bordered

by envelopes of quartz-sericite alteration and silicification.

Only weak

supergene enrichment of copper has occurred, converting some chalcopyrite
to bornite and lesser amounts of chalcocite and digenite.

The weak

supergene enrichment may be related to the abundance of siderite in the
vein;

so that despite the quartz-sericite envelope, not much enrichment

occurred.
Whether this deposit has been investigated for its uranium potential is
not known. I t did not appear as an airborne anomaly in Minty's work
(1977).

Nor was i t recognized in the airborne radiometric survey

described by Swindell (1980b), even though several first-order anomalies
of uranium and thorium occur in a northeasterly trending group along the
strike of the deposit.

Evidently this group of anomalies did not have a

U/Th > 1, and, therefore was dismissed as being due to a high
outcrop/soil (Appendix I I and Swindell, 1980b).
Fluorite deposits

Another type of ore deposit with some minor

potential that occurs in the Bushveld granites and the structurally
overlying fel sites are the fluorite deposits characterized by
actinolite-hematite(magnetite)-quartz.

These have been described by

Crocker (1979, 1985) and Van der Merwe and Hattingh (1978).

At least

three are radioactive enough to show on the airborne radiometric maps:
(1)

Vergenoeg is a pipe-like body in fel sites that may be younger than
the Rooiberg Group (Crocker, 1985).
anomaly 94S on Block 12 and 13/71.

This Is Minty's airborne
According to Crocker the pipe

averages 40 to 60 ppm U3O3 with a maximum of 120 ppm. Yttrium,
uranium and thorium concentrations vary directly with CaF2,
suggesting that they either are included In the fluorite or occur
as xenotime, monazite, fluocerite, and bastnaeslte, which have been
observed in the fluorite.

The pipe has an outer annulus that 1s

sulphide bearing below the zone of oxidation.

The presence of

pyrite, pyrrhotite, and other sulphides and slightly higher values
of uranium (60 to 100 ppm) suggests that a zone of supergene
uranium may occur at depth (similar to that which may occur at the
Albert Silver Mine).
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Although Vergenoeg is a pipe-like body, i t has an associated bedded
unit that either rests upon the Rooiberg felsites (Crocker, 1985)
or is the youngest of the felsites.

The bedded unit consists of

clastic beds of magnetite (now oxidized to hematite) and fluorite
with beds less than 1 cm thick of very fine-grained siliceous units
that may be ferruginous cherts.

Thus, Vergenoeg may be the

magnetite-fluorite analogue of a massive sulphide deposit (Crocker,
1985).

The low sulphide and uranium content of the Vergenoeg pipe

suggests that the bedded unit will not be economic for its
uranium.

However, the possibility of a supergene-enrlched zone of

uranium in the lower portion of the bedded unit should be
considered i f the bedded portion is ever mined for its fluorite.
(2)

Welgevonden appears to be several bodies, the largest of which is
tabular and dips shallowly eastward in Rooiberg felsites (Van der
Merwe and Hattingh, 1978).

The main body gives an 800 Y total

count anomaly (SAGS radiometric sheet 2528 AD) but was not
designated as a uranium anomaly by Minty (1977).

A ground

radiometric survey over the deposit indicated that i t contains
uranium values well below 100 ppm (Van der Merwe and Hattingh,
1978).

However, i f uranium has been leached from the surface and

if sulphides exist in the subsurface, this deposit m* ht have
a

supergene enrichment of uranium greater than 100 ppm.
(3)

The Blockspruit deposit is one of several manto-Uke deposits in
3obbejaankop Granite east of Rooiberg (Crocker, 1979).

The anomaly

(16S(1) on the Rustenburg sheet - Block 7/69) probably 1s caused by
topography, a high porportion of outcrop, and the presence of
rare-earth minerals 1n non-hematized actlnollte.

Because the

workable mantos in this district are within the zone of oxidation,
the potential for supergene uranium 1s slight, even if sulphides do
occur 1n unoxidized mantos.
The presence of copper, iron, fluorite, rare earths, and uranium in these
(actinoHte)-hematite (magnetlte)-quartz-fluorite deposits could possibly
be regarded as analogous to Olympic Oam. This would be especially
Intriguing i f Olympic Dam Is a clastic deposit derived from a felsic
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volcanic suite.

If, however, Olympic Dam is a stratabound, chemically

precipitated deposit, as suggested by the zonation of chalcocite,
bornite, chalcopyrite, and pyrite, the analogy would not be valid.
Bobbejaankop Granite

Mineral deposits in the Bobbejaankop Granite,

especially tin and fluorite deposits, contain a number of elements which
are commonly associated with uranium. The Zaaipiaats and other tin mines
contain not only tin but minor molybdenum.

Despite the large number of

prospects and mines in the Bobbejaankop, uranium has never been
identified in amounts that would permit its recovery even as a
by-product.

Thus, one must reluctantly conclude that, despite its

interesting elemental associations, the Bobbejaankop is not a potential
host for uranium deposits.

RESULTS OF AIRBORNE SURVEYS

The airborne radiometric surveys and, especially, subsequent ground
investigations of the airborne anomalies suggest that the Bushveld
granites do not have a great potential for uranium deposits. Flinty
recognized several anomalies in the granites, but the airborne surveys of
GENCOR failed to confirm most of these (Appendix -11, Table 2 ) . Likewise
ground investigations of Minty's anomalies were uniformly negative
(Haynes, 1979 - also see the compilations in Figure 3 and Appendix II,
Table 5 of the present report).

The GENCOR surveys Investigated more

than 30 other additional airborne anomalies in the g-anites, with
uniformly disappointing results (Appendix II, Table 3 ) . In general, the
grount. investigations by Haynes (1979) and by GENCOR (Appendix II, Table
2) showed that the anomalies were caused by unusually extensive outcrops
of the granitic rocks.
It might be argued that the airborne surveys, or their interpretation,
were not sophisticated enough to recognize true anomalies.

Likewise, it

could be noted that the GENCOR surveys did not always cover the margins
of the granitic plutons (if that 1s where the uranium deposits are
presumed to be). Nor did the GENCOR surveys cover all of the granites
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(compare Figure 3 with the relevant 1:250 000 geological maps),
especially the granites in the Potgletersrus and Villa Nora areas.
As a result of numerous ground investigations, Swindell (1980b) was able
to glean the following additional information from the GENCOR airborne
surveys:
(1)

Extensive areas of mixed U and Th anomalies occurred in areas of
high outcrop/soil in the eastern Bushveld but not in the area
between Brits and Warmbaths (Swindell, 1979c).

(2)

Conversely, areas of uranium-only anomalies occurred over thick
soil, but not between Brits and Warmbaths (Swindell, 1979c).

(3)

U/Th greater than one in some instances occurred over Karoo strata
and related dolerite dykes.

(4)

High U/K anomalies with short wavelengths over cultivated land seem
to be due to agricultural practices that deplete the K2O in the
soil. Other variations of U/K could be due to leaching of uranium
from the surface.

(5)

In general, the total radiometric count of the rocks decreased in
the order Klipkloof, Makhutso, Nebo, Bobbejaankop, granophyres,
Rooiberg fel sites, but the differences were not distinct enough to
be used as a mapping tool.

(8)

Th/K can distinguish Klipkloof Granite from Nebo Granite.

GEOCHEMICAL EXPLORATION

Because airborne radiometrics only detect mineralization within the upper
15 to 30 centimetres of the ground (DeVoto, 1984) it might be argued that
the Bushveld granites have numerous uranium deposits that are covered by
alluvium or other rocks. This might be especially true for vein-type

deposits t h a t occur i n structures (such as shear zones) t h a t might be
expected to be more deeply weathered than surrounding less fractured
g r a n i t i c rocks.

None the l e s s , most of the w o r l d ' s large uranium

d i s t r i c t s have been discovered by airborne surveys (DeVoto, 1984), and
enough airborne anomalies i n the granites have been checked on the ground
t o suggest t h a t no giant deposits e x i s t .

I f geochemical surveys are to

be conducted to t e s t f o r smaller deposits, the obvious f i r s t step would
be t o conduct o r i e n t a t i o n surveys around the A l b e r t S i l v e r Mine, the
Rooibokkop-Boschhoek prospect, and the f l u o r i t e deposits.

CONCLUSIONS

The p o t e n t i a l f o r major uranium deposits i n the Bushveld granites seems
remote because (1)

no giant uranium deposits are known i n g r a n i t i c stocks and
bathon'ths;

(2)

and

more than 40 airborne anomalies i n granite have been investigated
on the ground without f i n d i n g s i g n i f i c a n t m i n e r a l i z a t i o n .

A l l sulphide prospects could be reinvestigated f o r uranium.

The

p o s s i b i l i t y t h a t ore zones f o r uranium, copper, and s i l v e r are r e s t r i c t e d
t o zones of supergene sulphide enrichment should be tested at the more
favourable prospects.

Pipes and mantos of m a g n e t i t e ( h e m a t i t e ) - f l u o r i t e -

quartz also might have a supergene zone in which the uranium would be of
high enough grade to be a by-product.

The most e f f i c i e n t method f o r f i n d i n g veins o v e r l a i n by alluvium probably
i s stream-sediment geochemistry.
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PROTEROZOIC RED BEOS

MODELS OF URANIUM DEPOSITS

Sandstone-type deposits

Sandstone-type deposits, such as those that

have produced the bulk of the United States

1

uranium, are restricted to

continental sandstones that contain organic material.

Many of the

sandstones are red, a l l are derived from pre-Phanerozoic granitic rocks
and are overlain by tuffaceous rocks.

However, because land plants did

not evolve until the early Paleozoic, the potential for sandstone-type
deposits in Proterozoic continental rocks is v i r t u a l l y non-existent.
I t is worth pointing out that sandstone-type deposits are small and low
grade.

The United States has over 300 such deposits.

market price of

Even at a presumed

100/1b only 34 of these have more than 1 800 tonnes of

contained uranium and of these, only 11 have more than 7 300 tonnes
(Cheney, 1981).

The average ore grade of these deposits commonly is

between 0,1 and 0,2%

\SJ,0Q.

Presumably the same statistics apply to

the sandstone-type deposits in the Karoo, except that most Karoo deposits
have only about 0,1% U3O3.

Strata-bound sulphide deposits

The zoning of sulphide minerals in the

Olympic Oam Cu-U deposit 1s characteristic of sediment-hosted copper
deposits.

One of the f i r s t of these deposits to be properly described

was the White Pine (Cu-Ag) 1n the United States {Ensign et a ! . , 1968).
White Pine occurs in a late Proterozoic deltaic environment;

a major

aquifer, the Copper Harbour conglomerate, beneath the deltaic Nonesuch
strata introduced copper Into the strata.

Other strata-bound copper deposits are associated with sabkhas (Renfro,
1974).

In this environment intense evaporation Induces the flow of

copper-bearing ground water through a burled, sulphldlc, stromatolitic
mat (which may be preserved as stromatolitic dolomite).
occur 1n red-bed sequences or are underlain by red-beds.

Most sabkhas
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Because the origin of Olympic Dam is speculative, and the required
deltaic and sabkha rock-types have not yet been described in the
post-Bushveld Proterozoic strata, the potential for such a deposit need
not be discussed further.

Unconformity/vein deposits
Some of the world's largest and highest-grade uranium deposits are
vein-like deposits at and below unconformities overlain by Proterozoic
red-beds.

These so-called "unconformity/vein" deposits occur beneath the

Athabasca Group of northern Saskatchewan and beneath the Kombolgie
Formation of the Northern Territory of Australia.

Thus, the base of the

Loskop/Glentig Formation and, especially, the base of the Waterberg Group
are prospective sites for these deposits.
Figure 4 is a schematic cross-section of an Athabascan deposit.

The

figure is an updated version of the model proposed by Hoeve and Sibbald
(1978, figure 9), which in turn was based largely upon the Dielmann
orebody of Key Lake (Dahlkamp, 1978, figure 6 ) .

The principle changes

are:
(1)

All of the major deposits in Saskatchewan occur where a basal
conglomerate exists in the Athabasca Group, especially where this
conglomerate is adjacent to a high in the basement rocks.
Presumably, the conglomerate acted as an aquifer for some part of
the mineralizing solutions.

At the small McClean Lake deposit, no

basal conglomerate exists (Wallis et a ! . , 1984).
(2)

Abundant chlorite is the most common alteration in mineralized
basement rocks containing carbonate rocks (Hoeve and Sibbald,
1978;

Hegge and Rowntree, 1978; Gustafson and Curtis, 1983).

Where carbonate rocks are not present, the majority of the rocks
are "bleached" due to the formation of i l l i t e and/or siderlte
(Hoeve, 1984; Wallis et a l . , 1984).

At Midwest Lake the i l l i t i c

alteration is so intense at the unconformity that the argillic rock
was thought to be an Athabasca mudstone (Hoeve, 1984).
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(3)

Mineralization in the overlying middle Proterozoic clastic strata
(where they are preserved) is common in Saskatchewan but not in
Australia (Hegge and Rowntree, 1978; Gustafson and Curtis, 1983).

(4)

Where mineralization occurs at or below the unconformity a zone of
quartz veinlets extends upward into the overlying middle
Proterozoic strata.

The quartz veinlets extend 60 m above ore at

McClean in Saskatchewan (Wallis et a!., 1984) and 300 m above the
unconformity at Jabiluka in Australia (Gustafson and Curtis, 1983).
In both cases they appear to be solution collapse features. In
both Saskatchewan and Australia the veinlets commonly contain
hematite, carbonates, and trace amounts of sulphides.

Elsewhere

the sandstone becomes more friable, the quartz grains more angular,
and fracture-controlled clay seams appear (Hoeve, 1984).
(5)

In Saskatchewan a plume of illitic alteration (consisting of seams
0,5 to 2 cm thick) occurs in the Athabasca Group above ore. At
McClean (Wallis et a!., 1984) the plume extends 60 to 150 m above
ore and contains anomalous U3O3 (2 to 3 ppm). At Midwest Lake,
the illitic alteration extends to the surface (200 m above the
unconformity) and up to 800 m along the unconformity away from ore
(Hoeve, 1984).

However, at .Jabiluka, alteration in the Kombolgie

is chloritic and limited to within 2 m of the unconformity
(Gustafson and Curtis, 1983).
Not shown on Figure 3 is the nature of the ore. Mineralization consists
of various generations of uraninite and sooty pitchblende altered to
coffinite (Dahlkamp 1978;

Hoeve, 1984; Wallis et a!., 1984).

In the

basement rocks mineralization commonly is associated with nickel-arsenide
and other minerals.

In fact, the Key Lake deposit contains 1 to 2% Ni

and about the same amount of U3O8 (Dahlkamp, 1978).

In the Athabasca

Group the ore deposits tend to be lower grade and not associated with
nickel-arsenide minerals.

Various solution fronts involving sulphidlc,

bleached, or hematitlc rock occur in the deposits (Hoeve and Slbbald,
1978;

Hoeve, 1984; Wallis et a!., 1984), suggesting multiple periods of

precipitation and dissolution.

Arsenide mineralization tends to occur

below sulphide mineralization in the Athabascan deposits (Dahlkamp, 1978;
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Hoeve, 1984; Wallis et a!., 1984).

Many of the Athabascan deposits have

glassy, small (mm) globules of pitch-like material or amorphous carbon,
suggesting that methane or carbon dioxide accompanied mineralization
(Hoeve and Sibbald, 1978).
Tenors of unconformity/vein-type deposits commonly are in excess of 0.2%
U3O8 and some are greater than 1%. Ore grades can be quite variable.
Individual orebodies can be in excess of 10% U3O8 (Hoeve and Sibbald,
1978).

Unconformity/vein deposits constitute some of the largest

giants. The largest, Jabiluka in the Northern Territory of Australia,
has reserves of 207 000 metric tons at a tenor of 0.38% l^Os-

This

is equivalent to 1/3 of the uranium reserves of the United States when
they were calculated at a market price of about $60/lb in 1979 (Cheney,
1981).

At present market prices Jabiluka is probably greater than total

US reserves.
In Saskatchewan, unconformity/vein deposits occur along faults or shears
in the basement rocks.

In some deposits the faults seem to have been

reactivated, because they also cut the Athabasca Group (Figure 4 ) . Small
deposits, such as McClean Lake, may develop over poorly fractured
basement rocks (Wallis et al., 1984).
One consequence of the structural control of such high-grade orebodies is
that the major percentage of the uranium in a given deposit may occur in
a very small orebody (Wallis et al., 1984).

In Saskatchewan, orebodies

are 20 to 100 m wide and 1 000 m long (Hoeve, 1984).

At Jabiluka, 19% of

the tonnage of the deposit contains 66% of the uranium at grades 1,15%
U3O8, whereas the remaining 81% is only 0,14% U3O8 (Gustafson and
Curtis, 1983).

If such a rich orebody dips vertically, it could be

missed by vertical or steeply inclined holes;
affect evaluation of the ore deposit.

such a miss can seriously

Encouragingly, alteration

envelopes commonly are up to 10 to 20 times wider than the mineralization
(Hoeve, 1984).
The origin of unconformity/vein deposits is still controversial.
Dahlkamp (1978) envisaged multiple enrichment of uranium beginning with
its accumulation in the protoliths of the metamorphic rocks, through
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metamorphism, diagenesis of the Athabasca Group, and ev?n recent
weathering.

In Hoeve and Sibbald's widely accepted moí*íl (1978),

oxidizing uranium-bearing solutions in the Athabasca Group were heated to
about 200 °C and reacted with graphitic schists in the oasement,
thereby generating methane that acted as a mobile reductant of uranium.
Because the Athabascan deposits have several characteristics in common
with roll-type sandstone deposits (Table 4) and the graphitic schists are
sulphidic, Cheney (1981) suggested that the mobile reductant is sulphide
minerals in the graphitic schists. The recent description of the McClean
Lake deposits (Wallis etal., 1984) seems to confirm this hypothesis.

POTENTIAL OF THE LOSKOP FORMATION
The Loskop red beds of the eastern Transvaal are conformable with the
Rooiberg Group but unconformably overlain by the Waterberg Group (Coertze
et al., 1977).

As noted in Appendix IV, the Glentig and lower Swaershoek

formations near Mylstroom have the same lithologies and contact
relationships as the Loskop. These rocks have considerable potential for
an Olympic Dam-type deposit for the following reasons:
(1)

Felsic volcanic and volcaniclastic rocks are common minor
lithologies (Coertze, et al., 1977; Jansen, 1982).

(2)

Some coarse volcaniclastic rocks may be associated with
contemporaneous faults (Jansen, 1982), as may be the case at
Olympic Oam (Roberts and Hudson, 1983).

(3)

Olympic Oam may be related to major linears (Roberts and Hudson,
1983); the lower Swaershoek in the Nylstroom syncline is in or
adjacent to the major easterly trending Murchinson fault and
fracture zone.

(4)

If Vergenoeg is significanrl/ related to Olympic Oam, it is in
teresting to note that the red beds overlying Vergenoeg have
yielded a minimum age of 2 0?^ Ma (Walraven, 1982a), which implies
that these strata are Loskop.
contain Vergenoeg material.

Thus, Loskop-equivalent strata might

If leaching of uranium from the Rooiberg felsites proves to be widespread
and spatially or temporally related to the Loskop Formation, the Loskop
and equivalent formations would also have potential for the
unconformity/vein-type of deposits.
None of the airborne radiometric anomalies recognized by Minty (1977)
occur in the Loskop, Glentig, or lower Swaershoek Formations.

However,

the north-south flight lines on the eastern end of the Middleburg
syncline and on the western end of the Nylstroom syncline do parallel the
stratigraphy.

Considering the possible potential of the Loskop, the

flight lines of future aerial surveys should be at right angles to the
stratigraphy.

POTENTIAL OF THE WATERBERG
Unconformity/vein deposits

The thickness and age of the Waterberg

compared with the Athabasca Group and the Kombolgie Formation might seem
too great to be prospective for unconformity/vein deposits. However,
Appendix IV shows that in the main Waterberg area, the succession is
composed of five unconformity-bounded sequences, the oldest of which is
Loskop equivalent.

The Waterberg has four (not one) basal unconformi

ties, is usually less than 3 km thick, and is less than 1 km thick along
its margins. Unconformities on Bushveld granites, granophyres, and
layered mafic rocks (Appendix IV, Figure 3) are not very prospective
because these rocks have negligible contents of sulphides or graphite.
The unconformity overlain by Sequence IV is non-prospective because the
sequence is composed of silty strata, instead of a former aquifer.
Because the "base" of the Waterberg has well-developed unconformities
whereas the Loskop is everywhere conformable with the underlying Rooiberg
Group, the Waterberg has a much better potential for unconformity/vein
deposits than the Loskop.

Gatkop prospect

The one very encouraging aspect of this prospect is a

single black ameboid mass less than 15 cm by 10 cm in the collar of a
drill hole. This mass assayed 2% copper (as chalcopyrite) and 4,8%
U3O3. The rest of the 41 m borehole assayed less than 25 g/t
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U3O8. No other ore-grade mineralization has been found. The pros
pect on Buffplshoek 446 KQ, about 25 km east of Thabazimbi, was being
explored by Anglo American in early 1985. It will also be the subject of
a forthcoming publication by L.S. Labuschagne and C.C. Callaghan of the
South African Geological Survey.

It was recognized by Minty as airborne

anomaly 440SÍ1) on Block 10/71 {Thabazimbi sheet).
Anglo American is known to have conducted detailed geological mapping on
a 1:5 000 grid, geochemical prospecting for U, Cu, Zn, and Pb, airborne
radiometrics, airborne magnetics, and IP. The Geological Survey is known
to have conducted detailed geological mapping and geochemical sampling.
In conjunction with A E C , the Geological Survey has drilled several
shallow boreholes.
The general geology is shown in Figure 5.4 of Jansen (1982).

Waterberg

strata (Alma formation), dipping gently northward, are cut by a south
eastward dipping thrust which places granitic rocks, Transvaal dolomite,
and banded iron formation over the Waterberg. Close to the fault the
Waterberg dips 30 to 40° N.
Most of the exposed Waterberg strata are poorly sorted and weakly
stratified conglomerates.
clast-supported.

The conglomerates range from matrix to

Strips of conglomerate within granitic rocks indicate

that the details of faulting are complex.
The reason that the tiny amount of mineralization is encouraging is that
it is chemically precipitated in a red-bed;

presumably this precipita

tion was diagenetic or epigenetic.
Because the shallow boreholes did not intercept uranium mineralization at
depth, the following possibilities exist:
(1)

The mineralization originally did continue with depth but has been
leached (such as in the bleached or hematitic facies of McClean
Lake deposit described by Wallis et al. (1984).

If so, Gatkop

could be an Athabascan type deposit that should be drilled to
basement (at least);

specifically, Gatkop, being in the lower
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plate of a thrust, could resemble Collins Bay B, Saskatchewan,
described by Jones, 1980, Figure 7c.
(2)

The mineralization represents a horizontal plume displaced from its
underlying source in the basement, as at McClean Lake described by
Wallis et al. (1984), or

(3)

The mineralization could be related to the once overlying Gatkop
thrust or to the upper plate as in the case of Rabbit Lake,
Saskatchewan, described by Hoeve and Sibbald (1978).

If so, the

Gatkop thrust and upper plate deserve to be intensively prospected.
Whether Anglo American did this is not known. The grid investi
gated by the Geological Survey was entirely in the Waterberg.
(4)

The ameboid could be an unoxidized remnant of an Olympic Dam-type
of deposit.

The copper-uranium mineralization and the poorly

sorted and stratified conglomerates could fit the description of
Olympic Dam by Roberts and Hudson (1983).

Mineralized faults in the basement rocks

Sulphidic or graphitic rocks

and mineralized faults in the basement rocks, especially those adjacent
to the Waterberg unconformities, would be highly prospective where they
pass beneath the Waterberg.

Sulphidic zones might be indicated by barite

deposits in the Archaean rocks, such as the one described by Horn
(1979).

Based upon the airborne surveys subsequently used by Minty

(1978), Dames and Moore (1978) claimed to have identified radioactive
faults in the Archaean basement.
Minty's anomaly 232 N on 2328BA of the Pietersburg 1:250 000 sheet is
especially intriguing.

The anomaly is probably caused by topography, but

just north of it, the northward striking Mogalakwena sandstone lies
immediately to the west of an easterly striking vein containing
barite-galena-quartz-calcite mineralization (Willemse et al., 1944).
This area deserves diligent prospecting.
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Results of airborne surveys
Placing Figure 3 over the appropriate 1:250 000 geological sheets or on
Folder 3.1 of Jansen (1982) shows that 23 anomalies occur in the
Waterberg Group. Table 5 of Appendix II shows that only two were
investigated on the ground:

206S of Block 9/71 and 33E of Block 8/69.

Both of these are shown on Figure 3 (Pietersburg sheet);
rejected.

both were

All of the other 16 anomalies over the Waterberg that were

not given a YES verdict in Table 5 of Appendix II were down-graded
solely on the basis of topographic relief.
None of Minty's airborne anomalies occur on the contact of the
Wilgerivier Formation with underlying rocks in the Middelburg area.
However, seven anomalies occur near the basal unconformities of the
Waterberg Group north of Nylstroom (Table 5 ) . These areas should be
investigated on the ground.
Unfortunately, the flight lines were not everywhere oriented in the
best direction to discover unconformity/vein type mineralization.
Because the controls for any such mineralization are structures and
lithologic contacts in the basement, most of which

strike slightly

north of east, the optimum orientation of the flight lines would have
been slightly west of north. However, along the eastern margin of the
main Waterberg area between 23°30

and 24°30

(Blocks 8/69 and

11/71) and in the Villa Nora area on the north side (Block 8/69) the
flight lines were east-west.

The extreme northeastern corner of the

Waterberg east of 29°00 E was not even flown.
Nor were the flight lines in the Middelburg area always oriented in the
proper direction in Blocks 12 and 13/71.

The lines were flown north-

south, which is parallel to the stratigraphy in the underlying Rooiberg
Group in the Hammanskraal area (2528AD) and to major faults in the
Loskop Formation in the area of map sheet 2528DA.

<S4

Several companies, including GENCOR, Anglo American, and Southern
Sphere reported that they had Flown the rim of the main Waterberg
area. Presumably the flights were parallel to the Waterberg contacts
(and hence the topography), but may have included lines just a few
kilometres long at right angles to Waterberg contact.

On the eastern

and western margins of the Waterberg, these short lines would have been
parallel to the structures and lithologies in the basement.

The

results of these surveys are not known, but some are reported to have
located conglomeratic units within the Waterberg that are Th-rich.
Regoli ths

Regoliths at the base of the Athabasca Group of northern

Saskatchewan may not be instrumental in the genesis of the uranium
deposits, but appear to be a characteristic feature. Attempts should
be made to recognize similar features below the red beds in the
Bushveld area.
The regoliths at McClean (Wallis et al., 1984), Rabbit Lake (Hoeve and
Sibbald, 1978), and Midwest Lake (Hoeve, 1984) vary from red at the top
to green at the bottom.

The McClean regolith ranges in thickness from

7 to 222 m and is generally greater than 42 m;
over fault zones (Wallis et al., 1984).

the greatest depths are

At Rabbit Lake the regolith is

up to 50 m thick (Hoeve and Sibbald, 1978).
To date very few examples of regoliths have been described beneath the
red-bed sequences in the Transvaal.

Jansen (1982, p. 9) describes a

"thin layer of soft, whitish to greenish clayey substance" at the base
of the upper Swaershoek Formation of the Waterberg Group;

he suggests

that it is the "decomposition product" of the Glentig Formation between
the Swaershoek and the underlying Rooiberg. Jansen (1982, p. 12, 15)
describes the base of the Swaershoek as a shale overlain by conglome
rate, which in turn is overlain by sandstone.

The conglomerate is up

to 275 m thick but discontinuous along strike (De Vries, 1969).

If one

expects a basal unit to be conglomerate, the shale might be a regolith.

RECOMMENDATIONS

INTRODUCTION

A number of recommendations have been made throughout the text. They
and others are listed below in approximate order of decreasing
priority. The foremost recommendation is to get sufficient data
(airborne radiometric surveys and geochemical surveys) in the public
domain so that some reasonably good uranium anomalies can be
identified.

Some of the other major recommendations are based upon the

bias that the identification of a proper geological environment for an
ore deposit is more productive than identifying the possible sources of
the uranium.

The recommendations that could lead to the discovery of a

giant uranium deposit are given a higher priority than those which
would only find small deposits. The most likely types of giant uranium
deposits to be found in the Bushveld and related rocks are
unconformity/vein and Olympic Oam-type deposits associated with middle
Proterozoic red beds. The second most likely economic variety of
deposits are those in felsic volcanic rocks. Research directed toward
finding these types of deposits is given a higher priority than other
types of research.
The recommendations are listed below in approximate order of decreasing
priority.

RECOMMENDATIONS

Generation of airborne radiometric anomalies

The highest priority is

tc generate uranium anomalies, or if this work sheet has already been
done by private companies, to get this information into the public
domain.

The present may be the ideal time to overcome the historic

"proprietary nature" of the data of private companies and public
agencies. The price of uranium is so low now that few companies are
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engaged in exploration for it, but lots of companies have now seemingly
useless data that were acquired when the future seemed rosier.

If

these data could be acquired and compiled by a single, public research
institution, the benefit to all exploration companies could be immense.
The airborne radiometric surveys commissioned by the South African
Geological Survey and conducted from 1969 to 1978 are practically
worthless (see Appendix II). By all accounts, those conducted by the
Geological Survey over the Karoo Sequence are far superior.

The only

complaint about the latter is that if the data had been released to the
companies immediately after being flown, rather than after the
Geological Survey had analysed them, exploration in the Karoo would
have been much more efficient.
The best alternative would be to re-fly the Bushveld area.

If this

cannot be done, then ARC should take the lead in pursuading the
companies to submit their various airborne surveys to a designated
institution for compilation.

Obviously problems would remain:

(1)

The surveys would have been flown under different conditions, and

(2)

the flight lines may not be in the correct orientation to produce
the best information.

The least attractive alternative would be to reprocess (computerenhance) the 1969-1978 surveys.
Whichever of the three options (new survey, compilation of corporate
surveys, or reprocessing the 1969-1978 surveys) is adopted, the
institution charged with the task will have to be equipped with one or
more geophysicists and computer facilities.
If a new survey is to be flown, it can be more effectively designed
than the previous surveys by means of the following:
(1)

Using a helicopter so that variation in topography are not a
problem
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(2)

Orientating the flight lines to be at right angles to the feature
that is presumed to control the potential ore body.

In effect

this means that individual blocks of flights will be smaller than
those in the 1969-1978 surveys. Some specific examples are:
(a) At right angles to the northerly strike of the Rooiberg Group
and the Loskop Formation on the eastern end of the Middelburg
syncline and of the lower Swaershoek {Loskop) on the western
nose of the Nylstroom syncline
(b) At right angles to easterly striking Rooiberg, Loskop, and
Waterberg strata in the Nylstroom syncline and Swaershoek
anticline
(c) At right angles to the northerly strike of the Rooiberg
felsites where they are unconformably overlain by Waterberg
Group on the northern side of the Middelburg syncline in the
Hammanskraal (2528AD) area
(d) At right angles to the structures that might have localized
unconformity/veins beneath the Waterberg Group in north
western Transvaal. This means that the lines will be
slightly west of north no matter what the strike of the
overlying Waterberg sequences.
(3)

Using a detector crystal of appropriate volume.

Small crystals,

such as used on the 1969-1974 surveys, probably do not generate
enough anomalies;

larger ones may generate too many to be

thoroughly tested by ground surveys.
(4)

Considerable thought must be gi"en to what other airborne
parameters can be used to discriminate the vast number of airborne
anomalies that may be generated.
used U/Th greater than 1.

For example, Swindell (1980b)

(5)

Some areas need not be flown again:
(a) The Karoo Sequence, because the location of uraniferous coal
is already well known, and tho subsurface occurrences of
additional uraniferous coals and any sandstone-type deposits
will not be detected by airborne surveys in any case
(b) The Bushveld granites, because they have been adequately
tested by the combination of the previous SAGS surveys and
those described by Gilbert (1979b) and Swindell (1979a,
1979b, 1980a, 1980b).

The flight lines should extend into

the granites to test the gaps along the contacts left by the
surveys described by Gilbert and by Swindell.
Generation of geochemical data for exploration

No regional geo-

chemical data on waters, soils, stream sediments, and rocks exist to
evaluate the potential for buried uranium deposits. Again, abundant
geochemical data reside in the proprietary files of many companies.
Many of these data already exist in

AKC'S

proprietary files because of

the legal requirement that corporations report some of them to A E C .
AEC

must acquire or produce such data if the determination of the

uranium potential of the Bushveld area is to proceed.
Surveys conducted for uranium would have a larger application and
greater justification if they could be utilized for the exploration for
deposits of other metils as well. The cost of analysing additional
elements is miniscule compared with the cost of collecting the samples.
Multi-elemental surveys currently are being conducted by the South
African Geological Survey in parts of the Karoo and northwest Cape
Province.

Similar surveys were conducted in promising areas as part of

the NURE programme in the United States. This part of the NURE
programme was instituted too late to aid in the discovery of any uranium
deposits, and different contractors usually did not analyse for exactly
the same elements by the same techniques. None the less, the multielemental data that have been released in the last few years are widely
used by various companies as an exploration tool for various other
metals.
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The obvious first step in the Bushveld area would be to conduct
orientation surveys in the vicinity of known uranium-bearing deposits
(such as Gatkop and the Albert Silver Mine).

Various elements should be

tested on samples of ground water, stream sediment, and soil, with
special attention being paid to various extractive techniques on various
size fractions of the stream sediments and soil. Radon and helium gas
surveys in soil could also be useful.

DeVoto (1984) briefly reviews

some of the techniques. The full-scale surveys might be beyond the
capacity of a university, but academic units might be ideally suited to
conduct the orientation surveys.
Computer processing commonly is needed to manipulate the multi-elemental
data. This is especially true of groundwater surveys that require
calculations of solubilities (or saturation indices) at various levels
2

of pH, Eh, alkalinity, SO4 -, HCO3-, CI" etc. (OeVoto, 1984).
Incidentally, a plea could be made to lessen the requirements on the
Geological Survey and the companies to report "anomalous" uranium
samples to NUCOR, especially if these data are not going to be used in
the public domain. At present all assays over 60 ppm U3O8 must be
reported.

With the advent of rapid geochemical techniques to analyse

many elements, many samples must exceed 60 ppm;

hence the burden of

fully complying with the requirement must be immense. Although 60 ppm
is anomalous, it is far from being ore. A more realistic minimum value
would be greater than 150 ppm.

Ground Investigations of anomalies

Although all previous ground

investigations have been disappointing, several untested anomalies
deserve prospecting.

The seven airborne anomalies listed in Table 5

should be investigated for unconformity/vein type deposits. The five
uranium occurrences given a YES verdict in Table 1 of Appendix III also
deserve investigation;
investigated.

the two on the Gatkop prospect have already been

Of course the three remaining occurrences and the seven

airborne anomalies already may have been investigated by one or more
companies, but no record of their investigation occurs in available
documents.
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The ground investigations should be conducted by a geologist who is
familiar with the type of uranium deposit that might occur at each
locality.

At the very least, this geologist should be familiar with the

literature cited in this report.

Multi-elemental targets

Because the price of uranium is likely to

remain depressed for at least another decade, many research projects
involving uranium would be easier to justify if they also were
applicable to other types of ore deposits, or if they were directed
toward those types of uranium deposits that produce other elements as
co-products or important by-products.

Good examples of the latter are

Olympic Dam and some unconformity/vein deposits. The other type of
example is that precious metal deposits and uranium deposits occur in
calderas.

Models of ore deposits

The biggest problem facing renewed exploration

in the Bushveld area is that no deposits of any significance are known
(except, perhaps, as proprietary information of individual mining
companies). To overcome this problem, models of uranium ore deposits
need to be refined so that they can be matched with potentially
favourable areas in the Bushveld and related rocks.
The models that especially need to be refined are (a) Olympic Oam;
(b) unconformity/vein;

and

(c) sabkha, etc. if the search is going to be expanded to non-Bushveld
rocks such as the Transvaal Sequence.
Models can be equally well developed by industry, governmental agencies,
and universities. The single most important prerequisite is that the
modeller must have direct experience with the types of rocks and ore
deposit that are thought to constitute the model.

If a person with that

experience cannot be hired, then a well-qualified geologist must be sent
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to see the most important deposits. This is especially true for new
types of deposits such as Olympic Dam, about which so little information
has been published.

Expertise on geological environments

Like models of ore deposits

themselves, models of depositional environments seldom can be recognized
by a person who has not previously studied that environment.

Few South

African geologists have seen Tertiary volcanic rocks and calderas.
Until this happens, the Rooiberg Felsite and its potential for ore
deposits of various kinds probably will be poorly understood.

Thus, a

priority item would be to either hire such an experienced person or to
send a qualified geologist to study Tertiary calderas like those in the
United States described by Lipman (1975) and others.

Reconnaissance geological mapping

Reconnaissance geological mapping

on both the prospect and regional scales are critical in the discovery
of ore deposits. For example, if a prospect could be demonstrated to
have a regolith beneath Waterberg Group rocks that had a basal
conglomerate on strike with a sulphidic zone in basement rocks with
associated chloritic alteration, many of the criteria for an
unconformity/vein type deposit would have been recognized.

Obviously

deposits with the largest number of criteria (including geochemical and
geophysical ones) should receive the highest initial priority for
investigation. This type of mapping is best done by industry.
The major commitment of research-oriented institutions such as
Geological Surveys and universities should be to regional reconnaissance
geological mapping.

Most large-scale features (such as calderas or

major faults) usually are first recognized (and certainly only
delineated) by regional reconnaissance mapping.

The major priorities in

the Bushveld area should be directed toward those areas that are
favourable for unconformity/veins, Olympic Dam, and volcanic-hosted
uranium deposits;

that is, mapping should be concentrated upon the

Loskop and Waterberg strata (and nearby basement rocks) and the Rooiberg
Group.
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Southeastern extension of the Bushveld

Boreholes drilled for

exploration of the coal deposits in Karoo routinely penetrate a metre or
two of the basement.

The lithology of the basement must be known to

geophysically model the distribution of diabasic intrusions in the
coal.

Reputedly, information on the basement lithologies should not be

very proprietary because the various companies already trade many data
about the coals.

Existing geological maps suggest that much of the

basement southeast of the Bushveld Complex is either Rooiberg or Loskop,
both of which are good potential targets for uranium.

Determination of supergene enrichment

Not enough evidence exists to

be certain that the Albert Silver Mine has undergone supergene
enrichment of Cu, U, and Ag.

Additional research should combine

mineralogy and geochemistry (assays and geochemical ratios) in the same
vertical plane.

If future research could demonstrate that the

mineralization at the Albert Silver Mine (or in other veins elsewhere in
the granites) was due to supergene enrichment, it would demonstrate that
only a small part of already small vein systems is likely to be
economic.

Leaching of uranium

Geochemical and petrographic studies should be

combined to determine the extent and timing of leaching of uranium (and
other elements) from the Bushveld granites and the Rooiberg.

Petro

graphic studies are a necessary part of such a study as they should
provide mineralogical confirmation of any leaching that is inferred from
geochemical studies.

The types of mineralogical changes should indicate

whether the inferred leaching was syngenetic diagenetic, or epigenetic.
Mineralogical changes should also be easier to map than geochemical
changes.

The extent of any leaching is important because this will indicate how
much uranium was potentially available for precipitation as ore
deposits.

The geometry of the leached zone is important because the

spatial relationship of the leached zone to other features (such as the
sub-Waterberg unconformity, the present erosion surface, zones of
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hydrothermal alteration, fault zones, etc.) may be the best indication
of the origin and timing of the leaching.

Samples will have to be

analysed from the deepest possible drill holes and mines to determine
the depth of any present or former leaching.
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Table 1:

SOURCES OF DATA FOR 1:250 000 MAPS

1:250 000 Geological S r r i e s Maps
1)

Rustenburg s h e e t : 2526 Rustenburg (1978), a v a i l a b l e from t h e
SÁ Geological Survey

2)

P r e t o r i a s h e e t : 2528 P r e t o r i a (1978), a v a i l a b l e from the
SA Geological Survey

3)

Thabazimbi s h e e t : 2426 Thabazimbi ( 1 9 7 4 ) , a v a i l a b l e from t h e
SA Geological Survey

4)

Nylstroom s h e e t : 2428 Nylstroom (1978), a v a i l a b l e from the
SA Geological Survey

5)

Ellisras sheet:
SA Geological

6)

P i e t e r s b u r g s h e e t : Unpublished map compiled by D . J . L . V i s s e r ,
SA Geological Survey

7)

P i l g r i m ' s Rest s h e e t : unpublished map compiled by D . J . L . V i s s e r ,
SA Geological Survey

8)

Barberton s h e e t : unpublished map compiled by D.J.L.
SA Geological Survey

unpublished map compiled by D.J.L. V i s s e r ,
Survey

Visser,

1:250 000 Geochemical Maps
1)

Uranium: Unpublished maps and card f i l e s by L.S. Labuschagne
and A.J.M. B r a b e r s , SA Geological Survey

2)

Molybdenum: Unpublished maps and card f i l e by A.J.M. B r a b e r s ,
SA Geological Survey; augmented by d a t a from Stephans (1977)
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1:250 000 Total Count Airborne Radiometric maps as available at the
Open-File Office of the SA Geological Survey
1)

Rustenburg sheet

Zeerust-Lichtenburg-Brits Area

2)

Pretoria sheet

Pretoria-Pienaars River-Groblersdal Area:
Nylstroom Area, and Witbank Area

3)

Thabazimbi sheet

Thabazimbi-Derdepoort Area

4)

Nylstroom sheet

Potgietersrus Area and Nylstroom Area

5)

Ellisras sheet

Ellisras-Pietersburg-Phalaborwa Area and
Maasstroom-Tom Burke-Steilloopbrug Area

6)

Pietersburg sheet

Ellisras-Pietersburg-Phalaborwa Area and
Maasstroom-Tom Burke-Steilloopbrug Area

7)

Pilgrim's Rest sheet

Pilgrim's Rest Area

8)

Barberton sheet

Barberton

Uranium anomalies on the 1:250 000 Airborne Radiometric Surveys, available
at the Open-File Office of the SA Geological Survey
1)

Rustenburg sheet

:

Minty, 1977, Block 7/69

2)

Pretoria sheet

:

Minty, 1977, Blocks 12/71, 13/71, 15/73, and
21/74

3)

Thabazimbi sheet

:

Minty, 1977, Block 10/71

4)

Nylstroom sheet

5)

Ellisras sheet

:

Minty, 1977, Blocks 8/69 and 9/71

6)

Pietersburg sheet

:

Minty, 1977, Block 8/69

7)

Pilgrim's Rest sheet :

Day, 1980, Figure 5.2 (Block 25/7S)

8)

Barberton sheet

Day, 1980, Figure 5.1 (Block 25/78)

Minty, 1977, Blocks 11/71 and 15/73

:
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1:250 000 Aeromagnetic Maps, available a t t h e Open-File Office of the
SA Geological Survey

1)

Rustenburg s h e e t :

Zeerust-Lichtenburg-Brits Area

2)

P r e t o r i a sheet

Pretoria-Pienaars River-Groblersdal Area,
Ny1stroom Area and Witbank Area

3)

Thabazimbi sheet

Thabazimbi-Derdepoort Area

4)

Ny1st room sheet

Potgietersrus Area and Nylstroom Area

5)

Ellisras

Ellisras-Pietersburg-Phalaborwa Area and
Maasstroom-Tom Burke-Steilloopbrug Area

6)

Pietersburg sheet:

7)

P i l g r i m ' s Rest
sheet

8)

:

sheet

Barberton sheet

:

Ellisras-Pietersburg-Phalaborwa Area and
Maasstroom-Tom Burke-Steilloopbrug Area
Pilgrim's Rest Area
Barberton

Table

2

MEANS, RANliF.S AND MAXIMUM VALUES OF THE URANIUM CONTENTS OF BUSI1VKU) GHANITES

s
AUTHOR

COETZEE

(«984)

1 1
<5 to 46 < 5 LO ^0

20

G. K.LEEMAN JJ4 TWIST
(1983)
NIEMAND

(1984)

WATTERSON

(1975)

30
max.

6 to 12
HAYNÊS

(1979)

19

15

11
9 to

'11

1 to 9

2 to 26
8 to 15

22
h to 30
21
1 1 to 47

31

13 to 34

31

TENORS OF PORTIONS OF THE ALBERT SILVER MINE (WESTERN PORTION OF VEIN)

VEIN
DEPTH (M)

ALTERATION

Ag g/t

Cu%

Pb%

U 0 g/t
3

8

Ag/Pb

Cu/Pb

BORE HOLE

5-2

0 to 3

61

0,21

0,23

41

0,27

0,91

BORE HOLE

6-2

0 to 8

486

0,34

0,05

56

0,97

6,8

BORE HOLE

6-3

8 to 12

80

0,12

0,05

53

0,16

2,4

63

0,07

4,4

0,04

1,3

PRODUCTION (1885-1839)
BULK SAMPLE
7 SAMPLES

21, 46,76

46

ENVELOPE

TONS

20,000

1 140

Cu%

Pb%

U 0 g/t

127

0,11

0,09

41

3

8

10

323

0,31

0,44

50 to 60

110

0,29

0,23

10 to 12

Ag g/t

BOREHOLE

As 6

76

66

0,13

0,05

110'

0,13

2,6

BOREHOLE

As 1

150

243

0,79

1,06

100

6,03

0,7

RESERVES

0-46

491, 357

102

0,62

0,34

0,03

1,8

RESERVES

46 to 76

160.068

77

0,01

0,01

0,08

1,0

95

Table 4

COMPARISON OF ROLL-TYPE SANDSTONE DEPOSITS AND ATHABASCAN
UNCONFORMITY/VEIN DEPOSITS

CHARACTERISTIC

RELATIVE

ROLL-TYPE

ATHABASCA

DIAGENETIC

DIAGENETIC IN SANDSTONE
EPIGENETIC IN BASEMENT

CONTINENTAL AND
FELDSPATHIC

CONTINENTAL AND
FELDSPATHIC

WITHIN

WITHIN AND BELOW

AGE
ORIGINAL
SANDSTONE AQUIFER
ORE WITH RESPECT
TO ACQUIFER

FACIES
CONTROL

WHERE FLUVIAL
SANDSTONES AND
CONGLOMERATES
GRADE INTO SILTSTONES

PRE-ORE
SULFIDES

PYRITE

MAJOR ORE-STAGE
MINERALS

BENEATH
A FLUVIAL
BASAL CONGLOMERATE

PYRITE AND
OTHER SULFIDES

SULFIDES > U02
SELENIDES

U02 > ARSENIDES
I SULFIDES

INTERSTITIAL

FAULTS AND FRACTURES
> INTERSTITIAL

CLAYS WITHOUT
SULFIDES

QUARTZ VEINLETS,
CLAYS AND MICAS
± SULFIDES

JORDISITE
(M S )
HALO

PERIPHERAL
TO ORE

PERIPHERAL
AT CLUFF LAKE
AND McCLEAN

CARBON

COALIFIED
PLANTS

GRAPHITE AND BEADS
OF HYDROCARBON

COMPLEX
PARAGENESIS

MULTIPLE GENERATIONS
OF PYRITE

MULTIPLE PERIODS OF
URANIUM
MINERALIZATION

OCCURRENCE
OF ORE
ALTERATION OF SANDSTONE
BEYOND ORE

0

2

DEPTH OF
FORMATION

< 1 000 m?

> 1 000 m?

T°C OF
FORMATION

100°

100 TO < 250°
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TABLE

5

Airborne anomalies near the basal unconformities of the
Waterberg Group

Anomaly

Sheet Block

Remarks

32E

Pietersburg
8/69

Makgabeng (Sequence IV) over Bushveld granite

37E

Pietersburg
8/69

Makgabeng (Sequence IV) over Bushveld granite
given LOW verdict because topography ^ 4 5 n

68E

Pietersburg
8/69

Sulphidic mineralization (Mo, Sn, As, REE) in
Lease granite (Crocker, 1979) adjacent to
Makgabeng (Sequence IV)

206S

Pietersburg
9/71

Setlaole (Sequence III) over Archaean rocks
ground investigation by Dames and Moore = 5 ppr

232N

Pietersburg
9/71

E-U trending vein of galena and barite in
Archaean rocks (Willemse et al.,
1944, p. 87-92)
just east of Mogalakwena (Sequence V)

440S(1)

Thabazimbi
10/71

Alma (Sequence II) overthrust by Transvaal
Supergroup rocks at Gatkop prospect

873W

Nylstroom
11/71

Sterkrivier (Sequence II) over Rooiberg Group

:

ig. 1

Fig. 2

Index map

Index map of airborne radiometric surveys

Figure 33.

3-1
3-2
3-3
3-4
3-5
3-6

(Note that because the data base includes
these large map sheets, it is not possible
to present them with every copy of this
report. The full data base can be inspect
by arrangement at the Bushveld Research
Institute, University of Pretoria.

DATA BASE
RUSTENBURG SHEET
PRETORIA SHEET
TKABAZIMBI SHEET
'.YLSTROOM SHEET
ELLISRAS SHEET
PIETERSBURG SHEET

Ground surveys are identified by two letters and a number. The first letter
designates the rocktype.
The second letter designates the author's last
name, and the number is the year of publication. For example, 0M6 means
quartzite, Moon (1976) and AH/S9 is alkalic igneous complex, Haynes and
Schutte, 1979.
A = alkalic igneous complex
C = carjonatite
D
F
G
I
L
P
Q
S
V
W
X

=
=
=
=
=
=
=
=
=
=
=

dolomite
felsite
gneiss
granite
limestone
granophyre
quartzite
swamp
volcanic rocks
Waterberg or Loskop
cultural contamination

LIST OF SYMBOLS
Ground Survey
Airborne anomaly of
Minty (1977) that has
survived screening
Airborne anomaly of
Dames and Moore
(1978) that has
survived screening
MONAZITE
URANIUM
MOLYBDENUM

B2
B5

- Bouwer (1952)
= Brabers (1985 pers. comm.: maps and
files)
B7
= von Backstrom (1967)
C5
= Crocker (1985)
C7
= Crocker (1977)
D8
= Dames and Moore (1978)
H8
= Herzberg (1968)
H9a = Herzberg (1969a)
H9b = Herzberg (1969b)
H9c = Herzberg (1969c)
HC
= Herzberg (1970)
HoO = Horn (1980)
Hu8 = Hugo (1958)
Hy9 = Haynes (1959)
H/S9 = Haynes and Schutte (1979)
L5
= Labuschagne (1985 pers. comm.: maps
and files)
M5
= Moon (1975)
M6
= Moon (1976)
M7
- Minty (1977)
M/H5 = McDonald and Herzberg (1975)
N8
= Nylstroom 1:250,000 (1978)
P8
= Pretoria 1:250,000 (1978)
R8
= Rustenburq 1:250,000 (1978)
SOa = Swindell (1980a)
S9c = Swindell (1979a)
S7
= Stephan (1977)
T4
= Thabazimbi 1:250,000 (1974)
VI
= Voet (1981)
V6a = Verwoerd (1956a)
V6b = Verwoerd (1956b)
V6c = Verwoerd (1956c)
V6d * Verwoerd (1956d)
V7
= Verwoerd (1967)
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APPENDIX

TABLE 1

I

SOURCES OF DATA FOR 1:250,000 MAPS

1:250,000 Geological Series Maps
(1)

Rustenburg sheet: 2526 Rustenburg (1978), available from the
S.A. Geological Survey

(2)

Pretoria sheet:
2528 Pretoria (1978), available from the
S.A. Geological Survey

(3)

Thabazimbi sheet: 2426 Thabazimbi (1974), available from the
S.A. Geological Survey

(4)

Nylstroom sheet: 2428 Nylstroom (1978), available from the
S.A. Geological Survey

(5)

Ellisras sheet: unpublished map compiled by D.J.L. Visser,
S.A. Geological Survey

(6)

Pietersburg sheet: unpublished map compiled by D.J.L. Visser,
S.A. Geological Survey

(7)

Pilgrims's Rest sheet: unpublished map compiled by D.J.L. Visser,
S.A. Geological Survey

(8)

Barberton sheet: unpublished map compiled by D.J.L. Visser,
S.A. Geological Survey
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1:250,000 Mineral deposits and occurrences in South Africa (first
edition) maps and explanatory text available at the Open-File of the S.A.
Geological Survey.
(1)

Rustenburg sheet

2526 Rustenburg (1977)

(2)

Pretoria sheet

2528 Pretoria (1977)

(3)

Thabazimbi sheet

2426 Thabazimbi (1977)

(4)

Nylstroom sheet

2428 Nylstroom (1977)

(5)

Ellisras sheet

not published

(6)

Pietersburg sheet

2328 Pietersburg (1978)

(7)

Pilgrim's Rest sheet

2430 Pilgrim's Rest (1977)

(8)

Barberton sheet

2530 Barberton (1977)

1:250,000 Mineral deposits and occurrences in South Africa (unpublished
maps and card files)
(1)

Uranium

:

compiled by L.S. Labuschagne and A.J.M.
Brabers, S.A. Geological Survey

(2)

Molybdenum

:

compiled by A.J.M. Brabers, S.A. Geological
Survey; augmented by data from Stephans (1977)

(3)

Ellisras sheet:

compiled by A.J.M. Brabers, S.A. Geological
Survey

1:250,000 Water boreholes drilled by the Department of Environmental
Affairs, maps and bore hole logs available at the Open-File Office of the
S.A. Geological Survey.
(1)

Rustenburg sheet

2526 Rustenburg

(2) Pretoria sheet

2528 Pretoria

(3) Thabazimbi sheet

none

(4) Nylstroom sheet

none

(5) Ellisras sheet

none

(6) Pietersburg sheet

2328 Pietersburg

(7) Pilgrim's Rest sheet

2430 Pilgrim's Rest

(8) Barberton sheet

none
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1:250,000 Total Count Airborne Radiometric, maps available at the
Open-File Office of the S.A. Geological Survey.
(1)

Rustenburg sheet

Zeerust-lichtenburg-Brits Area

(2)

Pretoria sheet

Pretoria-Pienaars River-Groblersdal Area,
Nylstroom Area, and Witbank Area

(3)

Thabazimbi sheet

Thabazimbi-Derdepoort Area

(4)

Nylstroom sheet

Potgietersrus Area and Nylstroom Area

(5)

Ellisras sheet

Ellisras-Pietersburg-Phalaborwa Area and
Maasstroom-Tom Burke-Steilloopbrug Area

(6)

Pietersburg sheet

(7)

Pilgrim's Rest sheet:

Pilgrim's Rest Area

(8)

Barberton sheet

Barberton Area

:

:

Ellisras-Pietersburg-Phalaborwa Area and
Maasstroom-Tom Burke-Steilloopbrug Area

Uranium anomalies of the 1:250,000 Airborne Radiometric Surveys,
available at the Open-File Office of the S.A. Geological Survey.
(1)

Rustenburg sheet

Minty, 1977, Block 7/69

(2)

Pretoria sheet

Minty, 1977, Blocks 12/71, 13/71, 15/73,
and 21/74

(3)

Thabazimbi sheet

Minty, 1977, Block 10/71

(4)

Nylstroom sheet

Minty, 19/7, Blocks 11/71 and 15/73

(5)

Ellisras sheet

Minty, 1977, Blocks 8/69 and 9/71

(6)

Pietersburg sheet

Minty, 1977, Block 8/69 and 9/71

(7)

Pilgrim's Rest sheet

Day, 1980, Figure 5.2 (Block 25/78)

(8)

Barberton sheet

Day, 1980, Figure 5.1 (Block 25/78)

(9)

Lebowa

Dames and Moore (1978, Tables 5.1, 5.2 and
5.3)
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APPENDIX

II

EVALUATION OF THE AIRBORNE RADIOMETRIC SURVEYS

DESCRIPTION

The most extensive airborne radiometric coverage of the area is that
commissioned by the South African Geological Survey and evaluated by
Minty (1977) and Day (1980).

Because these are the only surveys

available in the public domain, they were the major source of
identification of potential uranium anomalies in the study area (despite
the short-comings discussed below).
made available by GENCOR.

Surveys covering smaller areas were

These were a useful check on the surveys of

the S.A. Geological Survey. Many other companies have flown other parts
of the area, but this information is proprietary.
Coverage of the area by the surveys of the S.A. Geological Survey is
good.

The only parts not covered are the northeastern corner of the

Pietersburg sheet and the Pretoria metropolitan area in the southwestern
corner of the Pretoria sheet (Figure 3 ) . Table 1 compares the parameters
of the surveys.

TABLE

1

PARAMETERS OF AIRBORNE RADIOMETRIC SURVEYS
Spacing
(km)

Survey

Altitude
(m)

Volume of
c r y s t a l (*)

SAGS (Minty 1977)
7/69

1.6

152

5.3

8/69

0.8

152

5.3

1

150

9.4
and
9.3

1

100

16.4

GENCOR ( G i l b e r t 1979a, b)
K r o k o d i l s p r u i t , Cullinan

0.5

100

17.44

GENCOR (Swindell, 1979a,b, 1980b,c)
Verena, Dennilton, J e r i c h o , Nebo

0.5

100

.7.44

GENCOR (Swindell, 1980a)
Marble Hall

1.0

100

17.44

9 / 7 1 , 10/71,
12/71, 13/71
15/73, 21/74

11/71

SAGS (Day 1980)
25/78

Minty (1977) pointed out that the different blocks of the SAGS surveys
were flown by different contractors with different equipment (including
different window settings on their spectrometers) so that the surveys are
not directly comparable.

The volumes of the crystals varied from 5.3 to

11.1 litres. Furthermore, none of the spectrometers were calibrated, so
that the readings were in counts per second, rather than ppm. In most
cases no correction for interaction between channels was applied, and
none of the data were corrected for ground clearance of the detectors.
The surveys done for the S.A. Geological Survey were contoured on total
counts (K + Th + U) on 1:50,000 maps. To generate uranium anomalies,
Minty (1977) and Day (1980) visually inspected the analogue radiometric
tapes, and plotted intervals of high uranium readings as anomalies on
1:250,000.
Upon visual inspection of the records, Minty (1977) recognized 331
anomalies in the 10 blocks that he evaluated, and Day recognized 42, of
which 17 fall within that part of block 25/78 originally within the study
area.

Both authors evaluated these anomalies primarily on the basis of
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contrast, but Minty also considered ground clearance.

Minty (1975,

Table 1) recommended that 19 anomalies in the study area be checked on
the ground.

Day (1980, Figure 5.1 and 5.2) recommended that 17 in the

study area be checked.
For their surveys Gilbert (1979a,b) and Swindell (1979a,b;

1980a,b) used

the same aircraft and instrumentation (Tables 1 and 3 ) . Their ''-ca
included computer print outs of stacked profiles showing various
variables, plus computer generated maps of the flight lines (at 1:50,000)
showing high, medium, and low uranium and thorium anomalies.

These

anomalies were so numerous that some other discriminating parameter had
to be used.

The one finally selected (Swindell, 1979a,c, 1980b) was

U/Th, a dimensionless parameter that should be independent of variation
in vegetation or geometry of the terrane.
of U/Th > 1 was selected.

Eventually a threshold value

Thus not all of the surveys were evaluatec

similarly (Table 3 ) . Because most uranium deposits other than
Witwatersrand-type and some small orthomagmatic types have U/Th in excess
of 1, U/Th > 1 could be an indication of uranium mineralization.

The

technique finally adopted (Swindell, 1979c) was to contour the U/Th on
maps of the flight lines and to only evaluate the small number of uranium
anomalies within the selected threshold value of U/Th.

EVALUATION
Screening at 1:250,000.

Haynes and Schutte (1979) realised that many of

the anomalies over ferruginous quartzltes were enhanced because the
quartzites are ridge-formers.

Likewise, L.S. Labuschagne reported

(personal communication, December 1984) that airborne anomalies as
sociated with felsites, which also commonly are ridge-formers, failed to
show anomalous ground radiation (Appendix II, Table 5 ) .
Thus, one method of screening the anomalies of Minty (1977) is to
eliminate those having more than a certain amount of topographic relief.
Because the nominal ground clearance of the surveys was 150 m, those with
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a topographic relief of 100 m or more on the 1:250,000 maps were given
the lowest possible priority.

Many of the remaining anomalies could, of

course, still be due to topography.
The obvious problem with rejecting all anomalies with more than a certain
amount of topographic relief is that significant uranium mineralization
might occur on the topographic high. An independent way of evaluating
this possibility is to determine whether a known mineral deposit that
might contain uraniu... occurs at or near the airborne anomaly.

Unoxidized

uranium deposits commonly contain as much or more sulphide mineralization
as uranium, thus deposits containing Fe, Au, Ag, base-metals, fluorite,
or barite could be potential hosts for uranium.
The 1:250,000 maps of Mineral Deposits and Occurrences in South Africa
(see Appendix I) were updated by overlaying them on the working maps
compiled by A J M Brabers of the S.A. Geological Survey.

The updated

maps were then overlain on the 1:250,000 airborne anomaly maps of Minty
(1977). The flight lines were generally 1 km apart.

Because some error

could have developed in plotting either the flight lines or the mineral
occurrence, any potential sulphide deposit within 1.5 km of an airborne
anomaly is noted in the "Chalcophile" column of Table 5.

Anomalies with

more than 100 m of relief and no chalcophile deposit within 1.5 km were
relegated to the lowest priority.
One weakness of this approach is that deposits of iron sulphides, which
would be excellent geochemical traps for uranium but are otherwise
worthless, might not occur on the 1:250,000 maps of mineral deposits.
Therefore, anomalies over topographic highs and more than 1.5 km from a
chalcophile deposit were not rejected completely, but instead, were
assigned the lowest possible priority.
It might also be argued that not all of the chalcophile deposits of the
Transvaal have been discovered;

so that some chalcophlle uranium

anomalies were Inadvertently down-graded to the lowest priority.

Un

doubtedly, not all of the chalcophile deposits have been discovered, but
those on topographic highs probably have been.

The absence of chalcophile characteristics also permits some anomalies to
be eliminated. Some rock-types are characteristically sulphidedeficient. Thus, an airborne radiometric anomaly in such rocks should
have a sulphide deposit within 1.5 km of it to be worth considering
further. Accordingly, anomalies with more than 100 m relief but without
chalcophile characteristics (column 6 of Table 5) were rejected if they
occurred in such sulphide-deficient rocks as Waterberg red beds, Bushveid
granite, granophyre, and the Rustenburg Layered Suite.
All of the anomalies recognized by Minty (1977) are listed in Table 5.
Those anomalies with adverse geology (Pretoria quartzites, carbonatites,
alkalic complexes and those rejected by ground investigations) were
dropped from further consideration.
All of the anomalies identified by Day (1980) and evaluated by Callaghan
(1980) in the western quarter of the Pilgrim's Rest sheet have adverse
geology or non-economic mineralization. Only one anomaly on the
Barberton Sheet survived. This is over a shale overlying coal in an
open-cast coal mine about 4 km southeast of Belfast (anomaly 053-2890/1
of Day, 1980). Although this anomaly may indicate that the Karoo should
be investigated here or elsewhere, the Karoo was not studied in this
report.

Because the western quarters of the Pilgrim's Rest and Barberton

sheets do not contain any other uranium or molybdenum occurrences, and
because none of these anomalies has a known sulphide deposit within 1.5
km of it, these sheets were dropped from all further evaluations (and are
not reproduced in Figure V,.

Screening at 1;50,000.

Over two hundred of Minty's anomalies survived

In the "yes" and "lowest" categories after being tested at 1:250,000.
These were then tested on 1:50,000 maps using the same criteria as
before, except that the permissible topographic relief was lowered to
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less than 45 m.

This was possible on the more detailed 1:50,000 maps

because they have 50 foot contour intervals.
anomalies have not been published.

1:50,000 Maps showing the

The fiducial numbers listed by Minty

(1977, Tables 2 to 10) were interpolated and laboriously hand-plotted
on the flight lines of the 1:50,000 total count maps.
Plotting the anomalies at 1:50,000 also permitted some additional
criteria to be used. For example the second column of Table 5, labelled
CFP, permitted anomalies to be rejected if the airborne radiometric
pattern (?) followed the flight lines, showing that the radiometric
counts were largely due to instrumental (or ground clearance) problems
along the flight lines. Additionally some anomalies (noted by F) have
fiducial numbers beyond the end of a flight line, suggesting that the
anomaly was caused as the plane turned from one line to another.

Some

anomalies are shown on the 1:250,000 maps but are not listed in Minty
(1977, Tables 2 to 10); these anomalies, designated by "NF", were
rejected.

Anomalies that appear to have been caused by man-made or other

contamination are designated by "C".

In addition, the few anomalies that

Minty had mislabelled, or misplotted on the 1:250,000 maps, were properly
plotted on the 1:50,000 radiometric maps.
Plotting the anomalies on the 1:50,000 radiometric sheets also allowed
them to be compared with GENCOR's 1:50,000 surveys. Both surveys
detected anomalies 1605S and 1625S (Nylstroom sheet, Block 15/7j.
Because GENCOR purposely flew over these anomalies to test its airborne
system (Swindell, 1980a), this coincidence may not be as significant as
it seems. GENCOR surveys failed to recognize the 14 other anomalies
delineated by Minty (1977).

The only anomaly that GENCOR "missed"

altogether is 3100E (Nylstroom sheet, Block 7/69).

Tables 2 and 3 (and

the references therein) indicate that the major reason that GENCOR missed
these anomalies is that they did not have U/Th larger than 0.6 to 1.0.
Dames and Moore (1978) evidently did not have access to Minty's
evaluation, relied upon the total count maps, and did not consider
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topography.

Dames and Moore reported many more anomalies than Minty:

160 in Lebowa alone.

In the area of this report, Dames and Moore

reported 35 "high potential" anomalies and field-checked 6 others
(compared to the 18 recognized by Minty).

Only two of Dames and Moore's

anomalies coincide with Minty's: Dames and Moore #19 on sheet 3228BD =
Minty 206S, and #12 on sheet 2429AD = Minty 875W.

Although Dames and

Moore listed 35 "high potential" anomalies in their Tables 5.1, 5.2, and
5.3, 6 were not plotted on their Figure 5B, and several unlisted
anomalies were plotted on the figures. The 27 anomalies that were listed
and plotted are evaluated in Table 4; 15 have topographic reliefs of 100
m or more and do not have a chalcophile mineral deposit within 1 5 km.
Only the remaining 8 are plotted on Figure 3.
The additional reason for plotting the surviving anomalies on the
1:50,000 sheets was to use the sheets as overlays on 1:50,000 geological
maps to seek additional geological information, especially information
that had been generated since Minty's study (1977).

This too was a

time-concuming task. After using the few 1:50,000 sheets within the
study area that have been published, the map files of the Institute for
Geological Research on the Bushveld Complex at the University of Pretoria
were used. The Institute has quite a few 1:50,000 geological maps that
had been compiled by M.R. Sharpe in 1984 to make a 1:250,000 tectonic map
of the Bushveld Complex.

When this source was exhausted maps in the

files of the South African Geological Survey were used;

unfortunately,

the Geological Survey had very few additional new 1:50,000 maps on file.
Results.

Table 5 tabulates the results of the screening at 1:250,000

and 1:50,000.

Anomalies that were evaluated at 1:250,000 are the bulk of

those rejected for adverse geology or which have " 100" under "TOPOG".
Despite the large amount of time devoted to evaluating the anomalies at
1:50,000 only another 207. of the original anomalies were given a negative
rating or low priority.

Anomalies evaluated at 1:50,000 can be

recognized by entries in the "CFP" column and entries other than " 100"
under the "TOPOG" column.

One of 4 verdicts was given to each anomaly:
(1)

NO means that the anomaly was rejected due to adverse geology,
including topographic highs, > 100 m in sulphide-deficient rocks
w'thout a chalcophile deposit within 1.5 km. Anomalies also were
rejected by the C, F, NF, and P criteria previously noted.

(2)

LOWEST indicates topographic relief of 100 m or more without a
neighbouring chalcophile deposit.

(3)

LOW indicates that the topographic relief Is between 45 and 100 m.

(4)

YES indicates that anomaly is unevaluated or worthy of additional
consideration.

All such anomalies without nearby chalcophile

deposits have topographic reliefs less than 45 m. Because many
such anomalies could still be due to topography, the amount of
topographic relief for each anomaly is listed.
The fact that GENCOR did not confirm any of Minty's anomalies (other than
1605S and 1625S) suggests that the anomalies of Minty (1977) occurring in
the areas subsequently investigated by GENCOR can be downgraded at least
one level from the priority that would have been assigned to them on the
basis of only evaluating Minty's data (Table 2 ) . This has been done in
Tables 2 and 5.
The anomalies listed in Table 3 were investigated on the ground by GENCOR
personnel. None of these were recognized by Minty (1977).
to find any sign of economic mineralization.

GEiioOR failed

The most common cause of

these false anomalies was extensive outcrop of Bushveld granite.

APPENDIX II:

Table 2

COMPARISON OF THE ANOMALIES RECOGNIZED BY MINTY AND GENCOR

MINTY (1977)
ANOMALY

TOPOG
(m)

G E N C O R
VERDICT
ON
MINTY

MAGNITUDE AND
LENGTH

MAGNITUDE AND LENGTH

U/Th >1 GROUND
SURVEY

REFERENCE

FINAL
VERDICT

I
PRETORIA SHEET

4N

15

(B LOCKS 12 AND 13/71)
SMALL
1,2 km

YES

SMALL MEDIUM with
Th 1,4 km

.
0,15 km to W is LARGE U 0,2 km
0,5 km to E is MEDIUM U with
discontinuous MEDIUM to SMALL Th

NO

NO

south end of lines overlap N end
of 33N
1 LARGE 1 U, 0,1 km
1 MEDIUM Th, 0,1 km
0,3 km to E is
1 LARGE U, 0,8 km
1 LARGE Th, 0,9 km

NO

SWINDELL
1979b

NO

NO

SWINDELL
1979a

LOW

SWINDELL
1979a

LOW

SWINDELL
1979b

LOW

33N

165

51N

30

SMALL with Th
1,0 km

YES

0,2 km to W
1 LARGE U, 0,7 km
1 MEDIUM Th, 0,6 km

59S

15

SMALL
0,7 km

YES

1 MEDIUM U, 0,2 km
1 SMALL Th, 0,4 km

6 ON

< 5

SMALL
0,65 km

YES

1 SMALL U, 0,2 km
1 LARGE Th, 0,8 km
1 MEDIUM U, 0,55 km
overlaps N end 66N

NO

SWINDELL
1980b

LOW
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1

G E N C 0 R

MINTY (1977)
ANOMALY

VERDICT
ON
MINTY

U/Th >1 GROUND
SURVEY

FINAL
VERDICT

TOPOG
(m)

MAGNITUDE
AND LENGTH

66N

< 15

SMALL with
Ti», 0,35 km

YES

0,25 km to E
1 MEDIUM U, 0,2 km

NO

SWINDELL
197 9a

LOW

707E

60

SMALL with
Th, 0,85 km

LOW

1 SMALL U,

NO

SWINDELL
1980b

LOWEST

SMALL
0,65 km

YES

1 SMALL U, 0,1 km
1 SMALL Th, 0,3 km

NO

SWINDELL
1979c

LOW

YES

1
1
1
1

NO

SWINDELL
1979c

LOW

YES

1 SMALL U, 0,1 km
Í SMALL U, 6,3 km

NO

SWINDELL
)979c

NO

YES

0,15 km E is
1 LARGE U, 0,3 km
1 SMALL Th, 0,8 km

NO

SWIMD'" „L
1979c

LOW

THABA2IMB I SHEET

MAGNITUDE AND LENGTH

0,15 km

REFERENCE

(BLOCK 10'71)

407N

<25

410S

15

SMALL
2,0 km

413NO)

< 10

SMALL
0,8 km

413N(2)

>30

SMALL

I

1

MEDIUM U, 0,1 km
SMALL U, 0,15 km
MEDIUM Th, 1,9 km
SMALL Th, 0,1 km
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G E N C 0R

MINTY (1977)
ANOMALY

T802E(3)

TOPOG
(m)

60

NYLSTROOM SHEET

MAGNITUDE
AND LENGTH

SMALL

3

VERDICT
ON
MINTY

LOW

MAGNITUDE AND LENGTH

crosses
1 LARGE U, 1,1 km
1 MEDIUM U.0,6 km
1 MEDIUM Th, 0,7 km
1 SMALL Th, 1,0 km

U/Th >1 GROUND
SURVEY

::o

REFERENCE

SWINDELL
1979c

FINAL
VERDICT

LOWEST

(BLOCK 15/73)

1605 S

< 10

MEDIUM
1,4 km

NO

1 MEDIUM U on one line
1 LARGE Thorium

2,28

SWINDELL
1980a

NO

1625 S

< 10

LARGE
0,7 km

NO

1 LARGE U of limited extent

6,35

SWINDELL
1980a

NO

3100 E

20

SMALL

YES

0,3 km to W is
1 SMALL U, 0,1 km

NO

SWINDELL
1980b

NO

NO

0,25 km
1 LARGE
1 LARGE
0,33 km
1 LARGE
1 LARGE

NO

SWINDELL
1979c

NO

RUSTENBt'RG SHEET
16S(1)

< 10

(BLOCK 7/69)
SMALL

to W
U, 0,5
Th, 0,6
to E
U, 1,1
Th, 0,9

km
km
km
km

TABLE

3

SUMMARY OF GENCOR'S AIRBORNE AND GROUND SURVEYS

All surveys were conducted by a fixed-wing aircraft at 160 km/hr with a
ground clearance of 100 metres controlled a radar altimeter. A
nine-channel differential spectrometer (utilizing thallium-activated Nal
crystals of 17,44 litres capacity) and a magnetometer mounted on a tail
boom took readings every second. The fiducial system was synchronized
with the shutter system of a vertically mounted tracking camera. The
surveys were performed by Geosampling Services Ltd. in 1978.
In the Table, the surveys are arranged approximately chronologically,
with the earliest survey at the bottom.

A question mark under "False

Anomalies Investigated" indicates that an undisclosed number of anomalies
were checked on the ground. See Figure 3 for location of GENCOR surveys.

APPENDIX II:

Table 3

SUMMARY OF GENCOR'S AIRBORNE AND GROUND RADIOMETRIC SURVEYS

FALSE ANOMALIES INVESTIGATED ON GROUND

CHARACTERISTICS OF AIRBORNE SURVEY
SURVEY
NUMBER OF
LINES

LINE
SPACING
(m)

km OF
LINES

USE OF
U/Th

SURVEY
PARA
METERS

SWINDELL
1980b

150

500

5 800

> 1.0

1

SWINDELL
1980a

32

1 000

1 300

> 1.0?

SWINDELL
1979c
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500

1 088

> 0.7

SWINDELL
1979b

62

500

2 711

>0.6

SWINDELL
1979a

54

500

1 065

^0.6

GILBERT
1979b

55

500

300

NONE

GILBERT
1979a

20

500

270

NONE

CONTAMI
NATION

GRANITE

GRANOPHYRE

1

1

DOLOMITE

KAROO

1

2

WATERBURG

2

1

20

1

?

?

3

PRETORIA
QUARTZITE

2

4

MARSH

1
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Table 4

ANOMALY
2128 AC

6

TOPOC
(m)

DAMES AND MOORE REMARKS

<

CONTACT BETWEEN FELSITE AND PALALA CRANIIE

YES

ONE OF 5 ALONG STRIKE OF FAULT

NO

10
100

17
2328 BA

5
47a
38

"HIGH POTENTIAL" EVALUATION OF THE AIRBORNE
ANOMALIES IN LEBOWA CHOSEN BY DAMES AND
MOORE (1978)

<

to

t

CHALCOPHILE

CRANUJ rjiFloS NEAR FAULT CONTACT WITH KAROO
CRANITE GNEISS ALOKG FAULT

NO

FAULT BETWEEN CRANITE GNEISS AND SANDSTONE

NO

CRANITE GNEISS ALONC FAU1T, WITH 39 AND 39a

NO

C K A M T E CNEISS ALONG FAULT, WITH 38 AND 39

NO

NOT
J9
J 9a
2328 BB

'.;

r u m ED
ON
FIG

GRANITE GNEISS ALONC. SAME FAULT AS 47a

5B
2328 DD

2429 AA

242'» AH

29a

URANIUM

SN, REE

NO

SN, REE

VES

- 100

NO

27

> 100

NO

8

> 100

PYRITIFEROUS SANDSTONE, LOWER TO MIDDLE WOLKBERG

NO

9

> 100

SAME AS

8, POSSIBLY A PAI.EOFLACER

NO

NOT ON
FIG 5C

SAME AS

8 AND 9

!4a

10a

100

PYRITIFEROUS WOLKBF.RC OR BLACK REEF

NO

13

PYRITIFF.ROUS WOUCBERC OR BLACK REEF

II

100

PYRITIFF.R.KJS WOLKBERG OR BLACK REEF

\2

100

TYRITIFEROUS WOLKBERG OR BLACK REEF

M

100

PYRITIFEROUS WOUBERC OR BLACK REEF

NO

100

PYRITIFEROUS WOI.KBERC OR BLACK REEF

"0

ALLUVIUM OVER KAROO BASALT

YES

2429 BB

100

WOLKBERG,

SAME AS

)

mo

WOl.KRF.RC,

SAME AS

s AW' 9

2429 r j

«

t

NO
U

YES

( 2 4 2 9 AA)

An

YES

( 2 4 2 9 AA)

Au

YF5

CHI.IL'VIUM OVF.R KAROJ SI1AI.F. AND COAL

17

100

74

15

2429 OB
2429 DD

BACKGROUND

2t>

15

2429 Í D

4x

30

242 9 AC
2429 A3

ir

24

47

LOVLRED ni'suvEU) <;RAMTE
AMUVIIIM/CUI.IXVIUM

NO

ON BUSIIVELD

too

AI0NG FAULT

too

ALONG FAULT

(WITH

ALONC FAULT

(WITH 3 4 a AND 4 7 )

<>n

3 4 a AND 4 7 a )

CRANlTE/GRANOi'liYRF

YFS

IN BUSHVELD MAFIC ROCKS

NO

IN BUSHVFJLD GRANITE

NO

100
2529 SB

5)
53»

ALONG FAIT.T I N IUSHVELD
SAW

»
51c

GRANITE

Cu,

F

YES

100

w
100

AS 5 3 AND 5 3 b

& W U AS i)t

AND

>3b

ALONG FAULT IN CRANITE AND GRANOPHYM

YES
NO
NO
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TABLE

5

EVALUATION OF THE AIRBORNE RADIOMETRIC ANOMALIES
OF MINTY (1977)

Abbreviations under column labelled "Adverse Geology" are the same as in
the caption of Figure 3.

The column labelled "chalcophile" indicates whether a hole (BH) has been
drilled or prospects and mines of chalcophile elements occur within 1.5
km of the anomaly.

The column labelled "confirmed" Indicates whether the anomaly was
confirmed by other surveys. GENCOR's surveys (Gilbert, 1979a, 1979b;
Swindell, 1979a, 1979b, 1979c, 1980a, 1980b) are Indicated by G-NO = not
confirmed by GENCOR, or G-YES.
evaluation (1978) = D-YES.

Anomalies confirmed by Dames and Moore's
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RUSTENBURG SHEET

ANOMALY

CFP

2S
k

3N(2)
16S(1)
16S(2)
20S(1)

page

1

BLOCK 7 / 6 9

TOPOG

MINTY

(m)

(1977)

> 100
> 100
< 10
7

ï

> 100

ADVERSE
GEOLOGY

NO
NO
NO
NO
NO

PH/S9

QR8
IH/S9

> 100
> 100
> 100

YES
YES
YES
YES
YES

AH/S9
AH/S9
AH/S9
QH/S9
QH/S9

37N
40N
43N
49S
56N

> 100
< 10
< 5

NO
NO
NO
NO
NO

QH/S9

64N
65S
67S
7'6
86N

>
>
>
<

100
100
100
30

88N
90N
99S

> 100

103S
123S

< 30
> 45

TLEWO)
TLEW(2)
TLEWO)
TLFE(1)
TLFE(2)

> 100
< 10

TLJE
TLME

45

< 25

CONFIRMED

VERDICT

PHILE

Ta, Mn
F

QR8

30S
31N
32S
33N
34S

> 100

CHALCO-

F, Ba, U,P

Fe
Fe

AH/S9

G-NO

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
YES
YES
NO
LOWEST

Cr
Cr

NO
NO
NO
YES
NO

NO
NO
NO
NO
NO

AH/S9
AH/S9
AH/S9

NO
NO
NO
NO
NO

QH/S9

QM7

NO
YES
LOW

NO
NO
NO
NO
NO

AR8

NO
YES
NO
NO
NO

NO
NO

AH/S9

Fe
QH/S9

NO
LOWEST

QH/S9
AH/S9
AH/S9

NO
YES
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ELLISRAS SHEET

BLOCK 8/69

ANOMALY

CFP

TOPOC

1(m)
1W(2)

3W
7E(1)
16E(1)

ANOMALY

CFP

ADVERSE
GEOLOGY

CHALCOPHILE

CONFIRMED

VERDICT

10
5
5
5

NO
NO
NO
NO
NO

YES
YES
YES
YES
YES

<

5
0
5
10

NO
NO
YES
NO

YES
YES
YES
YES

<

ELLISRAS SHEET

MINTY
(1977)

<
<
<

20E
24E(1)
24E(2)
27W(1)
27W(2)

page 2

BLOCK 8/69

TOPOG

(m)

MINTY
(1977)

ADVERSE
GEOLOGY

CHALCOPHILE

CONFIRMED

VERDICT

306N
312N
313S
324N
326N

<
<
<
<
<

331S
334N
337S
341S
345S

< 10
< 10
< 5
< 10
> 50

NO
YES
NO
NO
NO

<
<
<
<

5
15
5
5

NO
NO
NO
NO
NO

YES
YES
YES
YES
NO

10

NO

YES

346N
352N
35 8N
36 3S
T753E(1)
T753E(2)

10
5
5
10
10

nF

NO
NO
NO
NO
NO

YES
YES
YES
YES
YES
QHy9

YES
NO
YES
YES
LOW
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PIETERSBURG SHEET

ANOMALY

CFP

BLOCK 8/69

TOPOG

(m)
1W(1)
2.5E

4E
6E

page 3

MINTY
(1977)

NO
NO
NO
NO
NO

F
i. 45
<
5
nF
15m

7E(2)

_> 35
£ 15
> 100
< 10

NO
NO
NO
NO
NO

>
>
<
>

100
100
20
100
£ 45

NO
NO
YES
NO
NO

42E

> 100

45W(2)
52W(1)
52W(2)

£ 15
10
25
> 100

YES
NO
NO
NO
NO

63E
68E

> 100
> 80

NO
NO

PIETERSBURG SHEET

BLOCK 8/69

14E(1)
14E(2)
16E(2)

17W
23E

nF

24W
31W
32E
33E
37E

£

£

62W

ANOMALY

CFP

TOPOG

1im)

MINTY
(1977)

206S
230S
232N
237S
27 3S

> 65
< 15
< 55
< 15
< 10

NO
NO
NO
NO
NO

284N
300N

<
<

NO
YES

10
10

ADVERSE
GEOLOGY

CHALCOPHILE

CONFIRMED

VERDICT

IHy9

NO
LOW
NO
NO
YES

IHy9
FHy9
IHy9
IHy9

NO
NO
NO
NO
NO
LOWEST
LOWEST
YES
NO
LOW

DIABASE E5

LOWEST
YES
YES
YES
LOWEST
LOWEST
YES

REE,Sn,As,Mo

ADVERSE
GEOLOGY

CHALCOPHILE

WD8
Pb

IHy9

CONFIRMED

VERDICT

NO
YES
YES
YES
YES
YES
NO
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THABAZIMBI SHEET

BLOCK 10/71

ANOMALY

TOPOG

CFP

(m)
403N
404S(1)
404S(2)
404S(3)
* 407N
* 410S
* 413N(1)
* 413N(2)
418SO)
418S(2)

IP

1 90
> 120
< 10
<- 25

1?
<
>
>
>

15
10
30
100
100

MINTY
(1977)

NO
NO
NO
NO
NO
NO
NO
YES
NO
NO

ADVERSE
GEOLOGY

CHALCOPHILE

CONFIRMED

VERDIC

G-NO

NO
NO
YES
YES
LOU

FL5
Sn, F

Cu

WT4
FL5

LOW
LOU
LOU
NO
NO

WT4

NO

FL5
FL5
FL5

NO
NO
NO

FL5

NO

G-NO
G-NO
G-NO

422S(1)
422S(2)
422S(3)
422S(4)
423N(1)

> 100
> 100
> 100
> 100

NO
NO
NO
NO
NO

423N(2)
424S
426S(1)
426S(2)
427S

>
>
>
>
>

100
100
100
100
100

NO
NO
NO
NO
NO

429N
433N(1)
433N(2)
439S
440S(1)

> 100
> 100

20

NO
NO
NO
NO
NO

100
100
100
25
15

NO
NO
NO
NO
NO

15
> 100
> 100

NO
NO
NO
NO
NO

488N
490N
492N(1)
492NC .
493S

> 100
> 100
< 10
< 10
> 75

NO
NO
NO
NO
NO

YES
YES
LOW

495S(1)
495S(2)
525N
526S
532S(1)

>:
<
>
>
>

NO
NO
NO
NO
NO

LOW
YES
NO
NO
NO

440S(2)
441N
448S(1)
448S(2)
450N
451N
460N
t72N
480N
484S

90
> 100

>
>
>
<
<.

<. 25

30

75
10
100
100
100

LOWES

LOWES

FL5
FL5

NO
NO
NO

. WT4

WT4
WT4
U, Zn

IT4
IT4
WT4

NO
NO
LOW
NO
YES
NO
NO
NO
YES
YES
YES
NO
YES

QT4

LOWES
LOWES
LOWES
LOWES

QH/S9

Au

QT4
DH/S9

As
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THABAZIMBI SHEET

BLOCK 10/71

ANOMALY

TOPOG
(m)

CFP

532S(2)
533N
541N
543N
544S

>
>
>
>
>

545N
55 3N
555N
556S
5 60S
562S
563N
573N(1)
573N(2)
577N

100
100
100
100
100

M1NTY
(1977)

ADVEFSE
GEOLOGY

NO
NO
NO
NO
NO

QH/S9
QH/S9
QH/S9
QH/S9

> 100
35
> 100
> 100
> 100

NO
NO
YES
NO
NO

QH/S9

>
>
>
>

100
100
100
100
£ 65

NO
NO
NO
NO
NO

QH/S9

581S
591S(1)
591S(2)
594N(1)
594N(2)

> 100
> 100
45

NO
NO
NO
NO
NO

QT4
QT4

595S
596N
600N
601(S)
T802E(1)

> 100
> 100
> 200

NO
NO
NO
NO
NO

QH/S9
QH/S9
QH/S9
QH/S9

T802E(2)
T802E(3)
* T803W(1)
T803W(2)

60
60
> 100
£ 25

NO
NO
YES
NO

CHALCOPHILE

CONFIRMED

QT4
Au & BH

QT4

Fe

QH/S9

QT4
0J4
QT4
Fe

QH/S9

QT4

Fe
Mn
Cu
Mn
Cu, Mn

Mn
Fe
F, Cu

G-NO
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NYLSTROOM SHEET

ANOMALY

CFP

BLOCK 11/71

TOPOG
(m)

MINTY
(1977)

851E(1)
851E(2)
864E
869W(1)
869W(2)

> 100
0
< 10
> 100
15

NO
NO
NO
NO
NO

87 3W
874E
875W
879W(1)
879W(2)

5
45
> 100
45
<_ 30

NO
NO
NO
NO
NO

20
30
25
> 100
30

NO
NO
NO
NO
NO

891W(3)
894E
898E
901W
902E

25
> 100
< 25
15
15

NO
NO
NO
NO
NO

903W
TL65K1)
TL65K2)

> 100
40
_> 30

NO
NO
NO

880E
889W(1)
889W(2)
891W(1)
891W(2)

2

NYLSTROOM SHEET
ANOMALY

CFP

TOPOG

> 100

F

1605S
1625S
2025N
* 3100E
* 3175E

<

5

20
F

GEOLOGY

CHALCOPHILE

CONFIRMED

IN8

VERDICT

NO
YES
YES
LOWES

YES
YES
LOU
U

D-YES

YES

LOW
YES
YES
YES
YES
NO
YES

WN8

YES
NO
YES
YES
YES

WN8

IN8

NO
YES
YES

BLOCK 15/73

(m)
105E
1111S

ADVERSE

MINTY
(1977)

NO
NO
NO
NO
NO
NO
NO

ADVERSE
GEOLOGY

CHALCOPHILE

CONFIRMED

VERDICT

.OWEST

MM5
QM5

G-YES
G-YES

>NO
IHy9

NO
NO
NO
YES
NO
NO

IZb
APPENDIX II:
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ANOMALY
*

CF P

Table 5, page 7
BLOCK 12 & 13/71

TOPOG

to

4N

15

6S
24S
27N
31N

> 100
> 100

33N
36S
39N
46S
51N
51S
59S
60N
62N
66N
67N
71S
73S
76N
81N
88S
91N
94S
97N
98S
110S
112S(1)
112(2)
114S
116N

106
>

75

165
> 100

25
60
30
> 75

15
< 5
< 10
< 15

60
< 10

20
15
15
< 15

60
> 100

50
30

116S
118N
119N
121N
123N

MINTY
(1977)

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
YES
NO
NO

ADVERSE
GEOLOGY
IHy9
PHy9
IHy9
IHy9

* 15
> 100
> 100
> 100
> 100

*T707E

60

G--NO

NO
NO
YES
NO
NO

G--NO
G--NO
G--NO
G--NO

FC5
QP8

LOW
NO
LOW
YES
LOW
LOW
NO
YES
YES
YES

FHy9
PHy9

YES
LOW
NO
NO
YES

Fe, F

BH
Mn, Fe

QP8
QM6

137S
141S
150S
151N
152S

NO
NO
NO
NO
NO

Mo,Au,As

IHy9

AP8
AP8
AP8
AP8
CV7

' 15

G--NO

Zn
IHy9
IHy9

NO
YES
YES
NO
NO
YES
NO
NO
NO
NO

VERDIC

Cu

IHy9
IHy9

AP8
AM6
AP8
AP8

> 100
> 100

CONFIRMED

PP8

NO
NO
NO
NO
NO

124S
125N
126N
126S
136N

CHALCOPHILE

YES
NO
NO
NO
NO

Sn

F

NO
NO
NO
NO
NO

F
F

PHy9

NO
NO
NO
NO
NO

NO
NO
NO
YES
NO

QP8
QP8
QP8
QP8

LOW
NO
NO
NO
NO

NO

IHy9

AH/S9

QP8

G-NO

NO
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ANOMALY

CFP

TABLE 5,

page 8

BLOCK 21/74

TOiPOG
(m)

30

MINTY
(1977)

10
90
< 25

NO
NO
NO
NO
NO

64N
67S
81N
92S

_> 40
30
45
_> 65
15

NO
NO
NO
NO
NO

93N

35

NO

20/1N
23/1N
30/1N
31 /IN
33/1S
35/IS

ADVERSE
GEOLOGY

CHALCO
PHILE

CONFIRMED

VERDICT

QHy9

YES
NO
NO
LOU
YES

FHy9
FHy9
FHy9
VHy9
IHy9

NO
NO
NO
NO
NO

WP8

YES
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APPENDIX III

URANIUM AND MOLYBDENUM OCCURRENCES

URANIUM OCCURRENCES
The 1:250,000 maps entitled "Mineral deposits and occurrences in South
Africa" (see Appendix I) and the files of the S.A. Geological Survey
yielded 69 uranium occurrences. Many of the occurrences in the files
were the airborne radiometric anomalies of Minty (1977) rather than known
mineral localities. All but 11 of the 69 anomalies were eliminated by
one or more of the following criteria:
(1)

they occur in alkalic carbonatitic igneous complexes;

(2)

they occur in Daspoort or Timeball Hill quartzites;

(3)

they were investigated on the ground and found not to be anomalous
before Minty's work; or

(4)

they are airborne radiometric anomalies of Minty (1977) that
subsequent ground investigations have shown are not anomalous.

Table 1 of Appendix III lists the remaining 11 anomalies. Only two of
the 11 are airborne anomalies of Minty. Because the three anomalies 1n
Nebo granite were not recognized as airborne anomalies by Minty and were
not recognized as anomalous by GENCOR (Swindell, 1979a, 1979b) 1n
airborne and ground investigations, they are given a LOW verdict.
Only 5 of the 11 anomalies have been given a YES verdict;

two of these

are in the Gatkop prospect. The other 3 YES anomalies deserve to be
radiometrically Investigated on the ground.

MOLYBDENUM OCCURRENCES

The 1:250,000 maps entitled "Mineral deposits and occurrences in South
Africa" (see Appendix I), Stephan (1977), and the files of the South
African Geological Survey yielded 26 molybdenum occurrences. Figure 3
shows that most of these occurrences do not correlate with known uranium
occurrences or with any of the airborne anomalies of Minty (1977). Only
two occurrences are within 1.5 km of airborne anomalies: Anomaly 46S on
the Pretoria Sheet near the northern occurrence of molybdenum on
Klipdrift 62 JS was investigated on the ground by Haynes (1979) who found
no anomaly. Anomaly 68E near the occurrence of molybdenum on Appingendam
805 LR on the Pietersberg sheet has not been investigated radiometrically
on the ground, but Crocker's description of the deposit (1979, p. 288)
suggests that the radioactivity in the Lease granite at this locality is
due to rare earth minerals. Figure 3 illustrates that most of the
molybdenum occurrences have not been investigated radiometrically on the
ground.
The occurrences of molybdenum do not appear to be useful pathfinders for
uranium deposits. The descriptions of Stephan (1979) and Crocker (1979)
seem to indicate that molybdenum is most commonly associated with tin
mineralization. None of the known tin mines or prospects are known to
contain recoverable amount of uranium.
Only eight of the 26 occurrences of molybdenum are not in 3ushveld
granite. Thus, perhaps the truly anomalous occurrences are those which
are not associated with either tin or Bushveld granites and which have
not yet been investigated radiometrically on the ground.

If so, the

following could be given a LOW priority for future investigation:
(1)

Tweefontein 220 JR is in the upper part of the Selonsrivier
Formation.
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(2)

Allemansdrift 162 JR in the upper part of the Selonsrivier
Formation has already been given a higher verdict of YES (Table 1)
because it is associated with uranium.

(3)

Nooitgedacht 64 KS in the Meinhardskraal granite is not too
attractive because an occurrence of molybdenum in the same granite
on the farm to the west (Hartebeestfontein 62 KS) was investigated
on the ground.

(4)

Mederlands 51 KS is in slate and hornfels of the Timeball Hill
Formation of the Pretoria group.

(5)

Duitschland 95 KS is in the same rocks as Nederlands 51 KS.

(6)

Driefontein 553 KQ in the Magaliesberg Formation is about t km
southwest of the tin mines at Rooiberg.
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Table 1

URANIUM OCCURRENCES NOT RELATED TO EITHER
ALKALIC/CARBONATITIC IGNEOUS COMPLEXES OR TO
THE DASPOORT AND TIMEBALL HILL QUARTZITES AND
WHICH HAVE NOT YET BEEN TESTED BY PUBLISHED
GROUND RADIOMETRIC SURVEYS

MINTY

GENCOR

NO

NO

DESCRIPTION

VERDICT

RUSTENBURG SHEET
SLIPFONTEIN
551 KQ (2527 BA)

Crocker (1979): Fluoritebearing pegmatite with no
vertical extent, minor
bastnaesite

NO

Sharpe, 1984 (1:50,000):
flow banded Selonsrivier
Formation of Rooiberg
Group, 1 km NW of Nebo
granite, has a coincident
Mo anomaly (Table 7)

YES

LOW

PRETORIA SHEET
ALLEMANSDRIFT
164 JR (2528 BB)

NO

HOUTENBEEK
197 JS (2529 AC)

NO

NO

Pretoria 1:250,000:
grani te

KNOPJIESLAAGTE
385 JR (2528 C O

-

-

Schifano et al., 1973
(1:50,000): Syenite dykes
in Malamani dolomite of
Chuniespoort Group, or
Black Reef quartzite

YES

LEEUWFONTEIN
248 JR (2528 3D)

NO

NO

Sharpe, 1984 (1:50,000):
Nebo granite at contact
with granophyre

LOW

WELVERDIEND
249 JR (2528 DB)

NO

NO

Sharpe, 1984 (1:50,000):
Nebo granite, possibly
extention of veins of
Albert Silver Mine (see
Voet, 1981)

LOW

Nebo

NINTY

GENCOR

DESCRIPTION

VERDICT

THABAZIMBI SHEET
Gatkop Prospect

YES

440S(1)

Gatkop Prospect

YES

875W

Woikberg Group, see Dames
and Moore Anomaly 12,
Table 4

YES

NO

Verwoerd (1956a): brecdated Waterberg quartzlte
with radioactivity 2x
background

NO

NO

Von Backstrom (1967):
distinctive radiometric
anomaly

NO

BUFFELSHOEK
446 KQ (2427 DA)
WATERVAL

NYLSTROOM SHEET
DOORNRIVIER
86 KS (2429 AD)

ELLISRAS SHEET
ELDORADO
370 LQ (2327 CC)

PIETERSBURG SHEET
JEMMIMA
163 LR (2328 AC)

132

APPENDIX

THE WATERBERG "BASIN":

IV

A REAPPRAISAL

by
E S Cheney and D Twist

I

INTRODUCTION

The middle Proterozoic Waterberg Group crops out in north
western Transvaal and adjacent Botswana (Figure 1 ) .

The

Waterberg Group consists predominantly of fluvial red bed
deposits derived from the north and northeast (Eriksson and
Vos, 1979;

Jansen, 1982).

The age and nature of the

Waterberg suggest that it has the potential for hosting
Olympic Dam-type (Roberts and Hudson, 1983) and
unconformity/vein-type (Hoeve and Sibbald, 1978) uranium
deposits.

To assess this potential 1t 1s Important to

appraise the thickness of the strata, as a great thickness
could preclude geological or geophysical discovery and mining.
Recently published estimates of the thickness of the Waterberg
Group are 6 to 7 km (Hunter, 1974; Eriksson and Vos, 1979;
Jansen 1982).

This is much greater than the thickness of

similar middle Proterozoic strata that host some of the
world's largest uranium deposits along their basal
unconformities.

For example the Athabasca Group of northern

Saskatchewan, Canada, is about 1 750 m thick (Hoeve and
Sibbald), and the Kombo'igle Formation in the Northern
Territory of Australia Is 500 m thick (Gustafson and Curtis,
1983).

Hunter (1974), Coertze et al. (1977), Jansen (1982) and
Tankard et al. (1982) refer to the Waterberg as a depositional
basin or series of basins.

Inherent in this concept is the

implication that the original depositional patterns and
thicknesses are generally well preserved and that, if the
basin axis is assumed to have been stationary, the centre of
the basin is its thickest part.

Both of these implications,

if true, would have a profound bearing on the discovery and
mineability of uraniuu deposits.
In this paper we develop an alternative approach to evaluating
the available data and reach an entirely different interpreta
tion of the Waterberg Group.

The theses presented are that

the middle Proterozoic succession of northwestern Transvaal is
not as thick as generally supposed and that it consists of 5
unconformity-bounded sequences.

In general, each sequence

transgresses northward, so that although the composite
thickness of the Waterberg Group may be 6 to 7 km, the entire
succession is not greater than 5 km in any one place.

Because

the sequences are bounded by unconformities, including
post-Waterberg ones, it follows that the areal extent of the
Waterberg may have been considerably larger in the past than
it is now, and the thickest remaining parts of the sequences
were not necessarily depositional centres (I.e. basins).
Instead the thick sections are preserved in structural lows
such as synclines and other areas of post-unconformity
subsidence.
In Jansen's description of the Waterberg Group (1982), he
noted that previous workers had made stratlgraphic
subdivisions based upon unconformities and H t h o l o g l c a l
similarities.

Jansen preferred to make correlations not only

on Ifthologlcal similarities but also on paleogeographlc and
structural data.

He specifically concluded (1982, p. 7) that

most unconformities In the Waterberg basin are only of local
extent, but our analysis leads us to a very different
conclusion.

II

PROCEDURE

The analysis presented here is based upon the following
premises:
(1)

A large unconformity is one that not only overlies

associated sedimentary rocks, but also rests elsewhere upon
crystalline rocks beneath the associated sedimentary rocks.
Of course, some unconformities are so large that the basal
unit everywhere overlies crystalline basement.
(2)

The amount of angular discordance between the ovc-lying

strata and underlying strata in any one area is not a reliable
estimate of the size (and importance) of the unconformity.
Commonly the size of the unconformity (which is to say, the
amount of stratigraphic section eliminated beneath it) can
only be determined on a regional scale.
(3)

Locally, formations that are separated by a regional

unconformity can appear to grade vertically into one another.
This is to be expected where little or no angular discordance
exists between the two formations.

The upper formation easily

can incorporate detritus of the underlying formation, thereby
generating an apparently conformable and gradational
along a surface that on a regional scale is a large
unconformity.

contact
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(4)

At the time of their formation, unconformities cutting

continental rocks were nearly planar on a regional scale (this
need not be true in subduction z o n e s ) .

Although relief of a

few hundred metres may exist on a local scale, on a regional
scale, large subareal unconformities probably are essentially
horizontal, especially by the time they are buried by younger
strata.

Thus, in the absence of other evidence, and taking

the simplest interpretation as the most acceptable one, a
continental unconformity that shows large regional

deviations

from horizontality probably does so because of postdepositional

tectonism.

Figure 2, based upon the preceding rationale and Jansen's
descriptions, lists the major unconformity-bounded
in the Waterberg Group.

sequences

Some formations are restricted to one

part of the Waterberg area and have lateral equivalents in
another part.

For example, the Skilpadkop Formation in the

west and south is the equivalent of the Setaole Formation in
the north (Jansen, 1982, p. 3 6 ) .
Jansen subdivided the Waterberg Group into 3 subgroups,
namely, the Nylstroom (lowermost), Matlabas, and Kransberg
(uppermost).

Figure 2 shows that a major unconformity occurs

between each of these.

In addition, according to Jansen's

descriptions, major unconformities occur
and the Matlabas.

within the Nylstroom

To Illustrate our concept, rather than to

suggest new stratigraphic nomenclature, these unconformitybounded sequences are designated I, II, III, IV, and V, from
the base upward.
Figure 3 illustrates the present distribution of each of the
five sequences, based upon the areas of the constituent
formations shown by Jansen (1982, Folder 3 . 1 ) .

For clarity

the numerous diabasic intrusions and small eroslonal

outliers

of various formations shown by Jansen have been omitted.

The

contacts between sequences are long dashes where drawn through
the diabasic intrusions or in areas of younger cover where
Jansen did not show a regional contact.

The contacts are

short dashes where Jansen describes the formations grading
vertically into one another.

The lithologies of the basement

rocks, which Jansen did not show, are from the relevant
1:250 000 geological maps published by the Geological Survey
of South Africa.

Ill

THE SEQUENCES

Inspection of Figures 2 and 3 indicates that each of the
Waterberg sequences above Sequence I rests upon the preceding
sequence and also transgresses onto the crystalline rocks of
the basement (except where faulted).

The general pattern is

of successive overlap (transgression) northward.

Thus, the

unconformity beneath each transgression represents erosion of
an unknown amount of the original northward extent of the
underlying sequences.

A.

Sequence I

Sequence I is the lower portion of the Swaershoek Formation,
which is confined to the Nylstroom syncllne.

Although Coertze

et al. (1977) and Jansen (1982) regarded the lower Swaershoek
as part of the Waterberg, on lithological and structural
grounds we consider it to be equivalent to the Loskop and
Glentig Formations.

Our reasoning 1s as follows:

(1)

Coertze et al. and Jansen recognized that the quartz

porphyry at the top of the Glentig is similar to the
Rhenosterpoort quartz porphyry of the lower portion of the
Swaershoek Formation in the northwestern part of the Nyistroom
syncline, and that the Glentig quartz porphyry could be
equivalent to the felsic lavas of the Loskop Formation.
Furthermore, volcanic and volcaniclastic rocks are common
minor lithologies in both the Loskop {Coertze et al. 1977) and
in lower Swaershoek (Jansen, 1982).

Neither the Loskop

Formation nor the lower portion of the Swaershoek Formation
have clasts of Bushveld granite (Coertze et al., 1977).

A

welded ash-flow tuff is quite extensive along the contact of
the Rooiberg and the lower part of the Swaershoek in the
northwest part of the syncline (Rhodes and Du Plessis, 1976).
Twist (1985, Figure 3) has mapped the same lithology at the
contact of the Rooiberg and the Loskop in the Loskop Dam area.
(2)

In the eastern Transvaal, the Loskop conformably

overlies the Rooiberg Group but is unconformably overlain by
the Waterberg Group (Coertze et al. 1977).

The same

relationships occur in the Swaershoek anticline and Nyistroom
syncline 1n the area north of Warmbaths.

On the northern limb

of the anticline the Glentig Formation rests conformably on
the Rooiberg Group and is unconformably overlain by the upper
portion of the Swaershoek Formation (Sequence II) of the
Waterberg Group.

In the syncline, the lower part of the

Swaershoek also conformably overlies Rooiberg and never
transgresses onto other basement rocks (Figure 2;
1982; Coertze et al. 1977).

Jansen,

Moreover, the Rooiberg-lower

Swaershoek contact along the western part of the Nyistroom
syncline is parallel to (and has the same dip as) units
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within the Rooiberg (Du Plessis, 1976;

Jansen, 1982).

Along

the western end of the Nylstroom syncline, the Swaershoek
strata have the same high dips (30 to 60°) as the adjacent
Rooiberg and these dips are much steeper than the rest of the
western part of the syncline {Jansen, 1982);

this relation

ship suggests that the steeply dipping strata may be
unconformably overlain by the strata to the east.

Coertze et

al. (1977, Figure 1) mapped these rocks as the lower portion
of the Swaershoek and the less steeply dipping strata as the
upper part of the Swaershoek.
(3)

An easterly trending fault bounding the northwestern

part of the Nylstroom syncline cuts Bushveld granite, Rooiberg
Group, and the basal Swaershoek strata, but not the upper part
of the Swaershoek 'Du Plessis, 1976; Jansen, 1982); the
simplest explanation is that this fault was active prior to
the deposition of the upper portion of the Swaershoek
Formation.

B.

Sequence II

According to Coertze et al. (1977) and Jansen (1982), the
Wllgerlvler Formation in the Cullinan-Mlddelburg area should
be correlated with the upper part of the Swaershoek
(Sequence II) because both lack volcanic rocks.

Formation

These workers

note that scattered occurrences of similar strata In the
Springbok Flats Indicate that the Nylstroom and C u l H n a n Mlddelburg areas probably were linked during deposition of the
W1lger1v1er.

They also conclude that the transgressive nature

of the Wllgerlvler over Rooiberg Group, Loskop Formation,
Pretoria Group, and the Bushveld granites Indicates that no
protobasin existed (note that the other sequences In Figure 2
also have the same transgressive characteristics).

Because

Sequence II probably once extended from at least Nylstroom to
Mlddelburg, Its present eroslonal remnants are small

fractions

of its former extent.

Because so much of Sequence II has been

eroded, it is clearly impossible to reconstruct its
depositional extent and maximum original thickness.
Sequence II occurs in the Nylstroom synciine and along the
southern edge of the main succession.

Because a small ou;lier

of Sequence III (the Skilpadkop Formation), too small to show
on Figure 3, occurs 13 km east of Nylstroom, the maximum
thickness of the strata in the Nylstroom synciine is the
thickness of Sequences I and II plus the thickness of the
small outlier.

Jansen reported (p. 13, 24) that the thickness

of the lower and upper parts of the Swaershoek 1n the synciine
is 2 500 m and that the Alma is 700 m (that is, Sequence I
plus II equals 3 200 m ) .

Because of the seemingly great

thickness of strata in the synciine, Jansen considered the
synciine to be a protobasin.

Rather than being a protobasin,

it is a synciine, in which remnants of two unconformity
bounded sequences (I and II) of different areal extents happen
to be preserved.

The tectonic nature of this synciine is also

indicated by synformal dips of the Roolberg Group on the
northern and southern limbs, and the western nose (see
1:250 000 geological map sheet 2428 Nylstroom).

The east-west trending, so-called Alma trough also is part of
Sequence II.

Coertze et al. (1977) and Jansen (1982) assumed

that this was a depositional trough because 3 000 m of Alma
Formation occur at Alma but not elsewhere.

However, the

isopachs which provide closure on the southeastern side of the
trough (Coertze et al., 1977, Figure 4;

Jansen, 1982, Figure

3.3) are conjectural, being drawn 1n the air where no Alma Is
preserved beneath them.

Jansen did note that the 3 000 m

thickness of the Alma is unusual, for the formation thins
drastically to 1 300 m or less 1n all directions.

The 3 000 m
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thickness also occurs in an area of extremely poor outcrop
(Jansen, 1982, p. 22 and 68), which casts further doubt on the
reliability of this estimate.

Thus, the evidence for a former

depositional trough at Alma is not compelling.

In any event,

variations in the thickness of the Alma Formation could be
erosional instead of depositional because the Alma is
unconformably overlain by Sequence III.

C.

Sequence III

The contact between Sequences II (upper part of the Swaershoek
Formation) and III (Skilpadkop Formation) is gradational along
the southern margin of the Waterberg area (Jansen, 1982).
However, the unconformable nature of this contact is shown by
an erosional remnant of Skilpadkop south of Alma, which rests
upon both Swaershoek and Alma Formations (Jansen, 1982, Folder
3.1).

Furthermore, at both the southwestern and northeastern

extremities of the Waterberg succession, Sequence III rests
upon the crystalline basement rocks.

In borehole P188 1n the

northwest corner of the area, Sequence III rests upon Rooiberg
(?) felsic tuffs or the Archaean basement (Jansen, 1982,
Figure 3.6).
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D.

Sequence IV

A Major unconformity within the Matlabas subgroup may seem
surprising.

The contact between Skilpadkop and Aasvoëlkop

Formations is reputed to be sharp to transitional but
conformable in borehole P188 and In the south (Jansen, 1982,
p. 36, 38). Furthermore, in the northeast the contact between
the Setlaole (Sequence III) and Nakgabeng Formations (Sequence
IV) is claimed to be transitional and conformable (Jansen,
1982, p. 40). For simplicity, in Figure 3 these contacts are
shown as gradational (short dashes).

However, in the

southeastern corner of the succession west of Potgietersrus
the contact beneath the Makgabeng (Sequence IV) cuts out the
Skilpadkop (Sequence III), the Sterkrivier (Sequence II), and
transgresses onto Roolberg and Bushveld rocks.

Jansen (1982,

p. 28) commented that "Though not conspicuous in the field,
the unconformity is one of the largest in the entire Waterberg
succession."

Likewise, to the west, the Aasvoëlkop Formation

transgresses onto Bushveld granite, the Transvaal Sequence,
and the Archean basement.

E.

Sequence V

The upper boundary of Sequence IV is described as
transitional with the Kransberg (Sequence V) (Jansen, 1982,
p. 38, 40). Along the northern edge of the succession,
however, the Kransberg certainly rests on the Archaean
basement.

At its extreme northeastern end Sequence V probably

also overlies Sequence III (Figure 3). Hence, we propose that
another major unconformity lies beneath Sequence V.

IV

A.

DISCUSSION

Sedimentological Features

Although the sedlmentologlcal evidence is very limited, the
available descriptions support our view that the Waterberg
Group does not represent a basin or series of basins.

Basin

deposits would be expected to indicate centripetal palaeocurrent directions but, according to Eriksson and Vos (1979),
the Waterberg palaeocurrents were from the north and
northeast.

Jansen (1982, p. 76) also emphatically states:

"Notwithstanding the subjectivity and deviations from the main
current directions, the general picture which emerges from all
available data is that palaeocurrents were dominantly from the
north, north-east and east during the entire Waterberg
period."
It 1s also noteworthy that the Waterberg Group 1s
conspicuously deficient in the argillaceous deposits that one
would expect to find in the centre of a large continental
basin.

From Jansen's (1982, Folder 3.2) 1ithostratlgraphlc

subdivision of the Waterberg Group, It appears that
argillaceous rocks do not constitute more than 15-20% of the
succession at most.

If thicker or more extensive argillaceous

strata were deposited, they have not been preserved.
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B.

Age of the Waterberg Group

Sequence I appears to correlate with the pre-Bushveld Loskop
Formation, which has been dated as older than 2 090 + 35 Ma.
(Faurie, 1977).

Because the other four sequences rest upon

Bushveld granite or younger rocks they are considered to
represent true Waterberg.

The Bushveld granites yield various

dates and their accepted age is 1 950 to 2 050 Ma.

A granite

porphyry in strata at Rust de Winter was dated as 1 790 Ma.
(Oosthuysen and Burger, 1964) and this was taken as a
constraining age for the Waterberg (Hunter, 1974).

More

recently, a rhyolite in the Rust de Winter rocks has yielded a
minimum age of 2 025 Ma., which would make the Rust de Winter
rocks Loskop-equivalent (Walraven, 1982).

The Rust de Winter

rocks are tentatively correlated with Loskop Formation in
Figure 2.

One of the best limiting d?'es for Waterberg Group deposition
1s the age of the Palala granite, which Is sheared by the
Abbotspoort Fault.

This fault does not cut Sequence IV, (the

Makgabeng Formation, J&nsen, 1962).

The age of deformation

(but not of intrusion) of the Palala granite now seems to be
well established as 1770 _+ 60 m.y. (Walraven et al. 1983;
Barton and McCourt, 1983).
Because the Abbotspoort fault does not cut Sequence IV or V,
they must be somewhat younger, but how much younger is not
known.

Sequences II and III are not adjacent to the

Abbortspoort fault, and 1t is therefore Impossible to
determine whether they are younger or older than the fault.
The Wllgerlvler Formation in the Mlddelburg area is cut by
alkalic complexes; one of these (which does not cut the

Wilgerivier) is 1 420 +_ 60 Ma. (Oosthuysen and Burger, 1964).
Thus, based on the present meagre evidence, the entire
Waterberg succession (but not Sequence I) could be younger
than 1 770 _+ 60 Ma.;

Sequences III to V could even be younger

than 1 420 Ma.

C.

Thickness of the Waterberg Group

Several authors have estimated the thickness of the Waterberg
succession to be 5 to 7 km.

This thickness can be estimated

by totalling the maximum and minimum thicknesses given in
Figure 2 for the sequences in the southeastern part of the
succession.

If the thickness of 3 000 m for the Alma is used,

the maximum total thickness is 8,5 km.
The fallacy of this method is that not all of the unconformitybounded sequences underlie each other.

Northwest of

Naboomspruit, Sequence I is virtually absent, so the estimated
thickness would have to be reduced by 1,2 km.

Furthermore,

the purported 3 000 m thickness of the Alma Formation at Alma
decreases abruptly to 1 300 m or less in all directions
(Jansen, 1982), so that a 3 000 m thickness 1s nowhere
overlain by other formations.

Eliminating the two above

examples reduces the thickness of the Waterberg succession
northwest of Naboomsprult to 5,0 to 5,5 km.
Even the estimate of 5,0 to 5,5 km 1s a composite one.

The

main source of error can be seen 1n the southeastern and
southwestern portions of the succession, where Sequence II 1s
cut out northward by the unconformities at the bases of
Sequences III and IV, (Figure 3 ) .

One must assume, as did
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Coertze et al. (1977, Figure 4) and Jansen (1982, Figure

3.3)

that in the subsurface Sequence II thins to zero somewhere
north of Vaalwater.

Inspecting Jansen's map (1982, Folder

3.1) shows that the Cleremont and Vaalwater Formations (parts
of Sequence V) probably do not overlie the thickest portion of
Sequence

II.

The combined effect of these two factors is

that the maximum thickness of the succession northwest of
Naboomspruit is slightly less than 5 km (Figure 3 ) .
Using the above technique, the thicknesses presented in
Figure 2, the variations in thickness of each formation given
by Jansen (1982), and the topography, it is possible to infer
an isopach map for the succession (Figure 4 ) .

Until the area

has been extensively drilled or surveyed by seismic

reflection

techniques, neither of which were possible during this study,
only one data point exists for the interior part of the
succession: borehole P188 southwest of Ellisras (Figures 3
and 4 ) .

Some features on the isopach map are worth mentioning:
(1)

The thickest part of the succession is along its

southern edge where Sequences II to V overlap.

In this area,

Sequence II must thin northward, as previously discussed, so
that, overall, the isopachs partially define a synform.
(2)

The maximum thickness in this southern part is just

under 5 km.

The reported 3 000 m of Alma at Alma causes the

4 km isopach to bulge southward; the Alma is not 3 000 m thick
in the area of the 5 km isopach (Jansen, i982, p 2 4 ) .
(3)

Large portions of the northeastern and southeastern

parts of the succession appear to be less than 1 km thick.
Most of the succession is less than 3 km thick.
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The isopach map (Figure 4) does not show depth to the
pre-Loskop and pre-Waterberg basement.

For example, the

thicknesses of diabase intrusions have not been considered.
Furthermore, in areas where dips are 45° or greater as on
the limbs of the Nylstroom syncline and the Swaershoek
anticline, the depth to basement will be 50% or more greater
than the thickness of the strata.

Elsewhere in the Waterberg

succession where dips are rarely more than 10°, the isopachs
give a good indication of the depth to basement in areas where
diabasic intrusions are absent.

D.

Unconformities and uranium

deposits

The vein-type uranium deposits associated with

unconformities

beneath middle Proterozoic strata in Canada and Australia are
some of the world's largest (Cheney, 1 9 8 1 ) .

These deposits

occur where sulphidic or graphitic basement rocks are overlain
by former aquifers.

Because the Bushveld Complex rocks on the

eastern margin of the succession and in the Villa Nora area on
the north are only sparsely sulphidic, economically
margins are the least promising.

these

Sequence IV, which is above

the basal unconformity in the southwestern portion of the
succession, is also an unfavourable target

because it

consists of the silty Aasvoëlkop Formation.

The remaining

margins of the succession appear to have a greater economic
potential:

these margins have thicknesses of less than 2 km,

which need not preclude mining any future

discovery.

E.

Evolution of Sequences

Because the sequences are bounded by erosion surfaces
(unconformities), neither their original thicknesses nor their
areas of greatest thickness can be determined.

Quite

possibly, the area of greatest thickness of a sequence has
been removed by erosion.

Because the areas of greatest

thickness are unrecognizable, it is impossible to determine
whether the axis of deposition of part or all of the Haterberg
migrated northward (or in any other direction) with time with
respect to other successions, as has been suggested by Hunter
(1974), Pretorius (1976), and Coertze et al. (1977).

These

limitations might also apply to other Proterozoic successions
on the Kaapvaal craton, especially the Witwatersrand Super
group and Transvaal Sequence, each of which has welldocumented unconformities within it.
Figure 3 indicates that the present axis of elongation of
Sequence II Is slightly north of east;
Sequence V Is northeasterly.

whereas the axis of

As noted previously these sites

are unlikely to be axes of deposition.

Therefore, these and

the other sequences should be regarded as remnant prisms of
rock that are stacked upon each other with a general upward
overlap to the north.

This concept is illustrated In a

simplified and schematic fashion 1n Figure 5.
Coertze and others (1977) and Jansen (1982) suggested that the
Nylstroom syncllne also was a protobasin,
initial stage of the Waterberg basin.

which was the

Because part of the

Mylstroom syncllne evidently contains Loskop Formation, 1t was
not a Waterberg protobasin.

More importantly, as the syncllne

consists of two eroslonal remnants
sequences),

(unconformity-bounded

(1) the areas of the greatest depositional

thickness of Sequences I and II are indeterminate and were not
necessarily in the syncline, and (2) Sequence II was deposited
only after Sequence I had been uplifted and eroded.
In general, the older a sedimentary or volcanic succession,
the more likely it is to have undergone erosion at various
times since deposition.

Thus, the oldest successions should

have the smallest areas of outcrop (or subcrop) and should be
restricted to structural lows.

This would be an alternative

to the hypothesis that basins are preceded by smaller
protobasins (Coertze et al., 1977; Tankard et al., 1982) and
that the depositional areas of successive basins tend to
become successively larger.

Similarly, because sequences are

eroded from the top down, it does not necessarily follow that
because a formation has a scattered distribution, varied
lithology, and comparatively small thickness (such as Glentig
and the lower part of the Swaershoek formations) that it was
formed in shallow isolated basins or depressions as suggested
by Coertze et al. (1977).
Sequence V appears to have a smaller areal extent than
Sequence IV (Fig. 3 ) .

Accepting the view of Coertze et al.

(1977) and Jansen (1982) that the Wilgerivier Formation in the
Middelburg area corresponds to the upper Swaershoek Formation
(i.e. Sequence I I ) , then Sequence V also has a smaller areal
extent than Sequence II.

Late sequences of small areal extent

in the Transvaal and Waterberg successions have been called
"shrinking basins", the concept being that they were deposited
in the last small vestige of a once larger basin (Coertze et
al., 1 9 7 7 ) .

However, Sequence V (like all the other

Proterozoic rocks) has been eroded 1n pre-Karoo times and
during the present erosion cycle;

so, its extent was once

larger than at present. Conceivably, Sequence V could have had
a larger depositional extent than some of the underlying
sequences.

Now, it is only preserved in the core of the

large, shallow, tectonic depression that is responsible for
the preservation of the entire succession.

V.

CONCLUSIONS

The red bed succession in northwestern Transvaal
Botswana) consists of five unconformity-bounded

(and adjacent
sequences.

The lowest of these is correlative with the Loskop Formation;
the upper four belong to the Waterberg Group.

The un

conformities within the Waterberg are major ones because each
(in addition to overlying one or more sedimentary

sequences)

also overlies one or more units of the underlying crystalline
basement.

The Waterberg has not one basal unconformity but

four.
The maximum thickness of the four Waterberg sequences is
slightly less than 5 km.

The margins of the succession are

generally less than 1 km thick, which need not be prohibitive
for the mining of uranium or other metals.

Most of the

succession is less than 3 km thick.
Virtually none of the observable patterns of these sequences
are depositional, rather they are preservatlonal.
original depositional

The

centres, depositional axes, and extents

of each sequence are Indeterminate.

Concepts Involving the

spatial migration of basins with time, and the evolution of
basins from small initial protobaslns to terminal
basins need to be applied with extreme caution.

shrinking
Perhaps other

supergroups with major unconformities on the Kaapvaal
also comprise preservational
sequences.

rather than depositional

craton

CAPTIONS TO FIGURES

Figure 1

DISTRIBUTIONS OF THE WATERBERG GROUP AND LOSKOP
FORMATION

Figure 2

UNCONFORMITY-BOUNDED SEQUENCES IN THE WATERBERG
AREA
The formations within the sequences are the
lithostratigraphic formations of Jansen (1982,
Folder 3 . 2 ) .

The normal thicknesses and

lithologies are also from Jansen.

The rock units

that each formation rests upon are shown in
italics below each sequence.

Some formations are

restricted to the southern or western portions of
the Waterberg succession, whereas others are
restricted to the northern or eastern portions.
According to Jansen (1982) those in the south or
west grade laterally into those 1n the east or
north.
The height of the sequences as shown on this table
is not proportional to either the thickness of the
sequence or Its temporal duration.

Similarly, the

height of the erosional interval shown beneati
each sequence has no temporal significance.
Abbreviations:
CSE = coarse,
SL = slltstone,

CG = conglomerate,
SS * sandstone,

SH = shale,
VOL - volcanic

rocks.
The llthologles listed after each formation are in
order of decreasing abundance.

Figure 3

DISTRIBUTION OF THE UNCONFORMITY-BOUNDED SEQUENCES
IN THE WATERBERG AREA

Figure 4

ISOPACH MAP OF THE WATERBERG GROUP AND LOSKOP
FORMATION.

Figure 5

See text for explanation.

SCHEMATIC INTERPRETATION OF A REGIONAL NNW-SSE
CROSS SECTION THROUGH THE WATERBERG DISTRICT
BETWEEN WARMBATHS AND ELLISRAS.

The section Is

idealized to Illustrate the general northward
overlap of the unconformity-bounded sequences, and
the strongly transgressive nature of the four
basal unconformities in the Waterberg succession.
For simplicity, the Karroo cover In the SSE and
the intrusions of Bushveld granite (which are
locally overlain by Sequences II, III, IV and V)
are not shown.

Vertical exaggeration Is

approximately 3x but no precise scale Is implied.
See text for further explanation.
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